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ABOUT THE PROJECT 

 
The Mastering Energy Supply focusing on Isolated Areas (MESfIA)- Project No. 
598716-EPP-1-2018-1-EL-EPPKA2-CBHE-JP, is an ERASMUS+ project, co-funded by 
the Educational, Audiovisual and Cultural Exchange Agency (EACEA) of the 
European Commission. This project aims to provide high quality postgraduate 
education on energy supply for students and professionals interested within this 
sector. Specifically, this project focuses on Southeast Asia that has remote area, 
forest areas, mountainous areas and islands that will need improved 
electrification and other energy supplies. This project partners with European 
Universities for knowledge and experience exchange. 

The objectives of the project are: 

• To define best practices of courses including procedures and requirements 
for certification of the achieved qualification in energy systems at 
regional/national level and recommendations to stakeholders. 

• To define best practices for implementation of vocational training including 
incentives for energy systems’ professionals to qualify and to find financial 
resources. 

Such programs will help EU Higher Educational Institutions (HEIs) to collaborate 
with Asian HEIs to address common problems common, like energy efficiency, 
issues in coastal and island areas. By the end of the project, graduates from the 
adapted MSc or new MSc programs in the Partner Countries HEIs should be able 
to claim their expertize on improving energy supply conditions in isolated areas. 

An ambition of the project is to attract students from areas with problems in 
energy supply and prepare them to work in their own homeland. So, this project 
partners selected South East Asian universities in Indonesia, Thailand, and 
Vietnam with European institutions in Greece, France, Spain, and the United 
Kingdom to share knowledge and experience in this area. 

 
Dr. Antonios Tsikalakis (Hellenic Mediterranean University (HMU)) 

Project Coordinator 
Mastering Energy Supply focusing on Isolated Areas (MESfIA) 
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ABOUT THE CONFERENCE 
 
In some parts of the world, infrastructures for reliable energy supply are often 
either too costly or not technologically viable due to geographical and other 
limitations. In these isolated areas, the communities are not only physically 
isolated but are left behind developmentally. Without basic and reliable energy 
services or limited access to electricity, socio-economic growth becomes a 
challenging issue for these areas. Current advances and favourable economics 
in renewable energy technologies like solar, biomass, wind and hydro in recent 
years have opened new opportunities to provide access to electricity to these 
isolated areas. On-site renewable based micro-grids can now be set-up to meet 
the electricity requirements in remote islands and mountainous areas, that were 
once unreachable by mainland power grids, so that economic activity in such 
areas can thrive. Transportation can be greener if dependencies on fossil-based 
fuels can be curtailed through alternatives, such as biodiesels. Cooking using 
efficient stoves and modern fuels reduces drudgery, improves health and saves 
time.  

This international conference on Mastering Energy Supply focusing on Isolated 
Areas (MESFIA 2021) was organised to help bridge the existing gap by providing 
a platform to share various ideas and exchange experiences from different parts 
of the world regarding how to effectively address energy supply issues in 
isolated areas. 

This MESFIA 2021 international conference believes that while it is important to 
understand the technicalities of different new technologies for energy access in 
isolated areas, it is also very crucial to appreciate the socio-economic 
development perspectives since an effective interplay of both will be important in 
achieving the Sustainable Development Goals (SDGs. 

This two-day MESFIA 2021 international conference also included: 

• a panel discussion participated by energy ministries, utility companies and 
related entities, whose focus is on providing energy supply to isolated 
areas. The participants included key persons from Southeast Asian region 
and from the Pacific, the Mediterranean Sea, and the Atlantic Ocean, who 
tackled issues and shared experiences in managing isolated power 
systems. 
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• keynote presentations from representatives from the Asian Developmnet 
Bank (ADB), International Renewable Energy Agency (IRENA) and the 
United Nations Economic and Social Commission for Asia and the Pacific 
(UNESCAP), provided more insights on their activities towards promoting 
energy access in this region. 

The conference received forty-two (42) submissions from students and members 
of the academia in Southeast Asia, South Asia and Europe, thus promoting 
knowledge exchange. Following a thorough review by the organizing committee, 
twenty-eight (28) papers were invited for oral presentation at the online 
conference. These presentations were organized in six (6) sessions - Renewable 
Energy Resources; Energy Supply in Island Communities; Electricity Access and 
Microgrids; Energy Supply in Mountainous and Isolated Areas; Promoting 
Electricity Access; and Energy Access and Social Development. Company 
exhibitors showcased their latest energy and power-related equipment, and are 
also available at the conference website at 
https://www.mesfia.eu/index.php/conference/company-exhibition/. 

This conference was organized as a part of the ERASMUS+ project titled 
Mastering Energy Supply focusing on Isolated Areas (MESfIA)- Project No. 
598716-EPP-1-2018-1-EL-EPPKA2-CBHE-JP, co-funded by the Educational, 
Audiovisual and Cultural Exchange Agency (EACEA) of the European 
Commission. 

The conference was hosted by the Asian Institute of Technology (AIT) entirely 
through the online platform Zoom Meeting. The whole conference was streamed 
online via MESfIA Project’s Facebook page (https://www.facebook.com/Mesfia/). 
Complete video recordings are also available on the said page. The whole 
conference is partitioned into seven (7) recordings. Snapshots of the online 
conference are shown in the next pages. Some key numbers are: 

• Over 190 registrations were received from 18 different countries. 

• Attendance in the Zoom meeting platform peaked at 122.  

• The video coverage recordings in MESfIA Project’s Facebook page have 
reached over 1,000 people on Facebook and garnered hundreds of views. 

  

https://www.mesfia.eu/index.php/conference/company-exhibition/
https://www.facebook.com/Mesfia/
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Selected papers were nominated for publication in the International Energy 
Journal (IEJ) – an open access, Scopus-abstracted/indexed (0.90 CiteScore for 
2020), Scimago-ranked (Q3), ESCI by Clarivate Analytics-abstracted and EI 
Compendex-listed peer-reviewed journal, which is housed at the Asian Institute of 
Technology (AIT), Thailand. These nominated papers underwent another round 
of full review process, and four papers have been accepted for inclusion in the 
journal. These papers will be available in the forthcoming issues of the journal, at 
the IEJ online portal at www.rericjournal.ait.ac.th. The other twenty four (24) 
papers are included in this MESFIA 2021 International Conference Proceedings. 

In conclusion, the MESFIA 2021 international conference was able to present 
academic research in the region as well as the latest technological 
achievements and in the field of isolated power systems. It has also brought 
together stakeholders from financial institutions, multilateral organizations, 
utilities, and universities to discuss energy access issues in remote areas. 

We are grateful to the European Union’s Erasmus + programme for its financial 
support. Thanks are also due to Ms. Maria Kathrina Gratuito Mr. Junar Landicho, 
Ms. Maria Marinela Gutierrez, Mr. Arjay Hosmillo, and Mr. Shashank Shinde for 
their help in the organisation of the conference and in compiling the Proceedings. 

 
Professor Sivanappan Kumar (Asian Institute of Technology) 

Chair, Organising Committee 
MESfIA 2021 International Conference  

October 26, 2021 
  

http://www.rericjournal.ait.ac.th/
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Some screenshots from one of the sessions and in its Q and A 

  

 
 

Some screenshots from the Utility Panel Discussion and in its  
Q and A 

  
 

 

A screenshot from the Closing Session with some MESFIA 
project partners 

 

 
 
 
 
 

CONTACT: 
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Conference URL: https://www.mesfia.eu/index.php/conference/  

mailto:mesfia@ait.ac.th
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CONFERENCE PROGRAM 
 

31 August 2021, Tuesday 
Time 
(Thailand 
time) 

Session Title Session Chair (s) 

08:25 – 
09:00 

Opening and Welcome Session (35 minutes) 

● Welcome Remarks by Prof. Sivanappan Kumar, 
Conference Chair, AIT 

● Opening Remarks by Dr. Eden Y. Woon, AIT 
President  

● Welcome Remarks  
Ms. Francesca Gilli 
Attaché 
Programme Officer Cooperation 
Delegation of the European Union to Thailand 

● Project Introduction and Summary by Dr. 
Antonios Tsikalakis, MESFIA Project Coordinator 
(Hellenic Mediterranean University, Greece) 

Prof. Shobhakar Dhakal 
Asian Institute of 
Technology (AIT), 
Thailand 

09:00 – 
09:30 

KEYNOTE Address 1 (30 minutes): 
 
The Last Mile: the Longest 
21st Century Energy Services for Remote Communities 
Dr. Priyantha Wijayatunga 
Asian Development Bank (ADB) 

09:30 -
10:30 

Session 1: (60 minutes, 4 papers maximum) 
Promoting Electricity Access 

1. Reaching People: An Overview of the Electricity 
Access with a Focus on the Renewable Off-Grid 
Electrification in Namibia 

2. Feed-In Tariff for PV for Indonesia 
3. Off-grid Self-sustained Electricity Supply for 

Isolated Villages: Case of Baththalangunduwa 
Island in Sri Lanka 

4. Fuel transitioning in crises: A study of an LPG 
cooking-system pilot project conducted in Kachin 
IDP camps, Myanmar 

1. Assoc. Prof. Dr. 
Sarintip Tantanee 
(Naresuan University, 
Thailand)  

2. Dr.-Ing. Deny 
Hamdani (Institut 
Teknologi Bandung, 
Indonesia) 

10:30 – 
10:45 

Coffee/Tea Break (15 minutes) 
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10:45 – 
12:00 

Session 2: (75 minutes, 5 papers maximum) 
Renewable Energy Resources for Isolated Areas Energy 
Access 

1. A Study into Forced-Air-Cooling and Heat Pump 
Systems for Solar Panels 

2. Characteristics of Biogas-Hydrogen Engines in a 
Hybrid Renewable Energy System 

3. Concentrated Solar Thermal Power: Potential of 
Application in Sri Lanka 

4. Performance of Household Rice Husk Downdraft 
Gasifier in Vietnam – Modeling and Experiment 

5. Influence of Several Variables on the Estimation 
of Wind Turbine Power Outputs using Support 
Vector Regression Technique 

1. Prof. Salvador Suarez 
(Instituto 
Technologico de las 
Islas Canarias (ITC), 
Spain) 

2. Prof. Georges Zissis 
(Universite Toulouse 
III – Paul Sabatier 
(UPS), France) 

12:00 – 
13:00 Lunch Break (60 minutes) 

13:00 – 
15:20 

Electricity Access in Isolated Areas: Panel Discussion 
(Utilities) (140 minutes) 
Dr. Chakped Madtharad (Provincial Electricity Authority, 
Thailand) 
Mr. Sandeep Rai (Bhutan Power Corporation Limited , 
Bhutan) 
Mr. Sereyvathna San (Ministry of Mines and Energy, 
Cambodia) 
Dr. Zainal Arifin (PLN, Indonesia) 
Ms. Antiopi Gigantidou (Islands Network Operation 
Director of HEDNO SA, Greece) 
Mr. Simone Memè (Enel Green Power, Spain) 

1. Prof. Sivanappan 
Kumar (Asian 
Institute of 
Technology (AIT), 
Thailand) 

2. Dr. Jai Govind Singh 
(Asian Institute of 
Technology (AIT), 
Thailand) 

15:20 – 
15:35 Coffee/Tea Break (15 minutes) 

15:35 – 
16:05  

KEYNOTE Address 2 (30 minutes): 
Renewables for Energy Access in Asia: Key Lessons and 
Way Forward 
Mr. Divyam Nagpal 
International Renewable Energy Agency (IRENA) 

1. Prof. Salvador Suarez 
(Instituto 
Technologico de las 
Islas Canarias (ITC), 
Spain) 

2. Prof. Georges Zissis 
(Universite Toulouse 
III – Paul Sabatier 
(UPS), France) 

16:05 – 
17:55 

Session 3: (105 minutes, 7 papers maximum) 
Energy Access in Island Communities 

1. Impacts of Network Parameter Variation in the 
Stability of Small Island Power Systems with VRE 

2. Scenario Analysis of Generation Expansion 
Planning for Indonesian Archipelagic Islands: A 
Case Study of Halmahera Island 

3. Hybrid System (Solar Photovoltaic Power Plant + 
Diesel Power Plant) as Technical Solution to 

1. Prof. Bich Huy 
Nguyen (Nong Lam 
University (NLU), 
Vietnam) 

2. Mr. George Koulouris 
(Canary Wharf 
Consulting (CWC), 
United Kingdom) 
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Reduce Electricity Production Cost in Tourist 
Destination Isolated Island - Case Study Karimun 
Jawa Island 

4. Solar and Wind Energy Resource Assessment for 
Bantayan Islands 

5. Optimal Small Wind Turbines for Small Isolated 
Island’s Energy Resilience Considering Wind 
Uncertainty: A Case of Komodo Island 

END of DAY 1 
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1. Dr. Sarjiya Sarjiya 
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1. Methods for the Integration of Solar PV into UC 
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Mr. Michael Williamson 
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1. Dr. Sarjiya Sarjiya 
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Mada, Indonesia) 

2. Dr. Jai Govind Singh 
(Asian Institute of 
Technology (AIT), 
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1. Solution for Supplying Electricity to Isolated 
Regions: A Case Study of Vietnam 
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1. Dr. Antonios 
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2. Data-Flow Programming Based Non-Intrusive 
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Simulation 
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Session 1 
Finance and Policies Promoting  

Electricity Access 
31 August 2021, Tuesday  

(11:30 – 12:30, Thailand time) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Mastering Energy Supply for Isolated Areas (MESfIA) 2021 International Conference 
31 August to 01 September 2021. Hosted online by the Asian Institute of Technology, Thailand 

1 

 
Abstract – Namibia has been one of the countries in adopting SDG7, ratified Paris Climate Agreement to UNFCCC by 
committing to increase the share of renewables in electricity production by 70%, to increase energy efficiency and 
demand side measures. Namibia being one of the most sparsely countries in the world has a population of 2,54 million. 
As of 2019, almost one million people had no access to electricity, out of which 64% is from rural areas. One of the 
main reasons of this lack of electricity access is the geographical characteristics and the location of the national grid. 
The efforts of the government in issuing related policies for the deployment of renewable energies started with the in 
1998, continued with the Rural Electrification Master Plan, the Off-Grid Energization Master Plan and the NAMA 
mainly. The priority in rural electrification has been given to the schools, health centres and irrigation and have been 
supported by the national and international funding schemes. This paper makes an overview of the electricity access 
with a focus on the renewable off-grid electrification, based on the literature review and field research observations.  It 
addresses on the implemented projects and the future scenarios in increasing the electricity access.  
  
Keywords – electricity access, Namibia, off-grid, renewable energy, rural electrification  
 

 1. INTRODUCTION 

Renewable energy (RE) off-grid systems have been key 
solutions in increasing the expansion of electricity access 
in a sustainable, cost-effective way [1]. The advancement 
in technology with the decline of the cost of off-grid 
system components since 2009, has enabled a rapid 
deployment of renewable off-grid systems in the world 
with an emphasis of 83% on commercial and public 
services, and the rest to support the household 
electrification [2]. In this sense, all these efforts of 
expansion have been contributing to the Sustainable 
Development Goal (SDG) 7 which aims to ensure access 
to affordable, reliable, sustainable and modern energy for 
all by 2030 [3]. In addition, the achievement of SDG 7 has 
also been accepted as a condition for economic 
development, poverty reduction (SDG 1) and reducing 
inequalities (SDG 10) [4]. 

In this regard, Namibia has been one of the 
countries in adopting SDG 7, ratified Paris Climate 
Agreement to UNFCCC by committing to increase the 
share of renewables in electricity production by 70%, to 
increase energy efficiency and demand side measures [5]. 
In 2013, the Renewable Energy and Energy Efficiency 
Partnership (REEEP) has identified solar, wind, hydro, 
and biomass as the potential renewable energy resources 
[30]. Namibia has one of the highest solar radiation in the 
world with 2,200 kWh/m2/a. The bush encroachment 
covering an area of more than 26 million hectares, 
provides an opportunity for generating electricity from 
biomass [31]. The wind resources of Namibia are located 
in the coastal zones close to Lüderitz and Walvis Bay, 
with the wind speeds reaching to 7 m/s. Namibia accounts 

                                                 
*
Chair of Social and Population Geography, University of Bayreuth, 

Universitätsstraße 30, 95440, Bayreuth, Germany.  
1

Corresponding author;  
Tel: + 49 921 55 2279, Fax: + 49 921 55 2269. 
E-mail: oezge.dolunay@uni-bayreuth.de.  

for one of the best wind potential in Africa, due to its 
extreme latitudes, away from the atmospheric heating and 
the earth’s rotation negative impacts [30]. The hydro 
sources of Namibia come from the only two perennial 
rivers of Kunene in the Kavango Region bordering 
Angola and Zambia and Orange river in the south, 
bordering South Africa [30].  According to the National 
Development Plan [6] issued in 2017, Namibia´s peak 
energy demand was 656 MW while its generation capacity 
was limited with 484 MW from the Ruacana Hydropower 
Station, the Van Eyck coal-fired plant, Paratus and Anixas 
diesel powered stations. The share of renewables capacity 
within the energy mix in 2019 was 73% including 
hydro/marine (%52), solar (20%) and wind (1%) while the 
share of the non-renewables accounted for 27% [32].  
Taking into account the total peak demand that has been 
forecasted to reach 755 MW by 2022, Namibia´s efforts in 
increasing the ratio of renewables in the energy mix have 
gained prominence.  

Located in the Southeast of the African continent, 
Namibia has a surface area of 824,292 km2. Namibia´s 
population has grown from 1.83 million in 2001 (Namibia 
Inter-censal Demographic Survey (NIDS 2016) [7] to a 
population of 2.54 million in 2020 [8], with a population 
density from 2.01 to 3.0, respectively [7] by placing the 
country among one of the most sparsely populated 
countries in the world [9]. The change in the urban/rural 
population ratio has increased from 33/67 in 2001 to 48/52 
according to the NIDS in 2016. This geographical position 
along with the density has brought some challenges in 
terms of connection to the national grid. However, it has 
also highlighted solar energy as a means to generate 
electricity in the form of grid-connected solar power 
plants as well as off-grid electrification in the areas where 
the national grid cannot reach.  

The demographical changes as well as the changes 
in the urban and rural ratio over the past 20 years have 
also presented its impact on the electricity access of 
people. Based on the data of the World Energy Outlook 
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(2020) issued by the International Energy Agency (IEA), 
Namibia´s overall proportion of the population with 
access to electricity on a national level in 2000 was 34%, 
which reached to 57% in 2019, out of which only 36% 
belonged to the rural areas. On a regional scale, Africa 
had an electricity access proportion of 56% in 2019 and 
the world in total 90%. As a result, in 2019, 
approximately, one million people remained without 
electricity access in Namibia, 579 million in Africa and 
771 million people in the world [10].   

There exist a number of different definitions for the 
access to energy. The World Energy Model (WEM) 
Documentation 2020, which was updated by the IEA in 
May 2021, frames energy access as “a household having 
access to electricity and to clean cooking facilities” [11].  
Some further definitions for modern energy access cover 
(a) household access to a minimum level of electricity, (b) 
household access to safer and more sustainable (i.e. 
minimum harmful effects on health and the environment 
as possible) cooking and heating fuels and stoves, (c) 
access to modern energy that enables productive economic 
activity, e.g. mechanical power for agriculture, textile and 
other industries, (d) access to modern energy for public 
services, e.g. electricity for health facilities, schools and 
street lighting. On the other hand, the IEA´s definition of 
energy access provides a benchmark in measuring the 
progress towards the goal SDG 7.1. [11], by defining it as 
“a household having reliable and affordable access to 
both clean cooking facilities and to electricity, which is 
enough to supply a basic bundle of energy services 
initially, and with the level of service capable of growing 
over time". Furthermore, although according to the IEA, 
the electricity access indicates a household having an 
initial access to sufficient electricity to power a basic 
bundle of energy services – at a minimum, several 
lightbulbs, phone charging, a radio and potentially a fan or 
television – with the level of service capable of growing 
over time; due to the lack of data required for the 
measurement of this service-level definition. Therefore, 
the electricity access databases consider grid-connections 
or renewable off-grid connections of sufficient capacity to 
deliver the minimum energy services (IEA), which is also 
considered within the scope of this article.  

This article presents an overview of the past ten years 
in the renewable off-grid electrification in Namibia by 
analyzing different renewable off-grid implementations as 
well as the renewable energy policies over the past 20 
years. Hence, it provides an intermediary baseline for 
future research and development activities. It discusses the 
contribution of the electricity access to the social and 
sustainable development. It utilizes the literature review 
including the national and the international reports and the 
field observations as the main source of the empirical 
data. It starts with an overview of the renewable energy 
policies which contributed to the off-grid electrification; it 
continues with the classification of the renewable off-grid 
implementations and the unelectrified localities; it 
discusses the access of electricity and its role in the social 
development for a sustainable future.  

 

2.  RENEWABLE ENERGY POLICIES FOR OFF-
GRID ELECTRIFICATION 

Namibia´s interest on renewables had already been in 
place before the National Energy Policy. In 1998, the 
White Paper on Energy Policy recognized the importance 
of renewable energy and energy efficiency [12]. The 
Electricity Act in 2000 provided the reorganization of the 
electricity sector. It has enabled the formation of the 
electricity distributors. Hence the Regional Electricity 
Distributors (REDs) were formed [13]. The generation, 
transmission and bulk supply of electricity that was in the 
sole responsibility of NamPower was decentralized. The 
REDs that have the task of supplying electricity to the 
residents in a specific region were established in five 
regions as private companies with an initial shareholding 
of government-owned or public companies [14]. 
Moreover, the Electricity Control Board (ECB) was also 
established in order to control over the Electricity Supply 
Industry, and regulate the generation, transmission, 
distribution, supply, import and export of electricity 
through the issuance of licenses.  

The Vision 2030 issued in 2004 was thought to be a 
long-term policy framework for national development. It 
placed the principle of sustainable development as the 
foundation in reaching the objectives framed within the 
Vision 2030 and stated the education, science and 
technology; the health and development; the sustainable 
agriculture, the peace and social justice, and the gender 
equality as the driving forces of the development [15]. It 
emphasized on seven main themes in the long term, (1) 
inequality and social welfare; (2) human resources 
development and institutional capacity building; (3) 
macroeconomic issues; (4) population, health and 
development; (5) natural resources; (6) knowledge, 
information and technology; and (7) factors of the external 
environment. Another important point was also 
highlighted with the partnerships, which was considered 
as a prerequisite for the achievement of dynamic, efficient 
and sustainable development through the partnerships 
between government, civil society and communities, 
between the government, non-governmental 
organizations, private sector, community-based 
organizations and the international community as well as 
between urban and rural societies and all member of 
Namibian society. A general commitment by 2030 was 
meeting the strategies of the Vision, belonging to an 
industrial nation, enjoying abundant prosperity, 
interpersonal harmony, peace and political stability. 
Although one of the main themes of the vision 2030 was 
set for minimizing the disparities between urban and rural, 
by meeting the housing needs, the rural electrification 
focus remained with the on-grid renewable energy 
systems and their policies. 

The Rural Electrification Distribution Master Plan 
(REDMP) which has been updated every five years, was 
adopted in 2000 and focused primarily on rural 
electrification through grid extension, prioritizing 
government buildings [16]. But an updated version of the 
master plan was issued in 2010 including the detailed 
planning realized with the Geographical Information 
Systems (GIS).  
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In 2007, the Off-Grid Energization Master Plan for 
Namibia was issued in consistency with the REDMP 
2005, with the aim to provide access to appropriate energy 
technologies to everyone living or working in off- grid, 
pre-grid and grey areas, which will not have access to 
electricity within 20 years according to the REDMP [17]. 
According to this study and the information obtained from 
the National Planning Commission Secretariat in 2000, 
40,554 households in off-grid areas, 20,526 households in 
pre-grid areas and 45,484 households in informal 
settlements within thirteen regions in Namibia were 
identified.  The NIDS 2016 defined the housing type in 
Namibia as traditional dwellings occupying 32.6 % of all 
the households in the country. These units were more 
common in the rural areas with 68.8% compared to urban 
areas with 3.1%. In return, the improvised housing units 
(shacks) were more common in the urban areas with 40%. 
The pre-grid areas that were already defined in the 
REDMP would not access to electricity within 5 years. In 
continuation of this plan, the OGEMP has only focused on 
the pre-grid areas which will not have access within the 10 
years in the updated REDMP GIS database. On the other 
hand, the grey areas were defined as the locations where it 
was not clear how or if access to electricity will be 
provided in the 2005 REDMP. Such locations included 
informal settlements where the majority of the inhabitants 
do not have any access or they cannot afford as well as 
farm worker settlements on commercial farms, including 
farm worker families. As a result, the OGEMP would 
focus on providing access to energy in the informal 
settlements. Along with these time frame and 
categorization, the OGEMP´s plan was to provide energy 

access through the Energy Shop approach in which the 
shops that supply energy products and compatible 
appliances would be located in a reasonable distance of 
the targeted communities. In total, 156 energy shops were 
planned to be established to service 106,554 households 
(including off-grid, pre-grid and informal settlements) all 
over Namibia. Moreover, the shops were planned to be the 
payment collection centres for revolving funds as well as a 
consultation point for the interested clients. An annual 
funding of approximately N$5 million was proposed in 
the first issue of REDMP in 2000 in order to support the 
off-grid energy access. This amount was later on revised 
as N$ 6.8 million in the OGEMP.  
 In 2010, the REDMP was issued and further defined 
the rural off-grid areas in detail, prioritizing the 
government buildings, especially schools [16]. Within the 
scope of REDMP, 5,858 rural settlements were identified 
in the next 20 years of implementation with at least one 
locality per constituency [19]. The updated study of 
REDMP defined clearly rural areas as those communal 
areas which are outside of the municipal areas and 
commercial farms. The definition of the locality was 
explained as any rural location that has government 
buildings, including any homesteads within a 500-meter 
radius of a prospective transformer [18]. This definition 
was further expanded to include all locations where at 
least 10 or more homesteads fall withing a 500-meter 
radius of a prospective transformer point. A rural 
homestead was defined as having access to electricity 
either with the grid connection or within the 500-meter of 
a low voltage (LV) grid connection. 

 
Fig. 1. Geographic Setting of Namibia and its 13 Regions, (REDMP, 2010). 
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Table 1. Total number of Localities per region with and 
without Access to Electricity in 2010 [16]. 

Region Localities 
with Access 

Localities 
without 
Access 

Total 
localities 
(Rurual) 

Caprivi 60 635 695 

Erongo 264 200 464 

Hardap 598 126 724 

Karas 205 19 224 

Kavango 356 630 986 

Khomas 469 132 601 

Kunene 270 660 930 

Ohangwena 245 1599 1844 

Omaheke 635 280 915 

Omusati 374 1758 2132 

Oshana 313 906 1219 

Oshikoto 499 1082 1581 

Otjozondjupa 1008 243 1251 

Total 5296 8270 13566 

Consequently, the REDMP GIS identified and mapped 
13,566 localities, out of which 5,296 already had access to 
electricity and 8,270 without access. The Table 1 shows 
the localities per region. Ohangwena (1,599 localities), 
Omusati (1,758 localities), Oshana (906 localities) and 
Oshikoto (1,082 localities) regions were identified with 
the highest number of localities without access. 2,879 
localities have been forecasted for electrification within 
the REDMP and were prioritized to be realized on a 
systematic way. Out of these 2,879 localities, 740 
government buildings including 642 schools and 59,774 
homesteads were included in this plan. The electrification 
program for these localities, government buildings and 
homesteads have been planned in 5-year intervals starting 
from 2015 until 2031[16].  
 Moreover, the REDMP 2010 identified localities 
with off-grid electrification due to the long distance to the 
national grid and the disproportioned cost and technical 
constraints for electrification. According to this study, a 
total of 27 localities with 17 schools, 17 government 
buildings and 592 homesteads were identified in the 
Kunene, Otjozondjupa and Omaheke regions, which are 
situated in the remote locations of Namibia. It is crucial to 
state that the REDMP 2010 recognizes once more 
renewable energy sources and its technologies as an 
integral part of the rural electrification strategy in order to 
improve access to safe and affordable energy for all.  

In the pursuit of these policy and master plan 
developments, the United Nations Development 
Programme (UNDP) in cooperation with the Ministry of 
Environment and Tourism issued the Nationally 
Appropriate Mitigation Action: Rural Development in 
Namibia through electrification with renewable energies 
(NAMA, 2015) [19]. NAMAs were first introduced in the 
Kyoto Protocol in Bali in 2007 and the United Nations 

Framework Convention on Climate Change (UNFCCC) 
by being a voluntary, non-binding policy instruments that 
provide a framework for pursuing a country’s socio- 
economic and development goals, while participating in 
the global climate change mitigation agenda. Therefore, it 
was envisioned to be an encouraging holistic framework 
to support Namibia in moving towards a low-carbon 
pathway and advancing long-term sustainable 
development benefits with the use of renewable energies. 
The access to modern energy services was considered to 
be a prerequisite for sustainable development. As an 
overarching goal, they were to support the OGEMP by 
providing access to adequate energy technologies to 
people living and working in the off-grid areas and by 
improving the share of renewables (mainly solar energy), 
especially for income generation and new business 
opportunities purposes, which were also considered to be 
an opportunity for an improved private sector 
involvement.  
 NAMA introduced two key instruments as the 
intervention A and the intervention B. The intervention A 
consisted of the establishment of mini-grids in rural 
communities, which will be in the vicinity of schools and 
potential future tourism areas. The mini-grids would be 
solar, wind or hydro source-based that would be providing 
electricity for lighting, radio and phone charging for 
households, for service and production activities in the 
Rural Productivity Zones (RPZs); for lighting and internet 
for public buildings [19]. A reverse auctioning approach 
was chosen for the selection of mini-grids. On the other 
hand, the intervention B consisted of supporting the 
installation of Energy Zones (EZs). Within the scope of 
EZs, the existing energy shops approach implemented by 
the OGEMP would be developed further to the concept of 
EZs, by adding a Rural Productivity component.  

Within the first phase of NAMA, 10 mini-grids and 
13 EZs have been aimed, which will provide electricity 
for 1,400 households and approximately 8,500 people as 
well as 80 new enterprises over the 15-year lifetime. The 
implementation phase for both interventions were 
forecasted as three and half years. The capacity building 
that is the key component of implementation in the 
NAMA, would be supported by a five-year period. The 
capacity building would support the identification and the 
development of the income-generating activities in the 
RPZs, as it is key to positive rural development, and also 
the support for technically sound and low operating cost 
solutions. Following the implementation of the 
interventions, the NAMA will operate for a period of 15 
years, with a total cost estimation of US$ 14 million.  

In 2017, the Namibia Energy Policy adopted P29 on 
rural and urban household access to energy; P30 on rural 
institutional and commercial access to energy; P32 on 
energy as an integral part of national development 
planning; P34 on transparency and good governance; and 
P39 on energy related research and development policy 
statements being directly related to energy among other 
policy statements for economic and social development 
[5]. In addition, the publication of the national policy for 
Independent Power Producers (IPPs) in 2018 have brought 
a different pace towards the development of renewable 
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energy projects, especially on grid-connected power 
generation, in Namibia in the last years. 

3. CLASSIFICATION OF THE OFF-GRID 
SYSTEMS 

The RE off-grid system is a general terminology used to 
explain the systems using the RE from solar, hydro, 
biogas, biomass, wind and/or hybrid sources, and which 
are not connected to the main/national grid. These systems 
can be either stand-alone systems, where they provide 
basic services or mini-grids, providing capacities ranging 
from under 1 kilowatt (kW) to up to 10 Megawatt (MW) 
isolated/autonomous or interconnected to the main grid 
[1].  

3.1 Mini-Grids  

The Gobabeb Research and Training Centre (GRTC) 
which is located in the central Namib desert was the 
pioneer in installing the first solar hybrid mini-grid system 
(26kWp) with a diesel generator backup in 2004 [20]. The 
project run as the Demonstration Gobabeb Renewable 
Energy and Energy Efficiency (DEGREEE) Project and 
was financed by the Danish Development Cooperation, 
DANIDA. The main aim of DEGREE was to demonstrate 
environmentally friendly sustainable solutions at locations 
in isolation which were far from the main grid [19]. Thus, 
through the use of this solar-diesel hybrid system, the 
Centre transitioned to an uninterrupted, twenty-four-hour 
energy access and could provide electricity to the 
buildings, offices in the centre as well as the housing for 
visitors and offices [20]. 

Following the implementation of the DEGREEE 
Project, two solar hybrid mini-grids in the Otjozondjupa 
region were taken into operation in Tsumkwe (2011) and 
in Gam (2015) in order to electrify the communities and to 
provide public services in the Northeast of Namibia. Their 
long distance (304-416 km to Grootfontein, 735-847 km 
to Windhoek) to the national grid made them suitable for 
such mini-grids to be installed in these locations.  

Tsumkwe being home to approximately to 3800 
(Namibia Population and Housing Report 2001) people 
from San, Kavango, Herero, Damara/Nama, Ovambo and 
Zambezi ethnic groups received a hybrid solar PV system 
with a capacity of 202 kWp in 2011, which has been 
upgraded later on to 303 kWp [16], [21], [22]. The mini-
grid was integrated to the two generators left by the South 
African government after Namibia´s independence in 
1990. The government of Namibia had been providing 
services for the community in Tsumkwe since 1990. The 
funding of this mini-grid was provided by the European 
Commission (75%), NamPower (14%) and the 
Otjozondjupa Regional Council (OTRC) (11%) with a 
total budget of 2.99 million Euro [23], [22]. The 
ownership of the mini-grid was given to OTRC with its 
maintenance to the Ministry of Works. In 2017, the 
ownership, the operation and the maintenance services 
were transferred to the Central North Regional Electricity 
Distributor (CENORED). In the first year of the operation 
of the mini-grid in 2011, Tsumkwe settlement had 206 
connected customers, including households, shops, and 

public services, over the past years this number increased 
to 363 customers in 2020 [22].  

On the other hand, Gam, which is 112 km further 
away from Tsumkwe towards the Botswana border, 
received the largest mini-grid system by the year 2014 
with its 292 kWp capacity. Unlike Tsumkwe that has been 
known as the capital of San people, Gam community has 
had a majority of Ovaherero (95%) and San people (less 
than 5%) with a population of nearly 2000-2500 people.  
The ownership was transferred to the OTRC with its 
operation and maintenance to the Ministry of Works 
residing in Tsumkwe. Likewise, similar to the case in 
Tsumkwe, its operation was handed over to CENORED in 
2017. The customers connected to the mini-grid was 200 
in 2014 during the initial phase, when the mini-grid was 
put in operation, leaving many households out. With the 
expansion of the grid network at the end of 2020, the 
connected customers reached to 614, including 
households, shops, and public buildings [22]. 

As a result, the total installed capacity of both 
systems reached 595 kWp. Based on the data stated in the 
NIDS, the average household size in Otjozondjupa region 
is 3.9 persons, which is also the average in Namibia, and 
the rural area average is 4.6 persons per household. 
Therefore, it would be possible to make an estimation 
based on the number of customers in order to calculate the 
number of people who has access to electricity. In this 
case, 1416 people in Tsumkwe and 2395 people in Gam 
would potentially have an access to electricity. 
Unfortunately, an estimation on the indirect access to 
electricity for the people who don´t have a direct access 
from households, shall not be made at this stage even 
though during the field research, the people have claimed 
using charging or fridge services from their neighbors.  

3.2 Stand-Alone Systems 

The Solar Revolving Fund (SRF), being part of the 
OGEMP, has been the financing tool providing subsidized 
loans to Namibian citizens at a fixed interest rate of 5% 
per annum for 5 years in order to promote the use of the 
RE technologies in the rural areas, especially the 
communities living in the off-grid areas, but not limited 
to. Solar home systems (SHSs), photo-voltaic pumps 
(PVPs), solar water heaters (SWHs) and energy efficient 
stoves (partly financed through the SHS) have been 
funded through SRF.  

According to the figures from the Ministry of Mines 
and Energy, 3840 solar homes systems have been financed 
through the SRF from the beginning of the funding 
scheme in 2011 until December 2020, with a total budget 
of N$ 101 million, in thirteen regions of Namibia which 
consisted of 85.18%. The highest number of systems have 
been installed in Omusati (1402 systems), Oshikoto (600 
systems), Ohangwena (620 systems), and Oshana (512 
systems), which accounts for 69% of the overall 
installations. [24]. Unfortunately, the total capacity of 
these SHS is not available currently. However, only 53 
kW has been stated in the Off-Grid Renewable Energy 
Statistics Report 2019 under the category of SHS.  

The approved list of installers and suppliers within 
the SRF have also been issued by the Ministry of Mines 
and Energy (MME) regularly. According to the March  
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Fig. 2. Distribution of SRF funded installations with installers 
(Source: Elaborated by the Author based on the data from the MME). 

 
 
2021 update, there is a total of 169 PV installers, solar 
thermal installers and RE technologies suppliers, which 
account for 42%, 15%, and 43% respectively. 
Nevertheless, this distribution remains geographically 
unequal compared to the unelectrified areas. The intensity 
of the installers occurs in the Khomas Region (54%) and 
Oshana Region (20%) whereas the installations financed 
by the SRF have been in majority in Omusati (31%), 
Ohangwena (14%), Oshikoto (%13), and Oshana (%11) 
Regions.  

Furthermore, the use of solar lamps, solar lights and 
mobile phone as a source of light also appears in the 
practice in rural areas. The NIDS 2016 remarked that 
there has been a decrease in the use of candles over the 
years, and that they have been placed by mobile phones, 
battery lamps, and torch (53.8%). The report also noted 
that the households using solar energy as a source of 
energy for lighting (6.9%) played an important role, 
although solar energy was not widely used.  

As a part of the OGEMP, the MME has also aimed 
at electrifying government buildings in the remote 
localities with the use of the containerized solar 
photovoltaic (PV) concept. The periodic maintenance of 
the systems has been found to be crucial due to the nature 
of their components. The MME has funded sixteen off-
grid containerized PV systems, which were installed in the 
Omusati region (9 systems), in the Kunene region (4 
systems), and in the Otjozondjupa region (3 systems). 
Their capacities of the systems were 2.88 kW (six units), 6 
kW (one unit), 12 kW (one unit) and 25 kW (one unit). 

In addition to the SRF and the containerized solar 
PV systems, the international funders have also been 
contributing to promoting renewable energies in Namibia, 
in the areas where the national grid extension is not 
planned in the near future. In one of these projects, the 
United Nations Development Programme (UNDP) 
Namibia collaborated with the Global Fund and the 
Ministry of Health and Social Services on a UNDP global 
initiative called “Solar 4 Health” in 2017 supporting 

governments to install solar systems in health centres and 
clinics in rural areas to reach undeserved communities. 
The UN´s motto for this initiative was “No woman should 
give birth in the dark. No surgery should be carried out by 
candlelight. And no child should be left vulnerable to 
disease because vaccines cannot be refrigerated.” [26]. 
The pilot project was led by the UNDP Namibia and 
consisted of the installation of solar photovoltaic (PV) 
systems to five clinics across Namibia out of which Eiseb 
Clinic in the Omaheke Region and Uusathima Clinic in 
the Omusati Region were stand-alone systems. Kalkrand 
Clinic and the Klein Aub Clinic in the Hardap Region as 
well as the Okaukamasheshe Clinic in the Oshana Region 
were grid connected systems due to the outages 
experienced [27]. 

Another project in a smaller scale was the 
electrification of Otjikojo Primary School in Kunene 
Region. It was funded in 2019 by the Hanns Seidel 
Foundation, under the project “PREN”, Promoting 
Renewable Energies in Namibia [28]. Through the 
installation of this 3 kW off-grid solar system, 183 pupils 
in the school accessed light in the afternoon and evening 
hours which would enhance their study time during a day. 
In the Ondangwa Region, the Sonnenkinderprojekt 
Namibia e.V., a non-profit association, supported, realized 
“PV-plant Okatale” project to electrify Okatale Combined 
School in 2014.   

4. DISCUSSION 

The renewable resources identified in Namibia have been 
solar, wind, biomass and hydro. Given the specific 
characteristics of each renewable resource and the 
geographical locations of the unelectrified areas, the solar 
energy has been found more adequate for the off-grid 
implementations, whereas the wind, biomass and hydro 
remain to be promising now and in the future for large 
scale projects. Hence, the overview of the renewable off-
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grid electrification in Namibia remains to be with only 
solar energy applications.   

The renewable energy policies have started building 
up since the beginning of 2000s, not only for the 
electricity sector but also involving the development 
sectors. The Vision 2030 have built the main pillars. The 
REDMPs followed by the OGEMP and the NAMA have 
brought the latest developments in the access of 
electricity. Although the unbundling of Nampower, the 
establishment of REDs have taken place in the earlier 
stages of 2000s, only after the 2010-private and public 
funded projects have started being implemented in 
Namibia. 20 years of policy development and 10 years of 
project implementation, nearly one million people still do 
not have access to electricity, that is also still far from the 
envisioned and planned access by 2030, mentioned in the 
REDMP, the OGEMP and the NAMA.  

The Energy shops approach which is later stages 
developed further to EZs could have presented a potential 
for the access to electricity. In contrary, their locations 
have resulted to not being close to the communities in 
need, in accessing the people. Therefore, people who are 
having a lack of access to electricity and related services 
also had a second difficulty in accessing the appliances 
and/or accessing to the people who have the knowledge 
for energy products or funding opportunities. Moreover, 
these shops were accumulated in the region Khomas 
around Windhoek where most unelectrified areas were 
spread in the northern and Eastern part of the country.  

In terms of the on-grid and off-grid access, the data 
collected from the policies, master plans and studies do 
not provide sufficient information. However, in order to 
supply electricity for the Namibian energy mix, it is 
possible to state that the grid connected solar power plants 
within the IPP regulations have been in place. An updated 
REDMP after 2010 issue could not be found. Only 3 mini-
grids have been built after the identification of off-grid 
households and locations. From 27 off-grid localities, 17 
schools, 17 government buildings, and 592 homesteads 
mentioned in the OGEMP in 2007; only 10 mini-grids and 
13 EZs providing electricity/services to 1,400 households 
and approximately 8,500 people were identified in the 
NAMA in 2015. Taking into account the 3 mini-grids 
constructed in the past 10 years, the figures mentioned in 
the plans, reports and studies require clarification and 
transparency in order to ensure a sustainable, promising 
and participatory implementation of the off-grid systems.  

Since the priority is given to the public services by 
the government, the schools, the clinics, and the irrigation 
systems have been also funded by international funding 
through UNDP, development agencies of the foreign 
countries, and NGOs. The international funding is 
supporting the process of the off-grid electrification as 
well as enable the access of electricity to the unelectrified 
areas. Moreover, by the electrification of these public 
buildings, not only the students or the patients but the 
people who are living in close proximity of these locations 
have also been provided some electricity indirectly. 
Despite the fact that this is very difficult to quantify, field 
research observations and the interviews have 
demonstrated that people would go to charge their phones 

to the schools or to the neighbors although they live in 
unelectrified households.  

On the other hand, in the villages with only 
prioritized off-grid electrification/stand-alone systems in 
the government buildings and schools; the community and 
their needs remain excluded. However, due to this existing 
structure, there is a potential towards a small-scale mini-
grid development in the future within these 18 villages 
mentioned in the section 3, by taking into account 
technical and economic considerations. In this sense, 
productive-use cases as it is also emphasized in the 
NAMA, bring many possibilities in the rural development 
with community-based services on a local scale. 
Furthermore, the inclusion of solar powered irrigation 
systems for agriculture use, solar powered drinking water 
supplies with or without treatment systems would enhance 
the productive-use cases for rural development.  

As mentioned earlier, this overview is based on the 
national and international reports, research papers, and 
field research observations and it is limited with this 
information. The information regarding the electricity 
access on a larger scale has not been updated in Namibia 
since NIDS 2016. This type of studies comprising the 
entire country provides the vision of the state as well as 
paves the way for the future development of research, 
development, improvement, assessment, and trade 
activities. A portfolio of the RE source-based project 
search by GIS, detailing all the localities or settlements in 
need of off-grid systems with their maps, connections 
points similar to which was realized by the FUNAE 
Energy Fund in Mozambique [29] would facilitate the 
real, current scenario for the local communities in need as 
well as developers. Moreover, similar research in solar 
pumps, irrigation systems in small and large scale would 
contribute in saving the water and water efficiency, in a 
water scarce climate. Such studies would also contribute 
to the good governance principles of the Namibian state 
by bringing peace, accountability, transparency and 
service delivery solutions and actions into the direct 
practice.  

5. CONLUSION 

This short history of the Namibian rural off-grid sector 
since 2010 and the development of the renewable energy 
related policies since 2000 provide an insight of the 
current situation in Namibia. Although Namibia´s national 
target is to reach 70% renewables by 2030, the gap 
between the urban and rural electricity access remains as a 
challenge given the conditions of the lack of required 
standards and policies, local community involvement, 
tariff methodologies, education of people, productive-use 
cases as highlighted by Hoeck et al. The two communities 
mini-grids in Tsumkwe and in Gam which are considered 
to be the pilot projects for prospective locations of mini-
grids have presented the key success factors in the form of 
challenges per se. Taking into consideration the decrease 
in the solar investment costs in the last years, the 
deployment of mini-grids becomes more cost-effective 
when the adequate local and policy conditions are 
established and the identified challenges are tackled. The 
decentralized RE solutions present the least-cost way to 
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provide power and to access people in order to comply 
with the 2030 Sustainable Development Scenario as well 
as national targets.  

The countries dependent on energy dominated by 
fossil fuels and also energy imports consider renewable 
energy systems as a sustainable solution within their 
energy mix, now and in the future. From one side, the 
government is supporting the remote locations via mini-
grids which is low-carbon, relatively more sustainable, 
and in a decentralized way. On the other side, it is creating 
an access to the public services such health, water and 
education along with the administrative services. The 
enhanced value is brought by the socio-technical practices 
practised by the people, the communities in the relevant 
regions and their imaginaries for their future which will 
bring a combined success for the governance of mini-grids 
in the policy implementation as well as in their actual 
practice in the rural areas. 

A holistic and multi-faceted approach still need to 
accompany in order to ensure rural development in the 
localities. Therefore, only techno-economic sustainability 
of RE systems would not be sufficient but would need to 
be supported by continuous trainings, capacity building in 
the field, awareness raising campaign/actions, agricultural 
development (if it is applicable) and the use of electricity 
for productive-use cases on a local scale and/or on a 
regional and national scale which will improve the 
sustainable livelihoods. Nevertheless, in the practice, the 
synergy created with the introduction of electricity 
through the renewable energy installations will still be 
dependent on human capacities and interactions in 
different levels of governance.  

In this regard, rather than a trade or a capitalistic 
perspective in the deployment of off-grid/island RE 
solutions for people, a productive-use perspective with 
people, with the involvement of all stakeholders from all 
parties in the respective localities would present a more 
promising and sustainable solution for the rural 
development.  

ACKNOWLEDGEMENT 

The author would like to thank to Mrs. Helvi Ileka and 
Mr. Abraham Hangula for their support during the field 
research conducted as part of the PROCEED (Pathway to 
Renewable Off-Grid Community Energy for 
Development) project funded by the German Federal 
Ministry of Education and Research (BMBF-Client II) as 
well as to the anonymous reviewers for their constructive 
comments.  

REFERENCES 

[1] International Renewable Energy Agency, IRENA, 
2018. Policies and regulations for renewable energy 
mini- grids. Retrieved February 14, 2005 from the 
World Wide Web: 
https://www.irena.org/publications/2018/Oct/Policies-
and- regulations-for-renewable-energy-mini-grids.  

[2] International Renewable Energy Agency, IRENA, 
2019. Off-grid renewable energy solutions to expand 

electricity access: an opportunity not to be missed. 
https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2019/Jan/IR
ENA_Off-grid_RE_Access_2019.pdf 

[3] United Nations, 2015. Transforming our world: The 
2030 agenda for sustainable development. 
https://sdgs.un.org/publications/transforming-our-
world-2030-agenda-sustainable-development-1798.  

[4] United Nations, 2018. Accelerating SDG7 
achievement, Policy Brief #08. 
https://sustainabledevelopment.un.org/content/docum
ents/17480PB8.pdf  

[5] Ministry of Mines and Energy, 2017. National energy 
policy.  
http://nei.nust.na/sites/default/files/downloads/Nation
al%20Energy%20Policy%20-%20July%202017.pdf 

[6] Republic of Namibia, National Planning commission, 
2017. Namibia´s 5th National Development Plan 
(NDP5). https://www.npc.gov.na/national-plans-ndp-
5/  

[7] Namibia Statistics Agency. Namibia Inter-censal 
Demographic Survey Report, 2016. Retrieved 
November 9, 2020 from the World Wide Web 
https://cms.my.na/assets/documents/NIDS_2016.pdf 

[8] African Development Bank, African Statistical 
Yearbook 2020. Retrieved March 16, 2021 from the 
World Wide Web: 
https://www.afdb.org/en/documents/african-
statistical-yearbook-2020 

[9] Countries in the world by population. Retrieved June 
2, 2021 from the World Wide Web: 
https://www.worldometers.info/world-
population/population-by-country/ 

[10] International Energy Agency, World Energy Outlook 
2020, Retrieved March 16, 2021 from the World 
Wide Web: https://www.iea.org/reports/world-
energy-outlook-2020 

[11] International Energy Agency, 2020. World energy 
model documentation. Retrieved June 16, 2021 from 
the World Wide Web:   
https://www.iea.org/reports/world-energy-model.  

[12] Ministry of Mines and Energy, 1998. White Paper on 
Energy Policy. 
http://www.mme.gov.na/energy/policy/  

[13] Republic of Namibia, Government Gazette, 2000. 
Electricity Act. 
https://laws.parliament.na/cms_documents/gg-2270-
0b78099004.pdf . 

[14] Electricity Control Board, Information on the regional 
electricity distributors (REDs). 
https://www.ecb.org.na/images/docs/REDs/REDs%2
0Article%203-Detailed%20Model.pdf  

[15] National Planning Commision, 2004. The vision 
2030. https://www.npc.gov.na/vision-2030/  

[16] Ileka H., Zongwe D., and Reuther K. 2017. Rural 
electrification with hybrid mini-grids: Finding an 
efficient and durable ownership. The Law Reform and 
Development Commission of Namibia at 25: A 
Quarter Century of Social Carpentry 351-382 (Dunia 
P. Zongwe & Yvonne Dausab eds., 2017). Retrieved 
March 30, 2020 from the World Wide Web at 
SSRN: https://ssrn.com/abstract=2937402 

https://sdgs.un.org/publications/transforming-our-world-2030-agenda-sustainable-development-1798
https://sdgs.un.org/publications/transforming-our-world-2030-agenda-sustainable-development-1798
https://sustainabledevelopment.un.org/content/documents/17480PB8.pdf
https://sustainabledevelopment.un.org/content/documents/17480PB8.pdf
https://www.npc.gov.na/national-plans-ndp-5/
https://www.npc.gov.na/national-plans-ndp-5/
https://cms.my.na/assets/documents/NIDS_2016.pdf
https://www.worldometers.info/world-population/population-by-country/
https://www.worldometers.info/world-population/population-by-country/
https://www.iea.org/reports/world-energy-outlook-2020
https://www.iea.org/reports/world-energy-outlook-2020
https://www.iea.org/reports/world-energy-model
http://www.mme.gov.na/energy/policy/
https://www.ecb.org.na/images/docs/REDs/REDs%20Article%203-Detailed%20Model.pdf
https://www.ecb.org.na/images/docs/REDs/REDs%20Article%203-Detailed%20Model.pdf
https://www.npc.gov.na/vision-2030/
https://ssrn.com/abstract=2937402


Mastering Energy Supply for Isolated Areas (MESfIA) 2021 International Conference 
31 August to 01 September 2021. Hosted online by the Asian Institute of Technology, Thailand 

9 

[17] Ministry of Mines and Energy, 2007. The Off-grid 
Energization Master Plan. 
http://www.mme.gov.na/files/pdf/undp-reports/off-
grid-masterplan.pdf  

[18] Ministry of Mines and Energy, 2010. Rural 
Electricity Distribution Master Plan. 
http://www.mme.gov.na/energy/electricity/  

[19] United Nations Development Programme and 
Ministry of Environment and Tourism, 2015. 
Nationally Appropriate Minitgation Action: Rural 
Development in Namibia. 
https://www.undp.org/namibia_final_NAMA.  

[20] Ames K., Majanian B., O´Neil T., Sontag C., 2013. 
Energy Demand Management at the Gobabeb 
Research and Training Centre. BSc Thesis. 
D134.Worcester Polytechnic Institute, USA. 
Retrieved June 1, 2021 from the World Wide Web: 
https://web.wpi.edu/Pubs/E-project/Available/E-
project-050713-090228/unrestricted/Final_Report_-
_DRFN_Energy.pdf  

[21] Boamah F. 2020. Desirable or debatable? Putting 
Africa's decentralised solar energy futures in context. 
Elsevier, Energy Research & Social Science. 
Retrieved June 2, 2020 from the World Wide Web: 
https://doi.org/10.1016/j.erss.2019.101390.  

[22] Hoeck I., Steurer E., Dolunay Ö., and Ileka H. 2021. 
Challenges for off-grid electrification in rural areas. 
Assessment of the situation in Namibia using the 
examples of Gam and Tsumkwe. Springer, Energy 
Ecology Environment. Retrieved June 1, 2021 from 
the World Wide Web: 
https://doi.org/10.1007/s40974-021-00214-5  

[23] Ashton B, Bisacky L, Boyd D, Lo ́pez J (2012) Lights 
on the Horizon: a socioeconomic impact evaluation of 
rural electrification in Tsumkwe, Namibia. Worcester 
Polytechnic Institute.  

[24] Ministry of Mines and Energy, 2021. List of approved 
installers. 
http://www.mme.gov.na/files/publications/approvedI
nstallers_suppliers_march2021.pdf  

[25] Reß T., 2020. The impact of land on the `Right to 
Energy` in Namibia. MA Thesis (unpublished), 
1581100. University of Bayreuth, Bayreuth, 
Germany.  

[26] United Nations, Retrieved from June, 2021 from the 
World Wide Web: https://www.un.org/ar/node/50448 

[27] United Nations Development Programme, Namibia 
Solar4Health Mission Report-2, December 2017, 
Retrieved from June, 2021 from the World Wide 
Web: 
https://www.google.com/search?q=UNDP+and+Mini
stry+of+Health+provide+Solar+Systems+for+rural+c
linics+Namibia&client=safari&channel=mac_bm&ei
=rU7xYKClDsOB9u8P4qUk&oq=UNDP+and+Mini
stry+of+Health+provide+Solar+Systems+for+rural+c
linics+Namibia&gs_lcp=Cgdnd3Mtd2l6EAM6BwgA
EEcQsAM6BAghEApKBAhBGABQuHBYqnhg5Hl
oAXAAeACAAbYBiAGtCZIBAzAuOJgBAKABAa
oBB2d3cy13aXrIAQjAAQE&sclient=gws-
wiz&ved=0ahUKEwjgr4v2oOfxAhXDgP0HHeISCQ
AQ4dUDCA0&uact=5#  

[28] Hanns Seidel Foundation. Retrieved on the February 
5, 2021 from the World Wide Web: 
https://namibia.hss.de/news/detail/solar-
electrification-of-the-otjikojo-primary- school-
news4835/ 

[29] FUNAE, 2019. Renewable Energy Projects Portfolio 
Hydro and Solar Resources. https://www.aler-
renovaveis.org/contents/files/carteira_de_projectos_er
_2017_funae-1.pdf 

[30] The Renewable Energy and Energy Efficiency 
Partnership (REEEP), Namibia, 2014. Retrieved on 
the July 14th, 2021 from the World Wide Web: 
https://www.reeep.org/namibia-2014.  

[31] United Nations Environment Programme (UNEP), 
Namibia, 2015. Retrieved on the July 14th, 2021 from 
the World Wide Web:  
https://wedocs.unep.org/bitstream/handle/20.500.118
22/20522/Energy_profile_Namibia.pdf?sequence=1&
isAllowed=y 

[32] International Renewable Energy Agency (IRENA), 
2017. Retrieved on the July 14th, 2021 from the 
World Wide Web:  
https://www.irena.org/IRENADocuments/Statistical_
Profiles/Africa/Namibia_Africa_RE_SP.pdf 

 
 

http://www.mme.gov.na/files/pdf/undp-reports/off-grid-masterplan.pdf
http://www.mme.gov.na/files/pdf/undp-reports/off-grid-masterplan.pdf
https://www.undp.org/namibia_final_NAMA
https://web.wpi.edu/Pubs/E-project/Available/E-project-050713-090228/unrestricted/Final_Report_-_DRFN_Energy.pdf
https://web.wpi.edu/Pubs/E-project/Available/E-project-050713-090228/unrestricted/Final_Report_-_DRFN_Energy.pdf
https://web.wpi.edu/Pubs/E-project/Available/E-project-050713-090228/unrestricted/Final_Report_-_DRFN_Energy.pdf
https://doi.org/10.1016/j.erss.2019.101390
http://www.mme.gov.na/files/publications/approvedInstallers_suppliers_march2021.pdf
http://www.mme.gov.na/files/publications/approvedInstallers_suppliers_march2021.pdf
https://www.un.org/ar/node/50448
https://www.aler-renovaveis.org/contents/files/carteira_de_projectos_er_2017_funae-1.pdf
https://www.aler-renovaveis.org/contents/files/carteira_de_projectos_er_2017_funae-1.pdf
https://www.aler-renovaveis.org/contents/files/carteira_de_projectos_er_2017_funae-1.pdf
https://www.reeep.org/namibia-2014


Mastering Energy Supply for Isolated Areas (MESfIA) 2021 International Conference 
31 August to 01 September 2021. Hosted online by the Asian Institute of Technology, Thailand 

 

10 

 
Abstract - Electricity Feed-in Tariff (FIT) applied in most countries is still known as incentive rates for photovoltaic 
power plant (PV) electricity producers (PV owner) or rates with remuneration (or incentive) systems for grid operators 
utilizing PV. In a country that does not provide incentives for the entry of PV plants, such as Indonesia, it is necessary 
to create an appropriate FIT but still stimulate PV growth and not harm the grid operator (PLN). The author studies 
some literature and shows that there is still a possibility to develop electricity rates, especially FIT for PV plants. The 
intermittent nature of PV, which can disrupt the grid system's stability, will have cost consequences became the main 
reason in determining the FIT formula. This study aims to improve the accuracy and fairness in cost between PV 
owner dan grid operator (PLN). In this study, the authors propose a Feed-In Tariff  (FIT) Dynamic for PV connected 
to a grid system with several power plants as base-load bearers, followers, back-ups/peakers, and implemented the 
North Sulawesi and Gorontalo Grid Systems (Sulutgo) in Indonesia. The proposed FIT Dynamic needs a load curve 
plan of the PV before connected to the grid system. The simulation was carried out in several conditions to test the 
formula and compare the current FIT in Indonesia with the proposed Dynamic FIT formula. The simulation also 
includes several back-up/peaker and balancing/follower power plants (with a different tariff) that respond to the 
system due to PV's intermittent nature. This simulation compares the costs obtained by the PV owner connected and 
supply energy to the grid system between the current condition (using FIT Flat) and the proposed FIT Dynamic. 

 
Keywords - FEED-In Tariff (FIT), Photovoltaiv (PV), Ballancing Cost, Back-up Cost.  
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Abstract – Sri Lanka is one of the highly electrified nations with more than 98% families connected to the national 
grid. As per the World Bank and Asian Development Bank, the country achieved 100% access to electricity by 2019.  
Sri Lanka has redefined the country’s energy policy in 2019 to be fully committed with the UN declaration on” 
Transforming our world: the 2030 Agenda for Sustainable Development”, through diverse measures to reduce the 
carbon emissions. The present government empowered an institutional framework to embrace indigenous renewable 
energy sources to enhance the contributions of hydro and other renewable energy to 80% of the overall energy mix by 
2030 to realize SDG 7.1 broader goals. 
Public Utilities Commission of Sri Lanka and the Ceylon Electricity Board coherently worked to extend the national 
grid system to isolated areas, while the Sri Lanka sustainable energy authority (SLSEA) provided the financial, 
technical, and administrative support to develop the off grid renewable power solutions to areas where the national 
grid is unlikely to reach in the foreseeable future. The SLSEA completed a feasibility study for the hybrid solution with 
36% efficiency to electrify 600 households and 1250 connected people in Baththanagunduwa island at US$ 1,588,900.   
  
Keywords – Battery-storage, mini-grid, off-grid, solar energy, renewable energies. 
 

 1. INTRODUCTION 

In the year 2015, the United Nations (UN) member states, 
agreed upon 17 boarder Sustainable Development Goals 
(SDGs) in order to ensure lasting peace and prosperity for 
people and the planet, now and into the future [1]. Sri 
Lanka being a signatory to the UN declaration on” 
transforming our world: the 2030 agenda for sustainable 
development”, has committed to reduce carbon emissions 
by 20% through various interventions in the energy sector 
[2]. On 09th August 2019, the ministry of power, energy 
and business development issued the gazette notification 
on “National Energy Policy and Strategies of Sri Lanka.”   
However, more stringent national policy renewable 
declared by the new government came to power in 2020. 
The new vision “National Policy Framework Vistas of 
Prosperity and Splendour” was given unprecedented 
priority to harvest indigenous renewable energy sources to 
enhance the contribution of hydro and renewable energy 
to 80% of the overall energy mix by 2030, hence close to 
energy self-sufficiency and promote UN declared SDGs 
[3].  
Although, in the present, all major hydro sources are fully 
exploited, according to the Small Hydro Power 
Developer’s Association there are economically viable 
and already identified 150 MW mini-hydro resources and 

                                                 
* 

Inspectorate division, Public Utilities Commission of Sri Lanka, Level 
6, BOC Merchant Tower, 28, St Michaels Road, Colombo, 00300, Sri 
Lanka. 
 
+ 

Projects Coordinating division, Sustainable Energy Authority, 72, 
Anandakumaraswami Mawatha, Colombo, 00700, Sri Lanka. 

 

 
#

Dean Faculty of Graduate Studies and Research, Sri Lanka Institute of 
Information Technology, Malabe, Sri Lanka. 
 
1Corresponding author;  

Tel: + 94 772637862. 
E-mail: nilanthasapu@yahoo.com    

around 10 MW micro-hydro resources yet to be harvested. 
In addition to that Sri Lanka is having annual solar 
resources that varies from 4.2 to 5.6 kWh/m2/day across 
the country and 24,000 MW estimated wind potential [4] 
and [5]. Moreover, the undiscovered hydrocarbon 
potential in 42,000 square kilometres in the Mannar basin 
was estimated to exceed 10559 billion cubic feet natural 
gas to support Sri Lanka’s mission to accomplish SDG 
goals [6].  

The SDG7.1 has broadly discussed two indicators to 
measure the level of achievement, which are “share of the 
population using modern cooking solutions by urban/rural 
and reliable electricity by urban/rural” [1].  
Sri Lanka has already achieved several goals pertaining to 
complete electrification and renewable energy 
development [7], [8], and [9].  

To achieve many future endeavors the government 
has empowered institutional framework. Ceylon 
electricity board (CEB) are the pioneers in providing 
electricity and was established in 1969, governed by the 
electricity act 1950 until it was repealed by the electricity 
act 20:2009 [10], and [11]. The Public Utilities 
Commission of Sri Lanka was established by the 
parliament Act No 35:2002 to regulate the public utilities. 
The Sri Lanka Sustainable Energy Authority (SLSEA) 
was established by parliament Act No 35:2007, to realize 
the national vision of “An energy secure Sri Lanka” [12].  
According to the World Bank and Asian Development 
Bank (ADB) statistics, accessibility to electricity in Sri 
Lanka reached 100% in 2019. As per the central bank 
annual reports more than 98% of families are connected to 
the national grid and most of them have network access 
just 50 m from their premises [13], [14], [8], and [15].  
However, still a handful of isolated villages and a few 
islands are not connected to the national grid. 
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2.  STATUS OF ELECTRICITY ACCESS IN 
COUNTRY AND IN ISOLATED AREAS 

2.1 CEB Distribution Network 

Four CEB distribution licensees serves four different 
demographic clusters of Sri Lanka and currently serves 
nearly 7.23 million customers including 6.25 million 
households [16].  

However, this division is difficult to demarcate on 
the administrative map based on provinces and/or district 
wise as many mergers between regions. The rationale of 
segregation merely subjected to equalization of the 
revenue among four regions. Therefore, the western 
province belongs to all four regions being the heaviest 
load centre.   

CEB rural, suburban and in some metropolitan 
distribution networks comprise of overhead 33 
kV:400/230 V distribution network with overhead bare 
conductors.  
In CEB rural and in some suburban distribution networks 
sometimes safety, power quality, commercial quality and 
supply quality related issues are reporting owing to 
excessive new connections, phase unbalance, wayleave 
clearance issues, induced transient over-voltages due to 
atmospheric discharges, voltage drop due to long spur 
lines, neutral conductor damage due to vehicular 
accidents, damages caused by animals etc., [17]. 

Further, the CEB is in a continuous effort to identify 
the said issues and provide better customer service. The 
CEB has already identified places that are having low 
voltage issues and have mapped them in the distribution 
network and has started stagewise upgrading of the 
network. Further CEB is gradually replacing their 
overhead bare conductors with Arial Buddle Conductors 
(ABC) [8]. 

However, the Colombo city and a few other cities 
are facilitated through underground 11 kV:400/230 V ring 
distribution networks, thus the safety and reliability of 
system is exceptionally high. However, power quality 
indices such as SAIDI, SAIFI and CAIDI has not been 
officially published yet. 

2.2 LECO Distribution Network 

LECO distribution licensee serves seven different cities 
which are mainly located along the coastal belt of Western 
province and Southern province [18].   

LECO generally operates the metropolitan 
distribution network which comprises of overhead 11 
kV:400/230 V distribution networks with overhead 
conductors and ABC based low distribution network.   
However, the above-mentioned issues are comparatively 
low in LECO areas owing small spur sections, close 
monitoring, and ABC low distribution networks.  

LECO frequently updates their branch wise power 
quality indices such as SAIDI, SAIFI and CAIDI. They 
purchase CEB power at 33 kV level, hence they have 
segregated their power quality indices into two categories. 
The first category indicates power quality issues 
pertaining LECO networks issues and the other due to 33 
KV level interruption imposed from CEB networks.   

LECO served nearly 0.6 million customers who 
belongs to all customer categories under their 7 branches 
by year 2019 [18].  

2.3 Power Supply to Isolated Villages and Islands  

The following graph illustrates the world bank’s statistics 
on the increase in accessibility to the electricity in Sri 
Lanka over last 20 years. 

   

 

 
Fig. 1. Electrification rate in Sri Lanka for the last 20 years 
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In the early 1990s the access to electricity was 
limited to about 60% of the population [13]. Although 
CEB distribution networks had reached all 25 districts by 
then, network was not penetrated deeper into very small 
villages away from main roads, highly isolated villages in 
hilly terrains and some islands etc., [9]. Although rural 
electrification is a costly endeavor, authors cited 
literatures are available on cost benefit analysis and 
socioeconomic benefits of rural electrification [19], and 
[20].  

The government first resorted into off grid schemes 
to provide electricity to those villagers and later gradually 
expanded CEB distribution network up to those villagers 
[21]. 

The government first introduced a five-year World 
Bank funded project in 1997 which was titled as the 
Energy Services Delivery Project (ESDP) to give financial 
support to kick off the off-grid power projects in the 
isolated villages. The second five-year came under a  
different project titled as the Renewable Energy for Rural 
Economic Development (RERED). Later the government 
decided to extend the RERED project by another 3 years 
in 2007 and the World Bank finance support came to an 
end in 2011 [21].  

Under this exercise 120,000 solar home systems 
with a total installed capacity of 3.6 MW, 300 micro-
hydro systems with 4.5 MW, 11 village dendro power 
systems with 100 kW, 30 wind home systems with 7 kW, 
10 village biogas power systems with 6 kW and 40 pico 
hydro power systems with 12 kW were commissioned. 
The total of the  above-mentioned off-grid renewable 
capacity identified as 8.2 MW, was configured to address 
the energy requirements of 130,700 households [21]. Later 
under national grid extension programs 99 standalone off-
grid micro-hydro power systems were integrated into 
national system and respective households were 
transferred into the national grid [21].  

In 2011 the World Bank funded 13 year long off-
grid power generation projects came to an end. As per the 
statistics by then 87.76% of the population had access to  
electricity [13]. The government decided to fill the void in 
financing and providing technical assistance for the off-
grid communities through a cabinet decision to provide a 
grant of US$ 75 to US$ 230 per household for getting an 
off-grid system [21]. 

3.  FUTURE PLANS TO REACH SDG 7.1 IN THE 
COUNTRY 

The race for energy beyond sustainable principles had 
already  made a beautiful planet almost inhabitable. Thus, 
without depriving the developments, the UN is expecting 
everyone to plan for access to affordable, clean, and 
modern energy sources. Sri Lanka is a small country; 
hence our contributions are negligibly small to anti-
environmental movements although the government has 
principally agreed to follow UN proposed SGDs. 

According to  statistics by the international energy 
agency (IEA) by 2018, Sri Lanka’s energy usage was 
almost 50:50 to renewable to conventional [22]. The 
present government has shown their commitment towards 
SDG 7 by giving priority to harvest indigenous renewable 

energy sources to enhance the contribution of hydro and 
renewable energy to 80% of the overall energy mix by 
2030. Furthermore, through the CEB’s “Long Term 
Generation Plan (LTGEP)  2018- 2037” has also proposed 
many renewable candidates. Therefore, the governments 
vision of harvesting more renewable energy technologies 
and plans to address the increasing energy demand in Sri 
Lanka [23]. 

SDG 7 declared three key targets and two additional 
targets for resource deployment and policy to be achieved 
by 2030.  As per the UN website for SDG goals, to 
achieve affordable and clean energy is measured by six 
different indices [1].  

To align Sri Lanka’s energy policy with SDG 7, 
government made following initiatives [2],  
• Universal coverage of domestic supply of electricity, 
reaching nearly 100%  of the households by 2019. 
• 36% of the primary supply comes from biomass sources, 
together with hydro (6%) and Non-conventional 
Renewable Energy (NCRE, 2%), renewable sources 
account for 44% of total primary energy supply.  
• Electricity is charged on increasing block tariff structure, 
which is designed to discourage the over-use of electricity, 
enable the low-income earners to manage low tariff and 
promote conservation of electricity [24]. 

As per the country’s commitments towards SDG 7, 
Sri Lanka is supposed to meet the target of 20% GHG 
emission reduction through Intended Nationally 
Determined Contributions (INDC). A few conducive ways 
on achieving the set targets are to promote more 
renewable candidates for a long-term power generation 
scheme and to promote electrically driven transportation, 
harvesting onshore, offshore wind and solar PV are 
potential options to consider. Accordingly, railway 
electrifications and offering tax concessions for electric 
vehicles, develop attractive tariff structure for electric 
vehicle uses etc., also some of the proposal in pipeline. Sri 
Lanka-India 1000 MW cross broader interconnection is 
another ongoing activity to utilize hydro potential in South 
Asia, enable to increase local renewable penetration and 
setoff fossil fuel-based generations. Under those plans, 
wind power plants of 514 MW and 115 MW of solar 
power plants, 105 MW of biomass power plants and 176 
MW of mini hydropower plants will be commissioned in 
future. In addition to that, introducing LNG plants to the 
LTGEP and converting existing fuel oil-based power 
plants to LNG are also some of the additional efforts taken 
to align with what is committed in the Paris agreement. To 
promote conservation and best practices CEB and LECO 
has introduced Utility Driven Demand Side Management 
programs (UDDSM), SLSEA and Sri Lanka Energy 
Managers Association (SLEMA) has introduced various 
demand Side management (DSM) activities and   
appointing energy managers for sizable facilities, are 
some of the government initiatives set for the country to 
realize UN SDG 7 goals.  

However, still the transport sector is a major 
concern, to reduce the requirements for frequent 
commuting, the government has taken many policy level 
decisions and administrative decisions.  
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4.  TECHNICAL, ADMINISTRATIVE AND 
FINANCIAL ISSUES THAT DISCOURAGE 
GRID EXTENSIONS TO ISOLATED AREAS  

4.1 Technical Issues 

There are many technical issues to hinder rural 
electrification, some of the salient reasons are no access 
routes, confined within reserved forests, construction 
issues due to difficult terrains, crossing large water bodies, 
and techno-economic issues such as large investments for 
many kilometers long medium voltage and low voltage 
distribution networks, severe voltage drop issues, 
maintenance issues, wave-leave clearance issues, meter 
reading issues, power losses due to earthing through trees, 
electricity theft to protect cultivations, killing animals, 
preparation of illicit liquor, illegal water pumping, low 
revenue generation and etc., [21].  

4.2 Administrative Issues 

The SLSEA stipulated  approval process which is mainly 
focused on large scale projects and corresponding 
clearance requirements, evaluation process and fee 
structure discourage the village level small projects. In 
addition to that it was also observed that community based 
micro hydro developers do not have capacity to cope with 
minimum technical and administrative standards 
prescribed by the CEB and generation license 
requirements imposed by the PUCSL. Therefore, it is 
necessary to review such stringent conditions to facilitate 
community-based village micro-hydro power 
development and give a more lenient and proactive 
approach to realize the governments objectives. Moreover, 
it was observed that good governance and administration 
in village-based Electricity Consumer Societies (ECS) are 
at a poor level due to the lack of proper biding through 
strong constitutions. Although currently most of these 
societies have such documents which merely dictates rules 
and regulations pertaining to membership and some 
applicable fines on violations, they are not perfect enough 
to address the above said issues. Therefore, it is 
imperative to formulate a proper mechanism to ensure 
transparent administration, technical support and finance 
assistances.  

4.3 Financial Issues  

The community-based systems are owned by the ECS, 
hence they faced hardship in getting approvals and 
constructing the scheme due to non-compliances led by 
low standards owing to budget constraints. Another 
common difficulty faced by the societies is that they don’t 
have adequate funds in their bank accounts for 
maintenance of the power plants and for the salaries of 
operators.  Most of these village hydro schemes do not 
have lucrative bulky bank accounts mainly since they 
must repay loans taken under the RERED project. In fact, 
some of these co-operative societies are in serious 
financial difficulties and are even short of money required 
to do urgent repairs and maintenance of the power plant. 
But proper financial management and transparent 
procedures are very likely to rectify these issues as hydro 
power generation irrespective of the scale, is one of the 
cheapest sources of energy. According to the PUCSL, no 

financial statements or comprehensive records of expenses 
incurred, and revenue collected, were available in most of 
the micro hydro schemes.  

5.  POLICIES TO PROMOTE ELECTRICITY 
ACCESS IN ISOLATED AREAS  

Any country would have very diverse terrains and 
demographics. Therefore, even in the same country there 
are many differences in social, cultural, educational, and 
financial indices. Electrification is identified as one of the 
key driving forces to reduce the said discrepancies among 
people in the same country. Thus, the government has 
given a high priority to address the gaps in rural 
electrification as it improves the standards of life owing to 
improve health, education, welfare, and technology [25]. 
This exercise is a painful investment for any country as it 
involves massive investments, however, it has many 
benefits too [20]. Any country has two options to 
consider, either extending the national grid up to isolated 
areas or to provide a localized solution. Either way they 
have their own merits and demerits as discussed above.
 Sri Lanka’s first ever national energy policy was 
issued as a gazette notification in the year 2008 and later 
in 2019 facelifted and was republished in another gazette. 
However, in both eyed to address the issues pertaining to 
the energy poverty in the country [2]. Moreover, to 
implement the above said boarder goals the government 
allocated necessary direct funds, lending through 
government and private commercial banks, facilitates 
funding through ADB and other doner countries and 
lending agencies. Further, empowered institutional 
framework, under which CEB identified as the undertaken 
arm to extend national grid to isolated villages, PUCSL as 
safety, economic and technical regulator and SLSEA to 
develop renewable energy sources, provide technical, 
administrative and post commissioning management 
support.  

5.1  The CEB’s Role in Providing Energy to Isolated  
Villages.  

To achieve the government’s dream of 100% 
electrification mentioned in the energy policy, rural 
electrification played a significant role. To realize these 
set targets CEB extended the national distribution system 
into isolated villages under different projects like lighting 
Rathnapura, lighting Hambantota, accelerated rural 
electrification project, Iran funded project, Kuwait funded 
project and projects under government direct funds.  

In addition to above, under special regional 
development programs such as Dayatakirula, many rural 
electrification schemes were conducted under government 
direct funds.  Accordingly, CEB managed to fulfil 
government’s aspirations of reaching 100% electricity 
access to all Sri Lankans by 2019. In many grids extension 
projects CEB connected isolated mini and micro hydro 
projects which  served those isolated villages for years 
with the national grid system to reap the benefits of 
renewable energy.  
 
 



Mastering Energy Supply for Isolated Areas (MESfIA) 2021 International Conference 
31 August to 01 September 2021. Hosted online by the Asian Institute of Technology, Thailand                                        

15 

5.2 PUCSL’s role to promote electricity access in 
isolated areas. 

PUCSL played a leading role in formulating timely 
required regulatory tools to support the government’s 
endeavor and made the following recommendations to 
streamline the future prospective projects to minimize the 
potential problems specific to the village based renewable 
power projects.  
• Granting license exemptions after verifying compliance 
to the minimum safety and technical standards. 
• Conduct a regular routine inspection in the plant and 
feeders for damages, wayleave problems etc., and 
maintain a proper logbook to keep recordings for future 
references and actions.  
• Consider the possibility of using insulated conductors 
instead of bare conductors and use standard wooden poles.  
• Accounting for expenses incurred and revenue collected 
to be made mandatory and transparent.   
• A mechanism to ensure that prepared accounts are being 
periodically reviewed by the authorized officer from the 
respective divisional secretariats, SLSEA and/or PUCSL. 
• Comprehensive training programs to be carried out to 
empower representatives from each society.  
• Government to intervene in providing financial 
constraints.  

5.3 SLSEA role in providing energy to isolated villages. 

In 2010, CEB identified 37,814 families that belongs to 
1072 villages covering all nine provinces, that did not 
receive a grid connected power supply in a foreseeable 
time span [21]. Therefore, the ministry of power and 
energy took an initiative that gave directives to the 
SLSEA to take appropriate measures to develop off-grid 
renewable energy solutions for isolated areas. SLSEA had  
identified 216 micro hydro potentials from 3 kW to 100 
kW. They have developed four projects and has provided 
overall technical and administrative consultancy to 
develop more than 20 projects under the financial 
assistance of Provincial council and district secretariats.  
SLSEA managed to complete four mini hydro projects 
with an installed capacity of 152 kW, for 1876 people that 
belongs to 399 families at the total cost close to US$ 0.35 
million. 

Furthermore, in 2015 they have funded 300 kW (2 
kW*150) solar off grid system housing projects for 150 
families in an isolated village in the Putthalam district for 
nearly US$ 52,702.00. In addition,  SLSEA has completed 
a small micro hydro project of 3 kW capacity to address 
the energy requirements of 120 people in 40 families in 
“Galamuduna isolated village” in the Kandy district at 
approximately US$ 5405.00.  

Moreover, in 2016 under the “SLSEA research and 
development fund” they provided a complete consultancy 
and borne the entire project which cost close to UD$ 
60,000 to develop a 15-kW micro hydro project in another 
isolated village in the Western province to provide energy 
to 120 people who belong to 25 families. In the post 
project period, they successfully formed the management 
committee and trained them to operate, manage and 
conduct minor maintenance too.   

Although independent sources verified Sri Lanka reached 
100% access to electricity by 2019, there are few isolated 
islands still away from the national grid.  

SLSEA have the capacity to exploit the locally 
available renewable energy resources and if required to 
integrate them with another conventional technologies and 
provide hybrid solutions, they conducted a feasibility 
study to provide off-grid power supply through a hybrid 
option for “Baththlangunduwa” island. In this project 
SLSEA is planning to integrate battery storage, wind, and 
a diesel generator on to a common bus and fulfil energy 
requirements of the habitants [26].  

6.  TECHNOLOGIES AND TECHNICAL OPTIONS 
TO PROMOTE ELECTRICITY ACCESS IN 
ISOLATED ISLANDS   

To elaborate on the above said topic authors would like to 
present a project feasibility study done by SLSEA to 
provide a off grid hybrid energy solution to 
Baththangunduwa island.  

 
Fig. 2. Location of the Baththlangunduwa island (8.50841, 

79.77895) 

6.1 Introduction to the project 

Battalangunduwa is a remote fishing island in the 
Puttalam district that belongs to the Kalpitiya district 
secretariat division. Total landmass spans over 1.5km2                                     

(approximately 3.5km in length and 0.25 km to 0.5 km in 
width), located in the Portugal bay about 30 km away 
from the Kalpitiya fishing harbor and 9.5 km away from 
the Northwestern mainland. Battalangunduwa has a naval 
base to provide security for fishermen and a small fishery 
harbor.  

Permanent population in the island is about 1250 
belonging to 600 families and about 650 to 700 seasonal 
fishermen migrate to the island for fishing. The livelihood 
of the island population is based on fishing activities. The 
island has one primary school, three churches, one navy 
camp, one police post, one communication tower and five 
small fisheries jetties. Being a remote island habitant, it 
does not even have bare minimum facilities. Due to the 
sandy surface layer, retention of rainwater is very poor 
across the island. There are 100 hand-dug wells on the 
island that goes dry within a short period after the rainy 
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season causing water scarcity to the people for long 
periods of time. 

 6.2  Scale of the Proposed Hybrid Solution 
As per the island’s overall load profile survey it was 
estimated that a 200 kW peak load of electrical power 
would be sufficient to electrifying 600 households, one 
school, 3 churches, a navy camp, a police post & 5 fishery 
jetties in the island and energy could be exploited through 
locally available energy sources with the support of DG 
sets. In this scenario the government owned utility will 
implement and operate the island power system. The  
government is committed to fund the estimated cost of 
US$ 1,588,900 to provide reliable and continuous 
electricity to the island. Once completed people will have 
access to,  

• Continuous electricity supply for households 
• Street lighting facility 
• Cold room facilities 
• A desalination plant 
• Medical facilities  

Moreover, the government is expecting to promote eco-
tourism in Kalpitiya peninsula including the 
Battalangunduwa island. Therefore, availability of 
electricity will promote investments in the sector and 
create employment opportunities. 

6.3  The Present Electrification Status of the Island 

In the present, the Fishing Community Society (FCS) 
supplies electricity to 39 houses in the island using a 110 
kVA DG set, granted by the ministry of fisheries about 
three years ago and electricity will be made available from 
6.30 pm to 10.00 pm and consumers are supposed to pay 
US$ 1.00 (LKR. 200) per week for the use of two CFL 
bulbs, small TV, radio and phone charging. In addition to 
that kerosene lamps, small generators and solar home 
systems are available for some houses. 

6.3  Renewable Energy Potential of the Island 

Generally prevailing climatic patten closely follows the 
overall climatic condition of the Northern part of Sri 
Lanka. The region receives rains mainly during the period 
from October to December. Rainfall during this period 
accounts for about 70% of the annual total. Temperature 
in the region varies from 28 C0 to 34 C0. According to the 
data sourced from www.eosweb.larc.nasa.gov web site 
indicates that solar radiation levels are uniform over this 
region and vary from 4.4 kWh/m2/day to 5.6 
kWh/m2/day. 

 

 
Fig. 3(a). SLSEA wind mast Puttalama -2007 and 2008. 
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Fig. 3(b). SLSEA wind mast Puttalama -2007 and 2008. 
Several coastal areas in Sri Lanka, including the 

Northern region, experiences strong winds during the 
period of the South-West monsoon (May to October), and 
moderate winds during the North-East monsoon 
(December to February) as illustrated in figure 3(a) and 
3(b). This wind pattern persists along the entire Northern 
coastal belt from Kalpitiya, Mannar, Jaffna to 
Kankesanthurai. Being a small island, Baththalangunduwa 
is well exposed to both monsoons. 

6.4 System Components  

6.4.1 Power station  

To identify the best location to construct the power plant 
the following factors were considered. 

• Adequacy of space to locate the power plant and the  
   wind turbines 
• Wind direction 
• Land ownership and existing structures 
• Equipment transportation issues 
• Distance to main load points 
• Operational logistics such as transporting diesel to 
the   

   power plant 
It is identified that the most suitable place for the 

power plant is the Southern tip of the island, where the 
wind turbines can be sited in such a way that they would 
face the predominant wind directions of Southwest and 
Northeast without any obstructions.   

At present, the FCS is using the 500 m distribution 
line, but to electrify the whole island, it is required to have 
a distribution line of 3.5 km. Funding is already available 
for this line extension and the CEB has agreed to complete 
the line extension work prior to the completion of the 
power plant construction.  

The dimension of the proposed powerhouse is about 
8 m x 11 m and will be constructed to meet the safety 
standards along with other essential facilities that a 
powerhouse would need.  

6.5  Technology Options Analysis  

As far as the renewable options that are available 
pertaining to the island, optimum generation mix could be 
obtained if wind can be considered as a main source. 
However, wind is not considered as a firm power due to 
inherent random fluctuations in wind speeds. Wind and 
solar have a great deal of intermittency. Thus, needs to 
address power generation fluctuations feel by the point of 
common coupling by deploying DG and the battery 
storage. To obtain optimum dynamic generation mix 
following the technology combinations were studied. 
• Wind turbine generators  
• DG sets 
• Batteries storage system 
• Converters 
• Hybrid controllers 

The generation mix was designed to address total 
power requirements of the island by DG sets or any other 
optimum mix with wind and battery. Thus, under 
abnormal circumstances whole or majority of the power 
generation will be account by the diesel option, but under 

normal conditions all generation options would combine 
in an optimal manner to address the island’s power 
demand. The said optimization will be realized through a 
hybrid system optimizer tool called “Homer.”  

6.5.1 Options analysis using ‘Homer’ micro grid hybrid 
optimizer 

Homer ID, one of the reliable micro grid hybrid 
optimizers which are heavily used to optimize hybrid type 
micro grids [27]. Homer is a software tool developed by 
the National Renewable Energy Laboratory of USA 
(NREL), for the purpose of optimizing hybrid power 
system designs. Extensive analysis is carried out by the 
Homer taking into consideration all the electricity 
generating options and their operational characteristics, 
resources and their variations, energy storage, load 
behavior and overall control of the system. 

6.5.2 Preliminary plant design 

Required equipment combination, their sizes and their 
operating patterns are analyzed by the Homer, through a 
preliminary technical design of the power plant to identify 
exact issues relating to actual implementation of the 
power plant project.  

The schematic diagram illustrates the basic 
connections and power flows between constituent 
components of the power plant. 

 
Fig. 4. Schematic diagram of AC-DC hybrid micro grid 

6.6  Transmission Line and Protection Scheme 

Total length of the transmission line is 3.5 km long 70/50 
mm2, ABC and 10 mm2 AL twine flat cable of 2 km 
(service wire)  

The relevant protection schemes such as over 
voltage, over current, over frequency and Earth leakage 
considered to comply with relevant IEC/BS standards. 
Considering the area and the environmental constrain 
Wooden poles are the most suitable poles that can be use 
in the area for both transmission and distributions.  

6.7  Pre and Post Project Technical and Administration 
Support 

SLSEA is dedicated to providing all technical and project 
administrative support from the inception. Request for 
proposal, evaluations, specification, tendering, contractor 
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selection, project consultancy, testing and commission and 
post project technical and administrative support is under 
the SLSEA preview. Further, training, support to 
established consumer societies, revenue collection, 
training on safety, operation, system performance 
monitoring etc., will also be carried out by the SLSEA. 
Moreover, SLSEA will develop agreements with 
equipment suppliers and documents for maintenance of 
valuable assets.    

7.  BARRIERS TO PROMOTE ELECTRICITY 
ACCESS IN ISOLATED AREAS   

Generally, priorities are always given to electrifying 
nationally important places, economic hubs, 
administrative cities, and other nerve places. Therefore, 
electrification of isolated areas would be hampered by 
their own location specific barriers analogues to the urban 
electrification programs as investment decisions are based 
on economic factors [26]. Hence compared to urban 
electrification programs, the isolated projects are getting 
less attention owing opportunity cost induced by factors 
such as low levels of consumption, the consumers are 
scattered, and the population density is low, low loading 
factors, low productive use, high levels of power loss, and 
lower paying capacity of consumers, etc. Moreover, in 
addition to the economic factors there are many technical 
concerns such as maintenance, no access roads, voltage 
drop, power quality issues, wave lave issues also 
discourage the electrification of isolated areas. So also, 
safety and administrative issues such as meter reading, 
attending service and commercial quality related matters 
also involve many overheads, weak institutions and 
organizations, incompatible donor policies, lack of 
investments also dilute the interest for rural 
electrifications. Finally poor political will to provide fund 
and empower relevant institutions due to low bargaining 
power of the small groups of people who are living in 
isolated areas due to low education, poor financial 
strength, and minimal influence on national level politics 
etc., also some of the stumbling blocks for electrification 
of isolated areas [28]. 

8. CONCLUSION 

Sri Lanka implemented their first ever energy policy in 
year 2008 and later in 2019 face lifted the contents to 
more align with UN SDG7 goals. Sri Lanka has 
principally agreed to the “UN declaration on 
Transforming our world: the 2030 Agenda for Sustainable 
Development” has committed to reduce the carbon 
emissions through various measures. The present 
government has prioritized to harvest indigenous 
renewable energy sources to enhance the contribution of 
hydro and renewable energy to 80% of the overall energy 
mix by 2030 by introducing renewable to their LTGEP. 
Further, considering the electrification of public 
transportation and giving incentives to electric vehicles 
users through special tariff to reduce fossil fuel usage.  

Sri Lanka has already implemented some projects 
and there are many new projects in the pipeline to 
aggressively support the SDG 7.1 broader goals through 
the law of the country and empowering relevant 

institutional framework and proving necessary funds 
through various channels. 

Being a developing country Sri Lanka has also had 
its financial constraints in extending the national grid into 
all corners of the country. Thus, the government obtained 
the financial support of the world bank and other lending 
agencies to provide electricity to isolated areas.  
Electrification rate bean just below 65% in 1996 and by 
2019 the government managed to reach to provide 100% 
access to electricity.  

The government has empowered SLSEA, PUCSL 
and CEB to provide technical and administrative support 
to provide standalone solutions and connecting off grid 
power projects to the national grid.  

Further, to provide electricity to remote islands 
SLSEA’s research arm to conduct comprehensive studies 
and the government agreed to fund for the proposed 
hybrid micro grid project.  
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Abstract – In refugee and displacement settings, the utilisation of wild-collected firewood for fuel has led to concerns 
over deforestation and competition for resources, building tensions between vulnerable peoples and host communities. 
More recently, concern has expanded to the health impacts of solid fuel use in such settings connected to household air 
pollution (HAP). Other well-known protection risks involve the continued need for fuel-collection in unsafe situations, 
increasing risks of gender-based violence, conflict with host communities, and exposure to landmines and unexploded 
ordnances. This paper details results of 5-month-long pilot trials of fuel switching from firewood and charcoal to LPG 
across 130 Households in two IDP camps in remote Kachin State in Northern Myanmar. The paper includes practical 
details of the fuel transition and data sourced from baseline surveys across 11 camps, a mid-term review and 
satisfaction assessment, and a full-term review. Overall results were high satisfaction and continued use of the LPG 
technology after pilot end, with participants favouring the time-saving aspects and protection outcomes. The paper 
concludes with the argument that, where the supply chain to remote camps can be established economically, LPG can 
be used effectively in any displacement setting in Myanmar conflict zones.  
 
Keywords–fuel switch, IDP camps, LPG, Myanmar, pilot project 
 

 1. INTRODUCTION 

The livelihoods of many host communities, refugees and 
internally displaced peoples (IDPs) in Myanmar depend 
heavily on surrounding natural resources to use as fuel for 
cooking, heating and lighting for daily activities and 
meeting basic needs. The vulnerability index within 
"Vulnerability in Myanmar" published by OCHA, HARP 
and MIMU includes “heavy dependency on the 
environment for survival and sustenance” as a key human 
vulnerability factor, stating that “the costs of transition 
and adaptation [to climate change] ... will most likely fall 
on the least resilient members of society who tend to be 
most dependent on their environment for food, water, fuel 
and shelter materials” [1]. In 2021, Myanmar has one of 
the highest national rates of solid fuel use in any Asian 
country, with over 93% of Myanmar’s population using 
firewood and charcoal for cooking (70% and 22% 
respectively) [2]. However, heavy dependence on 
firewood for cooking, heating and even lighting has many 
negative impacts, including health (e.g., respiratory 
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diseases) and safety risks (e.g., gender-based violence), 
and productivity losses (due to the significant time spent 
collecting wood and the need to travel long distances to do 
so). Clean Cooking Alliance (CCA) reports 54,000 deaths 
(of which 5,000 are children) are reported annually in 
Myanmar due to household air pollution (HAP), primarily 
from cooking with solid energy sources such as firewood 
and charcoal [2]. CCA also lists Myanmar in the highest 
risk category of HAP contributing to health impact, and 
situations in IDP camps are expected to be worse than the 
national average due to the limited space for housing, 
minimal or no ventilation and limited alternate fuels for 
cooking. Women and children are the main groups most 
likely affected due to their household roles of food 
preparation and fuel collection [3]. From an 
environmental perspective, harvesting firewood 
contributes to stresses on ecologies through localised 
deforestation, habitat loss and soil erosion [4]. While a 
2015 study argued that fuelwood may be mostly 
renewable for Myanmar overall due to high plantation 
production, Kachin, Rakhine and Shan States were 
identified as having “higher non-renewability rates”, with 
the same three states hosting the highest numbers of 
displaced persons in humanitarian crises [5]. A separate 
study concluded both Rakhine and Kachin state had a 
“large deficit” in fuel wood supply balance, meaning, 
collection of firewood in those regions is unsustainable 
[6]. In addition, competition for resources from host 
communities can raise tensions and, in some cases, 
escalate to violence [4], [3]. 
 This study documents the Spectrum - Sustainable 
Development Knowledge Network’s (SDKN) 
implementation of a cooking-system focused humanitarian 
intervention in Kachin State, Myanmar. The purpose of 
the humanitarian intervention was to trial and assess an 
alternate fuel source, namely Liquid Petroleum Gas 
(LPG), for IDPs in Myanmar. This intervention was 
expected to not only reduce the negative impacts of 
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firewood collection and use, but to also pass on time and 
cost saving benefits to its users: the intervention 
households with an LPG storage cylinder and stove, while 
offering five months of refills for the first 100 households 
and three months of refills for the final 232 households. 
Only the first 130 households received their systems in 
time to be included in the data collections efforts reported 
in this paper. 

The main objectives of the paper are two-fold: to 
record and analyse the results of the baseline study and 
pilot trials conducted in Kachin IDP camps; and to assess 
limitations and gaps in clean-cooking energy provision, 
for the improvement of future LPG interventions in 
Myanmar. Spectrum - SDKN conducted three surveys to 
inform the design and maintenance of the intervention and 
assess its effectiveness. An analysis of the data collected 
during those surveys is provided in the results section of 
this paper. Preceding sections detail the design of the 
intervention and the methods used in collecting and 
analysing the survey data. A discussion section follows 
the presentation of the findings and explores the successes 
and challenges of the intervention. The paper concludes 
with an assessment of the potential for the implementation 
of LPG (and or other clean/modern cooking solutions) in 
humanitarian situations across Myanmar. 

2.  LPG FUEL SWITCHING IN MYANMAR IDP 
CAMPS 

2.1  International Case Studies 

Safe and reliable access to energy for cooking is a basic 
human need necessary for economic development. LPG is 
one form of clean energy proven to reduce protection risks 
faced by displaced persons, having successfully been used 
in humanitarian relief settings around the world and 
promoted in international Safe Access to Fuel and Energy 
(SAFE) initiatives by the UNHCR and FAO (See 
[7],[8],[9],[4],[3]).  

This project was specifically influenced by the 
UNHCR's provision of LPG to refugee camps across 
Tanzania, Jordan, Niger, and more recently Bangladesh. 
The UNHCR project in Bangladesh (on Myanmar’s 
western border) provided 91,711 refugee households in 
Cox’s Bazaar and 17,148 host community families with 
LPG cooking sets and refills from Jan 2019 to December 
2020. The UNHCR reported that LPG use resulted in a 92 
per cent reduction in the market demand for firewood, 
leading to subsequent reduction in deforestation, HAP 
exposure and risk of abuse or injuries related to firewood 
collection [10].  

By 2021, two refugee camps in Rwanda had also 
received LPG cook-stoves with paid refills sourced 
through similar public-private partnerships. Bisaga and To 
(2021) note that nearly 22,300 households used gas 
refilling services, showing that “once the necessary 
equipment, which requires high upfront investment, is 
provided to refugees, the uptake of LPG is high and fuel 
refills continue” [11, p. 4].  

Central to the above cases were the various private 
sector partnerships; the UNHCR - WLPG partnership in 
Bangladesh, and the UNCHR – MINEMA – private sector 
partnership in Rwanda. These brought together policy, 

implementation and expert knowledge that boosted the 
effectiveness of the intervention and ensured progress was 
“not hindered by adversity” [p.5] It was these trials and 
learning that therefore influenced the LPG cooking pilot 
design in Myanmar camps. 

2.2  Myanmar’s Suitability for LPG use 

Currently, LPG is used by only 0.1% of Myanmar’s 
population in rural areas and 1.4% in urban areas [2]. 
However, Myanmar is identified as the one of the few 
countries with the highest LPG expansion potential to 
reduce HAP-related diseases [12]. LPG is also already in 
unofficial use in refugee camps on the Thai/Myanmar 
border [13].  

Although Myanmar has a domestic LPG production 
facility at Nayung Don, it produced less than 20% of 
domestic demand in 2017 [14]. The majority of 
Myanmar’s LPG is imported. Therefore, in its proposal to 
the project’s funder, the UK Government’s Humanitarian 
Assistance and Resilience Program Facility (HARP-F) in 
Myanmar, Spectrum - SDKN indicated that the 
establishment of public-private partnerships would be 
essential to the provision of cost-effective LPG to IDPs. 

2.3  Establishing Public-Private Partnerships in 
Myanmar 

The pilot study was formed on the assumption that LPG 
and associated equipment could be purchased affordably 
(at cost where possible) and reliably transported to remote 
areas in high-risk conflict settings. It was hoped that 
fluctuating markets and the impacts of the pandemic 
would not interfere with the establishment of a sustainable 
gas supply chain to selected IDP camps.  

Prior to the political changes of February 2021, 
collaboration with the Myanmar government’s Ministry of 
Energy and Electricity (MOEE), Ministry of Industry 
(MOI), Ministry of Natural Resources and Environmental 
Conservation (MONREC) and Ministry of Social Welfare 
Relief and Resettlement (MSWRR), to develop a public-
private national partnership framework for logistics and 
supply was the key to supporting LPG transitioning in the 
selected crisis-affected locations across Myanmar.  

Private providers were assessed for desired 
partnership traits (see Table 1), along with a willingness to 
contribute lessons-learnt to help improve later stages of 
this project and future projects. These aspects put the 
study in a unique position within the humanitarian context 
to embrace public-private partnership for sustainability 
and benefits beyond the scope and duration of the pilot 
period. 

Although Spectrum received notices of interest 
from 10 private LPG providers, only two suppliers bid in 
response to the procurement documents and were assessed 
against the criteria in Table 1. 
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Table 1. Partnership assessment specifications for 
private LPG suppliers 

Trait Details 

Price Offer for whole package (including 
equipment and supply for x time 
period, transportation, training, 
maintenance, troubleshooting, 
replacement etc.)  

Safety  Safety ratings of cylinders, regulators, 
burners, history of operation, safety 
of refilling/distribution centre, 
transportation 

Supply  Reliable supply throughout duration 
without disruption 

Operation Installation, maintenance, regular 
troubleshooting capability 

 
Experience  

Capability within Myanmar LPG 
industry, clear of reputational risks 
for buyers   

Flexibility  Able to respond to unpredictable 
nature of settings, capability to find 
alternate solutions, willingness to 
contribute lessons-learnt 

3.  METHOD 

Spectrum - SDKN’s accepted project proposal covered all 
sections required by HARP-F, including mechanisms for 
designing, monitoring and assessing pilot project 
achievements and a detailed risk factor and response 
assessment for all (foreseen) components of the project. 
Spectrum - SDKN conducted three surveys over the 
course of the intervention. An initial baseline study was 
used to inform the design of the LPG pilot. A survey 
conducted in the fifth month of the pilot project was used 
to assess uptake of LPG in the first 100 pilot households, 
as well as inform improvements in project support and the 
(unexpected) continued roll-out of LPG cooking systems 
to additional households. The final project survey 
occurred 10 months into the pilot project. This survey 
focused on IDP perceptions of the LPG pilot and whether 
LPG continued to be purchased after subsidized fuel use 
ended for the first 130 pilot-project households. 

3.1 Ethical Concerns Around the Collection and Use of 
Project Data 

Ethical standards and conduct are of primary importance 
in all development work, and especially in situations 
involving vulnerable groups and conflict situations. 
Spectrum - SDKN and funding body HARP-F’s normal 
governing, funding, operational, and reporting regulations 
have been relied upon to cover ethical standards and 
adherence in the rollout of LPG cooking systems to IDP 
households and the collection of routine project 
monitoring and evaluation data. A recent decision to 
transfer the new knowledge arising from this data to non-
stakeholder audiences requires an additional treatment of 
project ethics. 

This treatment is not meant to replace an ethical 
review by a relevant body, nor make up for the lack of 

such a review for this study, but is aimed at making 
project standards transparent when considered against best 
practice of research ethics in conflict settings. Table 2 
presents the headings from an ethical framework used for 
research in conflict settings by Médecins Sans Frontières 
(MSF) [15], along with a measure of this project against 
the benchmark. 

Table 2. Project measure against MSF benchmarks 

MSF benchmark LPG project measure 

Collaborative 
partnership 

Collaboration with EPRG at UQ 

Community 
engagement 

Project design inputs from groups 
representing/serving IDPs (Karuna 
Mission Social Solidarity (KMSS), 
Metta, WPN, KPN); pilot design 
from camp committees. 

Social value Household ownership of LPG 
cooking system. Safety/use training 
and support during pilot. 

Scientific validity Focus on social value and sustainable 
improvement in IDP situation. 
Maximise survey sizes.  

Fair selection of 
participants 

Local fair selection principles by 
camp committee for first 60 systems, 
and random (‘lucky dip’ draw) 
selection for all following systems. 

Favourable harm-
benefit ratio 

HARP-F grant based on full proposal 
and detailed risk factor and response 
assessment.  

Informed consent Random draw requested by 
communities after first 60 systems; 
households have right to not be 
included in draw, or to keep systems 
after draw and not participate in 
surveys. Surveys conducted in local 
language (Kachin). 

Respect for 
recruited 
participants and 
study community 

Respondents deidentified before 
sharing results beyond Spectrum. 
Results of survey will be shared with 
communities.  

Independent 
review 

HARP-F review of project. Blind 
review of this study. 

3.2 Survey Design and Data Collection 

Project surveys were developed and implemented during 
the course of the project in order to maintain flexibility in 
adjusting to fluid conflict (and health) situations. 
Following the development of the first (baseline) survey, 
Spectrum conducted training for the local survey team 
while simultaneously working with that team to adapt the 
survey to best engage the local IDP populations. A core 
aim of that training was to allow survey questions to be 
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asked without bias and in a consistent manner in all 
households. For later surveys, Spectrum included the local 
survey team in the initial development and selection of 
survey questions in order to streamline the process.  

A number of additional mixed-method data collection 
efforts (cooking diaries [16], refill tracking) were trialled 
as a way to improve the robustness of data collection. Key 
staff turnover and lack of household buy-in led Spectrum - 
SDKN to abandon these efforts. Spectrum - SDKN also 
made a decision to prioritize the purchase of additional 
LPG cooking systems (beyond the initial 100) over 
expensive LPG system data collection units in light of the 
practical rather than academic focus of the project. 

3.3 Baseline Survey 

A targeted baseline survey was conducted in 315 
households across 11 IDP camps in Kachin State from 
December 2019 to January 2020.  Camps included Palana, 
Man Bung Catholic, Phan Khar Kone, AD-2000, Maina 
Kachin Baptist Convention (KBC), Maina Catholic 
church, Jan Mai Kawng Baptist, Momauk Baptist, Trinity, 
Le Kone Bethlehem, and Loi Jae Lisu. The survey 
examined the current IDP cooking energy situation 
through data collection on IDP fuel usage, costs, income, 
spending behaviour on cooking fuel (both time and 
money), and any related environmental, health and safety 
concerns held by interviewees.  

Households were selected randomly in each camp 
with the aim of sampling enough households to cover a 
minimum of 10% of each camp’s population. Actual camp 
coverage ranged from 9% (Momauk Baptist, population 
1986) to 25% (Phan Khar Kone, population 514). In total, 
the baseline survey covered 12% of the IDP population in 
all 11 camps. As not all surveyed households provided 
responses to all questions, the number of respondents will 
be presented alongside highlighted questions in the results 
section. 

3.4 The Pilot Project 

Baseline survey results on the economic viability of LPG 
were used in concert with assessments of camp 
accessibility through local civil society partnerships 
(Karuna Mission Social Solidarity (KMSS) and the 
Kachin Baptist Convention (KBC)) in order to select the 
IDP camps immediately suitable for an LPG rollout. A 
pilot trial commenced across 60 households from two 
camps in July 2020. Spectrum provided an additional 40 
households with LPG systems in November 2020, and 
then 30 more households with LPG systems in February 
2021. One private LPG provider was selected from two 
bidders to supply LPG for the pilot. 

Since February 2021 an additional 270 systems 
have been distributed in the two selected camps. All 
participants received a15 L gas bottle, a burner stove, 
hose, safety regulator, fire-extinguisher and safety poster 
to display by the stove. At least one member from each 
household that received the package also undertook cook-
stove use and safety training during initial stove setup. 

The first 100 households in the study received five 
months of cylinder refills. The next 30 and an additional 
270 households were provided with three months of 
cylinder refills. Due to their late (and unexpected 

inclusion) under the project, the final 270 households were 
not able to be covered by project surveys.  

 
3.4.1 Mid-term Assessment and Satisfaction Review 

Researchers interviewed participants five months into the 
pilot trial with questions aimed at gauging satisfaction 
levels, general LPG usage, perceptions of risks and 
benefits, and emerging impacts of the fuel switch on daily 
life. The mid-term review also served as an opportunity to 
address IDP concerns and alter pilot project operations 
accordingly for the remaining trial period. 

3.4.2 Exit Assessment 

Interviewers returned to pilot project camps in May 2021 
to conduct a pilot project exit assessment. This survey 
focused on recording participant experiences with the fuel 
switch and determining how many households continued 
to use LPG after project end. Some question topics were 
repeated from the prior survey in order to gauge changes 
over time, such as frequency of LPG use, associated costs, 
perceptions of safety and time-saving aspects. Questions 
had a stronger qualitative component aimed at revealing 
reasoning behind IDP behaviours and attitudes regarding 
cooking with LPG. The survey also examined IDP 
perceptions of benefits versus barriers for future use and 
the potential for the rollout of LPG cooking systems to 
other refugee camps and crisis settings across Myanmar. 

3.5 Survey Analyses 

A basic statistical analysis of all quantitative survey 
questions was undertaken by Spectrum - SDKN and 
project partner EPRG. Qualitative survey questions were 
used for the interval verification of the statistical analysis 
where possible, and to highlight participant concerns and 
responses not represented elsewhere in the data. Analyses 
focused on meeting reporting requirements for HARP-F 
and engaging stakeholders in humanitarian aid to IDPs in 
Myanmar. Analysis results are reproduced in the results 
section of this study. 

4. RESULTS 

Although all survey questions were asked in all surveyed 
households, interviewees had the option not to respond to 
questions (marked as an NA in recording of answer). If a 
result reported in this section arises from a question with 
less than 95% response rate, the number of responding 
households is noted either in the text, or in brackets next 
to the result. To avoid skewing of data by a few outlier 
responses, the median value and the interquartile range 
consisting of the first and third quartiles (IQR = Q1 – Q3) 
will be reported when the mean and median deviate 
appreciably. 

4.1  The Baseline Study Results 

Households in the baseline survey averaged six people 
(three adults and three children), with 16 per cent 
containing at least one person with a disability. All 
households had at least one stove, with 22 per cent having 
two or more stoves. The most common interviewee reason 
for having more than one stove was to cook multiple 
dishes at once (11 per cent of households).  
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At the time of the survey, firewood, charcoal, 
sawdust, electricity and LPG were reported in use in 94, 
13, 8, 5, and zero per cent of households respectively 
(Note: Although no households indicated using LPG at the 
time of the survey, a later question provided conflicting 
evidence that LPG may have been present in five of the 
households surveyed). Firewood was reported to be 51 per 
cent purchased, 22 per cent wild collected, and 27 per cent 
a combination of collected and purchased.  

While no IDP households reported selling or trading 
camp food rations to purchase fuel, 15 per cent reported 
selling fuel (often identified as collected) to other 
households as an income source. Interviewees reported 
spending a median of 17,000 Myanmar Kyat (MMK) per 
month (IQR = 12,000 – 25,000) on wood fuel [243 of 315] 
and 8,000 MMK per month (IQR = 5,000 – 12,000) on 
charcoal [33 of 315].  

For the 301 households reporting a firewood use 
quantity, the median firewood usage for cooking was 174 
kg per month (IQR = 121 – 228). For the 26 households 
reporting a charcoal use quantity, the median reported 
charcoal usage for cooking was approximately 60 kg per 
month (IQR = 40 – 90). Figure 1 presents the median of 
reported wood and charcoal use per month (kg) per 
household in each of the 11 camps surveyed. 

Figure 1 shows all but one camp with median 
reported wood use of more than 100 kg and two camps 
with a median reported use of more than 200 kg. Figure 1 
also shows that interviewees in only seven of the surveyed 
camps reported using charcoal for cooking. 

Households that reported collecting wood (49 per 
cent) typically had one sole collector, although 36 per cent 
had two or more members collecting. Only 15 households 
reported someone under the age of 18 collecting fuel. Fuel 
collectors made a median of four trips per month (IQR = 3 
– 8) to gather firewood, requiring 20 hours per person per 
month (IQR = 12 - 48) in collecting time from the time 
leaving home to return. Respondents reported firewood 
and charcoal having a median start-up time of 5 minutes 
(IQR = 5 – 10) before they were able to cook. In 93 

percent of households, the decision of fuel type choice 
was made by the main cook. 

Almost all respondents cooked inside their homes 
or in a community kitchen (99 per cent). Nearly 30 per 
cent of interviewees reporting no ventilation in their 
homes, with a few households additionally qualifying the 
situation by adding ‘bad ventilation’, ‘very smoky’, and 
‘need to get more air’. In 26 per cent of households, one 
or more members had breathing-related illnesses that 
could be impacted by cooking smoke (asthma, smoke 
allergy). Four per cent of interviewees reported additional 
smoke-aggravated conditions including ‘coughing’, ‘eye 
irritation’ and ‘pneumonia’.  

Respondents expressed various concerns with their 
current cooking energy choices, with 46 per cent of 
households expressing concern about cost, 43 per cent 
about availability, 14 per cent about safety during use, 10 
per cent about safety during collection, 10 per cent about 
health, and five per cent about convenience. Clarifying 
comments from 10 per cent of interviewees included 
concerns around ‘burning’, poor firewood quality leading 
to a ‘fire hazard’, ‘damage clothes and roof’, 
‘environmental impact’, ‘stress due to reduced available 
wood collection stock’, ‘difficulty finding wood’, ‘social 
problems while collecting’, ‘security’ and worry about 
restrictions on collecting.  

When asked if confrontations or threats from host 
communities arose when collecting firewood outside of 
IDP camps, 103 interviewees responded ‘yes’ [180/315]. 
Reported incidents included ‘chasing’ and ‘chasing with 
knife’, ‘verbal abuse’, ‘threaten with baton’, ‘threaten 
with violence’, ‘landowner denied access’, ‘attack by 
motorcycle’, ‘shot with slingshots’, and ‘arrested by 
soldiers’. Figure 2 presents the percentage of total 
responses in each camp that identified conflict with host 
communities due to firewood collection. 

 

 

Fig. 1. Median of reported household wood and charcoal use (kg) per month per 
household in each of the 11 camps surveyed. 
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Figure 2 shows Maina KBC, Maina Catholic 
Church and Palana camps having the highest percentages 
of interviewees identifying conflicts with host 
communities (85, 75, and 74 per cent reported conflict 
respectively). 

When asked if they had any concerns about 
landmines while collecting firewood, 56 per cent of 
respondents expressed major or serious concern and 10 
per cent minor concern about land mine/ unexploded 
ordinance risk while out collecting firewood [266/315]. 
Two interviewees indicated that someone in their family 
had experienced a landmine incident while collecting 
firewood, with 113 more hearing about an incident from 
others [282/315]. The highest concern levels came from 
Man Bung Catholic and Loi Je Lisu camps. 

Interviewee firewood collection concerns 
compounded as 84 per cent reported increased difficulty 
collecting due to deforestation [266/315]. For 62 
households responding to a question on increasing 
collection times [89/315], this added between one and four 
hours onto collection times in comparison to the previous 
two years. A few households went as far as to say that 
firewood was ‘getting difficult’ or even ‘almost 
impossible to find’. 

When discussing alternate cooking fuels, 44 per 
cent had never heard of LPG. The next most reported 
barrier to LPG use for interviewees were safety (25 per 
cent) followed by costs of start-up equipment (14 per cent) 
and price of LPG (14 per cent).  

When asked what they might do if they had more 
free time, 18 per cent of respondents expressed interest in 
spending extra time in activities further generating 
income, 19 per cent in teaching children at home, six per 
cent caring for elders, three per cent indicated ‘no extra 
work’, two per cent doing extra housework, and two 
percent exploring opportunities outside the camp.  

When asked about income sources, 295 households 
indicated they received cash from a support organization 
[306/315], 18 households reported receiving remittances 
[248/315], and 256 households reported at least one 
person in the workforce [278/315]. When asked if the 
main cook also had an income generating job, 35 per cent 
of interviewees responded yes [291/315]. Across the 11 
IDP camps, households indicated they were willing to 
spend a median of 15,000MMK (IQR = 7,000 – 24,000) 
on cooking fuel per month [235/315]. 

 
Fig. 2. Percentage of total responses identifying conflict with host 

communities due to firewood collection 
 

4.2 The Pilot Trial Results 

Spectrum conducted two surveys over the first 10 months 
of the pilot project.  

4.2.1 Mid-term Assessment Results 

Five months after the pilot began, surveyors assessed the 
experiences of the first 100 households to enter the project 
(only 97 households were able to be surveyed). At the 
time of the survey, 60 households had just received their 
final refill, and the other 40 households had just received 
their first refill.  

The majority of interviewees in this survey were 
women (75 per cent). Surveyed responses indicate that 84 
per cent of households had used LPG as their primary 
cooking fuel over the past month, with 83 per cent  
 

estimating more than half of the household cooking and 
boiling needs were satisfied by LPG (i.e. cooking noodles, 
vegetables, lentils, rice, boiling water). Nearly 55 per cent 
indicated that all needs were satisfied.  

Most (96 per cent) interviewees reported saving 
more than 15 minutes daily from cooking with LPG, with 
69 per cent saving more than 30 minutes and 51 per cent 
saving more than 45 minutes daily. Interviewees widely 
reported using their extra time for other household chores 
(76 per cent) and livelihood work (16 per cent) [87/97]. At 
this time, 93 per cent of interviewees believed LPG was 
more convenient than their traditional cook-stoves. In 
addition, 90 per cent of interviewees indicated that they 
were willing to pay for LPG after the pilot trail ended, 
with a third of households willing to pay more than 15,000 
MMK. 
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4.2.2 Exit Assessment Results 

Ten months after the pilot began, surveyors assessed the 
experiences of the first 130 households to enter the project 
(only 122 households were able to be surveyed). All 
surveyed households were approached at least one month 
after their last refill date. 

The majority of interviewees in this survey were 
women (80 per cent), with 67 per cent indicating they 
were the household’s head, and 88 per cent identifying as 
the main cook. Of all surveyed households, 67 per cent 
had at least one child under the age of 10, and 24 per cent 
containing at least one member with a respiratory illness. 
On average, surveyed households reported housing 6.3 
people. 

At the time of the exit survey, 77 per cent of 
households that participated in the trial were still using 
LPG. Figure 3 presents the primary cooking fuel used in 
surveyed households following the end of the pilot 
project. 

Figure 3 indicates that of former pilot project 
households, 45 per cent of respondents were exclusively 
using LPG as their primary source of cooking fuel, and 32 
per cent were using LPG alongside firewood, charcoal, 
sawdust, and electricity (fuel stacking). 

Wild collecting of cooking fuels during the month 
prior to the survey was reported by 38 per cent of 
households. Of the participants continuing to use LPG, 98 
per cent were cooking with it two or more times each day, 
mainly for morning and evening meals (91%). 

When scoring the availability of LPG, 32 per cent 
indicated that availability was ‘very difficult’, 12 per cent 
indicated ‘very easy’, 11 per cent didn’t know and 43 per 
cent found it somewhere between difficult and easy. A 
high proportion of IDPs rated LPG as ‘very expensive’ 
(78 per cent). Of the 103 responding to a question on their 
expenditure on LPG over the month prior to this survey, 
27 per cent indicated that they hadn’t paid for a refill yet, 
58 per cent estimated that had paid between 20,000 and 
24,000 MMK, and 15 per cent estimated an expenditure of 
less than 20,000 MMK. 

In terms of safety aspects, 39 per cent of 
interviewees believed their LPG connection to be very 
safe, and 59 per cent said moderately safe. Not one 
interviewed household gave their LPG system the lowest 
safety rating (unsafe), although three replied that they 
didn’t know. Equipment was deemed very high quality by 
71 per cent of interviewees, and 60 per cent were highly 
satisfied with customer support. 

When questioned on why they continued to use 
LPG after project end, respondents provided a wide range 
of answers, including LPG use being ‘quick’, ‘easy’, 
‘convenient’, ‘good’, ‘clean’, ‘smokeless’ and various 
combinations of these. Speed was particularly noted in 
relation to providing meals for children before school and 
for saving time so the respondent could work, help 
children study, do more housework and provide additional 
care. Seasonally it was noted by some respondents that 
LPG was easy to use in rainy season. In multiple 

responses LPG was associated with increased ‘safety’ and 
reduced ‘worry’ or ‘stress’, both in regard to less firewood 
collection and exposure to threats, and easy cooking 
ability.  

There were also several difficulties listed. As 56 per 
cent of households reported running out of gas at some 
point during the trial, this likely led to 86 per cent of 
interviewees suggesting IDP camps maintain a set of 
‘emergency replacement bottles’ [116/122]. When asked 
about difficulties users faced with LPG in the past three 
months, the most frequent issues listed were financial 
difficulties, safety concerns, and technical/use issues. 
When asked what improvements may be made for a future 
LPG pilot trial, IDPs suggested further awareness training 
and use demonstrations, greater practice with the 
equipment, personal sharing of experiences between IDPs 
(possible inter-camp exchanges), and emergency financial 
support for refills when needed.  

When asked about LPG use after local armed 
conflict ends, 99 per cent of households surveyed wished 
to continue using LPG. All responding interviewees (100 
per cent) indicated LPG was more important to the 
household since the 1 February 2021 coup, quoting the 
ability to ‘cook at night’, in ‘emergency times’ and 
‘uncertain situations’. Interviewees also noted that ‘[LPG] 
refills last a long time’, IDPs can ‘stay safe at home’ and 
‘no need to go outside [in conflict areas]’.  

LPG was thought to benefit women and girls most 
strongly (57 per cent), although 34 per cent of participants 
believed LPG use in the camps benefited everyone. Nearly 
79 per cent of respondents agreed that men appeared to be 
doing more of the household cooking since having LPG. 
When asked about benefits to people with disabilities, 99 
per cent of responding households answered in the 
affirmative [113/122]. Examples of those benefits 
provided by 100 responding households included no wood 
collection, minimal preparation times, and the self-
catering ability to cook whenever desired, regardless of 
most physical limitations [113/122]. 

When asked whether they would recommend LPG 
as a cooking fuel to other IDP camps, 94 per cent of 
interviewees responded ‘Yes’. An even higher 99 per cent 
of interviewees believed cooking system support should 
be a direct part of humanitarian support strategies, with a 
further 94 per cent agreeing camp management 
committees should recommend LPG cooking solutions to 
donors. Reasons cited included donors needing to know 
what is needed in IDP camps, and committees being in the 
position to pass on the IDP needs and desires.  

To sum up IDP perceptions of cooking fuel 
importance in the humanitarian setting, when asked to 
rank seven support areas in order of preference for support 
assistance, cooking fuel ranked fourth overall. Cash 
received the highest ranking, followed by support for 
community concerns (health, education, infrastructure, 
people with disabilities), and then basic food. Interviewees 
ranked livelihoods, shelter and electricity below cooking 
fuel. 
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Fig. 3. Primary cooking fuel used in surveyed households following the end of the pilot project. 
 

5. DISCUSSION 

5.1 Economic Viability of LPG in Selected IDP Camps 

The pilot intervention was built in part upon the premise 
that- once initial equipment and start-up costs had been 
covered externally- Kachin IDPs would be able to 
continue paying for LPG on their own. This premise was 
supported by Spectrum modelling using the baseline 
survey results, and an observation from the UNHCR 
Bangladesh's Clean Cooking Project in Cox’s Bazar that 
12.5 kg of LPG was sufficient for a five-person household 
per month [17]. Figure 4 shows the result of adjusting the 
total reported cooking fuel expenditure in each surveyed 
household to represent the expenditure if the household 
only contained five people (total spend / people in 

household * 5), and then averaging that expenditure for 
each surveyed camp.  

Figure 4 indicates that if a 15kg cylinder refill costs 
18,000 MMK per month (the average cost determined by 
Spectrum in discussions with suppliers), then LPG 
appeared economically viable in four of the camps at the 
time of the baseline survey (even without accounting for 
the opportunity costs of biomass use). Those four camps 
were Maina KBC, Maina Catholic Church, Jan Mai 
Kawng Baptist, and Palana. Spectrum used a conservative 
15 kg in its modelling instead of 12.5 kg as no explanation 
was provided by the UNHCR on how their estimate was 
arrived at, and 15kg was the cylinder size on offer from 
private providers. 

 

Fig. 4. Average monthly household expenditure (MMK) on cooking fuel in each camp in the baseline 
survey, adjusted per 5-person household 
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End of pilot project survey results indicate that 77 
per cent of pilot study households in Maina Catholic and 
Jan Mai Kawng Baptist IDP camps were paying for LPG 
after the pilot ended. Lenhe et al. (2016) discusses the 
practical challenges of introducing LPG across diverse 
displacement contexts, including being costly and 
requiring ‘consolidated supply chains’, suggesting 
“subsidies and market development strategies would thus 
be essential for the introduction of LPG solutions in 
certain contexts” [18, p.140]. Spectrum’s pilot appears to 
have overcome many of those challenges and made an 
economic case for cooking with LPG in pilot project IDP 
camps. 

Participating IDP households have responded to that 
case by valuing LPG enough to prioritize it their 
household spending. Whether it remains economical for 
those households to do so in the future depends on many 
factors outside the control of IDPs. At the very least, the 
project’s provision of an LPG stove and cylinder to 
participants lowers barriers to entry for sustainable 
modern cooking options in pilot IDP households. 

5.2 IDP Concerns and Limitations  

Awareness education, use demonstrations, safety training 
and frequent use appear to have dissolved some of the 
initial fears and misconceptions about LPG that were 
expressed in the baseline study. For example, where 
previously the belief that LPG-cooked food was not as 
tasty, invoked ‘bad health’ or was very dangerous to cook 
with, by the end of the pilot review, almost all respondents 
(99%) felt their LPG cooking systems were moderately 
safe or very safe, they strongly agreed on the respiratory 
health improvement aspects, and even reported a ‘clean’ 
(not smoky) taste in their food. In terms of safety, this 
represents a positive change from the baseline survey 
which found a surprisingly high number of interviewees 
(25%) expressing fears about LPG and its safety. 

It should be noted that at the end of the pilot some 
users still expressed ongoing safety concerns with LPG, 
particularly in regard to accidents, and fears of user error 
or use around children. Despite improvements in 
perceptions of LPG safety in pilot households, the 
provision of safety equipment and training remains vital 
for personal protection and the overall humanitarian 
purpose of reducing vulnerabilities.  

There is a strong likelihood that additional concerns 
and limitations of LPG were underreported. Throughout 
the mid-term and final assessments, researchers received 
low response rates regarding questions probing reasons 
behind user-reported satisfaction levels with various 
aspects of cooking with LPG. For example, although 97 
out of 122 participants listed at least one benefit of using 
LPG in the previous three months, only 24 participants 
could, or would, list a difficulty with using LPG over the 
same period. Despite low response rates regarding IDP 
challenges with LPG, Spectrum was successful in eliciting 
78 responses to a question requesting suggestions for 
improvements for future LPG projects. Interpretations of 
the data should be mindful of demonstrated cultural 
aversions to giving negative responses (response bias), 
perhaps compounded by the appearance of criticizing a 
program which is trying to deliver aid [19],[20]. 

 
 

5.3 Weighing-Up Fuel Options 

By pilot end, less than half of households were using LPG 
exclusively, with the remainder using it interchangeably 
with other fuels or even as only a secondary or emergency 
option. Despite IDP engagement with the LPG systems in 
the pilot project, there remains significant uncertainty on 
the actual decrease in user exposure to household air 
pollution if users continue to use solid fuels indoor in 
houses along with LPG [21].  

Additional uncertainty surrounds the question of 
whether LPG use in IDP households led to a reduction in 
conflict with host communities over forest resources, or 
lessened risks posed by the potential for landmines in 
cooking fuel collection areas. The potential for the pilot 
project to have had such an impact on participating 
households in Maina Catholic camp were high, based on 
baseline survey results in which 74% of surveyed Maina 
Catholic households reported conflict with the host 
community over firewood collection. An opportunity to 
explore that question was missed as no question was asked 
about host community conflict in the exit survey. 

Despite failing to untangle such questions, this 
paper argues that the greatest benefit of the LPG pilot 
project was to provide IDPs with an additional cooking 
energy choice – one with the potential to reduce their 
vulnerability. Given an LPG cooking system and access to 
a functioning and economic supply infrastructure, IDPs 
were allowed more flexibility in making cooking energy 
use connected decisions. Increased flexibility in turn 
enabled more choice in prioritising their needs, whether it 
was quick cooking for sending the children to school on 
time, reducing collection times to pursue other housework 
or income building activities, minimising smoke 
inhalation for family members with respiratory illnesses, 
mixing and matching fuel according to the wet or dry 
seasons, or remaining as an emergency option when 
traditional sources were deemed too risky or scarce.  

Interviewees recognized the additional accrual of 
benefits from LPG use in pilot households, such as men 
doing more cooking in 79% of surveyed households and 
an improvement in the capabilities of individuals with 
disabilities to cook more independently. Any challenge to 
the traditionally gendered role of cooking pushes 
Myanmar slightly closer to alignment with a global 
Sustainable Development Goal of Gender Equality [22].  

5.4 Energy Shortfalls in Humanitarian Crises 

Recognising the IDP’s own needs, concerns and 
desires, and taking their valued experiences and 
recommendations into consideration, raises the question of 
whether LPG and other modern cooking options should be 
supported and rolled out economically in other 
humanitarian settings across Myanmar. 

One challenge at the core of that question is that 
energy services consistently ‘falls between the cracks’ of a 
cluster-focused humanitarian funding system [7]. As 
stated by Lahn and Grafham (2015), “no formal cluster of 
agencies is responsible for energy provision in 
emergencies, in contrast to other basic needs such as food, 
water, shelter and health. As a result, donors are not 
presented with energy as a strategic priority. This restricts 
funding opportunities and impairs energy programme 
prioritisation and coordination” [24, pg.6]. 
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This matches Spectrum’s experience of proposing 
energy projects which rarely gain high enough priority 
among shelter and non-food items (NFI), water, sanitation 
and hygiene (WASH), education, health, gender equality, 
protection and other needs to be rated sufficiently 
important for funding allocations in Myanmar. This is 
despite energy choices beings shown to specifically 
perpetuate “disproportionate work burden for women, 
protection risks, conflict and tension, unsustainable 
livelihood activities and health risks” [3]. 

The UNHCR’s global Safe Access to Fuel and 
Energy (SAFE) initiative 2014-18 could have been a 
catalyst for donors to prioritise energy projects in refugee 
camps and vulnerable populations [4]. However, as 
discussed earlier, significant investment in this area has 
yet to be witnessed in Myanmar. 

Energy’s low priority in humanitarian responses in 
Myanmar has led to a significant data deficit in this space. 
This deficit forms a barrier to energy planning for future 
humanitarian crises [7] within Myanmar. Detailed energy-
related data in displacement contexts- including both 
energy use by IDPs and energy provision by camp 
management and humanitarian interventions - is crucial to 
such planning [24].  

Spectrum’s HARP-F supported LPG pilot provides 
an improved understanding of energy use in a 
humanitarian setting in Myanmar. Understandings drawn 
from this project can be used alongside datasets such as an 
FAO assessments of cooking fuel needs in Myanmar’s 
Nget Chaung IDP camp [3] to support energy planning in 
other humanitarian responses in Myanmar. 

6. CONCLUSION 

Spectrum’s LPG project introduced a public-private based 
solution to clean cooking for vulnerable households in 
IDP camps in Kachin state, Northern Myanmar. Over the 
project period, IDPs received training and experienced the 
impacts of cooking with LPG systems. Participants 
reported numerous benefits from LPG use, including 
increased time for other caring, educational, productive, 
and income-generating activities, and reduced exposure to 
risks associated with the use of traditional cooking fuels. 

Survey respondents reported a clear desire to see 
their counterparts in other camps across Kachin and wider 
Myanmar also receive the same technology and 
opportunity, regarding fuel support as important in 
humanitarian assistance programs and camp management 
schemes (99 per cent). 

Although the pilot did not see a complete transition 
to LPG for all participants at the time of the exit survey, 
ultimately, what the LPG systems did provide was 
expanded capacity for IDP choice, and the ability to make 
decisions on cooking energy use according to each 
household’s specific daily needs and priorities. This paper 
concludes with a call for further investment into 
partnership-building and rollout of modern energy 
cooking systems in humanitarian settings in Myanmar. 
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Abstract – During the summer season in Vietnam, when the weather is extremely hot, radiation from the sun 
significantly increases the temperature difference between the upper and lower parts of solar panels, making their heat 
resistance go beyond the limit level. Cooling is thus very important. This paper presents methods for cooling a solar 
panel: using forced air coming from ventilators run before the operation of the solar panel and using a heat pump. 
In this research, we reduced the temperature of the solar panel in two stages. The first stage involves forced-air 
cooling with the use of ventilators. This was combined with air conditioning using the heat pump in the second stage. 
Findings showed that the temperature difference between the upper and lower parts of the solar panel increased with 
the temperature of solar radiation. During the cooling process in both stages, the surface temperature decreased 
quickly, energy consumption was lower, and energy efficiency rose more significantly compared to when other cooling 
methods were adopted. 
  

Keywords – ANSYS Fluent, solar panel, heat pump, forced-air cooling, renewable energy. 
 

 1. INTRODUCTION 

There is an increasing demand for the use of solar panels 
for generating electricity, supporting the power grid, 
developing new and renewable energy to ensure the 
energy economic development in line with the strategies 
and orientation for future energy that Vietnam formulated 
in the 8th Congress. During days from the start of the 
summer till early autumn in tropical regions, areas using 
solar panels, including solar farms, enjoy large quantities 
of solar irradiation. Too high temperatures have a direct 
effect on the effectiveness of solar panels; when it is too 
hot, the temperatures of solar panels are high, thereby 
reducing their effectiveness and efficiency [1]. Some 
studies [2,4] were conducted and several solutions were 
proposed including cooling directly using wind, fans, 
water or heat pipes.  To enhance the efficiency of solar 
systems, reducing the temperatures of photovoltaic cells is 
necessary [3,4]. This emphasizes the need for 
investigating forced-air cooling or air-conditioning to 
reduce the temperatures of solar panels quickly without 
affecting their performance [5,6]. 
 Some recent studies [7-9] conducted in developed 
countries like New Zealand, South Korea, Japan, America 
and Canada investigated the use of fans, heat pipes, heat 
pumps to cool and enhance the effectiveness of solar 
energy systems using photovoltaic cells in references [11-
13]. However, very little research studied the combined 
forced-air cooling process to cool quickly and reduce the 
temperatures of solar panels when exposed to heat and 
absorbing solar irradiation in summer days. Another study 
[14] implemented cooling using wind and through 
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ANSYS simulation revealed effects of solar irradiation on 
the temperatures of solar panels. 
The simulation results from Cătălin George Popovicia 
[15] also showed that the temperatures of solar panels had 
a significant effect on the plate solar panels; when the 
temperatures of solar panels increased, the amperage 
produced by the panels increased very minimally while 
the voltage decreased dramatically and the maximum 
wattage decreased accordingly. The control and 
measurement of values during the simulation were 
connected to a temperature sensor, an electronic display 
unit and a computer by Labview and CFD of ANSYS 
Fluent [16-18]. The forced-air cooling was implemented 
using a heat pump and cooling fans under different 
conditions and position angles of cooling models to 
photovoltaic panels. In hot weather when the temperature 
rose from 8 a.m. till 4 p.m., the energy supply system 
using the photovoltaic panels was cooled by fans, a heat 
pump with a cold exchanger, an electric compressor, three 
forced-air cooling models, a hot exchanger, a cold 
exchanged, a throttle and devices supporting control and 
reading parameters. During the cooling process when an 
evaporator was used inside and a condenser was used 
outside a cooling chamber, refrigerant R134a functioned 
well in the compressor of ventilation fans.  The humidity 
and the gas pressure inside and outside the cooling 
chamber were not considered because the chamber was 
sealed and well insulated although the humidity remained 
stable at 80% and the wind outside was negligible. The 
forced-air cooling process was implemented for 30 
minutes until the temperature inside the chamber was the 
same as the atmosphere temperature (Ta=35oC).  
 In this study, using software CATIA V5, we 
conducted a simulation of the structure and components of 
a solar panel based on the parameters that have been used 
and provided in Ref.[15]. This paper is organized as 
follows. Firstly,  we perform modelling of the cooling 
process for a solar panel to improve efficiency after the 
cooling process. And, the results of the simulation process 
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are evaluated through effects of forced-air cooling  on the 
energy efficiency of the solar panel. 

2. THEORETICAL INVESTIGATION  

2.1 Governing equations 

To determine the energy efficiency, equations for heat 
balance in the necessary devices were established during 
the heat exchange and cooling process to reduce the 
temperatures and increase the performance of the solar 
panel in Ref.[19]. In these equations, heat loss of the heat 
pump is not considered during the forced cooling process 
and heat retrieval from the heat pump.  

The forced-air cooling process and the heat 
absorption by the cooling chamber after use take into 
account such factors as: solar irradiation Is [kW]. The 
electricity performance of the solar panel with and without 
cooling was evaluated by studying its parameters. The 
parameter involved are I, U, I-U, Fill Factor. The 
maximum power output generated by the solar panel can 
be calculated as follows [19,20]: 

Pmax = I(A) x U(V) .FF    (1) 

The current I (A) and the voltage U (V) are related by 
the following equation [14]. 

𝐼 =  𝐼𝑝ℎ −  𝐼𝑜  �𝑒
𝑞𝑉𝐷
𝑚𝐾𝑇 − 1� − 𝑈+𝐼𝑅𝑠

𝑅𝑠ℎ
   (2) 

where Iph = KphIsA is the photogenerated current, ID 

= 𝐼𝑜  �𝑒
𝑞𝑉𝐷
𝑚𝐾𝑇 − 1� the diode current, VD the diode bias, Io 

the saturation current, Rs the series resistance, Rsh the 
shunt resistance, and m the diode quality factor.  

2.2 Geometric modelling 

A solar panel with a peak power of 10W, Isc of 
0.65A and Uoc of 21.95V was employed for CATIA V5 
and ANSYS simulation. The PV panel dimension was  
based on  actual dimension,  which  is  350mm  x  
280mm.  A thin layer of air was added  at  the  back  and  
top  of  PV  panel  respectively.  The geometry model was 
drawn using  CATIA before  imported  into  ANSYS  
CFX  for  further analysis.  Normally,  the PV  panel  
consists  of  6  different  layers as show in Table 1.  The 
3D modelling of the items using simulation software 
CATIA V5 is depicted in Figure 1. 

 

 
Fig. 1. Geometry of the studied model of forced-air-cooling system. 

 

Table 1 shows the specifications associated with the 
structure and materials of the items such as glass, EVA 
layer, photovoltaic cells, the frame attached to 
photovoltaic panel. The values and characteristic 
parameters of the items are from research findings by 
Ref.[13-15] in the book [19].  

Table 1: Solar panel components and their dimensions 
No Components Dimensions (mm) 

1 Glass 346 x 276 x 3 

2 Cells 346 x 276 x 225 x e-3 

3 EVA  346 x 276 x 500 x e-3 

4 Frame 350 x 280 x 10 x e-3 

5 PVF  346 x 276 x 0. 1 

6 PVC 40 x 284 x 10 
 

3. DISCUSSION OF SIMULATION RESULTS 

3.1 Labview Simulation  

Cooling solar panels that are heated by solar 
irradiation can be done using fans, the combination of fans 
and cold air from a heat pump. To evaluate the energy 
efficiency of the solar panel during the cooling process, 
parameters such as the efficiency, the wattage, the 
relationship between I(A)-U(V) and P(W)-U(V) of the 
solar panel in the energy storage system are determined 
based on the formulae presented in Ref. [15]. 

After the analysis and calculation of basic 
parameters, the temperature, the voltage, and the 
efficiency of the photovoltaic panel were calculated and 
constructed in Labview and their real values are 
summarized in Figure 2. The temperatures of the solar 
panel with different mean air velocities of the cooling 
systems were recorded using Labview simulation. Based 
on the formulae developed in the theoretical basis, we 
continued to model the calculation process using Labview 
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as shown in Figure 2. The parameters of the photovoltaic 
panel are shown in Table 1, the solar irradiation intensity 

was 1000 (W/m2), and the environment temperature was  
35°C.  

 
Fig. 2. A Labview display of modelling the loop calculation process. 

 

 
Fig. 3. The relationship between I and V of the photovoltaic panel at different temperatures. 

 

Figure 3 demonstrates modelling results obtained 
when the inlet atmosphere temperatures were 18°C, 
26.5°C, and 35°C and the solar irradiation intensity 
acceptable in Danang, Vietnam was Is = 1000 (W/m2). 
The results revealed the significant effect of the 
temperatures on the efficiency of the photovoltaic panel; 

when the temperature of the panel increased, its efficiency 
decreased. 

As illustrated in Figure 3 and Figure 4, the voltage 
U(V), the amperage I(A) and the wattage P(W) were 
calculated based on U values ranging from 0 to Uoc, 
standard condition Is =1000 (W/m2), and the temperature 
of the photovoltaic panel of 35oC at operation time. The 
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open circuit voltage (Uoc) and output power of different 
cooling systems were compared.  

Figure 5 shows that the open circuit voltage 
decreased with increasing temperature (higher air-
velocities). The values for Uoc were higher at Va (10m/s 

to 15m/s) and decreased with increasing temperatures; the 
figure also shows the output power delivered by each 
system. The maximum output power delivered by the 
solar panel with no cooling system was 10.7 W at 10m/s 
and 15m/s.  

 

 
Fig. 4. The relationship between the wattage and the voltage of the photovoltaic panel at different temperatures. 

 

 
Fig.5. The P-U curve for the solar panel with mean  air  speeds  of  5m/s, 10m/s  and 15 m/s. 

 

3.2 ANSYS Simulation 

ANSYS FLUENT 2021 was used to simulate and 
analyze the cooling airflow surrounding the solar panel 
through model building based on the acceptable data 
presented in Table 2, modelling, meshing, establishing 
boundary conditions, running the program and retrieving 
the data.  

The solar panel was simulated under the condition 
of Steady-State Thermal in ANSYS FLUENT, an 
environment that produce results to evaluate the energy 
balance state of the system maintained (with this 
condition, the simulated temperature was considered 
average). The simulation was performed in order starting 
from entering the data to retrieving values of necessary 
parameters.  The parameters of the materials presented in 
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Table 2 were used to construct the solar panel in ANSYS 
WORKBENCH. Meshing the 3D models was 
implemented in module Geometric Modelling. The 

method of meshing was TETRAHEDRONS and the size 
of the components ranged from 1-3mm.  

The meshing results are presented in Table 3. 
 
 

Table 2: The thermal properties of the different layers in the solar panel. 

No Components Thermal Conductivity (W/m.K) Density (kg/m3) Heat Capacity (J/kg.K) 

1 Glass 1.8 3000 500 

2 Cell (Si) 148 2330 677 

3 EVA  0.35 960 2090 

4 Frame 237 2700 900 

5 PVF  0.2 1200 1250 

6 Mica [4, 5] 0.71 2883 500 
 
 

Table 3: Various mesh setting use in ANSYS CFD. 
No Names options/value 

1 Method  Tetrahedrons 
2 Algorithm Patch Conforming 
3 Element Order  Use Global Setting 
4 Nodes 324628 
5 Element 1660497 

 

The boundary conditions were imported into 
FLUENT upon completion of mesh checking. The 
environments of CFD and CFX were used to calculate the 
temperature range and the cooling airflow rates. The 
simulation process was implemented using the method 
STANDARD k-epsilon. ANSYS FLUENT simulation 
produced the values coded in colors for the parameters 
including the velocity, the temperature range, the pressure, 
vectors and streamlines.  

The simulation using CFX and CFD in ANSYS was 
conducted in two different cooling conditions: (1) cooling 
using fans pushing airflow into the solar panel, with a 
convex-concave turbulence model placed on their surface 
at an angle of 45o to the airflow direction and in different 
positions (at the beginning, in the middle, and both at the 
beginning and in the middle of the panel), as shown in 
Figure 6; (2) cooling using fans pushing airflow from the 
heat pump cold exchanger into the solar panel, at three 
different rates 5m/s, 10m/s, 15m/s, with three turbulence 
models with 38 holes of a thickness of 6mm, a diameter of 
15mm evenly spaced out 25 mm apart placed at an angle 
of 45o and evenly spaced at the beginning, in the middle 
and at the end of the solar panel, as shown in Figure 8. 

Figure 6 a.b shows the temperatures of the cells and 
the upper surface of the solar panel before cooling. When 
the environment temperature was 35oC, the temperatures 

of both devices reached the peaks of more than 77oC. As 
shown in Figures 6.c-6.h, when cooling took place with 
the installation of convex-concave turbulence models at 
different positions, the temperature of the cells and the 
upper surface of the solar panel decreased by 33oC. Of 
particular note, when two convex-concave turbulence 
models were installed, the results were optimal with the 
cooled temperatures more equally distributed and the 
effectiveness of the cooling process on the cells and the 
upper surface of the solar panel being higher. 

Figure 8a.b presents the simulation results of the 
temperatures of the cells (79.5oC) and of the lower surface 
of the solar panel (80.6oC) before the cooling process and 
placed in the hot environment with a temperature of more 
than 35oC. Their temperatures when cooling took place 
are illustrated in Figures 8.c-7.h. The results from these 
figures show a fall of at least 33oC in the temperatures of 
the cells and of the lower surface of the solar panel under 
all the conditions with different cooling airflow rates; 
more specifically, the airflow rates and the accordingly 
temperatures were 5m/s (34oC), 10 m/s (35oC), và 15m/s 
(38oC). 

Figures 8.g and 8.h also show that the higher the 
cooling airflow rate, the higher efficiency of the solar 
panel 
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TEMPERATURES OF CELLS TEMPERATURES OF UPPER PANEL SURFACE 

  

  

  

  
Fig. 6. Simulated temperatures of the solar panel with different positions of convex-concave turbulence models on the top 

of the solar panel. 
 

Table 4 demonstrates the results of the cooling 
process for the cells of the solar panel shown in Figure 7. 
The average temperature of the cells was the highest and 
the most equally distributed at the airflow rate of 15m/s. 
Different temperatures of the cells and of the airflow when 
passing through the two surfaces of the solar panel were 
also simulated. Figure 7 shows that in both cases, when 
the airflow velocity varied from 5m/s, 10 m/s to 15 m/s, 
the temperatures of the cells changed significantly.  

Obviously, the bigger the airflow velocity was, the smaller 
temperatures of the cells were. 

In addition to the experiment, the paper presents 
two ANSYS simulation conditions for the cooling of the 
cells and of the upper and lower surfaces of the solar 
panel. Our follow-up studies will consider many other 
different cooling scenarios (both upper and lower, using 
convex-concave turbulence models placed at different 
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angles, and mixed design). We will then conduct 
simulation and experiments on cooling airflow moving 
through turbulence models to evaluate heat exchange 

efficiency, heat and electricity efficiency when the solar 
panel is cooled under these scenarios 

 

Table 4: ANSYS CFX simulation of temperatures of cells of the solar panel. 
No Va (m/s) Tmax (°C) Tmin (°C) Taverage (°C) 

1 0 79.459 58.142 73.459 
2 5 45.323 40.513 42.929 
3 10 40.395 37.986 39.328 
4 15 40.973 37.537 39.168 

 

 
Fig. 7. The temperatures of the cells in relation to various airflow velocities. 

 
 

4. CONCLUSION 

The results from the simulation using loops in Labview 
and CFX in ANSYS Fluent showed that the higher the 
solar irradiation intensity, the higher the temperature of 
the photovoltaic panel. When the airflow rates varied from 
5 m/s, 10 m/s to 15 m/s according to the speed of the fans 
pulling and pushing air for cooling with and without the 
heat pump, the temperature of the photovoltaic panel fell 
sharply. The findings show that the method of creating 
turbulent flows for cooling air enhances the effectiveness 
of the cooling process and the efficiency of the 
photovoltaic panel. The cooling process enhanced the 

effectiveness of the panel and its longevity when exposed 
to heat.  

According to the CFD simulation results, the 
effectiveness of the cooling process and energy efficiency 
were higher when cooling used fans combined with cold 
air from the heat pump (the temperatures of the solar 
panel dropped significantly by 20oC-37oC) than when 
cooling used only fans. Furthermore, when the turbulence 
models were placed on both surfaces of the panel, the heat 
exchange effectiveness was higher, leading to a drop of as 
high as 37oC, and the wattage of the panel increased. 
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TEMPERATURES OF CELLS TEMPERATURES OF LOWER PANEL SURFACE 

  

  

  

  
Fig. 8. Simulated temperatures of the solar panel with mean air speeds of 5m/s, 10m/s and 15 m/s. 
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Abstract- Solar-biogas hybrid renewable energy system (HRES) is an effective way for electrification of rural area in 
the developing countries. When the power of the PV panels of the HRES is higher than that of the load, the excess 
energy is used to produce hydrogen through the water electrolyser. Hydrogen is then blended with biogas to fuel the 
internal combustion engine of the generator. A microcontroller connects the PV panels, the water electrolyser, and the 
consumed network to automatically start the generator when an additional power is needed. The addition of 20% 
hydrogen into biogas M7C3 leads to an increase in engine cycle work by 13%, 4% and 2% at 100%, 65% and 50% 
load operating mode, respectively. As compared to full load mode, CO and HC emissions of the engine are doubled, 
but the NOx emission drops down 50% in the half load operating mode. Independently loading regime, the addition of 
hydrogen to biogas results in a decrease in CO and HC emissions, but an increase in NOx emissions. At a given speed 
and engine loading mode, the optimal equivalence ratio and advance ignition angle decrease as increasing CH4 
composition in biogas or/and H2 content in fuel blend. 

 
Keywords- Biogas, Hydrogen storage system, Solar energy, Hybrid renewable energy system, Renewable energy.  
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Abstract – Concentrated solar thermal energy is regarded as one of the most promising methods of renewable source-
based power generation. Most of the focus of the existing renewables-based power generating technologies in Sri 
Lanka is on solar Photovoltaic (PV). But concentrated solar power generation can be both technically and 
commercially attractive, as a way to develop renewable power generation sources and ultimately decrease the 
dependency on fossil fuels. This study explores some elements such as plant design parameters, geographical locations 
and commercial feasibility of concentrated solar power technology.  
A 10 MW parabolic trough solar thermal plant has been modeled for Hambanthota using System Advisor Model 
simulator. It was revealed that this plant could generate 45.8 GWh in the first year with 3.5 of solar multiple and 7 
hours of thermal energy storage. It has been reveled through the results that Therminol 66 is the most suitable heat 
transfer fluid while Solargenix SGX-1 being the most suitable collector type for the application. The calculations 
demonstrated a levelized cost of energy of 0.276 $/kWh with an internal rate of return of 2.45% given the power 
purchasing agreement price at 0.102 $/kWh. It was found that this project would be financially feasible to start after 15 
years enabling a positive net present value at 30% learning rate. 
 
Keywords – Concentrated solar power; Levelized cost of Energy; Parabolic trough; Solar multiple; System Advisor 
Model 
 

 1. INTRODUCTION 

Sri Lanka faces the challenge of increasing needs of 
electricity from 70,000 GWh in year 2016 to 140,000 
GWh in year 2050 [1]. The country is planning to generate 
electricity through 100% renewable energy sources by 
year 2050 [1]. In addition to the present technologies the 
country will have to look at the potential of generating 
electricity from concentrated solar thermal energy to 
achieve above goals. Due to the challenges of financial 
and technical infeasibility of expanding the main grid, 
energy supply in terms of isolated arears is particularly 
challenging.  Off-grid hybrid power generation can be 
both practically and conceptually appealing for rural 
electrification in the developing world due to less risks 
induced to the main system and no need of large 
investments for network expansions. Off-grid power 
generation is well documented in the power systems 
literature. However, the literature on off-grid renewable 
energy supply in isolated areas is emerging. Sharma & 
Krithika [2] have highlighted the importance of using 
performance measures based on the type of service and 
service duration instead of conventional metrics based on 
the number of units sold for off-grid solar PV plants. 
Previously, Miller & Hope [3] have used lifetime cost 
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analysis methods as a performance measure to justify the 
intervention in the rural power supply sector in South Asia. 
Recently, Ali & Shahnia [4] have studied the factors 
pertaining to selecting an economically feasible and 
sustainable standalone power system for a remote off-grid 
township in Western Australia. 
 The inspiration for the study pertained the problem of 
meeting increasing demand for energy in the country 
including isolated areas, using renewable power. 
Renewable power generation technologies, in particular 
solar power has often been thought as the most promising 
way of producing electric energy. However, the literature 
on solar power generation, in particular using concentrated 
solar power (CSP) technology has been recently emerging. 
Unlike photovoltaics, the CSP captures thermal energy 
from solar radiation, converts it to mechanical energy and 
then generates electricity.  

It has been focused through the research on finding 
out the potential of power generation from CSP in 
Hambanthota, Sri Lanka. In the literature review the 
different CSP technologies were studied and compared. 
To find out how a CSP plant performs in Sri Lanka a 
software simulation was performed using System Advisor 
Model (SAM). This study has investigated both technical 
and financial performance of a 10 MW parabolic trough 
solar thermal power plant at Hambanthota. During the 
simulations the optimal values for the following were 
determined: value for solar multiple, size of thermal 
energy storage, type of solar collector assembly (SCA) 
and type of heat transfer fluid (HTF). The financial 
feasibility has been evaluated using the levelized cost of 
energy (LCOE).  

2.  LITERATURE REVIEW  

CSP plant consists of three main parts as solar field, 
power block and thermal energy storage (TES). 
Concentrating collectors in the solar field capture solar 
radiation and reflect to the receiver. The four main CSP 
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collector technologies that is been used are Parabolic 
trough, Solar tower, Linear Fresnel and Parabolic dish. A 
comparison of the technologies is demonstrated in Table 
1.  

The values in the table are presented in ranges since 
they have been extracted from existing plants and 
prototype models established in different areas with 
different weather conditions. According to the presented 
data, the Parabolic Trough, Solar Tower and Linear 
Fresnel technologies could consider being suitable for 

power generation capacities in the range of 10 - 100 MW. 
Parabolic Dish systems being suitable for low capacities 
ranging from 0.01 - 0.04 MW. Conversion efficiency of 
Solar Tower and Parabolic Dish systems are deemed to be 
high compared to the Parabolic Trough and Linear Fresnel 
systems. Capital cost and Operation and Maintenance 
costs are comparatively low in Parabolic trough systems. 
The Parabolic trough systems are well established and 
have commercial experience of over 20 years. 

 
Table 1. A Comparison of Collector Technologies. [10], [11], [14] 

Parameter Parabolic Trough Solar Tower Linear Fresnel Parabolic Dish 

Capacity (MW) 10 - 200 10 - 200 10 - 200 0.01 – 0.04 
Conversion efficiency (%) 10-15 25-30 8-10 25-30 
Operating temperature (oC) 100 - 500 260 - 570 100 - 300 750 

Capital cost ($/kW) 4600 - 9800 6300 - 10500 - 12600 
O & M cost ($/kWh) 0.02 – 0.035 0.034 – 0.093 - 0.21 

Unit cost ($/kWh) 0.14 – 0.36 0.17 – 0.29 - 0.16 – 0.22 
Commercial experience (years) > 20 < 4 - - 

Technology risk Low Medium High Medium 
 

Heat transfer fluid (HTF) in the receiver absorbs 
and transfer energy to the power block. HTF is usually 
synthetic oil, molten salt or water. While supplying heat to 
the power block the system interacts with TES in order to 
store part of the captured energy at peak hours of solar 
radiation. The storage supplies energy to the power block 
when the energy from direct line would not be sufficient 
to run the turbine. CSP plants would only accept the direct 
component of solar radiation and for the economic 
operation the direct normal irradiation (DNI) level should 
be more than 1600 kWh/m2/year. According to the data 
from Solar Wind Energy Resource Assessment (SWERA) 
programme, Hambanthota has the DNI level of 1646 
kWh/m2/year which is being the highest DNI level in Sri 
Lanka. 

3. METHODOLOGY 

3.1 Technical Parameters 

The study had deployed SAM version 2017.9.5 to 
simulate a parabolic trough CSP plant of capacity 10 MW. 
“Empherical trough model” had been selected as the 
performance model for the study. As for the financial 
model, single owner utility model with power purchase 
agreement (PPA) had been selected. For the simulation 
hourly DNI data for Hambanthota had been retrieved from 
SAM library. 

Solar Multiple (SM) mode parametric simulations 
had provided the most economical combination for SM 
and TES size. A set of solar multiple values in a range of 
1 to 5 in intervals of 0.5 and TES capacities from 0 to 10 
hours in intervals of 1 hour had been used for the 
simulations. Further, the parametric simulations had been 
performed using available types of HTFs in the SAM 
library to find out the most suitable HTF type. Another set 
of simulations had been performed to obtain the most 

efficient SCA type. The annual energy generation and 
LCOE were proposed as the performance measures of the 
project. The default 2008 Schott PTR70 Vacuum type had 
been considered as the heat collector element type.  

It has been assumed the design gross output to be 11 
MW and the gross to net conversion factor to be 0.9, in 
order to account for the parasitic losses. SEGS 30 MWe 
turbine had been selected from the SAM power cycle 
library as the reference system for this simulation. A 0.5% 
of annual degradation rate had been considered for the 
power cycle. 

3.2 Plant Costs and Financial Parameters 

Table 2 demonstrates the direct capital costs which had 
been used in the analysis. Construction and owner cost 
had been assumed to be 11% of the total direct cost. Land 
cost had been taken as $ 10000 per acer. Operation and 
maintenance costs had been fixed by the nameplate 
capacity 66 $/kWh-yr and variable cost by generation 4 
$/MWh.  

LCOE, IRR and NPV calculations had been based 
on the Power Purchasing Agreement (PPA) price of 0.102 
$/kWh. This value has been taken based on the purchasing 
price of Rs.18.37 (Conversion rate 1$ = LKR 180) in Sri 
Lanka for solar PV indicated by the “Sooryabala 
Sangramaya” project conducted by the government. The 
cost of capital for the infrastructure development projects 
had been around 15%. 

4. RESULTS 

4.1 Solar Field and TES  

The combination storage size of 7 hours and solar 
multiplier of 3.5 had given the lowest value for LCOE, 
US$ 27.60 cents/kWh with an IRR of 2.45%. The 
combination TES size of 8 hours and the solar multiplier of 
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4 had given 27.63 cents/kWh for the LCOE. The NPV had 
been negative for all combinations of TES sizes and SM 
values. Figure 1 depicts a graphical representation of 
LCOE for different combinations of solar multiple and 

TES sizes. Table 3 demonstrates the results of the solar 
field reflector area, number of SCAs and land area for the 
solar multiple 3.5. 

 
 

Table 2. Direct Capital Costs. 
Parameter Cost 

Site improvements ($/m2 of solar field area) 26 

Solar field ($/m2) 150 

Heat transfer fluid ($/m2 of solar field area) 60 

Storage ($/kWht) 65 

Power plant ($/kWe) 1150 

Balance of plant ($/kWe) 120 
 
 

 
Fig. 1. Variation of LCOE with Solar Multiple and TES size. 

 
 

Table 3. Solar Field Results. 

Parameter Value 

Aperture reflective area for SM=1 (m2) 41633 
Aperture reflective area (m2) 146498 
No.of SCAs for SM=1 88 
Total no. of SCAs 308 
Solar field land area (acers) 108 
Total land area (acers) 151 

 

4.2 HTF and SCA  

Annual energy generation and LCOE values for the 
different types of HTFs have been presented in Figures 2 
and 3 respectively. The highest first year annual energy 
generation had obtained with Therminol 66, which had 
offered the lowest LCOE.  

Results of the parametric simulations which had 
been obtained by the SAM has suggested that Solargenix 
SGX-1 SCA type could generate highest energy from the 
plant. The highest figure of IRR and the lowest figure of 
LCOE had been recorded when using same type of SCA. 
The results of the simulation have been demonstrated in 
Figures 4 and 5. 
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Fig. 2. Annual energy generation (first year) for HTF types. 
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Fig. 3. LCOE for HTF types. 
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Fig.4. Annual energy generation (first year) for SCA types. 
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Fig. 5.  LCOE for SCA types. 

4.3 Plant Performance  

The total direct and indirect capital costs for the plant had 
been $ 66,226,432 and $ 8,797,187 respectively whereas 
total installed cost of the plant being $ 77,023,616. Table 
4 depicts the summary of technical and financial 
performance parameters which had been generated by 
SAM software. The NPV has been negative at present 
plant cost. The design cycle thermal input had been 29.3 
MWt. Solar field piping heat losses at 3.7 W/m2. Total 
parasitic energy consumption at the design point had been 
2.7 MWe. 
 

Table 4. Plant Performance Summary. 
Parameter Value 

Annual energy out put in 1st year (KWh) – 
degradation rate 0.5% per year 45800228 

Capacity factor  in 1st year (%) – 
degradation rate 0.5% per year  52.8 

PPA price (ȼ/kWh) 10.20 

LCOE (ȼ/kWh) 27.6 

NPV ($) -50732552 

IRR (%) 2.45 

Net capital cost ($) 75023616 

4.4 Plant Performance  

Financial performance of the plant for future cost has been 
shown in this section. LCOE with starting time at 30% 
cost reduction rate is demonstrated in Fig. 6. And Fig. 7 
depicts the NPV variation of the plant with starting time at 
the same cost reduction rate. 
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Fig. 6. LCOE with starting time for 30% cost 
reduction rate. 

 

 

Fig. 7. NPV with starting time for 30% cost reduction 
rate. 

5. DISCUSSION 

Parabolic trough has been widely used and commercially 
well proven CSP technology in the world, which is the 
most matured among CSP technologies. Therefore, 
parabolic trough had been selected as the suitable 
technology. Hambantota had been selected as the suitable 
location due to the fact that it is associated with the highest 
DNI level in the country.  
 During the simulation of 10 MW parabolic trough CSP 
plant it had been noticed that the value of SM which 
defines the size of solar field and the size of TES to be 
interdependent parameters. When the size of the solar field 
was increased, the annual energy generation also had 
increased. But on the other hand, with the size of the solar 
field the capital cost of the plant has also increased. Once 
the size of TES had been increased, the thermal energy 
storage capacity has enhanced, provided the fact that the 
size of the solar field being matched with the size of TES 
in order to collect and supply enough thermal energy to the 
storage. High-capacity TES has increased the capital 
investment. Results of the parametric simulations had 
shown that the best combination for SM and TES size had 
been 3.5 and 7 hours respectively. This combination had 
resulted the minimum LCOE. Simulation results had 
shown that the plant could generate the maximum energy 
output with the HTF Therminol 66. With Therminol 66 as 
the HTF and TES media, the highest IRR and the lowest 
LCOE had been obtained. Among the different SCA 

models, Solargenix SGX-1 has been identified as the most 
economical collector type while producing the highest 
energy output.  
 Simulation results had shown that, for a 10 MW 
parabolic trough plant with SM of 3.5 and TES capacity of 
7 hours which uses Therminol 66 as its HTF could produce 
45.8 GWh of energy in its first year of operation. The plant 
capacity factor had been 52.8%. For a plant of same 
capacity without TES the capacity factor being 35.3%. 
Estimated capacity factor of Parabolic trough plant of 
capacity 100 MWe with 6 hours thermal storage is 41% 
and it is 26% for a plant of similar type without thermal 
storage [15].  For the present cost, the NPV had been $ –
50,732,552. The negative NPV value is an indication that 
the project is not attractive for the investors at present.  
Project IRR had been only 2.45% which is much less than 
the discount rate. The LCOE had been 0.276 $/kWh and it 
is a comparatively high value. 
 According to the results of the analysis for future 
financial performance of the plant at 30% cost reduction 
rate, it has been found that the project would be financially 
feasible to operate after 15 years’ time. At that point NPV 
of the project become positive. The LCOE is 0.106 $/kWh 
after 15 years period at the same cost reduction rate.  

6. CONCLUSION 

The research has been conducted in order to study the 
performance of a small scale CSP plant in Sri Lanka. A 10 
MW parabolic trough CSP plant at Hambanthota had been 
simulated using SAM. The results have shown that such a 
plant could produce 45.8 GWh of energy in its first year 
of operation. The optimum value of Solar Multiple had 
been 3.5 and TES size being 7 hours with HTF Therminol 
66. By resulting negative NPV the SAM model had 
suggested that the cost of a CSP plant for the country is 
relatively high at the moment. Under the optimum 
conditions the levelized cost of energy (LCOE) had been 
0.276 $/kWh. Further, the analysis has been conducted 
considering the capital cost reduction rate of 30% for CSP 
in every 5 years’ time has shown that the project would be 
financially feasible to operate with positive NPV after 15 
years period from now. This study has been conducted as 
the first step for initiating a CSP plant in the country and it 
would provide a guideline for the policymakers. Detailed 
studies with a physical model might be required before the 
implementation.  
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Abstract – Rice husk is one of the most popular biomass resources in ASEAN countries such as Vietnam, Indonesia, 
The Philippines, and Thailand. Gasification this biomass is the first approach that there have many works conducted. 
This paper has presented the modelling and investigation of the Vietnamese rice husk downdraft gasifier. An 
equilibrium modeling developed to be used to predict the amount of biochar and syngas compositions. The modeling 
results shown a particularly good agreement with the experimental one. The average root mean square error (RMSE) 
between experimental and modeling results is 1.642; 1.882; 1.445 and 1.345 in reduction temperature is 750oC; 
800oC; 850oC and 900oC, respectively. Therefore, the model developed might be useful to predict the syngas 
composition and the biochar for rice husk gasification. 
  
Keywords – Rice husk, biochar, syngas, equilibrium model, downdraft gasifier. 
 

 1. INTRODUCTION 

Biomass has the potential to displace petroleum and other 
fossil fuels [1]. Biomass exploitation may perform 
different ways for biological or thermal conversion [2]. 
Thermal conversion can be included pyrolysis, 
gasification or combustion [3]. Pyrolysis is thermal 
conversion of biomass in absolutely oxygen free 
conditions to produce a liquid fuel called bio-oil. Biomass 
gasification is a thermo-chemical conversion in a low 
oxygen environment, producing syngas, a mixture mainly 
made of carbon monoxide (CO), hydrogen (H2), methane 
(CH4) and other hydrocarbons [4]. It has attracted the 
highest interest as it offers higher efficiencies compared to 
combustion and pyrolysis [5]. It has been also as a method 
of conversion of energy with efficiency from 14 to 25% 
[6]. In terms of sustainable development for clean energy 
production, gasification of biomass has the potential to be 
a cost effective and environmentally sustainable 
technology. Specially, for some remoted area like high 
mountain villages, rural areas, and small islands where 
they are not to be connected to the grid but have rich 
waste from agriculture and forest processing, the biomass 
gasification might be one of the best approaches to 
electricity generation system. 

There have many works during the past time to 
study the biomass gasification [7]-[11]. Combustion uses 
the biomass as a fuel in high volumes of air to produce 
heat in the products of combustion as a mixture of carbon 
dioxide (CO2), water vapour (H2O) and nitrogen oxides 
(NOx) [8, 9]. Gasifiers are principally divided into three 
types: fixed bed, fluidized bed and entrained suspension 
gasifiers. The fixed bed gasifiers are categorized as 
downdraft, updraft and cross draft [6]. The operation of 
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biomass gasifiers depends on a number of complex 
chemical reactions, including fast pyrolysis, partial 
oxidation of pyrolysis products, gasification of the 
resulting char, conversion of tar and lower hydrocarbons 
and water-gas shift [12]. A general summary of the 
various numerical approaches developed up to present is 
firstly presented, to later focus attention on 
thermochemical equilibrium models [13], [14]. More 
detail about the composition of syngas and biochar 
produced by gasifier from Viet Nam rice husk can be seen 
in [10]. 

It is clear to be seen from some previous works that 
the amount and quality of produced gas, tar and char of 
the gasification is influenced significantly by some input 
technological parameters such as the temperature of 
reduction zone, the equivalence ratio (ER) of air flow, and 
some operating conditions of gasification. Moreover, the 
gasification process should be focused and deeply 
researched which aim to enable higher process 
efficiencies, better gas quality and purity, and lower 
investment costs. Selecting the optimal gasifier and its 
control strategy is fundamental to achieve efficient and 
clean energy production [7]. To foster the gasification 
technology in the future, advanced, cost-effective, and 
highly efficient, the gasification processes and systems are 
required and need to be studied furthermore. Discovering 
the method of biomass gasification for syngas and biochar 
production, might contribute to solve both problems of 
effective use of renewable energy and environmental 
pollution. Therefore, a study to see how the effects of 
some variables on the biomass gasification products as 
well as how to prediction these products without the 
experiment is necessary. In this study, a model uses to 
prediction the composition of gasification products has 
been developed. The experimental investigation has also 
conducted by the manufactured gasifier to verify the 
model.  

2.  MATERIALS AND METHODS 

2.1 Materials 

In the present study, the rice husk from the variety 
IR50404 was used as fuel, sourced from a rice mill located 
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in Dong Thap province in the Mekong Delta. IR50404 
rice husk proximate and ultimate analysis for used in the 
downdraft gasifier model and experiment (Table 1). 
Table 1. Proximate and ultimate analysis for rice husk. 

Characteristics  IR50404 

Proximate analysis (%) 

Volatile matter 58,28 ± 0,34 

Fixed carbon 13,98 ± 0,32 

Moiture 9,99 ± 0,76 

Ash 17,71 ± 0,37 

Ultimate analysis (%) 

C 41,26 ± 0,46 

H 4,75 ± 0,16 

O 35,46 ± 0,68 

N 0,48 ± 0,05 

S 0,01 ± 0,01 
Heating value (MJ/kg) 15,55 ± 0,46 

Density (kg/m3) 100,42 ± 1,49 

2.2 Model Development 

In the model, the gasifier has been considered as a black 
box, where some known streams flow in and the syngas 
flows out of the gasifier. The model predicts the syngas 
chemical compositions and biochar, while the equivalence 
ratio of air flow and the reduction temperature of the 
process are parameters of the problem.  

The equilibrium model has been developed based on 
the following assumptions: 

- Gasifier is in thermodynamic equilibrium. 
- The rice husk consists of carbon, hydrogen and 

oxygen. So, the chemical formula of rice husk is defined 
as CHaOb. 

- The agent is air at a temperature of 25oC, moisture 
of 75% and the system is at a pressure of 101.13 kPa. 

- The products includes CO, CO2, H2, CH4, H2O, N2 
and Biochar. 

- Nitrogen is not involved in any chemical reaction 
inside the system. 

- The gasifier is completely adiabatic and there is no 
heat loss from the gasifier. 

- Gasification reaction rates are fast enough and 
residence time is sufficiently long to reach the equilibrium 
state. 

In real conditions not all gasification products are 
gases. In particular, the presence of some solid output can 
be seen at the end of the process, which is known as 
biochar. The biochar is mainly made up of carbon and is 
formed by the biomass that has not reached the reaction 
zone [10]. In order to consider that not all the carbon 
participates in the equilibrium reactions, the n1 factor has 
been introduced. This factor represents the carbon fraction 
that not takes part in the equilibrium reactions, while the 
remaining carbon bypasses the reaction zone. 

Therefore, the global gasification reaction can be 
written as follows: 

CH1.38O0.64 + 0.146H2O(l) + qH2O(g) + mO2 +
3,76mN2 = n1C+ n2H2 + n3CO + n4CO2 + n5H2O +
n6CH4 + 3,76mN2                (1) 

Where q is the amount of moisture air; m is the 
amount of oxygen per Kmole of rice husk. All inputs on 
the left-hand side of Equation (1) are defined at 25oC. On 
the right-hand side n1, n2, n3, n4, n5 and n6 are the numbers 
of mole of the carbon, hydrogen, carbon monoxide, 
carbon dioxide and methane that are also unknown. 

To find the six unknown species of the gasification 
product, six equations were required. Those equations 
were generated using mass balance, equilibrium constant 
relationships and energy balance.  

Mass balance 
Considering the global gasification reaction in Eq. 

(1), the first three equations were formulated by balancing 
each chemical element as shown in Equations (2) – (4). 
Carbon balance: 

n1 +  n3 + n4 +n6 = 1  

Hydrogen balance: 

2n2  + 2n5  + 4n6 = 1.672 + 2q  

Oxygen balance: 

n3  +2n4+ n5 = 0.786 + q + 2m  

Where     q = 4,76
45,5

m  ; m =  4.1
4

ER  

Thermodynamic equilibrium 
Chemical equilibrium is usually explained either by 

minimization of Gibbs free energy or by using an 
equilibrium constant. To minimize the Gibbs free energy, 
constrained optimization methods are generally used 
which requires an understanding of complex mathematical 
theories. For that reason, the present thermodynamic 
equilibrium model is developed based on the equilibrium 
constant and not on the Gibbs free energy. The remaining 
two equations, were obtained from the equilibrium 
constant of the reactions occurring in the gasification zone 
as shown below: 

Methane reaction: C + 2H2 = CH4   

Boudouard reaction: C + CO2 = 2CO  

Water-gas reaction: C + H2O = CO + H2   

Equations (6) and (7) can be combined to give the 
water–gas shift reaction by subtracting Eq. (6) from Eq. 
(7). 

Water-gas shift reaction: CO + H2O = CO2 + H2  
For the model in this study, the thermodynamic 

equilibrium was assumed for all chemical reactions in the 
gasification zone. All gases were assumed to be ideal and 
all reactions form at pressure 1 atm. Therefore, the 
equilibrium constants, which are functions of temperature 
for the water–gas shift reaction and the methane reaction 
are: 

The equilibrium constant for methane reaction 

K1 = exp �− ∆GT
0������

RT
� = n6

(n2)2
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∆GT
0����� is the standard Gibbs function. 

R = 8,314 kJ/kmol K is the universal gas constant. 
T is the reaction temperature. 

The equilibrium constant for water–gas shift reaction 

K2 = exp �− ∆GT
0������

RT
� = n2n4

n3n5
  (9) 

Energy balance 
The equation for the energy balance for the 

gasification process, assumed to be adiabatic, is: 

Hfricehusk
0 + 0.146�HfH2O(l)

0 + H(g)� + mHfO2
0 +

3,76mHfN2
0 = n1HfC

0 +  n2HfH2
0 + n3HfCO

0 + n4HfCO2
0 +

n5HfH2O(g)
0 + n6HfCH4

0 + ∆T(n2CPH2 + n3CPCO +
n4CPCO2 + n5CPH2O + n6CPCH4 + 3,76mCPN2)  (10) 

At ambient temperature: HfC
0 , HfH2

0 , HfN2
0 , HfO2

0 = 0 

Equation (10) reduces to: 

Hfricehusk
0 + 0.146�HfH2O(l)

0 + H(g)� = n3HfCO
0 +

n4HfCO2
0 + n5HfH2O(g)

0 + n6HfCH4
0 + ∆T(n2CPH2 +

n3CPCO + n4CPCO2 + n5CPH2O + n6CPCH4 + 3,76mCPN2)  (11) 

Where: 

Hfricehusk
0  is the heat of formation of rice husk; 

HfH2O(l)
0  is the heat of formation of liquid water;  

H(g) is the heat of vaporization of water;   

HfH2O(g)
0  is the heat of formation of vapor water;  

HfCO
0 , HfCO2

0  and HfCH4
0  are heats of formation of 

CO, CO2 and CH4; 

CPH2 , CPCO, CPCO2 , CPH2O, CPCH4  and CPN2  are 
spicific heats of the gaseous products;  

∆T = T2 − T1, T2 is the gasification temperature at 
the reduction zone; T1 is the ambient temperature. 

dHricehusk + 0.146dHH2O(l) = n2dHH2 +
n3dHCO + n4dHCO2 + n5dHH2O(g) + n6dHCH4 +
3,76mdHN2  (12) 

Where: dH(gas) = Hf
0 + ∆H,  ∆H = ∆T(Cp(g)) (13) 

   dHH2O(l) = HfH2O(l)
0 + H(vap)  

   dHricehusk = Hfricehusk
0  

Equations (2), (3), (4), (8), (9) and (12) represent six 
equations with six unknowns. Two of the eqs (8) and (9) 
are nonlinear equations while the rest are linear equations.  

The set of equations is: 

⎩
⎪⎪
⎪
⎨

⎪⎪
⎪
⎧

n1 +  n3  +  n4  + n6  =  1 
2n2  +  2n5  +  4n6  =  1.672 +  2q

n3  + 2n4 +  n5  =  0.786 +  q +  2m
K1 = n6

(n2)2

K2 = n2n4
n3n5

dHricehusk + 0.146dHH2O(l) = n2dHH2 + n3dHCO + 
n4dHCO2 + n5dHH2O(g) + n6dHCH4 + 3,76mdHN2 ⎭

⎪⎪
⎪
⎬

⎪⎪
⎪
⎫

(15) 

Calculation Procedure 

The dHricehusk, dHH2O(l), dHH2O(k) are the contants. 
q, m, K1, K2, dHH2 , dHCO, dHCO2 , dHH2O, dHCO2 , dHCH4 , dHN2  
are the parameters that are determined when ER = 0.2 ÷ 
0.4 and T2= 750 ÷ 900.  The set of equations was solved 
using the Newton-Raphson method. 

2.3 ExperimentalIinvestigation 

 
1. Rice husk feeder 
2. Reactor  
3. Biochar remover 
4. Cyclone  

5. Syngas cooling 
6. Syngas filter 
7. Fan 
8. Swirl bunner 

Fig. 1. The manufactured downdraft gasifier [11]. 

In order to study the gasification of rice husk in 
downdraft, a household scale downdaft gasifier is 
designed and developed. The downdraft gasifier used in 
the present work is shown in Figure 1. 

The gasification temperature is set in the reduction 
zone through a temperature controller from 750oC to 
900oC. The agent is supply in the combustion zone by fan 
speed controller. The air flow was calculated by 
equivalence ratio (ER) from 0.2 to 0.4 at a pressure of 
101.13 kPa. 

A portable infra-red syngas analyzer (Gasboard 
3100P, Wuhan Cubic Optoelectronics Co, Ltd) was used 
for simultaneous measurement of the concentrations of 
CO, CO2, CH4, H2 and O2 in the syngas and for 
calculation of the heating value. The resolution and the 
precision of the compositions for all gas testing are below 
0,01% and 2%, respectively.  

2.4 Model validation method 

The equilibrium model developed in this study was tested 
by comparing the calculation results with data from 
experiment. The error in this comparison is estimated by 
the root mean square error (RMSE), defined as 

RMSE =  �∑ (ye−ym)2

n
n
i=1                   (16) 
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Where ye is the value from the experimental 
results, ym is the predicted value from the model and n is 
the number of data. 

3. RESULTS AND DISCUSSION 

3.1 Analyzation of the model 

The model is used to predict the syngas compositions and 
biochar performance from different values of equivalence 
ratio and temperature

 

Fig. 2. Syngas compositions at T2 = 750oC. 

 
Fig. 3. Biochar and LHV at T2 = 750oC. 

 The syngas components and biochar are shown in 
Figures 2 to 5 by fixing the reduction temperature at T2 = 
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750oC – 900oC. It is observed that the ER increased from 
0.2 to 0.4 the amount of biochar decreased, while the 

syngas increased when ER from 0.2 to 0.3 and the syngas 
decreased when ER from 0.3 to 0.4. 

 

 
Fig. 4. Syngas compositions at T2 = 900oC. 

 
 

 
Fig. 5. Biochar and LHV at T2 = 900oC. 
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3.2. Validation of the model 

A proper validation of the results from any model is 
important part in numerical calculation. We have 
validated the mathematical model comparing the results of 
the calculation with the experimental data of the 
Zhongqing Ma et al [15] and Chao Gai et al [16], which 
are referred to a process of gasification in a downdraft 
gasifier.  

Zhongqing Ma et al have investigated the effect of 
equivalence ratio on the temperature inside the downdraft 
gasifier, the composition and heating values of the 
producer gas, the gas production rate, cold gas efficiency, 
and the carbon conversion rate using rice husk 
biomassChao Gai et al have studied the influence of the 

operating conditions as equivalence ratio and reactor 
temperature on gas composition and gasification 
characteristics in terms of LHV, gas yield, gasification 
efficiency and tar concentration in the raw gas during the 
gasification of non-woody biomass on downdraft gasifier. 

The comparisons, between the model and the 
experimental results, we considering the biochar and the 
syngas percentages. Figure 6 shown that the percentage of 
biochar is over 11.8% and the percentage of syngas is 
lower than 2.8% estimated by the model. Moreover, the 
model syngas LHV is 4.04 MJ/Nm3 comparison with 
Zhongqing Ma et al is 4.44 MJ/Nm3 and Chao Gai et al is 
4.43 MJ/Nm3 (Fig. 7).  

. 

 
Fig. 6. Comparision biochar and syngas percentage between the model and Zhongqing Ma et al. 

 
Fig. 7. Comparison syngas heating value between the model and Zhongqing Ma et al and Chao Gai et al. 
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Regarding the percentages of biochar and syngas 
predicted by the model, there are a very good 
correspondence with Mujahid Alhinai et al [17] reported 
the experiments have conducted at different temperatures, 

ranging within 400, 500 and 600°C to produce and 
characterize biochar from rice husk sample mixtures by 
pyrolysis in a fixed bed reactor. (Figure 8).   

 

 
Fig. 8. The biochar and syngas in variation of temperature. 

 

Moreover, the model is validated by means of the 
comparison of its results with measured data in 
experimental. Four sets of data from experimental 
investigation. The results of this validation are 
summarized in Tables. 2 to 5. The average RMSE 

between experimental and modeling data is 1.642; 1.882; 
1.445 and 1.345 in reduction temperature is 750oC; 800oC; 
850oC and 900oC, respectively. So the model predicts the 
gas composition and biochar much closer to the 
experimental value. 

 
Table 2. Comparison between experimental and model results at T2 = 750oC. 

ER 

Experimental   Model 

RMSE Biochar 
(%) 

CO 
(%) 

CO2 
(%) 

H2 
(%) 

CH4 
(%)   

Biochar 
(%) 

CO 
(%) 

CO2 
(%) 

H2 
(%) 

CH4 
(%) 

0.2 37.80 17.08 1.32 4.90 4.96 

 

35.67 15.36 1.48 4.42 4.59 1.256 

0.25 37.50 18.56 1.42 5.30 5.87 

 

35.15 16.15 1.70 4.80 4.96 1.580 

0.3 37.30 20.16 1.51 5.80 6.65 

 

34.73 17.24 1.87 5.09 5.27 1.880 

0.35 36.90 19.08 1.61 5.40 5.23 

 

34.05 16.50 2.22 4.85 4.72 1.773 

0.4 36.60 17.97 1.68 5.10 4.15 

 

33.48 15.98 2.58 4.55 4.09 1.721 

                      Average 1.642 
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Table 3. Comparison between experimental and model results at T2 = 800oC. 

ER 
Experimental   Model 

RMSE Biochar 
(%) 

CO 
(%) 

CO2 
(%) 

H2 
(%) 

CH4 
(%)   

Biochar 
(%) 

CO 
(%) 

CO2 
(%) 

H2 
(%) 

CH4 
(%) 

0.2 36.40 18.12 1.42 5.40 5.44 
 

33.02 16.97 1.63 4.82 5.02 1.631 

0.25 36.10 19.16 1.54 6.10 6.49 
 

32.59 17.72 1.79 5.37 5.55 1.782 

0.3 35.80 21.17 1.59 6.50 7.10 
 

32.15 18.43 1.91 5.65 5.87 2.153 

0.35 35.20 20.74 1.62 6.20 5.89 
 

31.86 17.98 2.14 5.43 5.46 1.991 

0.4 34.90 19.18 1.74 5.80 4.30 
 

31.34 17.34 2.34 5.17 4.91 1.854 

                      Average 1.882 
 
 

Table 4. Comparison between experimental and model results at T2 = 850oC. 

ER 
Experimental   Model 

RMSE Biochar 
(%) 

CO 
(%) 

CO2 
(%) 

H2 
(%) 

CH4 
(%)   

Biochar 
(%) 

CO 
(%) 

CO2 
(%) 

H2 
(%) 

CH4 
(%) 

0.2 34.70 19.12 1.44 5.60 5.45 
 

30.78 18.96 1.80 5.58 5.50 1.762 

0.25 33.80 19.16 1.47 6.30 6.50 
 

30.11 19.88 1.91 6.12 5.86 1.719 

0.3 32.50 21.11 1.59 7.10 7.30 
 

29.34 20.86 2.11 6.34 6.22 1.553 

0.35 30.30 20.74 1.67 6.20 5.90 
 

28.53 19.11 2.45 6.42 6.05 1.137 

0.4 29.40 18.87 1.75 5.50 4.32 
 

27.74 18.58 2.82 5.66 5.56 1.053 

                      Average 1.445 
 
 

Table 5. Comparison between experimental and model results at T2 = 900oC. 

ER 
Experimental   Model 

RMSE Biochar 
(%) 

CO 
(%) 

CO2 
(%) 

H2 
(%) 

CH4 
(%)   

Biochar 
(%) 

CO 
(%) 

CO2 
(%) 

H2 
(%) 

CH4 
(%) 

0.2 29.10 20.15 1.63 6.92 6.53 
 

27.14 21.00 1.98 6.95 6.84 0.978 

0.25 28.60 21.16 1.69 7.10 7.02 
 

26.28 22.29 2.18 7.08 7.03 1.175 

0.3 28.20 24.02 1.70 7.69 7.62 
 

25.45 23.58 2.36 7.54 7.37 1.287 

0.35 27.50 22.45 1.88 6.74 6.08 
 

24.66 22.43 2.70 7.40 7.03 1.420 

0.4 27.10 21.18 1.98 6.30 4.66 
 

23.88 21.31 2.95 7.31 6.91 1.866 

                      Average 1.345 

 

4. CONCLUSION 

In this study, an equilibrium model has been developed to 
simulate the gasification process in a downdraft gasifier. 
The model has been verified by comparing with the 
experimental investigation results. The percentage of 
biochar and syngas components predicted from the own 
developed model and the experimental investigation is 
good agreement. The results indicated that the average 
RMSE value of the model which is the criterion of the 
agreement between experimental data and model, when 
ER from 0.2 to 0.4 the average RMSE value was 1.642; 
1.882; 1.445 and 1.345 in T2 was 750oC; 800oC; 850oC 

and 900oC, respectively. Therefore, the model is reliable 
for predicting the biochar and syngas compositions by 
varying the gasification temperature and equivalence ratio. 
It can be acceptable for further prediction. 
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Abstract-Different energy solutions have been proposed with the aim of achieving moe efficient electrical systems 
based on renewable energies. In this kind of electrical system, a crucial element is the existence of forecasting models 
that can predict the most intermittent variables that participate in the energy balance. In this work, an evaluation of the 
influence of several variables for the prediction of the Wind Turbine Power Outputs (WTPOs) is done using Support 
Vector Regression (SVR) technique. Besides the use of wind speed and direction, variables commonly used for this 
purpose, in this study the influence of other variables such as the air density, atmospheric pressure, temperature and 
relative humidity is analyzed. Furthermore, the influence of other variables provided by the SCADA system of the wind 
farm are considered, among which are highlighted the set-points of the wind turbines and the hub orientation. The 
conclusions that can be drawn include the argument that set-points are vitally important for forecasting in electrical 
systems with high penetration of renewable energies, being the improvement statistically significant (5% of 
significance) when it is compared with the rest of the models that do not use this variable. 
 
Keywords - Island energy systems; High penetration of renewable energies; Wind power forecasting; Energy islands, 
Machine Learning.  
 

 1. INTRODUCTION 

In the use of Machine Learning techniques for the 
prediction of wind power, regardless of the forecast 
horizon evaluated (short or long term) [1-3], one of the 
most important aspects is the definition of the input 
variables that contribute to the resolution of the problem. 
The methods that are most commonly used in the industry 
try to reduce the number of variables that are added to the 
learning process, as a way to simplify the execution of the 
forecasting models. Therefore, it has been a very 
widespread practice to simulate the wind power that is 
produced by a wind farm considering only the effect of 
wind speed, including in some cases another variable with 
demonstrated influence, the wind direction [4-7], which is 
especially important in areas of complex orography like in 
insular regions. Given this scenario, the inclusion of new 
explanatory variables like the air density [8,9] or those 
that can be collected by the wind farm SCADA system 
such as the wind speed and direction collected by the 
sensors installed in wind turbines, the hub orientation, an 
especially, set-points that are sent by the system operator 
to control the electrical system stability is considered 
appropriate to estimate the wind power with greater 
accuracy.  

The application of curtailments has a direct and 
logical influence on the active power produced by wind 
turbines. This curtailments can be measured using the set-
points that are applied by the TSO. However, curtailments 
are not applied unless there is no other option to ensure 
the electrical stability of the system. This factor is more 
important in scenarios of high penetration of renewable 
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energies. The Wind-Hydro-Pumped Station (WHP) of El 
Hierro (Canary Island, Spain) [10] is a revolutionary 
facility in the field of Island energy systems that is able to 
provide a high coverage of the insular load demand (with 
an annual demand peak of 11 MW) through a wind farm 
of 11.5 MW whose surpluses are stored using a reversible 
pumping system of 11.32 MW. The high renewable 
energy contribution produced by this wind farm in El 
Hierro electrical system makes it a perfect candidate to 
evaluate the influence of set-points as explanatory variable 
for the forecasting of wind power production [11]. This 
research is useful for isolated or weakly connected island 
electrical systems with high contribution of non-
manageable energy resources since it will allow the 
optimization of forecasting models systems and ensure the 
energy balance at minimum cost, reducing the need for 
energy storage.  

2.  DATA COLLECTION 

In this study, data collected from the SCADA system of 
WHP Station of El Hierro are used. In particular, wind 
speed, wind direction, hub orientation data and the set – 
points that are sent by the system operation in real time to 
control the electrical stability of El Hierro Island are 
collected. In addition, the active power produced by the 
wind farm is available. The active power data is used in 
this research as a response variable of the wind power 
forecasting models. These data have been collected with 1 
minute resolution for 2018 and 2019.  

On the other hand, in addition to data provided by 
the SCADA system of the wind farm, data measured in a 
weather station which is located close the wind farm is 
used. In particular, wind speed and direction data at two 
heights (32 and 63 meters), ambient temperature, relative 
humidity and atmospheric pressure are used as inputs. The 
thermometer and barometer are located at 63 meters and 
the hygrometer has been installed at 2 meters above 
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ground level. These data were measured for 2018 and 
2019 with 10 minutes resolution. The geographic location 
of the wind farm and the weather station are shown in Fig. 
1 (left). Besides, four views of the wind farm captured 

from main cardinal points are presented in this figure 
(right). This image also present the wind rose that 
represents the predominant direction of the wind measured 
in the weather station. 

 

 
Fig. 1. Location of the wind farm and weather station (Left) and views of the wind farm (Right) 

 

3. MODELS DEVELOPED TO ESTIMATE THE 
WTPOs 

The models developed in this work differ among 
themselves in the inputs that are used to forecast the wind 

power. In this sense, a total of 10 models are proposed 
(Fig. 2, Left), which are described below. It should be 
noted that for all cases, the response variable is the total 
power of the wind farm, with 10 minutes resolution. 
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Fig. 2. Schematic representation of the methodology developed. 

 
- Model 1 (M1): tests the most widely used method in 

this field of knowledge for the resolution of this type of 
problem [4-7]. Thus, the model is trained considering 
as explanatory variables the wind speeds and directions 
data collected with the weather station. The wind speed 
data come from the anemometer installed at 63 meters, 
which coincides with the hub height of the wind 
turbines. 

- Model 2 (M2): raises the situation in which wind 
speed come from wind turbine anemometers. Thus, the 
explanatory variables in this case would be the 
measurements of the five anemometers installed in the 
wind farm. 

- Model 3 (M3): proposes the same solution as M2 but 
adding in this case the wind direction collected by the 
vanes of the five wind turbines. It is, therefore, the 
logical alternative to the situation presented in M1. 

- Model 4 (M4): would simulate the first situation in 
which the air density is taken into account, this time 
indirectly, as already raised by Díaz et al. [8] for the 
singular case of long-term models. Wind speed and 

direction collected by wind turbine sensors are added 
as explanatory variables. Ambient temperature, relative 
humidity and atmospheric pressure are collected from 
the anemometric station. 

- Model 5 (M5): assumes the previous estimation of air 
density using atmospheric pressure, relative humidity 
and ambient temperature data and the procedure 
described in [8]. Previous studies [8,9] show that this 
pretreatment improves the learning capacity of the 
developed model. 

- Model 6 (M6): starts from the alternative defined in 
.M5, adding in this case the turbulence intensity. In this 
situation, the number of explanatory variables 
considered in the estimation model is twelve variables, 
motivating its introduction in the possible 
improvement of the prediction capacity because this 
factor could help to recognize abrupt changes in the 
wind power production. 

- Model 7 (M7): is presented as an alternative to M6 in 
which, in addition to the turbulence intensity, the 
standard deviation of the wind direction is considered 
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with the aim of detecting changes in production due 
to circumstances like the existence of complex 
orography in the target site. 

- Model 8 (M8): proposes another option based on M6 
in which it is added to the wind speed, wind direction, 
air density and turbulence intensity the so-called Yaw 
error [12]. In this alternative, the difference in absolute 
value between the predominant wind direction and the 
hub orientation is calculated. 

- Model 9 (M9): tests the same structure as M8. 
However, in this case the Yaw error is estimated 
without applying the absolute value to the difference 
between the predominant direction of the wind and the 
hub orientation. Therefore, positive values indicate that 
the orientation failure occurs in a clockwise direction 
with respect to the predominant wind direction, while 
negative values indicate that this error occurs in the 
opposite direction. 

- Model 10 (M10): assumes the alternative that would 
suppose the greatest amount of structure of all 
evaluated options. In this case, starting from the 
alternative formulated in M9, the total power set-point 
defined for the wind farm is added, which initially 
would give information about the orders that are send 
by the system operator to the wind farm to keep the 
electrical stability of El Hierro Island. 

In this study, Support Vector Regression (SVR) has 
been used as a method to forecast the wind power giving 
the good results that this technique provides according to 
[8,9]. Moreover, the validation is done using 10-Folds 
Cross Validation methodology. Finally, with the aim of 
determine whether there exist a statistically significance 
difference between the metrics obtained for the different 
models tested, a non-parametric permutation test for paired 
data [13-17] was used as is explained in [8,9]. This method 
check the null hypothesis (H0) in which the mean metric of 

model “i” (μi) is equal or less to the mean metric of model 
“j” (μj), against an alternative unilateral hypothesis in 
which it is accepted that μi is significantly higher than μj. 

H0: μi ≤ μj  ;   H1: μi > μj  (1) 

4. RESULTS 

For the evaluation of the models that are compared in this 
study, Mean Absolute Error (MAE), Mean Absolute 
Relative Error (MARE) and coefficient of determination 
(R2) metrics are used [9,21]. Fig.3 shown the mean value 
and standard deviation of the metric results that are 
obtained when 10-Folds Cross Validation process is 
applied.  

On the other hand, Tables 1 – 2 expose the results 
of the statistical significance analysis for MAE and 
MARE metrics. In these two tables "i" models represent 
the columns and the "j" models the rows according to Eq. 
(1). If the table is read by rows, the cells highlighted with 
the p-values written in bold correspond to those cases 
where the null hypothesis (H0: μi = μj) is rejected in favor 
of the alternative hypothesis (H1: μi > μj). Thus, it is 
considered that the "j" model is significantly better than 
other evaluated alternatives when it has the largest number 
of cells highlighted with bold values. As already 
mentioned, the level of significance has been set at 5%. 
The results of the statistical significance analysis for R2 
metric are also presented in Table 3. In this case, "i" 
models represent the rows and the "j" models represent the 
columns. Under this situation, one model is significantly 
better than another if "i" model has a larger number of 
cells with values highlighted in bold. Hence, in the case of 
R2 the idea is equal to the one explained for error metric 
but in an opposite way 
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Fig. 3. Metric results. 
 

Table 1. Analysis of statistically significance differences from MAE metric (kW). P-values. 
MAE i Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 

j Media 475.61 461.94 306.98 284.61 269.10 259.95 336.74 255.46 247.48 207.39 

Model 1 475.61 - 0.0357185 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 

Model 2 461.94 0.0357185 - 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 

Model 3 306.98 0.0000000 0.0000000 - 0.0002016 0.0000003 0.0000001 0.0000102 0.0000000 0.0000000 0.0000000 

Model 4 284.61 0.0000000 0.0000000 0.0002016 - 0.0022745 0.0001392 0.0000000 0.0000218 0.0000008 0.0000000 

Model 5 269.10 0.0000000 0.0000000 0.0000003 0.0022745 - 0.0504374 0.0000000 0.0090301 0.0002483 0.0000000 

Model 6 259.95 0.0000000 0.0000000 0.0000001 0.0001392 0.0504374 - 0.0000000 0.2271214 0.0217377 0.0000000 

Model 7 336.74 0.0000000 0.0000000 0.0000102 0.0000000 0.0000000 0.0000000 - 0.0000000 0.0000000 0.0000000 

Model 8 255.46 0.0000000 0.0000000 0.0000000 0.0000218 0.0090301 0.2271214 0.0000000 - 0.0901912 0.0000000 

Model 9 247.48 0.0000000 0.0000000 0.0000000 0.0000008 0.0002483 0.0217377 0.0000000 0.0901912 - 0.0000002 

Model 10 207.39 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000002 - 

*If read by rows (j), the best model is the one with most cells written in bold.   
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Table 2. Analysis of statistically significance differences from MARE metric. P-values. 

MARE i Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 

j Media 5.30 4.43 4.07 3.77 3.82 3.81 4.45 3.54 3.51 1.90 

Model 1 5.30 - 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 

Model 2 4.43 0.0000000 - 0.0000000 0.0000000 0.0000000 0.0000000 0.1000018 0.0000000 0.0000000 0.0000000 

Model 3 4.07 0.0000000 0.0000000 - 0.0504374 0.0070111 0.6297386 0.0000002 0.1990791 0.2601671 0.0000067 

Model 4 3.77 0.0000000 0.0000000 0.0504374 - 0.1460178 0.1298502 0.0000000 0.0158945 0.0357185 0.0001121 

Model 5 3.82 0.0000000 0.0000000 0.0070111 0.1460178 - 0.0549476 0.0000000 0.1326372 0.0075917 0.0025756 

Model 6 3.81 0.0000000 0.0000000 0.6297386 0.1298502 0.0549476 - 0.0000003 0.1488584 0.2037061 0.0000851 

Model 7 4.45 0.0000000 0.1000018 0.0000002 0.0000000 0.0000000 0.0000003 - 0.0000035 0.0000113 0.0000000 

Model 8 3.54 0.0000000 0.0000000 0.1990791 0.0158945 0.1326372 0.1488584 0.0000035 - 0.5477955 0.0000219 

Model 9 3.51 0.0000000 0.0000000 0.2601671 0.0357185 0.0075917 0.2037061 0.0000113 0.5477955 - 0.0001153 

Model 10 1.90 0.0000000 0.0000000 0.0000067 0.0001121 0.0025756 0.0000851 0.0000000 0.0000219 0.0001153 - 

* If read by rows (j), the best model is the one with most cells written in bold.   

 
 
Table 3. Analysis of statistically significance differences from R2 metric (%). P-values. 

R2 j Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9 Model 10 

i Media 88.91% 95.88% 97.99% 98.26% 98.48% 98.65% 98.02% 98.72% 98.73% 99.65% 

Model 1 88.91% - 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 

Model 2 95.88% 0.0000000 - 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 

Model 3 97.99% 0.0000000 0.0000000 - 0.0056040 0.0000218 0.0000008 0.3664375 0.0000002 0.0000002 0.0000006 

Model 4 98.26% 0.0000000 0.0000000 0.0056040 - 0.0138391 0.0002495 0.0061985 0.0000583 0.0000550 0.0000039 

Model 5 98.48% 0.0000000 0.0000000 0.0000218 0.0138391 - 0.0260999 0.0000096 0.0053597 0.0049271 0.0000214 

Model 6 98.65% 0.0000000 0.0000000 0.0000008 0.0002495 0.0260999 - 0.0000003 0.2226347 0.2081578 0.0000794 

Model 7 98.02% 0.0000000 0.0000000 0.3664375 0.0061985 0.0000096 0.0000003 - 0.0000001 0.0000001 0.0000012 

Model 8 98.72% 0.0000000 0.0000000 0.0000002 0.0000583 0.0053597 0.2226347 0.0000001 - 0.4834331 0.0001399 

Model 9 98.73% 0.0000000 0.0000000 0.0000002 0.0000550 0.0049271 0.2081578 0.0000001 0.4834331 - 0.0001449 

Model 10 99.65% 0.0000000 0.0000000 0.0000006 0.0000039 0.0000214 0.0000794 0.0000012 0.0001399 0.0001449 - 

* If read by rows (i), the best model is the one with most cells written in bold.   

 
5. CONLUSION 

In this study 10 wind power forecasting models 
have been tested. Each model proposes a different set of 
inputs variables in the training process using SVR 
technique as a learning method. The main conclusions that 
can be drawn from this study are: 
a) In contrast to the common solution in which the 

training of the learning models is carried out with the 
wind speed and direction data measured in a weather 
station [1,4-8,18-21], the use of the wind speed and 
direction data collected in wind turbines is considered 
as an interesting alternative. According to this study, 
the use of this alternative improves the forecasting 
results in a statistically significant way, being this 
proposal the one that has obtained the best results of 
all evaluated options. 

b) It has been demonstrated that the set-points which are 
sent by the electrical operator to preserve the electrical 
stability are extremely important for the prediction. 
When this signal is introduced, the model produces a 
significant improvement (5% of significance) in its 
predictive capacity for the three evaluated metrics. 
Therefore, this factor is more important in isolated 
island systems where the increment of the installed 

wind power will suppose the imposition of higher 
levels of set-points by the system operators. 

c) The air density is of great importance to improve the 
result of the forecasting models. There were also 
statistically significant improvements with this 
variable. The direct use of air density provide better 
results to proposals in which this is indirectly 
estimated by introducing the ambient temperature, 
atmospheric pressure and relative humidity. 

d) Other variables such as the hub orientation or the 
intensity of turbulence contribute to improve the 
results of forecasting models. However, its impact is 
less than those achieved for the rest of the variables.  

Data collected by the wind farm SCADA has been proved 
as an interesting alternative [22]. Additionally, the access 
to the information can be done in real time with 
standardized communication protocols. 
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Abstract – For archipelagic countries like the Philippines, small isolated islands have energy needs that are catered by 
mostly non-renewable energy sources. Due to physical and topological constraints, these systems are often faced with 
problems, especially when variable renewable energy (VRE) sources are installed. When the system has low inertia, 
embedding VREs can cause stability problems. In this paper, rotor angle and transient stability are investigated in 
various test systems to study the effect of network parameter variation in different penetration levels of VRE. Two test 
systems were considered, a simple machine infinite bus system (SMIB), and a three-bus system. Instability is observed 
as shown by the shift in the eigenvalues of the system to the positive side of the Argand plane when the penetration 
levels of VREs are significant. This instability is worse on the smaller system. Furthermore, at various X/R ratios in a 
system with high penetration of VRE, instability is observed when the network is extremely resistive. In the end, this 
study provides a good appreciation on the behavior of the small isolated system with high levels of VRE installed and 
this will greatly aid in the design of suitable controls appropriate for small island power systems. 
  
Keywords – network models, stability, VRE, isolated power system 
 

 1. INTRODUCTION 

The growing communities in islands are expected to 
progress economically and socially. This would then 
translate to an increase in its needs, including energy. 
Through exploiting its limited resources or importing of 
goods from nearby islands, these growing needs may be 
satisfied.  Small island power systems often have low or 
medium voltage network with few generating stations 
serving its energy needs. In one of the archipelagic nations 
in Asia - Philippines, the energy resource for these small 
isolated islands greatly relies on diesel power generation 
[19]. Based on the Missionary Electrification 
Development Plan [20] of the Philippines’ Department of 
Energy, as of December 2015, there are 287 small islands 
and isolated grids in the Philippines. Energy systems in 
these islands are not that reliable due to less generating 
capacity. With the advantages of renewable power plants, 
especially for isolated systems, it’s one of the options that 
is considered to solve the islands’ energy problem. With 
the rapid advancement in the development of renewables 
like wind and solar energy, and to address environmental 
issues on global warming, its installation on island power 
systems may result in some grid issues.   

Installing large renewable energy sources in 
islanded power systems can, unfortunately, create certain 
issues in the existing power system. The inclusion of 
renewable energy (RE) sources in the system needs 
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planning on its technical aspect. Aside from the fact that 
these options should be consistent with the economic 
interests of the island, its service reliability must not be 
impaired too. Island power grids are usually weak due to 
its low inertia. The power electronic interfaces for the 
renewables such as wind and solar energy sources do not 
help the system inertia or primary frequency regulation 
[1]. 

With this at hand, stability studies in an isolated 
system are important to understand its behaviour and to 
recommend possible solutions. With most of the stability 
studies focusing on large power systems, this paper aims 
to capture the characteristics of distribution networks with 
lower X/R ratios that is often found on island power 
systems. Through this, it can be illustrated whether the 
smaller system, with few components and significantly 
resistive network, will be unstable when VRE sources are 
present. 

2.  RELATED LITERATURE  

Kundur et al. [2], defined power system stability as the 
ability of the power system to regain an operating 
equilibrium state after there is a physical disturbance. 
Rotor angle stability is the synchronous machines’ ability 
to regain stable state between the electromechanical 
torque and mechanical torque in the system after being 
subjected to disturbance. The increase of angular swings 
in some generators eventually leads to such generators’ 
loss of synchronism with respect to other generators in the 
system. It includes small signal stability, which is the 
ability of the system to maintain synchronism under 
disturbances that are sufficiently small that the 
linearization of these is possible, and large disturbance 
transient stability, which is its ability to maintain 
synchronism when subjected to severe disturbances.  

The inertia of power systems, as defined by [3] is 
the resistance in the form of any kind of energy exchange 
from synchronously connected machines (synchronous 
inertia) and converter connected generation (virtual 
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inertia) to counteract the changes in frequency resulting 
from power imbalances in generation and demand. 
Lowering the inertia of synchronous generators would 
result to larger rotor swings, making it more vulnerable to 
disturbances in terms of transient stability. Further, the 
frequency instability is mainly influenced by synchronous 
inertia. When converters are not managed in a way to 
react on variations on grid frequency due to power 
imbalance, frequency deviation will be high. Solutions to 
solve these stability problems are elaborate and include 
various energy storage systems [4] [5] [6] [7] [8], load 
shedding [9] [10] [11], power system component 
modifications [12] [13], active power support [14], and 
voltage control [15]. 

The rotor angle stability and frequency stability are 
focused in this paper since these are directly affected by 
inertia. Several test systems will be studied and the effect 
of various penetration levels of the solar PV energy 
system as a variable renewable energy source is also 
investigated and discussed. It is aimed that at the end of 
the paper, there will be a better understanding on the 
behaviour of an isolated system with low inertia which 
may be useful when designing appropriate controls in the 
future, especially in a system embedded with intermittent 
VREs. The concepts of stability, specifically, small signal 
and transient, are elaborated. The effects of network 
parameter variation are also studied and discussed for 
each of the test system considered. 

 

3. DYNAMIC MODELS 

The system is modeled in Matlab®, and a model known as 
one-axis model or flux decay model is utilized. Parameters 
of the machine and other components are extracted from 
[16].  Automatic Voltage Regulator (AVR) and Power 
System Stabilizer (PSS) are connected to the synchronous 
machine. However, additional controls are not included 
for simplicity. Its dynamics and signal flow diagram are 
presented in Figure 1. The electromechanical swing 
dynamics of the model and the electro-magnetic voltage 
dynamics are presented in the Appendix together with 
those of the AVR and PSS. The loads, on the other hand is 
modeled as constant impedance: 

𝑃 + 𝑗𝑄 =  (𝑧̅−1𝑽) ∗ 𝑽                    (1) 

Where the complex conjugate operator is denoted by ∗ 
and 𝑧̅, and 𝑃 + 𝑗𝑄 are constant. Such that, the load 
impedance 𝑧�̅�, (for the kth load component) can be solved 
by 

 𝑃𝑘 + 𝑗𝑄𝑘 = (𝑧�̅�−1𝑽𝑘) ∗ 𝑽𝑘 , given the triple (𝑽𝑘∗ ,𝑷𝑘∗ ,𝑸𝑘
∗ ). 

On the other hand, one of the fast-growing energy 
systems is the solar PV farm that utilizes the photovoltaic 
properties of semiconductors to generate electricity. The 
solar farm model used in the study consists of PV array, a 
buck and boost DC/DC converter, a DC/AC converter 
with a controller and a DC link. Its dynamics and signal 
flow diagram are shown below. 

 
Fig. 1. Signal Flow Diagram of the Synchronous Generator Model [16]. 
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Fig. 2. Signal Flow Diagram of the solar PV farm model [16]. 

The d- and q- axis currents flowing form AC-side to 
DC-side are represented by 𝑖𝑑 and iq while md and mq are 
the duty cycles of the d- and q-axis. The 𝑃 + 𝑗𝑄 is the 
power injecting from the solar bus. The 𝜒𝑑 and 𝜒𝑞  are the 
inner-loop controller state while the 𝜍𝑑 and 𝜍𝑞 are the 
outer-loop controller state. Reference signal of id and iq are 
represented by id

ref and iq
ref, respectively. The additional 

control input signals on the duty cycles are represented by 
ud and uq. The penetration of the PV generators inside the 
farm is symbolized by 𝛾𝑃𝑉. 

4. CASE: SINGLE MACHINE INFINITE BUS 

A simple single machine infinite bus (SMIB) network is 
modeled in Matlab® environment. This is shown in 
Figure 3. The system is characterized by having a 
synchronous generator connected in a certain bus and is 
connected to a faulted bus. All impedances are based on 
10 MVA rating.  

 

Fig. 3. Case: Single Machine Infinite Bus System Studied. 

 

 

 

4.1 Effect of Increased Penetration of Solar PV in the 
System 

A solar PV energy system is then installed in the SMIB 
system and its time domain simulation results are shown 
in Figure 4. The PV farm is connected to bus 2 through an 
additional line with impedance of j0.01 p.u. Each PV 
generator is rated 2 MW, such that, a penetration (𝛾𝑃𝑉)  of 
1 means an injection of 2 MW from the PV power plant.  

This graph shows the angular speed variation of the 
synchronous machine after the fault is introduced. An 
increasing 𝛾𝑃𝑉 levels is simulated such that, when 𝛾𝑃𝑉 = 0, 
it means that there is no solar farm installed in the system 
(0 MW), while on the other hand, a penetration of 10 MW 
from the solar PV is expected when 𝛾𝑃𝑉 = 5. A 22 MW 
load is implemented in the system and it is connected in 
bus 2. The graph shows a varying amplitude of angular 
speed oscillations for the machine at different penetration 
levels. It can be observed that at higher penetration levels, 
the oscillations tend to be larger. This can be attributed to 
the increased imbalance between generation and load 
since the latter is kept constant at all levels of penetration. 

Consequently, the eigenvalues show a slight 
movement to the right-hand side of the argand plane 
showing a tendency of instability when not mitigated. This 
is depicted in Figure 5 below. This could mean that in 
significant levels of penetration of solar energy systems, 
even in a simple system like in this case, a change in 
eigenvalues such as moving closer to the y axis, 
potentially could cause problems in the system 
(instability) in terms of small signal stability. 
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Fig. 4. Time Domain Simulation of the SMIB for Various Penetration Levels of VRE. 

 

 
Fig. 5. Eigenvalues of the SMIB for Various Penetration Levels of VRE. 

4.1 Effect of Effect of Network Models 

When the network parameters are modified in the system, 
it is interesting to investigate its effect on the power 
system, especially for those small power systems with low 
to medium voltage levels. For small power systems (like 
in island power systems), the X/R ratio of the connecting 
lines will play an important role. This is in contrast to the 
transmission lines with high voltage which relatively has 

high X/R ratios. Small grids may be characterized by a 
wide range of X/R ratio variation depending on its 
location, size and the type of grid it is implemented [18]. 

In this study, the parameters of the line network are 
modified to investigate its dynamic performance by 
changing the X/R ratio of the cable from 10 to 0.1 while 
maintaining the total impedance of the line. When the 
ratio is at 10, the grid is inductive, and resistive when it is 
0.1. 
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Fig. 6. Time Domain Simulation of the SMIB Network for Different X/R Ratios. 

 
Fig. 7. Time Domain Simulation of the SMIB for Different X/R Ratios with High Penetration 

of VRE. 
Since only the resistance (R) is drastically changed, 

its immediate effects are seen on the fault damping. The 
resistive network tends to dampen the angular speed due 
to the fault in bus 2. However, when observing the 
oscillations of the angular speed (𝜔) after the fault from 
the time domain oscillations, it is evident that the 
oscillations of a more resistive network (green line) have 
larger amplitude and stabilizes around -0.04 pu. This 
further demonstrates how important it is to study the 
frequency stability in small power systems, which are 
more resistive as compared to large power systems. The 
comparison of the transient response of the system is 
shown in Figure 6 with different values of X/R. X/R ratios 
are generally used for circuit breaker ratings and short 
circuit oscillations. The present analysis highlights its 
relevance in power system stability in the context of 
increasing VRE contribution. 

When the eigenvalues are observed after the 
linearization of the system, increasing the resistivity of the 
system, that is from X/R ratio of 10 to 0.1, made one of 
the critical eigenvalues (listed in bold in Table 1) move to 
the right and this is the rightmost eigenvalue in the 
system. In this study, the critical eigenvalues are 
considered. Those eigenvalues with real parts greater than 
-0.1 are considered critical. These eigenvalues are most 
likely to cross the imaginary axis and move to the right-
hand side of the argand plane, indicating instability. 

Table 1. Critical Eigenvalues of the SMIB for Different 
X/R Ratios. 

X/R =10 X/R =5 X/R =1 

-0.0118 + 3.8702i -0.0148 + 3.8723i -0.0608 + 3.7722i 

-0.0118 + 3.8702i -0.0148 + 3.8723i -0.0608 + 3.7722i 

-1.129x10-5 + 0.0i -1.317x10-5+ 0.0i -0.996x10-5 + 0.0i 

-6.736 x10-3 + 0.0i -6.737 x10-3 + 0.0i -6.786 x10-3 + 0.0i 

At 10MW solar PV penetration (the solar PV serves 
45% of the load in the system), at ratio 0.1 and 1, the 
stability of the angular speed is lost as shown by the blue 
and orange lines in Figure 7 below. This confirms that a 
resistive network is vulnerable to transient instability 
when there is large penetration of VRE in the system. The 
behavior of the eigenvalues as shown in Table 2. It lists 
two eigenvalues that are moving towards the right side of 
the plane when the system becomes resistive. Again, in 
both Tables 1 and 2 only show the critical eigenvalues of 
the system (those with real part greater than -0.1). 

Table 2. Critical Eigenvalues of the SMIB for Different 
X/R Ratios at 10 MW Solar PV Penetration. 

X/R =10 X/R =5 X/R =1 

-2.40987 x10-4+0i -2.40985x10-4+0i -2.40971x10-4+0i 
-0.00585+3.8697i -0.00856+3.8721i -0.05236+3.7684i 

-1.12679x10-6+0i -1.07280x10-6+0i -2.74044x10-6+0i 

-0.02712 + 0i -0.028285 + 0i -0.02369+ 0i 

5. CASE: THREE-BUS SYSTEM 

A three-bus system shown in Figure 8 is studied. 
Parameters of the machine and other components are 
extracted from [16] except the rating of the generators and 
loads which are slightly modified. The synchronous 
generator is rated 25 MW. The loads in buses 1 and 2 are 
rated 10.4MW, 5MVar and 9MW, 8.8MVar respectively, 
with 10 MVA base. The system is modeled in Matlab ®, 
and model known as one-axis model or flux decay model 
is utilized as discussed in the previous section. The 
models discussed previously are also implemented in this 
case.  



Mastering Energy Supply for Isolated Areas (MESfIA) 2021 International Conference 
31 August to 01 September 2021. Hosted online by the Asian Institute of Technology, Thailand                                        

 

69 

 

Fig. 8. Three-bus system studied with Solar PV. 

5.1  Effect of Increased Penetration of Solar PV in the 
System  

A variable renewable energy power plant is embedded in 
the system. The PV farm is connected to bus 2 through an 
additional line with impedance of j0.01 p.u. Each PV 
generator is rated 2 MW, such that, a penetration 𝛾𝑃𝑉 of 1 
means an injection of 2 MW from the PV power plant.  

To simulate the effect of the solar PV farm in the 
system, the solar PV penetration is further increased to 5 
MW and 10 MW. This is to simulate a system wherein 
almost quarter and half of the generation is coming from 
the solar PV instead of the conventional generation.  
Figure 9 shows the frequency response of the system. The 
blue line shows when there is no penetration of VRE 
which shows a stable response. Increasing the penetration 
to 10MW (𝛾𝑃𝑉= 5) resulted in more oscillations which 
clearly shows an unstable system after the fault.  

Since small signal instability is brought about by 
small disturbances in the system, an increase in the angle 
of the rotor in aperiodic mode is expected because of the 
synchronizing torque. Furthermore, there is an increase in 
the amplitude of the oscillation of the rotor due to lack in 
damping torque. The Figure 9 above is confirmed by the 

path of the critical eigenvalues of the system moving 
towards the right side of the plane (see Table 3) and with 
the presence of positive eigenvalues at 5-MW and 10-MW 
penetration levels. 

Table 3. Critical Eigenvalues of the System for Increased 
PV Penetration. 

0 MW 5 MW 10 MW 

-5.85357 x10-7+0i 1.44888 x10-7+0i 5.86975 x10-7+0i 
-2.40989 x10-4+0i -2.40988 x10-4+0i -2.40976 x10-4+0i 

5.2  Effect of Network Models 

At high levels of PV penetration (40%, 10 MW), the 
system may suffer instability, in terms of transient 
response when the system is more resistive. This is shown 
in the Figure 10’s depiction of angular speed response of 
the system at different X/R ratios. Shown in blue, the most 
resistive circuit suffered instability with the most 
pronounced oscillations. Positive eigenvalues are also 
observed as presented on Table 4. The presence of 
positive eigenvalues that are moving to the right indicates 
that the system is becoming more unstable as the X/R 
ratio is decreased. 

Table 4. Critical Eigenvalues of the System for Increased 
PV Penetration. 

X/R =10 X/R =5 X/R =1 

-0.03442 + 0i -0.03441 + 0i -0.02675+ 0i 

7.01993 x10-7+0i 8.71511 x10-7+0i 27.96151 x10-7+0i 

-0.03442 + 0i -0.03441 + 0i -0.02675+ 0i 
 

 
Fig. 9. Frequency Response of the System for Increased PV Penetration. 
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Fig. 10. Transient Response of the 3-Bus System with 10MW Solar PV Power Plant installed in 

Bus 2 at Various X/R Ratios. 
 
 

6. CONCLUSION 

This study demonstrates the behavior of an isolated power 
system in the viewpoint of system stability with the aid of 
test systems, a simple single machine infinite bus (SMIB) 
system and a 3-bus system. Synchronous generators 
equipped with AVR and PSS and solar PV farm as 
sources of electricity are utilized to illustrate further the 
effects of penetration of a variable renewable energy 
source. Constant impedance loads are also present, 
connected by cables or lines forming a network. Its 
response to the different conditions is investigated and 
discussed, including the effects of X/R ratios. Four key 
points are highlighted in this undertaking: 
1. The inclusion of the solar PV farm in a small isolated 

system does not contribute to the inertia of system, as 
evidenced by more pronounced frequency oscillations 
after it is installed in the system. 

2. At 20% penetration level of VRE in the three-bus 
system, instability is observed in terms of small signal 
stability and validated by the time domain simulations. 
This can be observed by the presence of eigenvalues in 
the right-hand side of the argand plane. Its locus is also 
shown and it is clear that some critical eigenvalues 
tend to move to the right when subjected to increased 
penetration of solar PV. 

3. It is observed that when a larger system (three-bus 
system versus single machine infinite-bus system) is 
studied, the system tends to be more stable. This is 
attributed to the larger number of rotating components 
in the system contributing to its overall inertia. 

4. Network parameter modification has an effect on the 
power system stability. In general, eigenvalues show 

minimal changes when the X/R ratio of the system is 
modified, however, when left uncontrolled, this may 
lead to more serious problems when subjected to small 
disturbances. An effect on the transient domain 
response of the system shows that the more resistive 
the system is, lesser it is resisting to the disturbances in 
the system. 

For further research, it is recommended to include 
other VRE sources in the system to have a better overview 
of the system when subjected to more intermittent sources 
such as wind farm. Also, the application of appropriate 
controls in the system, designed specifically for smaller 
isolated systems, may have a significant effect in solving 
the stability problems observed in this study.  
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APPENDIX 

The equations used for the simulation are taken from 
Sadamoto, et al.'s work [16]. 
 

A. Synchronous Generator Model Dynamics 
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𝐵𝑝𝑠𝑠 =

⎣
⎢
⎢
⎢
⎢
⎢
⎡

1
𝜏𝑝𝑠𝑠

𝐾𝑝𝑠𝑠
𝜏𝑝𝑠𝑠𝜏𝐿1

�1 −
𝜏′𝐿1
𝜏𝐿1

�

𝐾𝑝𝑠𝑠𝜏′𝐿1
𝜏𝑝𝑠𝑠𝜏𝐿1𝜏𝐿2

�1 −
𝜏′𝐿2
𝜏𝐿2

�
⎦
⎥
⎥
⎥
⎥
⎥
⎤

                                   (7) 

𝐶𝑝𝑠𝑠 = �−
𝐾𝑝𝑠𝑠𝜏′𝐿1𝜏′𝐿2
𝜏𝑝𝑠𝑠𝜏𝐿1𝜏𝐿2

𝜏′𝐿2
𝜏𝐿2

1�                              (8) 

𝐷𝑝𝑠𝑠 =
𝐾𝑝𝑠𝑠𝜏′𝐿1𝜏′𝐿2
𝜏𝑝𝑠𝑠𝜏𝐿1𝜏𝐿2

                                                        (9) 

Then, the state 𝑥𝑘  of the generator model at the k-th bus  
at various operating points ∝𝑘 can be represented by: 

�
𝑥𝑘: =  [𝛿𝑘,Δ𝜔𝑘 ,𝐸𝑘 ,𝑉𝑓𝑑,𝑘, 𝜁𝑘𝑇]  ∈ ℝ7

𝛼𝑘: =  [𝑃𝑚,𝑘
 ,𝑉𝑓𝑑,𝑘

 , |𝑉𝑘|]𝑇  ∈ ℝ3   
                              (10)� 

Thus, if given the values of 𝑽𝑘,𝑷𝑘,𝑸𝑘
 of the k-th 

component from the load flow, the state space values of 
𝑥𝑘 and 𝛼𝑘 that will satisfy the equation 5.8 when operated 
around its equilibrium given that 𝑃𝑚,𝑘

 = 𝑃𝑘 is solved.   

�
0 =  𝑓𝑘(𝑥𝑘,𝑽𝑘, 0,𝛼𝑘),

𝑃𝑘 + 𝑗𝑄𝑘 =  𝑔𝑘(𝑥𝑘,𝑽𝑘,𝛼𝑘).
�                                       (11) 

The state values of 𝑥𝑘 in form of [𝛿𝑘, 0,𝐸𝑘,𝑉𝑓𝑑,𝑘
 , 0,0,0]𝑇 

and 𝛼𝑘 in the form of Equation 10 is determined by the 
following expressions: 

⎩
⎪⎪
⎨

⎪⎪
⎧ 𝛿𝑘 =  ∠𝑽𝑘 + 𝑎𝑟𝑐𝑡𝑎𝑛 ( 𝑃𝑘



𝑄𝑘
+

|𝑉𝑘|2
𝑥𝑞,𝑘

)

𝑉𝑓𝑑,𝑘
 =  𝑥𝑑,𝑘

𝑥′𝑑,𝑘
𝐸𝑘  −  ( 𝑥𝑑,𝑘

𝑥′𝑑,𝑘
 − 1)|𝑉𝑘|𝑐𝑜𝑠(𝛿𝑘 −∠𝑽𝑘)

𝐸𝑘  =  |𝑉𝑘|4+𝑄𝑘
𝑥′𝑑,𝑘𝑥𝑞,𝑘+𝑄𝑘

|𝑉𝑘|2𝑥′𝑑,𝑘+𝑃𝑘
2𝑥′𝑑,𝑘𝑥𝑞,𝑘

|𝑉𝑘|�𝑃𝑘
2𝑥𝑞,𝑘

2 +𝑄𝑘
2𝑥𝑞,𝑘

2 +2𝑄𝑘
|𝑉𝑘|2𝑥𝑞,𝑘+|𝑉𝑘|4

�                   (12) 

The type of synchronous generator model utilized in the 
simulation determines the number of states in the system. 
Known as the one-axis or flux decay model, it assumes 
negligible amortisseur effects and negligible resistance 
between the generator and its bus. The synchronous 
generator’s states values are represented by the first three 
values of xk, the fourth represents that of the exciter and 
the rest are those of the PSS. The state value’s initial value 
of the internal voltage Ek is assumed to be Ek* (steady 
state value when a simpler model is used (classical 
model).  Additionally, the values of x’d,k will be equal to 
those of the xd,k and xq,k. In the classical model, only 6 
states will be solved. Synchronous generator models can 
have as much as eight state variables (not employed in this 
study), which will augment the system states variables 
into twelve states. 

B. Solar PV Farm Model Dynamics 

The PV array model is described as: 

𝑖′𝑑𝑐 =  
𝑉𝑃𝑉  −  𝑣′𝑑𝑐

𝑅𝑃𝑉
                                (13) 

where 𝑖′𝑑𝑐 is the current to the DC link from the 
PV array. RPV represents PV array model’s series 
resistance, assumed to be 7.687 and VPV is the PV array 
constant voltage source’s voltage, assumed to be 0.823 
[6].  

To assure that the PV cell operation is around the 
maximum power point (MPP), the buck and boost DC/DC 
converter is utilized. In order for the steady state PV array 
output current (𝑖′𝑑𝑐) and voltage (𝑣′𝑑𝑐) reach the 
maximum point on its IV curve, the converter step 
down/up gain 𝑆 is solved. This gain will be assumed to be 
constant 0.144 for simplicity [16]. It can be described as: 

𝑣′𝑑𝑐  =  𝑆𝑣𝑑𝑐   ,        𝑖′𝑑𝑐 =  𝑆𝑖′𝑑𝑐                    (14) 

For the DC/AC converter: 
𝐿𝑎𝑐
𝜔�
𝚤�̇� =  −𝑅𝑎𝑐𝑖𝑑  +  𝐿𝑎𝑐𝑖𝑑 + 𝑅𝑒(𝑽)  −  𝑚𝑑

2
𝑣𝑑𝑐

𝐿𝑎𝑐
𝜔�
𝚤�̇� =  −𝑅𝑎𝑐𝑖𝑞  +  𝐿𝑎𝑐𝑖𝑑 + 𝐼𝑚(𝑽)  −  𝑚𝑞

2
𝑣𝑑𝑐

𝑃 + 𝑗𝑄 =  −𝛾𝑃𝑉(𝑅𝑒(𝑽)𝑖𝑑 + 𝐼𝑚(𝑽)𝑖𝑞)  −  𝑗𝛾𝑃𝑉(𝐼𝑚(𝑽)  −  𝑅𝑒(𝑽)𝑖𝑞)

    (15) 

The DC/AC converter’ outer-loop controller is defined by: 

�
𝜁�̇� = 𝐾𝐼,𝑑(𝑃  −  𝑃)

𝑖𝑑
𝑟𝑒𝑓  =  𝐾𝑃,𝑑(𝑃  −  𝑃) + 𝜁𝑑

 �
𝜁�̇� = 𝐾𝐼,𝑞(𝑄  −  𝑄)

𝑖𝑞
𝑟𝑒𝑓  =  𝐾𝑃,𝑞(𝑄  −  𝑄) +  𝜁𝑞

      ��(16) 

While the inner-loop controller is defined as: 

⎩
⎪
⎨

⎪
⎧ 𝜏𝑎𝑐�̇�𝑑 = 𝑖𝑑

𝑟𝑒𝑓  −  𝑖𝑑

𝑚𝑑 = 𝑠𝑎𝑡(
2
𝑣𝑑𝑐

(𝑅𝑒(𝑽) + 𝐿𝑎𝑐𝑖𝑞

−𝑅𝑎𝑐𝜒𝑑 −
𝐿𝑎𝑐
𝜔�𝜏𝑎𝑐

(𝑖𝑑
𝑟𝑒𝑓 − 𝑖𝑑)) + 𝑢𝑑)

                           (17)� 

⎩
⎪
⎨

⎪
⎧ 𝜏𝑎𝑐�̇�𝑞 = 𝑖𝑞

𝑟𝑒𝑓  −  𝑖𝑞

𝑚𝑞 = 𝑠𝑎𝑡(
2
𝑣𝑑𝑐

(𝐼𝑚(𝑽)  −  𝐿𝑎𝑐𝑖𝑑

−𝑅𝑎𝑐𝜒𝑞 −
𝐿𝑎𝑐
𝜔�𝜏𝑎𝑐

(𝑖𝑞
𝑟𝑒𝑓 − 𝑖𝑞)) + 𝑢𝑞)

                            (18)� 

Where: id, iq are the currents flowing from AC to DC for 
d- and q- axis; md, mq are the duty cycles of d- and q-axis; 
P + jQ power injecting from solar bus;  𝜒𝑑, 𝜒𝑞  is the state 
of the inner loop controller; 𝜍𝑑, 𝜍𝑞 is the state of the outer 
controller; 𝑖𝑑

𝑟𝑒𝑓, 𝑖𝑞
𝑟𝑒𝑓is the reference signal for  𝑖𝑑, 𝑖𝑞;  𝑢𝑑, 

𝑢𝑞 are additional control input signals on duty cycles; 
𝛾𝑃𝑉represents the number of PV generators in the farm; 
Lac, Rac is the DC/AC's inductance and resistance;  KP,d, 
KI,d are the PI gains of the outer controller d-axis;  KP,q, 
KI,q are the PI gains of the outer controller q axis; and, 𝜏𝑎𝑐 
is the time constant of the converter current dynamics to 
be designed. 

The DC link dynamics are: 

�
𝐶𝑑𝑐
𝜔�

�̇�𝑑𝑐 =  
1

2𝑣𝑑𝑐
(𝑅𝑒(𝑽) 𝑖𝑑  +  𝐼𝑚(𝑽) 𝑖𝑞  +

𝑣𝑑𝑐𝑖𝑑𝑐  −  𝑅𝑎𝑐(𝑖𝑑2 + 𝑖𝑞2))  −  𝐺𝑆𝑊𝑣𝑑𝑐

�                (19) 

The solar farm model can be summarized as: 
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�
𝑥𝑘: =  [𝑖𝑑,𝑘 , 𝑖𝑞,𝑘,𝜒𝑑,𝑘,𝜒𝑞,𝑘, 𝜁𝑑,𝑘 , 𝜁𝑞,𝑘 , 𝑣𝑑𝑐,𝑘]𝑇  ∈ ℝ7 

𝛼𝑘: =  [𝑃𝑘,𝑄𝑘 , 𝑆𝑘]𝑇  ∈ ℝ3  
𝑢𝑘: =  [𝑢𝑑,𝑘 ,𝑢𝑞,𝑘]𝑇  ∈ ℝ2    

   (20) � 
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Abstract – Indonesia is an archipelagic country consisting of many islands, such as Halmahera Island. Halmahera 
Island is one of the crucial islands due to its enormous nickel mining potential. Therefore, this island has high growth 
of nickel mining and processing industries. However, the low electrification ratio of 89,33% will become an issue in 
the future, as the electricity demand will continue to increase on a large scale in the future. Therefore, a generation 
expansion planning (GEP) study is performed in the Halmahera electricity system for the 2026-2050 period. The 
Mixed Integer Linear Programming (MILP) method is used to determine the power plant development variables. The 
result shows that biomass is selected as the local energy resource for power plant development alongside coal and gas 
machine power plants. Therefore, to achieve the renewable energy mix target, energy supply from biomass, coal and 
gas machine needs to be 66.11%, 4.11% and 30.04%, respectively. Furthermore, this power plant combination 
achieved the target of renewable energy mix without violating the reliability with the approximately same electricity 
generation cost, IDR 1,495/kWh.  
 
Keywords – Electricity Generation Cost, Generation Expansion Planning, Local Energy Resources  
 

1.  INTRODUCTION 

Indonesia is an archipelago with more than 17,000 large 
and small islands. One of the areas that consist of small 
islands is the Maluku Islands. The Maluku Islands are 
estimated to have 1027 large and small islands, with two 
of the largest islands are Seram and Halmahera Islands. 
Halmahera island has significant nickel mining potential. 
Therefore, this island has high growth of nickel mining 
and processing industries. It is reported that the average 
sales growth of electrical energy of 7.7%, with an 
electrification ratio of 89.33% [1]. This low electrification 
ratio will become an issue in the future, as the electricity 
demand will continue to increase significantly. 
Furthermore, the electricity demand of the existing 
Halmahera system is supplied by diesel generators, which 
causes the high cost of generation. Based on 2018 
statistics, the average generation cost in Halmahera island 
is IDR 2,936 / kWh, and this value is almost three times 
higher than the average national generation cost (IDR 
1,119/kWh) [2].  

Therefore, PT. PLN as a national electricity provider, 
must anticipate these needs with a generation expansion 
planning (GEP) so future electricity demand will be met. 
GEP is used to determine the number, type and capacity of 
power plants that need to be built each year to meet 
electricity demand [3]. GEP is also used to calculate 
minimal costs for certain constraints.  

Nowadays, most countries try to increase the RE mix 
in the electricity system. For example, the Indonesian 
government targets a 23% renewable energy (RE) mix in 
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2025 and 31% in 2050. Therefore, it is encouraged to 
perform GEP by considering the inclusion of RE in the 
electricity system. On the other hand, Halmahera island 
has much renewable energy potential, such as wind, solar, 
biomass and hydro, yet to be utilized as generators.  

Various studies in GEP considering renewable energy 
have been performed. For example, studies in [4] use 
OSeMOSYS to solve the GEP problem in the South 
American power system by considering renewable energy 
resources and interconnection. Because of the abundant 
potential of hydro in the area, hydropower generation is 
continuously developed and used to supply the system for 
the 2019-2050 planning period. However, there is also 
another generation built such as onshore wind, solar 
thermal and geothermal. The study also discussed 
interconnection to increase the reliability of the system.  

Another study discusses GEP for 2020-2030 planning 
in the Brazilian power system by considering renewable 
energy [5]. It results that hydropower plant is selected as 
the best candidates to supply electricity. However, this 
planning did not meet the renewable energy target stated 
by the government. Therefore, non-hydro power plant 
such as solar is encouraged to be built. 

In [6], Portugal electricity system is chosen as a study 
case for the 2000-2014 planning period. Without 
renewable energy consideration, coal, hydro and gas are 
selected to supply the system. However, with renewable 
energy consideration, a wind turbine can be used to reduce 
gas power plants. Therefore, reducing CO2 emission. 
However, the inclusion of renewable energy resulting in a 
higher electricity cost. Higher electricity cost is also 
confirmed in the [7] with the renewable energy inclusion 
in the GEP of the Sulawesi system. However, despite the 
higher electricity cost, the CO2 emission has dropped 
significantly. In [8], GEP is performed by considering the 
operation and flexibility of the generation of the system. 
Therefore, the fluctuation of intermittent power plant 
candidates can be solved.  
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Indonesian Archipelagic Islands: A Case Study of 

Halmahera Island 
 

Tumiran*1, Sarjiya*, Lesnanto Multa Putranto*, Ahmad Adhiim Muthahhari*, Abdan 
Hanifan Dharmasakya*, Edwin Nugraha Putra# 

 

 

mailto:tumiran@ugm.ac.id


Mastering Energy Supply for Isolated Areas (MESfIA) 2021 International Conference 
31 August to 01 September 2021. Hosted online by the Asian Institute of Technology, Thailand                                        

 

75 

In this paper, GEP is performed in the Halmahera 
electricity system considering local energy resources. 
OSeMOSYS is used to model the GEP study. In addition, 
Mixed Integer Linear Programming (MILP) method is 
used to determine the power plant development variables 
for the 2026-2050 planning period. 

2. GENERATION EXPANSION PLANNING  

GEP is essential to meet the growing electricity demand 
[3]. Furthermore, the main objective of GEP is to ensure 
the lowest cost by considering several constraints. The 
cost calculated can be in investment costs, fuel costs and 
operating and maintenance costs [1]. The constraints 
include reserve margin, the target of RE mix, potential 
resources, capacity, etc. The objective function of this 
study is presented in (1), while the constraints are shown 
in (5) until (7). 

Based on (1), the objective function is to minimize 
the total cost, which consists of capital cost (Ct

inv), Fixed 
O&M (Ct

FO&M), short-run marginal cost (SRMC) and 
transmission line investment cost (CL

inv). Each cost 
component is affected by the discount factor, which can 
be calculated using (2) and (3). SRMC in (1) can be 
calculated by using (4). In this study, constraints such as 
energy balance, generation capacity, and RE mix are used 
to ensure the feasible solution of GEP. Energy balance 
constraint in (5) is needed to ensure that the energy 
produced do not exceed demand. The generation capacity 
constraint in (6) shows that the generation capacity should 
be higher than the summation of peak load and reserve 
margin. RE mix constraints in (7) show that renewable 
energy production should be higher than the renewable 
energy target. 

 
min𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =  ���𝐷𝐷𝐷𝐷𝐶𝐶𝑦𝑦

𝑦𝑦

× �𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝐶𝐶 × 𝑁𝑁𝐶𝐶𝑟𝑟 ,𝐶𝐶 ,𝑦𝑦 �
𝐶𝐶𝑟𝑟

 

+�𝐷𝐷𝐷𝐷𝑦𝑦
𝑦𝑦

× �𝐶𝐶𝐷𝐷𝐹𝐹&𝑀𝑀
𝐶𝐶 × ����𝑅𝑅𝐶𝐶𝑟𝑟 ,𝐶𝐶 ,𝑦𝑦 + �𝑁𝑁𝐶𝐶𝑟𝑟 ,𝐶𝐶 ,𝑦𝑦

𝑦𝑦𝑦𝑦

𝑦𝑦

�
𝐶𝐶𝑟𝑟

�� 

+���𝐷𝐷𝐷𝐷𝑦𝑦 × 𝑌𝑌𝑌𝑌𝑦𝑦 ,𝑙𝑙 ×
𝑓𝑓𝑙𝑙𝑟𝑟

���𝑌𝑌𝑅𝑅𝑀𝑀𝐶𝐶 ×  𝑃𝑃𝑟𝑟 ,𝑙𝑙 ,𝐶𝐶 ,𝑦𝑦�
𝐶𝐶

� 

+ ��𝐷𝐷𝐷𝐷𝐶𝐶𝑦𝑦  ×  �𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝐿𝐿  ×  𝑁𝑁𝐶𝐶𝑁𝑁𝐶𝐶 ,𝑦𝑦 ,𝑙𝑙 �
𝐿𝐿𝑦𝑦

 

 

(1) 

 

 
(2) 

 

 
(3) 

 
 (4) 

 

 
(5) 

 

 
(6) 

 
 (7) 

Where, 
Y : year 
R : region 
F : fuel 
T : technology 
L : timeslice 
L : line 
DFCy : Discount Factor for Capital Investment 
DFy : Discount Factor for Fixed and Variable Cost 
DR : Discount Rate 
Ct

inv : Capital Cost 
NCr,t,y : New Capacity 
NCTr,t,y : New Capacity Transmission 
Ct

FO&M : Fixed Operation and Maintenance Cost 
RCr,t,y : Residual Capacity 
YSy,t : Year split 
SRMC : Short Run Marginal Cost 
Pr,l,t,y : Production 
CL

inv : Transmission Line Investment Cost 
Ct

fuel : Fuel Cost 
Ct

VO&M : Variable Operation and Maintenance Cost 
Dy : Demand 
PLr,y : Peak Load 
RMr,y : Reserve Margin 
PREr,y : Production by Renewable Energy 
RETy : Renewable Energy Target 

3. ELECTRICITY GENERATION COST 

Electricity generation cost can be calculated by dividing 
energy production cost ($) by the energy sold (kWh), 
which is shown in (8) [7]. Therefore, this type of cost only 
calculates the generation system and does not include the 
transmission and distribution electricity cost. In addition, 
the charge consists of various kinds of expenses such as 
capital cost, operating cost and fuel cost.  

 
(8) 

 Capital cost is the initial financing cost of the power 
plant. Operating cost is the cost induced to operate the 
power plant, including insurance, labour and maintenance 
cost, etc. Finally, fuel cost is associated with the fuel 
product needed by the power plant [9].  

4. METHODOLOGY 

The Halmahera electricity system is located in Halmahera 
Island and is one of the largest electricity systems in 
Maluku Utara, Indonesia. This island consists of several 
districts such as Tobelo, Malifut, Jailolo, Sofifi and 
Payahe. The red line shows the map for the Halmahera 
electricity system in Fig. 1.  

The peak load of this system is 21.7 MW with annual 
demand of 129.22 GWh in 2019. The growth of electricity 
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demand in Maluku Utara province is predicted to be 
7.77% [1]. The load growth of the system is influenced by 
nickel mining and its processing industries.  

The existing electricity cost of the system is relatively 
high, which is IDR 2,963/kWh. This high electricity cost 
is because diesel generators are used to supply the 
electricity demand. The total capacity of the power plant 
in the existing system is shown in Table 1 [1]. However, 
some local resources can be utilized as power plants, such 
as wind, solar, hydro, and biomass, as shown in Table 2 
[10] [11].  

Besides meeting the electricity demand, renewable 
energy (RE) mix should also be considered in the further 
GEP. Therefore, this study also discusses the RE mix 
portion. There are two developed scenarios, i.e. GEP with 
and without RE mix target. This study compares the result 
of each scenario in terms of the RE mix portion, reliability 
of the system, and electricity generation cost. Table 3 
shows the cost of electricity of power plant while Table 4 
shows the fuel cost assumption used in this GEP study. In 
addition, the daily load curve of the system is assumed to 

have characteristics, as shown in Figure 2. 
OSeMOSYS is used to model the generation 

expansion planning process. There are some parameters in 
OSeMOSYS such as objective function, cost, capacity 
adequacy, energy balance, constraints and emission. Each 
of these parameters is be used to perform the optimization 
process [12]. The Mixed Integer Linear Programming 
(MILP) method, built-in OSeMOSYS, determines the 
power plant development variables for the 2026-2050 
planning period. 

The flowchart of this study is shown in Figure 3. First, 
the Halmahera Electricity system is modelled using 
OSeMOSYS based on the collected data such as existing 
resources, electricity demand, etc. Then, optimization for 
both scenarios is performed by using the MILP method. 
After that, the results are compared and analyzed, 
resulting in a power plant development for the 2026-2050 
planning period. 

 

 
Fig. 1. Location of Halmahera electricity system. 

 

 
Fig. 2. Daily load curve of the system. 
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Fig. 3. Flowchart of the study. 

 
Table 1. The existing power plant in the Halmahera electricity system (2019). 
Type Location Capacity (MW) 

Diesel Tobelo 16.7 
 Malifut 3.1 
 Jailolo 5.4 
 Sofifi 7.1 
 Payahe 0.5 
Total  32.8 

 
 

Table 2. Renewable energy potential in Halmahera Island. 

Type Potential (MW) 

Solar 78.7 
Wind 13.1 
Geothermal 565 
Biomass 760.4 

 
 

Table 3. Generation cost and FOR for each power plant. 
Type Capital Cost (USD/kWe) Fixed O&M (USD/kWe/y) Variable O&M 

(USD/MWh) 
FOR (%) 

Coal 1,400 31.3 2 7 
Gas 700 18 1 2 
CCGT 850 19.2 1 5 
Gas Machine 800 18 1 3 
Geothermal 4,000 30 1 10 
Hydro 2,000 6.6 1 4 
Mini Hydro 2,400 6.6 1 4 
Biomass 1,700 47.6 3 7 
Wind 2,200 39.55 0.8 3 
Solar 2,500 24.7 0.4 5 
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Table 4. Fuel cost. 
Fuel Type Price Unit Price Increment (%/year) 

Coal  65 USD/Ton 1.2 
LNG 15 USD/MMBTU 0.9 
HSD 0.5 USD/Liter 2.3 
Geothermal 1,141.89 IDR/kWh 0.9 
Biomass 500 IDR/kg 1.2 

 

5. RESULT AND DISCUSSION 

5.1. Power Plant Combination 

Fig. 4 shows the result of the power plant development for 
the 2026-2050 period without RE mix target 
consideration. Whereas Fig. 5 shows the result of the 
power plant development with RE mix target 
consideration.  There are three power plant types to meet 
the electricity demand: coal, gas, and biomass power 
plants. Despite a diesel power plant in the existing system, 
there were no diesel power plant candidates for the 2026-
2025 planning period. This is due to the retirement of the 
existing diesel power plants, which was done in 2019. In 
addition, it was replaced by a more efficient and 
economical power plant. In Fig. 4 and Fig. 5, there is a 
yellow line that represents the peak load of the system. 
The power plant combination is always above the line; 
therefore, the power plant combination can fulfil the 
demand and ensure the reserve margin of the system. 

In 2026 and 2050, biomass, coal and gas power plant 
capacity are the same for both scenarios, which are 20 
MW, 6 MW and 40 MW in 2026 and 80 MW, 10 MW and 
140 MW in 2050. However, biomass, coal and gas power 
plant capacity in 2036 is 30 MW, 16 MW and 70 MW for 
without RE mix target scenario and 40 MW, 6 MW and 
70 MW for with RE mix target scenario. The capacity of 
each power plant in the 2026-2050 planning period is 
shown in Fig. 4 and Fig. 5.  

In Fig. 4, the coal power plant portion accounts for 
4.35-21.05% of the total capacity of power plant 
development. However, the coal power plant portion in 
Fig. 5 accounts for 2.91-9.09% of the total capacity of 
power plant development. This result is the impact of the 
inclusion of the RE mix target. When there is no RE mix 
target consideration, the coal power plant is more 
attractive since it provides the lowest electricity 
generation cost. However, the RE mix target consideration 
will cause the renewable power plant, such as biomass, 
more attractive than the coal power plant. Therefore, there 
is a difference of about 33-56.8% of the coal power plant 
capacity in the power plant development. Furthermore, the 
biomass power plant development has increased from 
20.83-36.36% to 30.3-39.77%. Since biomass power 
plants have the same characteristics as coal power plants, 
they can replace the coal power plant as a baseload type 
generator.  

The energy supply from each power plant in the 

2026- 2050 planning period for each scenario is shown in 
Fig. 6 and Fig. 7. The biomass and coal power plant act as 
a baseload power plant. Whereas the gas machine act as a 
peak load power plant.  

Without RE mix consideration, the electricity 
supplied by biomass, coal and gas machine power plant is 
55.41%, 14.53% and 30.06%, respectively, as shown in 
Fig. 6. However, these energy supplies are different when 
the RE mix consideration is included. As shown in Fig. 7, 
the biomass, coal and gas power plants supply the demand 
as 66.11%, 4.11% and 30.04%, respectively. On the other 
hand, the energy supply from the gas power plant for each 
scenario does not show a significant difference. This is 
because of the same amount of the power plant as shown 
in Fig. 4 and Fig. 5. 

However, the biomass and coal power plants supply a 
significant amount of difference regarding the energy 
supply. When RE mix consideration is included, the 
energy provided by the biomass power plant is increased 
from 55.41% to 66.11%. Furthermore, the energy supplied 
by the coal power plant is reduced from 14.53% to 4.11%. 
These differences are caused by the different 
configurations of the power plant, as shown in Fig. 4 and 
Fig. 5. In addition, the amount of coal power plants is 
lower in the RE mix consideration scenario. Therefore, the 
energy supplied by this power plant is also reduced. 

Since there is only biomass as the renewable energy 
power plant, the RE mix ratio is only dependent on its 
capacity. Fig. 8 shows the RE mix ratio of the power plant 
development in the Halmahera system for the 2026-2050 
planning period. The RE mix target in 2025 and 2050 is 
23% and 31%, respectively. Therefore, each year's 
increment of RE mix target is assumed to be linearly 
shown by the blue line. Without RE mix consideration, the 
renewable portion does not consistently above the mark 
indicated by the orange line. For example, as shown in 
2031-2034, the RE mix portion is below the target. This is 
because of the increment of coal power plant development 
without any biomass power plant development. However, 
the RE mix target is achieved by including the RE mix 
consideration, as shown in the grey line. This is because 
the biomass power plant is more attractive when RE mix 
target consideration is included. Therefore, the 
development of biomass power plants is prioritized over 
the coal power plant. 
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Fig. 4. Power plant combination without RE mix consideration. 

 

 
Fig. 5. Power plant combination with RE mix consideration. 

 

  
Fig. 6. Energy from each power plant without RE mix 

consideration. 
Fig. 7. Energy from each power plant with RE mix 

consideration. 
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5.2. Reliability of System 

This study used reserve margin and the LOLP index to 
measure the reliability of the system. The limit of reserve 
margin and LOLP used is 35% and 0.274%. Therefore, 
the system is reliable if the reserve margin is above 35% 
and has a LOLP index below 0.274%. PT regulates these 
numbers. PLN is the electricity provider in Indonesia [1]. 

Fig. 9 andFig. 10 show the comparison of reserve 
margin and the LOLP index for each scenario. Despite the 
differences in power plant type, the reserve margin and 
LOLP index for both scenarios do not show any 
differences. Therefore, the orange and grey lines are 

overlapping. This is because of the same capacity and 
FOR (Forced Outage Rate) for coal and biomass power 
plant. Biomass and coal power plant can be used to supply 
the baseload. Therefore, both power plants can result in 
the same reserve margin level with the same capacity. The 
FOR is used to calculate the LOLP index. Since the 
assumption of the FOR is the same for both power plants, 
as shown in Error! Reference source not found., the LOLP 
index should also have the same value. Therefore, both 
scenarios resulting in the same reliability level. 

 
 

 
Fig. 8. Renewable energy portion for both scenarios. 

 
 

  
Fig. 9. Reserve margin for both scenarios. 

 



Mastering Energy Supply for Isolated Areas (MESfIA) 2021 International Conference 
31 August to 01 September 2021. Hosted online by the Asian Institute of Technology, Thailand                                        

 

81 

 
Fig. 10. LOLP index for both scenarios. 

 

 
Fig. 11. Electricity generation cost of Halmahera system. 

 

5.3. Electricity Generation Cost 

Fig. 11 shows the electricity generation cost of both 
scenarios in power plant development for the 2026-2050 
planning period. By the end of the planning period, the 
electricity price becomes IDR 1,615.9/kWh for both 
scenarios. The increment of electricity cost is caused by 
the new generation that needs to be built. Both scenarios 
show the same increment pattern throughout the power 
plant development, so the blue and orange lines overlap.  
This same increment is due to the relatively same coal and 
biomass power plant cost, as shown in Error! Reference 
source not found.. Therefore, the average electricity 
generation cost is around IDR 1,495/kWh for both 
scenarios. This value is significantly lower, 96%, than the 
existing electricity cost IDR 2,936/kWh. 

6. CONCLUSION 

This study has performed a GEP optimization in the 
Halmahera electricity system. In this study, GEP is 
performed to minimize electricity cost and considered the 

local resources such as biomass to increase the RE mix 
target. Therefore, this study used two different scenarios 
without a RE mix target and with a RE mix target. The 
result shows that it is recommended to build coal, gas and 
biomass power plant in the Halmahera system for the 
2026-2050 planning period. In addition, the average cost 
of electricity for both scenarios is the same, which is IDR 
1,495/kWh. However, the energy supply from biomass 
power plants needs to be increased from 55.41% to 
66.11%, and the energy supply from coal power plants 
needs to be reduced from 14.53% to 4.11% to achieve the 
RE mix target. Furthermore, the system does not 
experience any violation in reserve margin and LOLP 
index when considering the RE mix target, which is 
consistently above 35% and below 0.274, respectively, 
throughout the planning period.  

REFERENCES 

[1] PT. PLN (Persero), "Electric Power Supply Business 
Plan (2019-2028)," pp. 2019–2028, 2019, [Online]. 



Mastering Energy Supply for Isolated Areas (MESfIA) 2021 International Conference 
31 August to 01 September 2021. Hosted online by the Asian Institute of Technology, Thailand 

 

82 

Available: 
http://gatrik.esdm.go.id/assets/uploads/download_ind
ex/files/5b16d-kepmen-esdm-no.-39-k-20-mem-
2019-tentang-pengesahan-ruptl-pt-pln-2019-2028.pdf. 

[2] Government of Indonesia, Keputusan Menteri Energi 
dan Sumber Daya Mineral Republik Indonesia No. 
55K/20/MEM/2019 tentang Besaran Biaya Pokok 
Penyediaan Pembangkitan PT Perusahaan Listrik 
Negara (Persero) Tahun 2018. 2019, p. 7. 

[3] N. E. Koltsaklis and A. S. Dagoumas, "State-of-the-
art generation expansion planning: A review," 
Applied Energy, vol. 230, no. April. pp. 563–589, 
2018, doi: 10.1016/j.apenergy.2018.08.087. 

[4] G. Nikolaus, P. De Moura, L. Fernando, L. Legey, 
and M. Howells, "A Brazilian perspective of power 
systems integration using OSeMOSYS SAMBA – 
South America Model Base – and the bargaining 
power of neighbouring countries : A cooperative 
games approach," Energy Policy, vol. 115, no. March 
2016, pp. 470–485, 2018, doi: 
10.1016/j.enpol.2018.01.045. 

[5] T. Luz, P. Moura, and A. De Almeida, "Multi-
objective power generation expansion planning with 
high penetration of renewables," Renew. Sustain. 
Energy Rev., no. June, pp. 1–7, 2017, doi: 
10.1016/j.rser.2017.06.069. 

[6] S. Pereira, P. Ferreira, and A. I. F. Vaz, "Generation 
expansion planning with high share of renewables of 
variable output," vol. 190, pp. 1275–1288, 2017, doi: 
10.1016/j.apenergy.2017.01.025. 

[7] A. A. Muthahhari and U. G. Mada, "Long-Term 
Generation Expansion Planning in Sulawesi 
Electricity System Considering High Share of 
Intermittent Renewable Energy Resource," 2019 11th 
Int. Conf. Inf. Technol. Electr. Eng., vol. 7, pp. 1–6, 
2018. 

[8] B. S. Palmintier, S. Member, and M. D. Webster, 
"Impact of Operational Flexibility on Electricity 
Generation Planning With Renewable and Carbon 
Targets," pp. 1–13, 2015. 

[9] D. Porter, Renewable energy policy and incentives, 
vol. 1. 2012. 

[10] Dirjen EBTKE, Potensi Panas Bumi Indonesia Jilid 
2, vol. 8, no. 9. 2017. 

[11] Ditjen EBTKE, “Statistik EBTKE 2016,” p. 68, 2016. 
[12] M. Howells et al., "OSeMOSYS: The Open Source 

Energy Modeling System. An introduction to its 
ethos, structure and development.," Energy Policy, 
vol. 39, no. 10, pp. 5850–5870, 2011, doi: 
10.1016/j.enpol.2011.06.033. 

 
 



Mastering Energy Supply for Isolated Areas (MESfIA) 2021 International Conference 
31 August to 01 September 2021. Hosted online by the Asian Institute of Technology, Thailand 

 

1 

 

 

 

 

 

 

Abstract— The continued growing tourist destination in isolated islands needs electricity support. It was coming from Diesel 
Power Plants (DPP). However, the electricity production cost of the grid system which is supplied by Diesel Power Plant was 
expensive. The solution option to reduce the electricity production cost in such tourist destination isolated island is to develop 
a hybrid system which is combining Solar Photovoltaic, Batteries as frequency stability control and so do the diesel power 
plant. At the first stage, grid impact simulation which is focusing on both static and dynamic conditions running to find the fit 
both site and configuration of the hybrid system. Load flow and short circuit simulation are part of the static approach. 
Whilst, the frequency stability is part of the dynamic approach. All the technical parameters should be in the allowable range 
as to be stated in the 20 kV grid code. The technical parameters are including bus voltage level, loading in a conductor, 
losses of the grid, and frequency stability. In the second stage, the new electricity production cost was be produced based on 
hybrid system configuration. It was lower than the grid electricity production cost which was supplied by Diesel Power Plant. 
The iterative process was being done until the hybrid system electricity production cost meet the criteria.  

Keywords— electricity production cost, frequency stability, grid, hybrid system, isolated island,  
 

I.     INTRODUCTION

Characteristics of electricity generation in the archipelago in 
Indonesia is the use of Diesel Power Plants (DPP), such as 
Karimunjawa Island. All electricity production on 
Karimunjawa Island is from Diesel power plant  which uses 
diesel fuel. The continuity of fuel supply is related to the 
price of fuel and its transportation which is quite expensive, 
resulting in very high cost of production. This is a 
consideration for PT. PLN (Electic producen in Indonesia) 
Karimunjawa to try to reduce the cost of production. One of 
the efforts to reduce the cost of production is to use a hybrid 
method. Hybrid Power Plant is a generator that combines 
two or more types of generators into a single unit that is 
connected to the same bus or substation. Then to make 
Hybrid Power Plants have cheaper production costs than 
conventional Diesel power plant by combining Diesel power 
plant and low-cost renewable energy plants [2]. One of the 
efforts to utilize energy sources that have the possibility to 
be developed in Indonesia is solar energy sources. Solar 
energy is an energy source that is environmentally friendly 
and inexpensive, because it does not require fuel for its 
generation. Thus, the penetration of solar photovoltaic is 
deemed necessary to reduce the cost of generating electricity, 
because of the large cost of generating the diesel power 
plant. 

Currently, there are many studies on efforts to improve 
the electricity system by converting conventional PLTD to 
Hybrid power plants in Indonesia, including a study 
conducted by Akbar Bagaskara (2018) with the title scheme 
of hybrid power plant operation patterns, PLTS-PLTD-
Baterai, PLTS penetration rate. high, the case study of bima 
sape, in his research discussed the problem of power stability 

then carried out a simulation to produce the most optimal 
composition of the power plant, namely by reducing the cost 
of generating the system and meeting the criteria for power 
flow, N-1 contingency, short circuit current and transient 
stability. . 

Therefore, in this study, technical procedures will be 
discussed in an effort to optimize the performance of the 
generation system on isolated islands such as Karimunjawa 
Island before using the hybrid method and after using the 
hybrid method and calculating LCOE (Levelized Cos of 
Electricity) and BPP (Cost of production) with several levels 
of penetration, to obtain optimal generation values. The 
value index is calculated to see the system performance, 
namely, loadflow simulation to determine the voltage at each 
end of the feeder and losses, simulation and short circuit 
ratio analysis to determine breaking short-circuit current (Ib) 
or the limit of the current value that can be passed, then for 
simulation frequency stability is to determine the value of 
frequency stability when conditions are intermittent or loss 
of photovoltaic generators at low loads or when the solar 
panels are covered by clouds. 

II.     HYBRID MODEL AND PROBLEM FORMULATION 

A. Hybrid Power Plant 

Understanding Hybrid in general is the use of two or more 
power plants with different sources. The main purpose of a 
hybrid system is basically trying to combine two or more 
sources (generating systems) so that they can cover each 
other's weaknesses and can achieve supply reliability and 
economic efficiency at certain loads [1]. 

Hybrid System (Solar Photovoltaic Power Plant + Diesel Power Plant)  
as Technical Solution to Reduce Electricity Production Cost in Tourist 

Destination Isolated Island 

Case Study Karimun Jawa Island 
Nurmela1,3, S.Sasmono2,3,  N.Hariyanto1, Deny Hamdani1, K.M. Banjarnahor1, T.Rachmilda1, Umar 

Khayam1, Suhardi1, N.I Sinisuka1 
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In this study, a hybrid generator will be used, namely 
by combining solar energy generators and diesel energy 
generators. With a pattern of operation during the day the 
electricity demand will be met by solar energy generators, 
and at night it will be met by diesel energy generators. 
while the battery in this case is only used when the 
condition is intermittent, namely when the solar panel is 
covered by clouds so that the active power drops, and 
when the solar energy generator experiences other 
disturbances. 

The working principle of diesel power plant is the 
engine burns fuel, converts chemical energy into heat 
energy (wasted heat) and rotational energy. The engine is 
attached to an alternator which converts rotational kinetic 
energy into electrical energy. Diesel generators operate 
most efficiently at a given load, generally 65-80% of 
maximum capacity. Island power plants are generally 
designed to meet various demands while keeping the 
generator as close to load as possible [2]. 

Solar panels are devices that can convert solar 
radiation energy directly into electrical energy. The 
calculations to determine the amount of land needed for 
the construction of PLTS, namely: 

𝑉𝑖𝑑𝑐 =
2√2𝑥𝑉𝑢
√3𝑥𝑀𝑎

 (1) 

Where : 
Vidc : Converter output voltage (volts) 
Vu : DC voltage to obtain AC voltage (volts) 
Ma : Modulatiion Indeks 

Then the required number of solar modules in one 
string is: 

𝑁𝑀 =
𝑉𝑖𝑑𝑐
𝑉𝑚𝑝𝑝

 (2) 

Where: 
NM : number of solar modules or solar panels 
Vi : Converter output voltage (volts) 
Vmpp : The maximum output voltage of the solar panel. 

 
While the overall string power is the number of solar 
modules multiplied by the maximum output power of the 
solar panels, mathematically, namely: 

𝑃𝑠𝑡𝑟𝑖𝑛𝑔 = 𝑁𝑀 𝑥 𝑃𝑚𝑝𝑝 (3) 

Where : 
Pstring : Overall string power (Watts) 
NM : Number of solar modules or solar panels 
Pmpp : Maximum power output of solar panels (Watts) 

Then the number of strings in one array and the required 
number of arrays are: 

𝑁𝑆 =
𝑃𝐴

𝑃𝑆𝑡𝑟𝑖𝑛𝑔
 (4) 

𝑁𝐴 =
𝑃𝑝𝑙𝑡𝑠
𝑃𝐴

 (5) 

Then the total PLTS modules needed are: 

TNM = NM x NS x NA   (6) 

Where : 
NS : Number of strings in one array 
PA : Power generated by one array (Watts) 
NA : Number of Arrays required 
Pplts : Power plts (watts) 
TNM : Total PLTS modules needed [2] 

Batteries are another component of Hybrid Power 
Generation. Due to the intermittent nature of renewable 
energy, batteries are needed as a storage medium to 
supply continuous and reliable demand. When sufficient 
renewable energy sources are available, the load will be 
directly supplied by this energy source and excess power 
can be stored in the battery. There are three main 
objectives for the utilization of storage systems in Hybrid 
Power Plants, namely to supply demand with constant 
output, to compensate for the shortage of renewable 
energy when energy loss is instantaneous, as well as to 
operate the system as a detachable unit [2]. 

In transients (milliseconds), the main function of 
storage is to compensate for voltage sag, to improve 
harmonic distortion and power quality, to get rid of 
interference, etc. In a very short time (several frequency 
cycles), storage covers the load during startup, increasing 
system reliability during fault management. The short-
term storage capability (minutes) is to cover the load 
during short-term load peaks, to reduce the need for 
backup generators, and to increase the maintenance 
requirements of fossil fuel generators. In the medium term 
(a few hours) the battery stores the excess energy 
generated by renewable resources. In the long term (eg, 
several hours), storage provides reduced fuel consumption 
and reduced waste of renewable energy, eliminating 
conventional generator backups [2]. 

An important part of the electricity network that is 
connected to the photovoltaic power plant system is the 
DC output converter from the photovoltaic power plant to 
AC to be supplied to the power grid. Inverter is a device 
used to convert DC electricity into AC electricity. 
The efficiency of the inverter, as follows: 

Ƞ =
𝑃𝑜
𝑃𝑖
𝑥100% (7) 

where, 
Po : Active power output (Watt) 
Pi  : Load power maximum (Watt) 
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Inverters that are directly related to the electrical load 
have a working capacity in watts. The determination of 
the inverter capacity must be greater than the maximum 
load that is loaded [3]. Mathematically, they are: 

𝑃𝑖𝑛𝑣 > 𝑃𝑀𝑎𝑘𝑠 𝐿𝑜𝑎𝑑 (8) 

Where, 
Pinv  : Maximum inverter power (watts) 
Pmax Load     : Maximum load power (watts) 

Loadflow Analysis 

Load flow analysis is used to determine voltage, current 
flow, active power and reactive power at various 
points/buses on the power grid under normal operating 
conditions. [2] 

Short Circuit Analysis Ratio 

Short Circuit Ratio (SCR) is defined as the ratio of the 
short-circuited MVA at the interconnection point (before 
generator interconnection) to the MW of the interconnect 
generator. The SCR is used to measure the power of the 
electric power system in relation to the generator 
interconnection. The lower the SCR, the weaker an 
electric power system is. Weak systems become more 
prone to problems when a Hybrid Power Plant with fast 
controller is connected to the mains power system. SCR in 
the range of 2 – 20 is used as a rule of thumb [2]. 

𝐼𝑆𝐶𝑅 =  
𝑆𝑐
𝑃𝑔

 (9) 

Where, 
ISCR : Current that can flow so that the breaker does not 
react (A) 
Sc : Interconnection point apparent power capacity 
(MVA) 
Pg : Interconnect generator active power capacity (MW) 

Stability Analysis 

Stability of the power system is the ability of the power 
system at a certain initial condition to return to a state of 
equilibrium after experiencing a disturbance so that the 
whole system can remain intact. The disturbance in 
question can be in the form of load changes, generator 
disconnection, conductor loss, voltage drop, frequency 
drop, or a combination of some of the disturbances 
mentioned above [2]. 

Frequency Stability 

Frequency stability is the ability of the power system to 
maintain the frequency at a certain value after a 
disturbance occurs. This stability depends on the ability to 
maintain a balance of power in the system by trying to 
remove the load to a minimum. Frequency instability can 
lead to loss of generator and/or load (islanding event) [2]. 

Transient Stability 

Transient stability refers to the ability of the power system 
to maintain stability after a major disturbance such as a 
disturbance in the transmission, the sudden release or 
entry of generators, the sudden release or entry of loads, 
or the occurrence of a number of induction motors 
suddenly starting. As a result of these disturbances, there 
is a large change in the generator rotor angle, power flow, 
bus voltage, and other system variables. This large 
disturbance can cause loss of synchronization between 
generators [2]. 

B. Levelized Cos of Energy (LCOE) 

Measured energy costs or LCOE are similar to the concept 
of energy system returns. However, instead of measuring 
how much is required to cover the initial investment, the 
LCOE determines how much to pay per unit of electricity 
(kWh, MWh, etc). This includes initial capital investment, 
maintenance costs, fuel costs for the system (if any), all 
operating costs and discount rates. The equation of LCOE 
can be seen in the following formula: 

∑ = 1 𝐼𝑡 + 𝑀𝑡 + 𝐹𝑡
(1 + 𝑟)𝑡

𝑛
𝑡

∑ = 1𝑛
𝑡

𝐸𝑡
(1 + 𝑟)𝑡

 (10) 

Where : 
It = Investment in year t 
Mt = Operating and maintenance costs in year t 
Ft = Fuel cost in year t 
Et = Electrical energy produced in year t 
R = Discount rate 
N = system age 

III. METHODELOGY AND HYBRID CONCEPT 

A. Flowchart 

There are several stages in this research, the stages are 
shown in Figure 1. 

B. Hybrid Concept 

The hybrid concept used in this study is the Grid system. 
The Grid system works directly from solar panels without 
using batteries, this system can be directly distributed to 
the load. Electrical energy generated from solar panels is 
DC (Direct Current) electricity, which is then converted 
into AC (Alternating Current) electricity through an 
inverter. The DC current that is converted into AC current 
can be used directly for the load. 

All electricity use during the day is supplied from 
PLTS electrical energy, and at night electricity is supplied 
from PLTD, while when there is an intermittency, the 
battery will work to supply power. 
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Fig. 1. Research Flowchart. 
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Fig. 2. Hybrid concept in Karimunjawa system. 

IV. COMPUTATIONAL AND SIMULATION RESULT 

A. Calculation of Land Area 

This calculation is used to see how much land is needed 
for the construction of PLTS. This land area will affect the 
duration of cloud movement to cover the PLTS, so that 
later the gradient of power loss will be obtained in units of 
time. The DC voltage required to obtain a 0.4 kV inverter 
output AC voltage is : 

𝑉𝑖𝑑𝑐 =
2√2𝑥400
√3𝑥0.9

  

𝑉𝑖𝑑𝑐 = 587.9 𝑉  

The DC voltage obtained is 587.9 V, then the number 
of solar modules needed in one string is : 

𝑁𝑀 =
587.9
37.1

 

𝑁𝑀 = 16 𝑚𝑜𝑑𝑢𝑙 𝑠𝑢𝑟𝑦𝑎 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
The obtained string voltage and power : 

Ps = 16 x 37.1  Ps = 16   x 320 
Ps = 593,6 volt  Ps = 5120 watt 

The number of strings in one array, if one array 
produces 1 MW is : 

𝑁𝑆 =
1000000

5120
  

𝑁𝑆 = 195, 31 ≈ 196 𝑠𝑡𝑟𝑖𝑛𝑔  

 
Total of array is: 

𝑁𝐴 =
0.99

1
  

𝑁𝐴 = 0.99 𝑎𝑟𝑟𝑎𝑦  

Then the total PLTS needed is: 
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TNM = 16 x 196 x 0.99  

TNM = 3104,64  

Land area required for solar modules (plus space for 
maintenance 0.5 m): 

𝐴 =  
3104,64 𝑥 (1.954 +  0.5) 𝑥 (0.982 +  0.5)

10000
 

𝐴 =  1.13 ℎ𝑎 

From the calculation above, it takes an area of 1.13 ha 
to build a solar power plant with a capacity of 0.99 MW 
using 320 Wp polycrystalline material. 

PLTS penetration is assumed to take place in 2022. 
Based on the load curve in December 2018, it can be 
assumed that the load curve in the year of PLTS plant 
development is 2022, assuming an increase in load of 
3.48% per year. In this development, the Karimunjawa 
system reached a peak load of 1.4 MW. 

B. LCOE (Levelized Cost of Electricity) Hybrid 
Generator 

After knowing the development of the power plant in the 
Karimunjawa system, analysis and calculation of LCOE 
can be carried out. The analysis and calculation of LCOE 
is carried out with several penetration scenarios, to get the 
level of optimization of the power plant economically. 

From the figure 3, it can be concluded that the lowest 
LCOE is at 100% penetration with an LCOE value of 
3724,137997 Rp/kWh. 

 
Fig. 3. LCOE Calculation Result. 

 Cost of production or basic cost of generation is the average cost o                                  

C. Karimunjawa System Performance Before Solar 
PHOTOVOLTAIC Power Plant Penetration 

At low load conditions, no loading and stress limits are 
exceeded. For the value of losses from low load this 
system is 1.01%. In this system the only generator that 
operates is PLTD. From this power flow simulation, it is 
known that the generating power is 0.99 MW and the 
loading power is 0.98 MW. 

The simulation results show the Ib value is still 
below 12.5 kA so it is still safe to use CB with a capacity 
of 12.5 kA. 

A hybrid power plant with a cost of production value 
is said to be feasible when the hybrid power plant scenario 
has a lower cost of production than the cost of production 
before the penetration of hybrid power plants. So the 
solution for the Karimunjawa system hybrid power plant 
uses the scenario as shown in Table 1. 
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LEGON BAJAK POWER PLANT
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PLTD LEGON BAJAK 1
1X1.8 MW

AAAC 3X150 mm
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E

D
ER

 2
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0.49 MW
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0.49 MW
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0.387 MW
0.1 MVAR
0.02 Ka
2.7%

0.598 MW
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0.01 Ka
4.1%

 

Karimunjawa Island System
Generation :0.99 MW
Load : 0.98 MW
Losses : 1.01% 

 

Fig. 4. Power Flow at Low Load before penetration. 
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D. Karimunjawa System Performance After PLTS 
Penetration 

1. Power Flow Analysis 

With the penetration of PLTS of 0.99 MW in the 
Karimunjawa system, losses are reduced from the 
condition before PLTS penetration of 1.01% to 1%. 

2. Short Circuit Analysis 

Substation Ib (kA) 
Legon Bajak 0.65173 

KRM1-21 0.64565 

Based on the data obtained after the short circuit 
simulation, the breaker short circuit current (Ib) is less 
than 12.5 kA, so it is still safe for the Karimunjawa 
system. 
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LEGON BAJAK POWER PLANT
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PLTD LEGON BAJAK 1
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0.99 MW

0.4 MW
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0,01 kA
2.7%

0.4 MW
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0,01 kA
2.8%

 

Karimunjawa Island System
Generation : 0.99 MW
Load : 0.98 MW
Losses : 1% MW

 

Fig 5. System Power Flow after PHOTOVOLTAIC mini-grid penetration. 
 
 

3. Frequency Stability Analysis 

In this transient stability analysis, the frequency and 
power of the system will be seen when the generator is 
disturbed. In the case of PLTS, extreme changes in 
radiation are considered as the release of PLTS. So in this 
final project there is a condition to be analyzed, namely 
when clouds cover the solar module suddenly so that the 
PLTS output power drops from 100% to 25% within the 
time determined from the calculation. 
  From the calculation of the land area, it is known 
that the land area for penetration of 0.99 MW is 1.13 ha. 
Assuming that the land area is square then we get: 

𝑠 = �11300𝑚2 = 106,3 𝑚  

  From the climatic conditions on the island of 
Karimunjawa, it is known that the highest wind speed is 

18 m/s. then the gradient of power loss per unit time is as 
follows: 

𝑚 =
0.99

107.24
 𝑥 18  

𝑚 = 0.166 𝑀𝑊/𝑠  

To decrease the power from 100% to 25% it takes time: 

𝑡 = 4.47 𝑠𝑒𝑘𝑜𝑛  

Then the frequency of the system when the power drops 
from 100% to 25% in 4.47 seconds is: 
 

Table 1. Hybrid Generation Solutions in Karimunjawa. 

Capacity 
Hybrid 
(MW) 

Capacity 
PHOTO
VOLTA

IC 
(MW) 

Battery 
(Mah) 

DPP 
(MW) 

LCOE 
(Rp/kWh) 

1,4 0,99 3.3 2 x 2,7 3724,138 
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Fig. 6. Sunlight Radiation decreased by 75%. 

 
Fig. 7. System Frequency when power drops 75%. 

 
Fig. 8. Decrease in PLTS active power (MW). 
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From the frequency fluctuation data above, it can be 
seen that the value of the frequency swing does not exceed 
the Karimunjawa UFR (Under Frequency Relay) limit. It 
can be seen that the frequency touches 49.889 Hz then 
swings up again and then returns to the steady state with a 
frequency value of 49.91 Hz. This means that the 
Karimunjawa system is still in a stable condition. 

The other impact of cloud events covering the solar 
module is a decrease in active power, this is shown in 
Figure 7. In the graph above, it can be seen that the impact 
of the cloud event covering the solar module suddenly, so 
that the irradiation hitting the photovoltaic mini-grid 
module fell from 100% to 25%, causing the photovoltaic 
mini-grid active power to drop from 0.992 MW to 0.138 
MW. 

One of the efforts to keep the frequency from dropping 
beyond the maximum frequency limit is the response of 
the battery. The battery can respond quickly by 

discharging power to supply the load. It can be seen from 
Figure 9 that the battery responds by issuing a power of 
0.746 MW

 

Figure 9. Response the Battery. 
 

V   CONCLUSION 

In this study, the performance of the Karimunjawa 
electricity system before the PLTS penetration was quite 
good with losses of 1.01%. However, because the basic 
cost of generation is quite high, namely Rp. 6500/kWh 
then the solution to reduce cost of production is done, by 
penetrating PLTS. Based on the results of the study, it can 
be concluded that if hybrid power plants are to be 
penetrated, the best composition for hybrid power plants 
is as in table 4.22. The penetration of hybrid power plants 
with this composition shows the feasibility of decreasing 
the system COST OF production, power flow, short-
circuit current levels and transients when the irradiance 
drops from 100% to 25%. 
 According to the research results, Solar 
photovoltaic penetration can be carried out on 
Karimunjawa island, because the simulation shows the 
system performance after PLTS penetration is quite good, 
even losses decrease to 1.00%, besides that the simulation 
results also show the feasibility of power flow, short 
circuit ratio, and intermittency conditions when irradiation 

drops. from 100% to 25% the frequency is still above the 
49.5 Hz limit. 
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Abstract – Renewable energy is a sound alternative for rural electrification because of its ability to resolve resource 
and environmental scarcity especially in an isolated island. A good grasp on its resource availability is essential in 
planning for an island’s sustainable energy system. In this paper, resource assessment is applied to determine the 
viability of renewable energy in Bantayan Island, one of the islands of the archipelagic Philippines. Using geospatial 
data, physical attributes, such as digital elevation maps, slope category and land cover, among others, of the island are 
elaborated. The availability and variability of the renewable resources are then analyzed using remote sensing data. 
Both theoretical and technical potential for both wind and solar energy is also computed. In the end, it is evident that 
both the solar and wind resources in the island are sufficient to cater the island’s future energy needs. Further, 
sensitivity analysis is presented to further validate the said renewable energy projects. This paper highlights the 
effectiveness of remote-sensing data and GIS to assess site-specific energy potential, specifically renewables. Decision-
makers may be aided with this information which can streamline and fast-track the development of cleaner energy in 
remote off-grid areas. 
  
Keywords – Bantayan Islands, Renewable Energy, Resource Assessment, Solar Resource, Wind Resource 
 

 1. INTRODUCTION 

Power projects have major impacts in the livelihood of 
people who don't have access to basic needs such as 
electricity. As an archipelago, the Philippine government 
seeks to attract private investments for its off-grid power 
generation which will allow those island communities to 
have access to electricity at reasonable prices.  
 Renewable energy can be a sound alternative for rural 
electrification for its ability to resolve resource and 
environmental scarcity. In the recent years, rapid increase 
in renewable energy production has been linked to 
hydropower, solar photovoltaic, and wind power 
development. Optimistic scenarios from the world energy 
outlooks predict renewable energy taking up to 66% share 
of electricity generation with a total of 14,000 TWh from 
solar and wind [1]. However, unlike conventional sources, 
power produced from renewable energy sources, such as 
solar and wind, are driven by prevailing meteorological 
conditions that cause them to be intermittent and variable 
both in time and location.  

To capitalize on the technological developments in 
the field of renewable energy as well as reduce 
greenhouse gas emissions of the country, the Philippines 
set out to triple its 2011 renewable energy generation 
capacity by 2030 with a total of 15,304 MW installed 
capacity [2]. To meet this goal, several leaps in the 
different renewable technologies in the country must first 
be addressed. This would include identification and 
evaluation of viable renewable energy resources located 
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throughout the country. 
 Designers of these renewable power projects must 
make strategic decisions towards sustainability. Part of the 
decision-making include technology selection, reasonable 
pricing, public acceptance, and environmental friendliness 
among others. A clear understanding of resource 
availability is critical for determining the most suitable 
deployable technology for a target site and its load 
requirements. 
 Geographic Information Systems (GIS) data are 
instrumental in the development of energy projects [3–5]. 
Further, the effectiveness of one of the free and open-
source software QGIS is demonstrated for its applicability 
for energy development [3,6,7]. 
 In this paper, concepts of resource assessment are 
applied to determine the viability of renewable energy 
implementation for Bantayan Island, Cebu, Philippines. 
This preliminary renewable energy resource assessment is 
aimed at highlighting areas of potential and mount private 
sector interest for validation of simulated resource data. 

2.  METHODOLOGY 

After the target site has been identified, pertinent data 
were gathered from various published documents, both 
from private and government agencies. These data were 
processed to have qualitative and quantitative assessment 
of various renewable energy opportunities for the target 
location. However, it is ensured that the process (see 
Figure 1) involves consideration of the site’s existing 
energy system together with its available natural resources 
in prospect to create a harmonious energy system that will 
maximize the potentials of the islands. This is done 
through different resource assessment techniques 
applicable for the specific renewable energy technology 
identified which has a good resource in the site. Various 
software programs, such as QGIS, are used to aid this 
selection process.  

Solar and Wind Energy Resource Assessment for Bantayan 
Islands  

 
Paula Isabel G. Acebu1*, Billriz E. Condor1, Tristan G. Magallones, Jr.1#, and Harold O. 

Panganoron1  

 

 

mailto:draaa50@hotmail.com


Mastering Energy Supply for Isolated Areas (MESfIA) 2021 International Conference 
31 August to 01 September 2021. Hosted online by the Asian Institute of Technology, Thailand 

94 

 
 

Fig. 1. Methodology. 

2.1 RE Potential Assessment 

 2.1.1.  Solar Energy 

GRASS GIS is utilized in the resource assessment for 
solar energy. GRASS stands for “Geographic Resource 
Analysis Support System” and it is a free and open-source 
GIS (Geographic Information System) software suite used 
for geospatial management and analysis, image 
processing, graphics and maps production, spatial 
modelling and visualization. 
 The annual energy production was calculated based 
on the method proposed by the EPA Green Power 
Calculator [8]. Equation 1 shows the formula used to 
compute the annual energy potential for the mainland and 
several island barangays. 

E = A * r * H * Pr                            (1) 

where, A is total solar panel area (m2) which is estimated 
at around 10% of the available area [9]; r is solar panel 
efficiency (%); H is annual average solar radiation 
received per unit horizontal area (Wh/m2/year); Pr is 
performance ratio, coefficient for losses (range between 
0.5 and 0.9); and, E is annual energy potential (kWh/year) 
 In this study, the total solar panel area was based on 
the total available area that was deemed suitable for solar 
energy development. Equation 2 shows how to compute 
for the available land area in which restricted areas 
include protected in built-up zones based on the land 
cover map data. 

Available area = Total Area - Restricted Areas    (2)          

 The solar panel efficiency of 15.2% was used in the 
study based on 2019 NREL data [10]. Annual solar 
radiation was based on the GHI data collected per island 
from the SOLARGIS database. Performance ratio for the 
system was set at 86% [11]. To calculate the land area 
required to meet energy demands by 2030, 16 GWh was 
assumed for the annual energy potential derived by using 
a forecast of the island’s demand. 

 2.1.2.  Wind 

The software QGIS is utilized to profile the wind resource 
in the site. The wind speed and wind power density at 50 
meters is presented. Additionally, the wind speed 
variability is also investigated using the wind speed index. 

With these data, the wind resource theoretical potential for 
the Bantayan Islands is identified. 
 For the assessment of technical potential, the Unison 
U50 model wind turbine was used. The 50-m wind turbine 
is rated at 750kW and has a rotor diameter of 50-m with a 
swept area of 1,964 m2. Power generation of the turbine 
begins with a cut-in wind speed of 2.5 m/s, rated power is 
reached at 13 m/s and cuts-off at 25 m/s [12]. 
 The technical potential of wind energy, in this report, 
was derived from Equation 3 [13]. The annual energy 
production is solved from the values of wind power 
density per island that were collected from the Global 
Wind Energy atlas. Swept area for the U50 model wind 
turbine of 246.49 m2, and power percentage equivalent to 
the Betz Limit of 0.593 was considered [14]. 

𝐸𝑖 = 𝐷 ∗ 𝐴 ∗ 𝐶𝑝 ∗ 𝑛 ∗ ℎ 𝑒                       (3) 

wherein, 𝐷 is wind power density (W/m2); 𝐴 is the swept 
area of the wind turbine (m2); 𝐶𝑝 is the percentage of 
power which can be extracted from the wind represented 
by the Betz Limit; 𝑛 is the number of wind turbines for 
every 1km2 grid; and, ℎ𝑒 is the effective hours the turbine 
works 

𝑛 = 𝐴𝑖
(5∗10∗𝜑2)

    (4) 

ℎ𝑒
ℎ𝑜

= exp �−�𝑣𝑐𝑢𝑡 𝑖𝑛𝐶 �
𝐾
� − 𝑒𝑥𝑝 �−�

𝑣𝑐𝑢𝑡 𝑜𝑓𝑓
𝐶 �

𝐾
�   (5) 

 The number of turbines per grid area and number of 
hours of effective operation was calculated using 
equations 4 and 5, respectively, where rotor diameter (𝜑) 
is 50 m and total hours per year ( ℎo) is 8760. Shap   
scale parameters were generated using hourly wind speeds 
per month dataset by fitting a Weibull distribution using 
the “fitdistrplus” library from RStudio software. As 
elevations are mostly on the lower for the island of 
Bantayan, effects of terrain to the wind speeds are 
assumed to be minimal. 

 3.  CASE: BANTAYAN ISLAND 

3.1 Geographic Location 

Bantayan Island, as shown in Figure 2, is an island 
situated in the northern part of Cebu province. It is home 
to 120,447 inhabitants and comprises three municipalities, 
namely, Bantayan, Madridejos, and Santa Fe. Overall, the 
total land area is 136.11 square kilometers. 

3.2 Basic Physiography 

The following maps show the topography of bantayan 
island. The elevation model (see Figure 2) indicate that 
Bantayan island is mostly level to undulating in elevation. 
Most of Bantayan island’s elevation is below 10 meters in 
height and there is only one rolling to hilly elevation at 
Barangay Atop-atop with a height of 26 meters. The 
topography and land cover maps are useful references for 
identifying locations that are suitable for renewable 
energy development. The slope category layer from 
National Mapping and Resource Information Authority 
(NAMRIA) presents the geographic information of the 
steepness of the terrain. There are six categories for the 
different slope characteristics. For Bantayan island, the 
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surface is mostly level to undulating with a steepness of 0 
to 8%. In the middle of the island, there is one rolling to 
hilly area at barangay Atop-atop with a steepness of 18 to 
30% Based on the land cover layer (shown in Figure 3) 
interpreted from Landsat 8 data, perennial and annual 
crops cover most of Bantayan Island. There are also built-

up areas along the shoreline as these are the sections 
where the population is denser. Meanwhile, brush and 
shrubs cover most of the hilly elevation at Barangay Atop-
atop and the smaller islands of Hilantagaan and 
Kinatarkan..

  

 
Fig. 2. Elevation Model of Bantayan Island. 

 
Fig. 3. Land Cover of Bantayan Island. 

 

3.3  Socio-Economic Conditions 

Bantayan island's major source of income is from fishing 
and poultry. Salted fish, dried fish, and chicken eggs are 
produced in great quantities and are distributed to 
mainland Cebu, Visayas, Manila, and Mindanao. Aside 
from the exportation of its agricultural products, Bantayan 
island is also known as a tourist destination for its white 
sand beaches. 

3.4  Existing Energy System 

The electrification of Bantayan Island is currently met by 

the island’s local electric cooperative, Bantayan Island 
Electric Cooperative, Inc. (BANELCO).  The island’s 
current supply of energy comes from multiple diesel 
power plants located throughout the group of islands. The 
mainland’s power supply is provided by Bantayan Island 
Power Corporation (BIPCOR) while the island barangays 
such as Kinatarcan, Botigues, and Hilantag-an are 
powered by National Power Corporation – Small Power 
Utility Group (SPUG) and the province of Cebu. There 
are 3 substations serving these three major islands as 
shown in Figure 5.  
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Electricity demand of the island is primarily 
composed of residential, industrial, and commercial 
consumers. Industrial and commercial consumers include 
agriculture and livestock infrastructures and the tourism 
industry of the island. With the growth of the island’s 
tourism and agriculture sector, growth in the island’s 
energy demand is to be expected.  

As of writing this paper, there has been no energy 
service contract awarded for the development of solar, 

wind, hydropower, coal, and petroleum development in 
the island of Bantayan according to the Geoportal 
Philippines Database. However, it is estimated that total 
energy consumption would increase by 16% by 2030 [15] 
and would require additional installed capacity of up to 
9.7MW in power generation considering known capacity 
factors of both wind and solar power plants. 

 

 

 
Fig. 4. Bantayan Island Existing Distribution Lines [11]. 

 

4. IDENTIFICATION OF RENEWABLE 
SOURCES IN BANTAYAN INSLAND 

4.1 Solar Resource 

Solar radiation is a site-specific meteorological parameter 
that influences the solar electricity generation for 
photovoltaic power systems. Due to temporal and spatial 
solar resource variations, it is critical to provide reliable 
information on the targeted site [16]. For this section, the 
means for obtaining solar resource estimations is through 
cloud imagery, weather satellite observations, weather 
prediction models, or solar duration records from Solargis 
and Global Solar Atlas. Solargis and Global Solar Atlas 
are open-access central repositories for GIS layers on 
solar energy resources [17]. These sources of solar data 
provide high-quality performance of satellite-to-irradiance 
models and updates on atmospheric parameters for a more 
conclusive analysis [18]. More detailed datasets may be 
needed for project development, nonetheless, the 
following datasets used in this paper are sufficient for 
highlighting areas with high potentials for solar energy 
and need further prospecting. 

This section seeks to provide a basic solar resource 
assessment for Bantayan Island in Cebu. Solar radiation 
parameters such as global horizontal irradiation, direct 

normal irradiation, and diffuse horizontal irradiation are 
discussed in Section 4.1.1, 4.1.2, and 4.1.3. 

4.1.1. Global Horizontal Irradiation (GHI) 

Global Horizontal Irradiance refers to the total solar 
radiation. This quantifies both the direct and diffuse 
horizontal irradiance [19]. It takes into consideration the 
solar radiation normal to the sun and diffuse radiation 
reflected by the clouds and atmospheric aerosols [20]. 
Global horizontal irradiance serves as the most important 
measurement for determining resource availability for flat 
plate modules as it provides the total energy estimate from 
the sun and sky on a horizontal surface.  

The long-term average annual global horizontal 
irradiation distribution for Bantayan island is displayed in 
Figure 5. The following map shows the annual averages of 
the daily sums of GHI from 2007 to 2018 with spatial 
resolution of 9 arc-sec. The daily totals of the global 
horizontal irradiation ranges from 4.075 to 6.6 kWh/m2. 
The lowest GHI is measured in January, while the highest 
GHI is measured in April (Figure 6). Meanwhile, the total 
annual GHI is 1922 kWh/m2. GHI estimations from 
Solargis have some level of uncertainty due to limited 
validations for regional models. Uncertainty estimations 
range from 3 to 10%. 
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Fig. 5 Annual Sum of Global Horizontal Irradiation (kWh/m2). 

 
Fig. 6 Daily Averages of the GHI. 

 

4.1.2. Direct Normal Irradiation (DNI) 

Direct Normal Irradiance (DNI) refers to the total amount 
of solar radiation from the sun's path [19]. It is the 
component of solar radiation that is oriented perpendicular 
to the sun’s surface [20]. Direct Normal Irradiance 
measurements are very essential for determining the 
resource availability for concentrated solar collectors.   

The long-term average annual direct normal 
irradiation distribution for Bantayan Island is displayed in 
Figure 7. The following map shows the annual averages of 

the daily sums of DNI from 2007 to 2018 with spatial 
resolution of 9 arc-sec. The daily totals of the direct 
normal irradiation ranges from 3.303 to 6.292 kWh/m2. 
The lowest DNI is measured in January, while the highest 
DNI is measured in April. Meanwhile, the total annual 
DNI is 1595 kWh/m2. 

DNI estimations from Solargis have some level of 
uncertainty due to limited validations for regional models. 
Uncertainty estimates range from 6 to 15%. 
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Fig. 7 Annual Sum of Direct Normal Irradiation (kWh/m2). 
 

4.1.3. Diffuse Horizontal Irradiance 

Diffuse Horizontal Irradiance refers to the radiation 
component that targets a specific point in the sky, 
excluding circumsolar radiation [19]. It is the solar 
radiation that is scattered back by clouds and atmospheric 
aerosols [20]. Diffuse horizontal is an important parameter 
to consider for the calculation of solar electricity produced 
from photovoltaic modules [16]. 

For Bantayan island, the daily totals of the diffuse 
horizontal irradiation ranges from 1.869 to 2.459 kWh/m2. 
The lowest DIF is measured in December, while the 
highest DIF is measured in July. Meanwhile, the total 
annual DIF is 778 kWh/m2. 

4.1.4. Other Solar and Meteorological Parameters 

Global Tilted Irradiation 

Global Tilted Irradiation refers to the conversion of the 
global horizontal irradiance to the solar irradiance 
measured on a tilted surface [20]. This parameter is 
important for determining the optimal total radiation 
received from adjusting the flat plate normal to the sun.   

Based on the annual averages of the daily sums of 
GTI from 2007 to 2018 with spatial resolution of 9 arc-
sec, the daily totals of the global tilted irradiation ranges 
from 4.439 to 6.551 kWh/m2. Meanwhile, the total annual 
GTI is 1953 kWh/m2. 

 Optimal Tilt of PV modules 

For practical applications, flat plate modules are generally 
tilted towards the sun rather than being parallel to the 
ground. This is because changing the orientation of the 
module will allow for higher global irradiance flux. 

With spatial resolution of 120-arc seconds, 
bantayan island shows an optimum tilt range from 11 to 
12o. 

4.1.5 Solar Energy Potential 

For computation and assessment of annual energy 
potential, available areas and annual solar irradiation were 
estimated using collected GIS data and formulae gathered 
from different literatures. 

The available area was computed by deducting the 
restricted areas that were unfit for renewable energy 
development to the total land area for each major island. 
The total and restricted areas for this study were collected 
from the 2015 Land Cover Map for Visayas from the 
Geoportal Philippines dataset. Restricted areas for this 
assessment include protected zones such as mangrove 
forests, marshes, and inland waters. Locations that were 
covered with man-made structures and aquaculture such 
as built-up areas and fishponds were also excluded from 
the available areas for energy development. In summary, 
available area for renewable energy development ranges 
from 48 - 94 % of the total available area for the islands. 

The average global horizontal irradiation was used 
to calculate the annual radiation received by the islands of 
Bantayan. An average of 5.26 kWh daily global horizontal 
resulted in an annual irradiation of 1,920 kWh/sq.m/year. 
Table 1 shows the annual energy potential of each island 
wherein mainland Bantayan Island exhibited a theoretical 
energy potential of 2.37 TWh per year. 
 To meet the energy demand forecast of the island 
which would require an additional energy production of 
16,526,979 kWh by 2030, around 656,951 sq.m of land 
area would be required for solar energy development 
considering 15.2% PV efficiency, 86% performance ratio, 
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and a capacity factor of 25% for the solar power plant. 

4.2 Wind Resource 

Wind data is mapped through the Global Wind Atlas. 
Global Wind Atlas is an open-access central repository for 
GIS layer on wind energy resources [17]. It is a joint 
project of the Technical University of Denmark and 
World Bank Group. Global Wind Atlas provides access to 
an online Geographic Information System (GIS) for 
obtaining wind data estimates for energy potentials [21]. 
The online platform is also equipped with dedicated tools 
for energy production calculations. Its goal is to assist 

policy makers, planners, and private investors in finding 
areas with good wind resources for power generation. 

Wind energy analysis must be supported with in-
depth spatial planning analysis that considers topography, 
land use, population density, grid distance, and site 
accessibility. A more comprehensive analysis may be 
needed for project development, nonetheless, the 
following datasets used in this paper serves as a 
preliminary wind resource assessment phase prior to the 
installment of wind and other meteorological 
measurement devices on the target location.  

Table 1. Solar Energy Potential. 
Location Total Area 

(km2) 
Available Area 

(km2) 
Annual Irradiation 

(kWh/m2/year) 
Technical Potential 

(GWh/year) 

Bantayan Island 108.77 94.23 1924.502 2,370.55 
Hilantagaan 
Island 

4.21 3.8 1910.258 94.89 

Kinatarkan Island 8.97 8.52 1917.197 213.52 
Botigues Island 1.06 0.51 1900.03 12.67 
Doong Island 3.68 2.17 1909.162 54.16 
Lipayran Island 1.48 1.2 1903.683 29.86 

 
 

 
Fig. 8. Wind speed. 

 
 

4.2.1. Wind Speed 

The long-term average wind speed distribution for 
Bantayan Island is displayed in Figure 8. The following 
map shows wind speed reanalysis data from 2008 to 2017 
with spatial resolution of 1 km x 1 km.  The spatial 
resolution of the reanalysis dataset from Global Wind 
Atlas is higher than other sources [17]. 

Bantayan island has a wind speed range of 5.14 to 
5.65 m/s. These lower wind speeds are applicable for rural 
power applications. According to the wind power 
classification, these values are considered as moderate to 

good. 

4.2.2. Wind Power Density 

The wind power density is the best indicator for 
determining the level of wind resource. It is expressed in 
watt per square meter. It takes into consideration the wind 
speed frequency distribution, the dependence of the wind 
power on air density, and the cube of the wind speed [22]. 

The long-term average wind power density 
distribution for Bantayan island is displayed in Figure 9. 
The following map shows wind power density reanalysis 
data from 2008 to 2017 with spatial resolution of 1 km x 1 
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km.  
The wind power density of Bantayan island ranges 

from 180 to 230 watts per square meter (W/m2). For rural 
power applications, these values are considered as 
moderate to good. As seen on the map, the power density 
is mostly uniform for Bantayan Island. This makes sense 
because Bantayan has a mostly flat orography. 

Notably, the most ideal wind resources are usually 

from areas with a close proximity to the coastline. These 
resources are also affected by the target site's latitude and 
height. Generally, the ideal wind resources are those 
located in the north and northeast, and in contrast, the 
south and southwest are the worst wind resources [22]. As 
seen on the map, the power density is higher in the 
northern areas where latitude is higher. 

 
Fig. 9. Wind Power Density. 

 

 
Fig. 10. Monthly Wind Speed Variability. 

 

4.2.3. Wind Speed Variability 

The wind speed index is defined as the ratio between the 
current hourly, monthly, and annual wind speed output to 
the long-term average [23]. It applies the measure-
correlate-predict method by averaging the energy yields 
and disregarding the directional wind distribution [21]. 
The wind speed index determines whether the changes in 
the energy produced are from inefficient wind turbine 
performance or from low wind speeds. Thus, it is a unit 
used for predicting energy yield of a proposed wind 

turbine [24] 
The monthly wind speed variability graph in Figure 

10 is visualized by plotting the monthly mean wind speed 
index over the course of one year. The reanalysis data for 
the graph is collected from 2008 to 2017.  

Generally, atmospheric wind motion is driven by 
differential heating in the tropics and higher latitudes. 
Since differential heating is more pronounced during the 
cool season from November to February, atmospheric 
motion is greater and stronger winds are generated. 



Mastering Energy Supply for Isolated Areas (MESfIA) 2021 International Conference 
31 August to 01 September 2021. Hosted online by the Asian Institute of Technology, Thailand 

101 

During this time, the maximum monthly wind speed index 
is 1.5. In contrast, during the hot and dry season of March 
to May where differential heating is weaker, the winds 
generated become slower and this reflects a minimum 
wind speed index of 0.65. When the rainy season of June 
to October hits, the wind speed begins to increase again 
and the wind speed index increases as well. This is 
because at high column relative humidity, faster wind 
speeds are closely linked to high precipitation [25]. Thus, 
in the monthly wind speed variability shown in Figure 10, 
the wind speed index is most stable in January and least 
stable in June.  

4.2.4 Wind Energy Potential 

For the assessment of wind energy potential, the suitable 
land used for solar energy potential evaluation was 
retained. As shown on Table 2, mainland Bantayan 
exhibited the highest technical potential of 1.25 
TWh/year. The overall wind energy potential for the 
region where the mainland and its constituent island 
barangays are included is 1.48 TWh per year. In general, 
areas with high wind power density are located within the 
northeastern portions of the islands which would be able 
to receive strong winds from the eastern portions of the 
region. The northernmost island of Kinatarkan showed the 
highest potential density with over 15.8 GWh/km2 of 

potential wind energy generated annually. However, due 
to the less available area for renewable energy in 
Kinatarkan the technical potential of the island is 
relatively lower to the mainland’s. 

Using the data presented on Table 2, an estimated 
area for wind energy project development required to 
address the island’s energy demand was determined. 
Preliminary investigations showed that around 1.24 km2 
of mainland Bantayan must be allocated to meet the 16.5 
GWh additional energy demand by 2030. This would 
require roughly 10 wind turbines spread throughout the 
zones with high wind power density.  

Overall, the renewable energy potential of wind and 
solar energy is sufficient for addressing the growing 
electricity needs of the islands. A total of 22.71 TWh of 
technical potential for solar and wind was calculated for 
the island of Bantayan. The large gap between the solar 
and wind energy technical potential is also apparent from 
Zhang et al.’s work [13] where technical PV potential of 
384 TWh/year far exceeds the 125 TWh/year technical 
wind potential in the city of Zhangjiakou [13]. The large 
difference between solar and wind technical potential 
observed in this study is attributed to lower wind speeds 
located in the region and the low rated capacity of the 
turbine model used for the assessment. 

 
Table 2. Wind Energy Potential. 
Location Total Area (km2) Available Area (km2) Technical Potential Density 

(GWh/km2/year) 
Technical Potential 
(GWh/year) 

Bantayan 
Island 

108.77 94.23 13.31 1,254.60 

Hilantagaan 4.21 3.8 13.17 50.05 
Kinatarkan 8.97 8.52 15.80 134.62 
Botigues 1.06 0.51 10.81 5.52 
Doong 3.68 2.17 11.00 23.89 
Lipayran 1.48 1.2 10.21 12.26 

 
5. SITE SUITABILITY 

For wind power plants, aside from the technical potential 
of the wind as the main driver for the construction of the 
wind farm, additionally, wind farm sites should be 
proximate to the existing power grid system and roads. 
Moreover, the presence of mild slopes, rather than a steep 
area, is more convenient for the construction of the wind 
farm. Most of these criteria are present in the islands.  

A similar requirement for the terrain for the solar 
farm is needed. In fact, large solar farms require flat 
terrain or relatively steep slope facing south with less than 
a 5% graded slope. The island having 0-8% slope in most 
areas, is indicative of relatively good sites for solar power 
plants. The solar resource potential being the most 
important factor for the suitability of solar power plants, 
additional geographic variables such as land cover and or 
vegetation that increase shade, access to highways for 
repairs, population density and location of transmission 

lines are also needed to be considered.  
Aside from the suitable sites, the Department of 

Science of Technology’s (DOST) project NOAH 
(National Operational Assessment of Hazards) also 
published the landslide susceptibility map (see Figure 11) 
which affirms that most of areas of the island are less 
susceptible to landslide with low hazard aside from the 
hilly middle part. 

Figure 12 also shows the land use of the island 
showing a large cropland in the island, except the hilly 
middle part. The road network shown also depicts a good 
road network connecting the built-up areas in the island. 
The island also has one substation located in the central 
part of the main island and other two substations are in 
two major islets of the area. The existing distribution lines 
also proves that most areas are catered with the major 
lines of BANELCO even in the islets around the major 
island. 
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Fig. 11. Bantayan Island Landslide Susceptibility Map. 

 

 
Fig. 12. Bantayan Island Land-Use. 

6. ENVIRONMENTAL AND SOCIAL IMPACTS 

Solar energy is one of the prospected renewable energy 
sources with high potential for the island. The installation 
of solar PV farms in the site entails a need of a significant 
amount of land to be converted from being a crop-land to 
be used in the solar farm. Although the potential for solar 
PV farms in the island is high, a total of 263,106 m2 of 

land area will be needed to meet the demand for 2030 in 
the island. This is considerably large for an island set-up 
where the land resource is limited. This will mean that 
some of the agricultural land will be converted for energy 
use. With the agricultural products being one of the major 
products of the island, the presence of solar power plants 
may lessen the income of the area from its produce. 
However, strategic selection of land area may justify its 
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installation. Also, since the island is also well-known for 
its beaches and tourism as one of the economic drivers of 
the island, the presence of solar power plants can be a 
potential tourist destination which can gain the interest of 
the travelers. The presence of solar power plants also 
means more jobs for the locals on the island. 

Wind farms are generally regarded as a source of 
electricity which has some of the lowest environmental 
impacts. These have small footprints which allow natural 
habitats to continue under these large blades. Human 
economic activities are also observed to have continued its 
daily routines even with the presence of the wind 
generator. The land underneath these generators can still 
grow agricultural crops and may still be productive. Even 
wildlife can still flourish despite little disruptions. On the 
average, wind farms leave 98% of the land undisturbed. 
This is a good indication for island energy systems where 
land is precious. Given the scarcity of land area in 
Bantayan Islands, this can be an attractive alternative. 

Social acceptability remains a challenge for these 
renewable sources of energy as reported by the country’s 
Department of Energy. The government continually 
makes efforts to educate the public in the pursuit of 
creating a harmonious community co-existing with these 

alternative sources of energy. Landmark laws (such as the 
Renewable Energy Act of 2008) are promulgated to 
accelerate the development of these renewable energy 
sources in the country to achieve energy self-reliance and 
to reduce the country's dependence on fossil fuels. 

7.  VALIDATION 

With the proliferation of fossil-fueled generation in the 
island, the development of renewables will be more 
beneficial if these conventional plants will be replaced. 
Based on the computed potential of solar and wind 
resources in the island, both can be a viable option to 
replace such projects. 

Additionally, a sensitivity analysis on the technical 
potential of both wind and solar energies using one 
variable at a time to determine the influence of the 
parameters used in this study to the estimated annual 
energy production.  

The sensitivity of the technical potential of solar 
energy to Area Factor, Solar Irradiance, and PV efficiency 
are shown on Figure 13. When the area factor is increased 
from 10% to 15% of total available area, an additional 
1.185 TWh of annual energy is observed.  
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Fig. 13. Sensitivity of Solar Technical Potential to a) Area Factor, b) Solar Irradiance, and c) PV Efficiency. 

Likewise, a proportional increase and decrease is 
also observed for technical potential of about 2.28 TWh to 
2.49 TWh when for solar irradiance is at 95% and 105%, 
respectively. For PV efficiencies, values from 4% to 28% 
representing the efficiencies of different types of solar 
panels were evaluated [26]. A technical potential of 4.37 
TWh can be reached when solar panel efficiency is at 
28%.  

On the other hand, the effects of wind power 
density, power percentage, and number of wind turbines 
to the technical potential of wind energy are shown on 
Figure 14. Similar to the effects observed in solar 
irradiation to the technical potential of solar energy, a 5% 
increase in wind power density also causes an additional 
annual energy production of up to 62 GWh.  

For the power percentage, a decreasing increment of 
10% from the maximum theoretical power conversion 
represented by the Betz Limit is evaluated. For every 10% 
decrease in power percentage, a deduction of 211 GWh in 
annual energy production is observed.  

Lastly, the influence of the number of turbines 
located within the 1-km2 grid assumed in this study is 
assessed. An additional turbine for every 1-km2 increases 
the annual energy production by 156 GWh. However, for 
this analysis, the effects of multiple turbines are neglected 
and more accurate estimates would require additional 
strong theoretical investigation as to how these turbines 
would interact with each other. 
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Fig. 14. Sensitivity of Solar Technical Potential to a) Wind Power Density, b) Effective Hours of Operation, and c) No. of 

Turbines per km2. 

8.  CONCLUSIONS 

This paper presents an analysis on the physiological 
characteristics of Bantayan Island and its potential for 
renewable energy supply system through a systematic 
assessment. The gathered geospatial data from reliable 
sources such as publicly available websites and various 
government and private agencies were processed and 
analyzed to investigate the availability of wind resource 
and solar resource as a potential source of electricity for 
the island.  

Cognizant of the fact that the site selected is an 
island and has limited resources, the physical attributes, 
such as digital elevation maps, slope category and land 
cover among others, of the island are elaborated. The 
existing energy system of the selected location is also 
delved into. The availability and variability of the 
renewable resources are then analyzed using the remote 
sensing data. Both theoretical and technical potential for 
both wind and solar energy is computed using appropriate 
formulae.  

It was found out that to meet the energy demand 
forecast of the island, which would require an additional 
energy production by 2030, around 656,951 m2 of land 
area would be required for solar energy development 
considering 15.2% PV efficiency, 86% performance ratio, 
and a capacity factor of 25% for the solar power plant. 
Preliminary investigations also showed that around 1.24 
km2 of mainland Bantayan must be allocated for the wind 
farm to meet the 16.5 GWh additional energy demand by 
2030. This would require roughly 10 wind turbines spread 
throughout the zones with high wind power density.  

Based on these figures, it can be deduced that both 
the solar and wind resources in the island are sufficient to 
cater its future energy needs. The site suitability and its 
various effects on the environment are also presented to 
further justify the inclusion of renewable energy sources 
in the energy mix of the site which is presently dominated 
by high-cost fossil-fueled thermal generators.  

Sensitivity analysis is presented to further validate 
the said renewable energy projects. Moreover, this paper 
highlights the effectiveness of the remote-sensing data and 
GIS to assess site specific energy potential, especially 
renewables. With proper data processing and analysis, 
future investors may be aided with this information which 
can streamline and fast-track the development of cleaner 

energy in remote off-grid areas, such as Bantayan island. 
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Abstract – An environmentally friendly and economical electricity supply is crucial for a small isolated island's energy 
resilience, such as Komodo Island. Solving this problem requires an economic local energy resource, such as wind 
energy, to substitute fossil energy. Unfortunately, the wind speed uncertainty becomes a problem for choosing the 
optimal small wind turbine for the Komodo island. Therefore, this research aims to obtain the optimal small wind 
turbine for Komodo island by considering the wind speed uncertainty. Monte Carlo simulation models the wind speed 
uncertainty. Mixed-integer linear programming is used to choose the optimal small wind turbine. This research uses 16 
small wind turbine types from various brands with varying techno-economic parameters as the candidates for 
replacing the diesel power plants. The results show that neglecting the wind speed uncertainty produces an over-
optimistic result. By considering the windspeed uncertainty, the SWT 3 kW is the optimal small wind turbine. The total 
unit of SWT 3 kW is 22 units with a total capacity of 66 kW. The SWT has an average LCOE of 0.135 USD/kWh and 
provides an average saving of 85,917 USD during its lifetime and an average CO2 emission reduction of 66.76 tons 
per year. 
  
Keywords – Emission reduction, Monte Carlo simulation, Small isolated island, Small wind turbine, Wind energy 
uncertainty. 
 

1.  INTRODUCTION 

Fulfilling electricity demand in small isolated islands is a 
challenge. The location is remote and separated from other 
areas, making interconnection options challenging to be 
implemented [1]. In addition, many of these islands still 
depend on the fossil energy supplied from other regions 
[2]. This dependency creates a problem with their energy 
resilience. For example, when extreme weather happens 
and disrupts fuel shipping, the electricity supply is 
interrupted by the lack of fuel. 

The low electricity demand makes the required 
power plant and the fuel are also small. This makes the 
power plant have a high levelized cost of electricity 
(LCOE). The high LCOE is due to the economy of scale 
from power plant investment costs and fuel transportation 
costs. Apart from economic factors, environmental factors 
also need to be considered in developing the small isolated 
island's power plant. The narrow area makes this area 
unable to use power plants with high CO2 emissions 
because it significantly affects the people's life quality. 

Unfortunately, many of these islands have used 
fossil power plants with high LCOE and CO2 emission, 
for example, Maldives [2] and Komodo island [3]. The 
electricity demand on these islands is supplied from diesel 
power plants whose fuel depends on other regions. These 
islands are also an international class tourist attraction; 
hence CO2 emissions from diesel power plants are 
unsuitable. Unlike the Maldives, Komodo Island does not 
yet have a good electricity system. The electricity network 
first entered Komodo Island in 2017 and only operated for 
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12 hours due to the power plants' limited capacity. It could 
operate for 24 hours starting July 2020 since the new 
power plants addition. All power plants operating in 
Komodo island are diesel power plants with a total 
capacity of 300 kW.  

In addition, the high-speed diesel (HSD) of Sumba 
island is supplied from Balikpapan refinery and Cilacap 
refinery, through Manggis and Ende terminal, as shown in 
Figure 1. Figure 1 shows that the supply chain of HSD in 
Komodo island is vulnerable to extreme weather, which 
disrupts HSD shipping. Therefore, clean and economical 
alternative energy is required based on local energy 
resources to support its energy resilience. 

 
 

Fig. 1. HSD supply chain of Komodo island. (source: 
Pertamina, a government utility in the energy sector) 

Renewable energy is a promising alternative energy 
for small isolated islands like the Komodo island because 
it sources close to the demand [4]. Wind energy is a 
potential local energy resource that can be developed in 
Komodo island. However, wind energy has a problem 
with wind speed uncertainty, as shown in Figure 2. Figure 
2 shows the 2019 wind speed data in Komodo island. The 
wind speed is uncertain and fluctuates depending on the 
weather. This uncertainty becomes a problem for wind 
energy development in Komodo island. The problem 
arises when choosing the optimal small wind turbine 
developed on this island. A mistake in choosing the small 
wind turbine has an impact on the capacity factor and its 
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economy. Therefore, researching the optimal small wind 
turbine for small isolated islands, especially the Komodo 

island, is required by considering wind speed uncertainty.  

 

 
Fig. 2. The 2019 wind speed data in Komodo island [19]. 

 

Many studies on the use of wind energy to generate 
electricity have been carried out. For example, I. Melo et 
al. [5] was calculated electricity production from wind 
turbines and calculated its economy using one-year wind 
speed data. In contrast to I. Melo et al. [5], N.H. Samrat et 
al. [6] used the monthly average wind speed in one year to 
calculate the electricity production of wind turbines. 
Meanwhile, D. Pelupessy and F. Manuhutu [7] used the 
annual average wind speed to calculate wind turbines' 
electricity production. Finally, S. Ali and C.M. Jang [8] 
used the annual average wind speed and Weibull 
distribution to obtain a detailed wind speed profile from 
the annual average wind speed. 

These previous studies have one thing in common, 
i.e., there is no uncertainty analysis of the wind speed, and 
the data range used is one year. However, these simplified 
assumptions on wind speed data produce an inaccurate 
wind turbine generation profile and inaccurate economic 
analysis. On the other hand, a more extended wind speed 
data range provides modelling of electrical energy 
generation closer to reality [9]. Therefore, in carrying out 
the economic analysis of wind turbines, it is necessary to 
use the wind speed data for a more extended period and 
consider wind speed uncertainty. In addition, the wind 
speed profile and its uncertainty affect the type of small 
wind turbine used. Therefore, this research conducts the 
economic analysis and optimization to obtain the optimal 
small wind turbine for the Komodo island by considering 
wind speed uncertainty to support its energy resilience. 

Choosing the optimal small wind turbine is based 
on optimization using mixed-integer linear programming 
(MILP). The MILP is chosen because it is a well-known 
method that its validity has been proven [10]. In addition, 
the number of small wind turbine units is an integer. 
Meanwhile, considering the wind speed uncertainty 
impact on wind turbine's energy production and 

economics requires a method that can model and solve the 
uncertainty problem. Some methods that can be used to 
solve the problem are Multiple scenarios [11], Two-point, 
Taguchi's orthogonal array testing, and Monte Carlo 
simulation [12]. Monte Carlo simulation provides better 
accuracy to model the uncertainty problem using a large 
iteration number [13]. In addition, the Monte Carlo 
simulation was successfully used to model the solar 
irradiation uncertainty problem in [14]. Some other 
studies used the Monte Carlo simulation to model 
renewable energy supply uncertainty [15], [16]. Therefore, 
this research uses the Monte Carlo simulation to model 
and solve the wind speed uncertainty problem. 

This research aims to obtain the optimal small wind 
turbine for Komodo island by considering wind speed 
uncertainty. The optimal small wind turbine is used to 
replace the diesel power plants. The optimality of small 
wind turbines can be shown from the cost-saving and CO2 
emission reduction. The wind speed uncertainty is model 
using the Monte Carlo simulation. In addition, this 
research develops two scenarios, i.e., uncertainty scenario 
and average scenario, to show the crucial role of wind 
speed uncertainty in economic analysis and optimization.  

The uncertainty scenario uses hourly wind speed 
data from 2009 to 2020 so that the modelling results are 
closer to reality. Based on these wind speed data, the wind 
speed uncertainty can be modelled using Monte Carlo 
simulation. This research conducts 250 iterations to keep 
the Monte Carlo accuracy. The average scenario uses 
monthly average wind speed in one year to conduct the 
economic analysis and optimization. In this scenario, the 
economic analysis and optimization are carried out 
without considering the wind speed uncertainty. 
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The problem that often arises in the development of 
wind turbines in Indonesia is the sustainability of its 
operation. Many wind turbines in Indonesia have stopped 
operating due to storage problems. In addition, the storage 
is a part that has a shorter lifetime compared to other wind 
turbine construction components. When the storage 
requires maintenance or replacement, it cannot be solved 
quickly because of the remote location, incapable human 
resources in the wind location, and the availability of the 
spare part. Therefore, this research uses a small wind 
turbine without storage. 

The research contribution is a model that can be 
used to analyze the impact of wind speed uncertainty on 
the economics of small wind turbines and conduct an 
optimization based on MILP to obtain the optimal small 
wind turbines. In addition, based on the authors' 
knowledge, this is the first research that analyzes the 
optimal small wind turbines for Komodo island by 
considering the wind speed uncertainty. 

 
 
 

 

It is hoped that these research results can be used to 
supply the electricity demand in Komodo Island 
economically, cleanly, and based on local, hence the 
tourism sector and the community's economy are not 
disturbed. The rest of this paper is structured as follows. 
Section 2 describes the research method. Section 3 
describes the data and assumptions of this research. 
Section 4 discusses the research results, and the last 
section, Section 5, describes this research's conclusions. 

2. RESEARCH METHOD 

This research is conducted following the flowchart, as 
shown in Figure 3. This research begins with data 
collection, such as hourly wind speed data, monthly 
average wind speed data, the techno-economy parameter 
of the small wind turbine, the electricity generation cost of 
the diesel power plant, and the CO2 emission factor of 
power plants. After the input data are obtained, the 
economic analysis and the optimization are conducted in 
both scenarios.

 

 
Fig. 3. Research Method. 

 

The cumulative distribution function (cdf) is 
calculated using hourly wind speed data in the uncertainty 
scenario. The hourly wind speed data are sorted from the 
lowest to the highest data. Based on this sorted data, the 
cdf is calculated using Equation 1. The cdf of wind speed 
with an index s (Ws) is represented by CDF(Ws). The 
individual probability value of each wind speed is 
represented by Prob(Wn). Based on Equation 1, it can be 
known that the CDF(Ws) is the sum of individual 

probability of the data that has a lower index than s. The 
cdf value is the basis of the Monte Carlo simulation.  

 (1) 

The Monte Carlo simulation starts by setting 
iteration = 1 and maximum iteration = 250. After this 
iteration setting, a random value of cdf is generated. The 
cdf random value generates using Equation 2. p is a value 
between 0 and 1. Therefore, it can be obtained a random 
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value for the wind speed by using the random value of 
cdf. Finally, the random value of wind speed is obtained 
using Equation 3. 

 (2) 
  

 (3) 

Based on the random wind speed data and technical 
parameters, each small wind turbine's energy production 
can be calculated using Equation 4 [17]. This research 
uses 16 small wind turbine types from various brands with 
varying capacities, cut-in wind speed, rated wind speed, 
cut-out wind speed, and investment cost to obtain the 
optimal small wind turbine. 

 

(4) 

By using the energy production and economic 
parameter of each small wind turbine, it can be obtained 
the capacity factor (CF), levelized cost of electricity 
(LCOE), cost-saving, IRR, and CO2 emission reduction of 
each small wind turbine. The CF and LCOE are calculated 
using Equations 5 and 6. ICt represents the investment 
cost in the year-tth. OCt represents the O&M cost in the 
year-tth. r represents the discount rate. 

 
(5) 

  

 
(6) 

After the energy production, CF and LCOE are 
calculated, the optimization to obtain the optimal small 
wind turbine is conducted using MILP. This research uses 
minimum levelized total costs as the objective function, as 
shown in Equation 7. x represents the number of power 
plants. C represents the capacity. I represents the 
investment costs. FO represents the fixed O&M costs. y 
represents electricity production. VO represents variable 
O&M costs. F represents the fuel costs. n represents the 
number of years. t represents the type of power plant. r 
represents the discount rate. While the constraints used in 
this optimization are energy balance, as shown in 
Equation 8. 

 
(7) 

 and    
  

 (8) 
  

While the cost-saving, internal rate of return (IRR), 
and CO2 emission reduction of the optimal small wind 
turbine on each Monte Carlo iteration are calculated using 

Equations 9 to 11. The cost saving is the multiplication of 
electricity produced by the small wind turbine (EnergyW) 
with the difference between diesel's electricity generation 
cost (GencostD) and the LCOE from the small wind 
turbine (LCOEW). When the GencostD is assumed as the 
SWT investment income, the IRR is a discount rate that 
produces zero net present value (NPV), as shown in  
Equation 10. The emission reduction is the multiplication 
of electricity produced by the small wind turbine 
(EnergyW) with the difference between diesel's emission 
factor (EFD) and the small wind turbine's emission factor 
(EFW). 

 (9) 

 
 (10) 

 
 

 
(11) 

By using cost-saving and emission reduction, a 
cost-benefit analysis is conducted. The cost-benefit 
analysis results are used to choose the optimal SWT to be 
developed in the Komodo island. Besides the cost-saving 
and emission reduction, the diesel fuel (HSD) dependency 
reduction ratio is a significant benefit that should be 
considered. The HSD dependency reduction is vital 
because HSD is supplied from other islands and 
negatively impacts the Komodo island's energy resilience. 
The fuel dependency reduction ratio (FDRR) is calculated 
using Equations 12 and 13. HSD consumption1 represents 
the HSD consumption before wind turbine penetration. 
HSD consumption2 represents the HSD consumption after 
wind turbine penetration. Elecdiesel represents the 
electricity produced by diesel power plants. Therefore, the 
FDRR shows the effectiveness of wind turbine penetration 
in Komodo island to reduce the fuel dependency from 
other islands. 

 
(12) 

  

 (13) 

  
After the uncertainty scenario has been executed, 

the next step is to run the average scenario. The average 
scenario uses the monthly average wind speed to calculate 
each small wind turbine's energy production, CF, and 
LCOE. The energy production, CF, and LCOE are 
calculated using Equations 4 to 6.  

After the energy production, CF and LCOE are 
calculated, the optimization to obtain the optimal small 
wind turbine is conducted using MILP. The objective 
function is the minimum levelized total costs, as shown in 
Equation 7. While the constraints used in this optimization 
are energy balance, as shown in Equation 8. 

By using the optimization results, the cost-saving, 
IRR, CO2 emission reduction, and FDRR of the optimal 
small wind are calculated using Equations 9 to 12. Based 
on these calculation results, a cost-benefit analysis is 
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conducted. After the average scenario has been executed, 
the final step compares the uncertainty and average 
scenario. From this comparison, it can be known the 
impacts of wind speed uncertainty on the economic 
analysis and optimization. 

3. DATA AND ASSUMPTIONS 

The electricity demand in Komodo island is entirely 
supplied using diesel power plants of 300 kW fueled by 
HSD. The diesel power plants have a heat rate of 10.6 
Giga joule/MWh. In comparison, HSD has a heat rate of 
9100 kcal/litre. The electricity generation cost of the 
diesel power plants is 0.236 USD/kWh [18].  

 

 
Fig. 4. Electricity demand profile in Komodo island (data obtained from PLN East Nusa Tenggara). 

 

 
Fig. 5. Hourly wind speed data from 2009-2020 [19], [20]. 

 
The electricity demand profile in Komodo island is 

shown in Figure 4. While the hourly wind speed data at 10 
m above the ground level from 2009-2020 is shown by the 
box plot chart in Figure 5. This wind speed data is used in 
the uncertainty scenario. The wind speed data from 
January, February, and March from 2009 to 2020 show a 
considerable wind speed variation. The number of outliers 
in these months indicates the considerable wind speed 
variation.  

Meanwhile, June and July are months with fairly 
regular wind variations. This is shown in the data 
distribution that has no outliers. In addition, Figure 5 
shows the average wind speed of each month used in the 
average scenario. The average wind speed is represented 
by the red line (―). This research uses 16 small wind 
turbine types from various brands with varying capacities, 
cut-in wind speed, rated wind speed, cut out wind speed, 
and investment cost, as shown in Table 1, to obtain the 
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optimal small wind turbine as the alternative power plant 
to replace the diesel power plant. 

 
Table 1. Techno-economy parameters of small wind 
turbines [21]-[24]. 

Small wind 
turbine 

Cap. V in V rated V out IC OC 

kW (m/s) (USD/kw) 

Proven  6 2.5 12 70 2072 31.1 

Bergey  10 3.1 13.8 54 1759 26.4 

Fortis 10 3 13 60 1962 29.4 

Vergnet 10 4.5 12 70 1998 29.9 

Proven 15 2.5 12 65 1921 28.8 

Vergnet 20 4.5 16 60 1837 27.6 

Eoltec  25 2.6 11 60 2288 34.3 

Fuhrlander 30 2.5 12 25 1582 23.7 

Scirocco  6 2.7 11.5 60 3682 55.2 

Proven 11 6 3.5 11 70 1894 28.4 

Proven 35 15 3.5 11 54 1757 26.4 

Westwind 10 10 3 14 50 1909 28.6 

Westwind 20 20 3 14 50 1636 24.5 

Fortis 
Montana 5.6 2.5 17 60 1599 23.9 

West Tullipo 2.5 3 9 20 5803 87.1 

SWT 3kW 3 2.5 8.5 30 1500 22.5 

4. RESULTS AND DISCUSSIONS 

Based on the Monte Carlo simulation using 250 iterations 
results, the wind speed distribution used in the uncertainty 
scenario can be obtained, as shown in Figure 6. The box 
plot chart shows the wind speed distribution. The wind 
speed distribution has a similar pattern to the input data. It 
shows that the Monte Carlo results are close to reality and 
proves that the Monte Carlo simulation successfully 
models the wind speed uncertainty problems. This wind 
speed uncertainty is used to conduct the economic 
analysis of each small wind turbine and obtain the optimal 
wind turbine in the uncertainty scenario.   

Figure 6 shows that the wind speed in Komodo 
island at 10 m above the ground level from 2009 to 2020 
never reach 20 m/s. It means the vout of each small wind 
turbine does not have an impact on electricity production. 
However, this hourly wind speed distribution affects the 
annual electricity production distribution of each small 
wind turbine.  
 In addition, Figure 6 shows the average wind speed 
of each month. The average wind speed is represented by 
the red line (―). The average wind speed is used to 
conduct the economic analysis of each small wind turbine 
and obtain the optimal wind turbine in the average 
scenario. The results obtained from this scenario are used 
as a comparison for the results from the uncertainty 
scenario.

 

 
Fig. 6. Monthly average and hourly wind speed in Sumba. 
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The distribution of annual electricity production of each 
small wind turbine in each scenario is shown in Figure 7. 
The annual electricity production of each wind turbine on 
the uncertainty and average scenario is shown by the box 
plot chart and the red line (―), respectively. The annual 
electricity production depends on the wind speed and the 
technical parameters such as capacity, vin, vrated, and vout of 
each small wind turbine. In the uncertainty scenario, 
annual electricity production varies according to 

variations in wind speed. While in the average scenario, 
the annual electricity production does not experience 
variations because the speed value assumed has no 
uncertainty. Therefore, the average wind speed produces 
under or over annual electricity energy production 
compared to the uncertainty scenario. This condition 
shows that simplified the wind speed by using its average 
wind speed produces an inaccurate calculation of 
electricity production. 

 
Fig. 7. Annual production distribution of each small wind turbine in 250 iterations. 

 
Based on Figure 7, it can be obtained that 

Fuhrlander 30 kW and Eoltec 25 kW generate 
significantly higher electricity production than other small 
wind turbines. This is because their capacity is larger than 
other small wind turbines. Other parameters that influence 
electricity production are vin and vrated. In contrast, the vout 
does not affect electricity production because, based on 
the wind profile, the wind speed never reaches 20 m/s. 

Although it produces higher electricity than the 
others, it cannot be guaranteed that the small wind turbine 
is the most economical power plant. The economics of a 
small wind turbine can be seen from its LCOE. Rather 
than using its electricity production, the LCOE can be 
represented using its capacity factor and investment cost. 
The small wind turbine with a higher capacity factor than 
the others potentially provides lower LCOE than the 
others. The capacity factor of each small wind turbine is 
shown in Figure 8. In addition, Figure 8 shows the 
comparison of the capacity factor of each small wind 
turbine in the uncertainty and average scenario. The box 
plot chart shows the capacity factor of each small wind 
turbine in the uncertainty scenario. Meanwhile, the 

capacity factor of each small wind turbine in the average 
scenario is shown by a red line (―). Similar to the annual 
electricity production results, simplified the wind speed 
using its average wind speed produces an inaccurate 
calculation of the capacity factor. 

The Fuhrlander 30 kW and Eoltec 25 kW that 
become the highest electricity production have a capacity 
factor of 8% to 11%. This capacity factor value is in high-
medium capacity factor value compared with the other 
small wind turbines. The lowest capacity factor is 
produced by the Vergnet 20 kW, and the highest capacity 
factor is produced by the SWT 3 kW. This capacity factor 
depends on the vin and vrated of each small wind turbine. 
The Vergnet 30 kW has a higher vin and vout, i.e., 4.5 m/s 
for vin and 16 m/s for vrated. While the SWT 3 kW has the 
lowest vin and vrated, i.e., 2.5 m/s for vin and 8.5 m/s for 
vrated. This capacity factor profile provides an insight that 
the SWT 3 kW potentially provides the least LCOE. 
Based on the electrical energy production and investment 
costs, the LCOE of each small wind turbine in the 
uncertainty scenario can be obtained, as shown in Figure 
9. The lowest LCOE is produced by the SWT 3 kW, and 
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the highest LCOE is produced by the Vergnet 20 kW. 
Most of the small wind turbines in the uncertainty 
scenario produce an LCOE higher than the diesel's 
generation cost. The only small wind turbine that produces 
lower LCOE than the diesel's generation cost is the SWT 

3 kW. While the Fuhrlander 30 kW has a probability of 
25% to produce the lower LCOE. The Fuhrlander 
probability shows that it is risky to choose this small wind 
turbine. Therefore, the SWT 30 kW is the optimal small 
wind turbine to be developed in Komodo island.  

 

 
Fig. 8. Capacity factor distribution of each small wind turbine in 250 iterations. 

 

 
Fig. 9. The uncertainty scenario's LCOE distribution of each small wind turbine in 250 iterations. 
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Comparing the investment cost, vin, and vout of the 
Fuhrlander 30 kW and the SWT 3 kW, as shown in Table 
2, provides information on why the SWT 3 kW is more 
economical than the Fuhrlander 30 kW. This is because 
the SWT 3 kW has a smaller vrated that is more suitable for 
wind speed in Komodo island and a smaller investment 
costs than the Fuhrlander 30 kW. 

Table 2. The comparison of the Fuhrlander 30 kW and 
the SWT 3 kW. 

Small wind turbine 
V in V 

rated 
Investment 

cost 
(m/s) (USD/kw) 

Fuhrlander 30 kW 2.5 12 1582 
SWT 3kW 2.5 8.5 1500 

Unlike the uncertainty scenario, the average 
scenario produces different results. The comparison of the 
LCOE in the uncertainty and average scenario is shown in 
Table 2. The economic analysis in the average scenario 
shows that some small wind turbines produce higher 
LCOE than the uncertainty scenario. In the uncertainty 
scenario, the small wind turbine that can be used is the 
SWT 3 kW. In contrast, three small wind turbines can be 
used in the average scenario, i.e., Proven 15 kW, 
Fuhrlander 30 kW, and SWT 3 kW. This shows that using 
the average wind speed produces an inaccurate economic 
analysis that can lead to wrong decisions. Therefore, 
considering the uncertainty of wind speed is essential to 
obtain more realistic and precise results. 

After conducting the economic analysis, the 
optimization is conducted by considering the wind speed 
profile and load profile to obtain the optimal capacity of 
the small wind turbine in Komodo Island. The 
optimization results show that the optimal capacity of the 
small wind turbine in both scenarios are different. The 
optimal capacity in the uncertainty and average scenario is 
66 kW consisting of 22 units of SWT 3 kW and 168 kW 
consisting of 56 units of SWT 3 kW. This difference 
occurs because the average scenario does not consider 
wind speed uncertainty so that the maximum capacity 
becomes larger, while in the uncertainty scenario, wind 
speed fluctuations are considered. 
Although the capacity is different, the pattern of electricity 
generation has similarities for the two scenarios. The 
similarity is that the maximum electricity that the SWT 
can generate does not exceed the existing demand. This is 
intended to have no curtail on the electrical energy 
generated, making its economic decline. The electricity 
production of the uncertainty and average scenario are 
shown in Figures 10 and 11. The figures show that the 
hourly electricity production from the SWT is varied. The 
maximum and minimum possible hourly production is 66 
kW and 0 kW. This variability can be handle using the 
existing diesel power plants. 

The cost-saving distribution of the two scenarios is 
shown in Figure 12. In the uncertainty scenario, using the 
SWT to replace the diesel power plant in Komodo island 
provides an average cost-saving of 85.917 USD during its 
lifetime. However, due to wind speed uncertainty, the cost 
savings may be smaller and reach the minimum value at 

52.388 USD during its lifetime. On the other hand, the 
cost-saving can also be greater and reach the maximum 
value at 118.198 USD during its lifetime. In the average 
scenario, the cost-saving is higher than the uncertainty 
scenario. The cost-saving in this scenario is 291.623 USD 
during its lifetime. This result shows that that using the 
average wind speed produces an over-optimistic cost-
saving. 

Table 2. The comparison of the LCOE in the uncertainty 
and average scenario. 

Wind 
turbine type 

LCOE considering 
uncertainty 
(USD/kWh) 

LCOE using average 
wind speed 

Max Average Min. LCOE 
(USD/kWh) 

LCOE < 
Diesel's 

generation 
cost 

Proven  

6 kW 
0.35 0.29 0.24 0.26 No 

Bergey 

10 kW 
0.59 0.44 0.34 0.55 No 

Fortis  

10 kW 
0.54 0.43 0.35 0.49 No 

Vergnet 

10 kW 
2.38 1.25 0.69 7.58 No 

Proven 

15 kW 
0.34 0.27 0.22 0.24 Yes 

Vergnet 

20 kW 
3.95 1.75 1.05 10.68 No 

Eoltec 

25 kW 
0.37 0.31 0.26 0.28 No 

Fuhrlander  

30 kW 
0.28 0.22 0.19 0.20 Yes 

Scirocco 

6kW 
0.67 0.55 0.47 0.53 No 

Proven 11 

 6kW 
0.64 0.46 0.34 1.00 No 

Proven 35  

15 kW 
0.64 0.43 0.30 0.93 No 

Westwind 

10 kW 
0.60 0.46 0.36 0.52 No 

Westwind 

20 kW 
0.50 0.39 0.30 0.45 No 

Fortis 
montana  

5.6kW 
0.41 0.35 0.29 0.30 No 

West Tullipo 

2.5 kW 
0.94 0.75 0.60 0.86 No 

SWT 

3kW 
0.17 0.14 0.12 0.12 Yes 

 



Mastering Energy Supply for Isolated Areas (MESfIA) 2021 International Conference 
31 August to 01 September 2021. Hosted online by the Asian Institute of Technology, Thailand 

116 

 
Fig. 10. Electricity production of the SWT 66 kW in the uncertainty scenario. 

 
Fig. 11. Electricity production of the SWT 168 kW in the average scenario. 

 
Fig. 12. Cost-saving  distribution of the two scenarios. 
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In addition to the cost-saving, this research also 
calculates the IRR of SWT investment, as shown in Figure 
13. The investment of SWT in the uncertainty scenario 
provides IRR values with an average of 22.7%, a 
minimum IRR of 16.2%, and a maximum IRR of 28.1%. 
This IRR is higher than the minimum IRR that can attract 
investors to invest in the renewable energy sector. The 
minimum attractive IRR for green energy is 12% [25]. It 
means that PT. PLN as a government utility does not need 
to mess around with the problem of investment costs. 
Even if the utility has no investment budget, with the 
minimum offered IRR of 16.2%, some investors are 
interested in investing. In the average scenario, the IRR is 

27.4 %. This result shows that that using the average wind 
speed produces an over-optimistic IRR. Besides its 
economics, replacing the diesel power plant with the SWT 
provides a reduction in CO2 emission. The CO2 emission 
reduction in the two scenarios is shown in Figure 14. 
Using the SWT in the uncertainty scenario reduces the 
CO2 emission with an average value of 66.75 tons CO2 per 
year. Using the SWT probably provides a minimum 
reduction of 55.55 tons CO2 per year and a maximum 
reduction of 77.55 tons CO2 per year by considering the 
wind speed uncertainty. Meanwhile, in the average 
scenario, using the SWT produces an emission reduction 
of 194.3 tons CO2 per year. 

 
Fig. 13. The IRR distribution of the two scenarios. 

 
Fig. 14. CO2 emission reduction distribution of the two scenarios. 
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The SWT's electricity generation decreases the 
electricity generation from diesel power plants. Based on 
the optimization results, it can be obtained the hourly 
electricity production in Komodo island. The maximum, 
average, and minimum of the hourly electricity production 
from the SWT in the uncertainty scenario are shown in 
Figures 15 to 17. In the average condition of hourly 
electricity production from the SWT, the highest part of 
electricity production of the SWT is from 00:00 until 
07:00. While from 08:00 until 23:00, it has a lower 
electricity production of the SWT. This result shows an 
opportunity to combine the wind turbine with solar PV on 
Komodo island. However, it requires an analysis of the 
solar irradiation profile and its uncertainty to obtain the 
optimal combination. 

Decreasing electricity production of diesel power 
plants creates a decrease in the diesel power plants fuel 

consumption, as shown in Figures 18 to 20. Figures 18 to 
20 show a comparison of HSD consumption before and 
after wind turbine penetration in the maximum, average, 
and minimum conditions. In the average condition, before 
the wind penetration, the fuel consumption of HSD in 
Komodo island is 534.16 litres per day or 194,969.68 
litres per year. In comparison, the fuel consumption after 
the wind penetration is 468.98 litres per day or 171,178.21 
litres per year. Thus, the total reduction of HSD 
consumption in Komodo island is 65.18 litres per day or 
23,791.48 litres per year. Therefore, using the SWT in the 
uncertainty scenario provides an average fuel dependency 
reduction ratio (FDRR) of 12.2%. In other words, the 
wind penetration in Komodo island increases Komodo 
island's energy resilience by decreasing its fuel 
dependency by 12.2%. 

 

 
Fig. 15. The SWT's maximum hourly electricity production in 250 iterations. 

 
 
 

 
Fig. 16. The SWT's average hourly electricity production in 250 iterations. 
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Fig. 17. The SWT's minimum hourly electricity production in 250 iterations. 

 
 

 
Fig. 18. Comparison of HSD consumption before and after wind turbine penetration in the SWT's maximum condition. 

 
 
 

 
Fig. 19. Comparison of HSD consumption before and after wind turbine penetration in the SWT's average condition. 
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Fig. 20. Comparison of HSD consumption before and after wind turbine penetration in the SWT's minimum condition. 

 

5. CONCLUSION 

The proposed model is successfully implemented on 
Komodo Island. By using the model, it can be analyzed 
the impact of wind speed uncertainty on the 16 small wind 
turbines and obtaining the most economical small wind 
turbine. In addition, it is also obtained the hourly average 
electricity production, the HSD consumption reduction, 
and fuel dependency reduction ratio in Komodo island. On 
the other hand, neglecting the wind speed uncertainty 
produces an over-optimistic result that can lead to wrong 
decision making. Therefore, considering the uncertainty of 
wind speed is essential to obtain more realistic and precise 
results. 

By considering the wind speed values of Komodo 
island and their uncertainty, the SWT 3 kW is the optimal 
small wind turbine with a total capacity of 66 kW. The 
SWT has an average capacity factor of 14.7% with an 
average LCOE of 0.135 USD/kWh. Using the SWT 66 
kW provides an average potential saving of 85,917 USD 
during its lifetime and an average CO2 emission reduction 
of 66.76 tons per year. In addition, the SWT 3 kW 
investment provides an average IRR of 22.7%. 

Using the SWT 66 kW decreases the HSD 
consumption in Komodo island. The total reduction of 
HSD consumption is 65.18 litres per day or 23,791.48 
litres per year. Therefore, using the SWT 66 kW in 
Komodo island provides a fuel dependency reduction ratio 
of 12.2%. In other words, the wind penetration in Komodo 
island increases the energy resilience of Komodo island 
by decreasing its fuel dependency by 12.2%. In addition, 
the research results show the future research that can be 
developed from this research, namely hybrid renewable 
energy power plant optimization in Komodo island. 
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Abstract – Building electricity supply systems for islands is challenging work, mainly in economic and sustainability. 
The microgrid power system with a renewable energy source (RES) power plant is one solution to this problem. With 
many RES implementations, an appropriate integration method is required between intermittent RES plants and the 
existing electrical system. One method of system integration is unit commitment (UC), a scheduling method to get the 
lowest operating costs and meet the system's load requirement. The development of alternative UC methods is required 
to maintain the system's stability and minimize operating costs. Therefore, developing a new optimization method in the 
UC scheme for microgrid power systems is necessary.   
This paper proposes an optimization method to integrate power generation from intermittent renewable energy on a 
microgrid system so that the total operating cost remains low. The algorithm uses a simple and fast PL technique for 
the generation scheduling and dispatch stages to obtain the initial population. Then, an accurate and more flexible GA 
technique is used for the economic dispatch stage to avoid local optima to get the lowest operating costs. The method 
has been simulated on an island electricity system in Indonesia with intermittent RES power plants, resulting from 
achieving low total operating costs. 
  
Keywords – Integration of RES, unit commitment, optimization techniques, priority list, genetic algorithm, solar PV, 
isolated system.  
 

1.  INTRODUCTION 

The development of islanded electricity system is 
important and indispensable, especially to fulfil the basic 
needs of the community, socio-economic support and 
sustainability. These efforts are carried out to provide 
electricity that is affordable, continuously available and 
economically feasible for its development. Most of the 
electricity energy on islands is currently generated by 
diesel generators, which are expensive, limited, and 
dependent on oil shipping barges [1]. Therefore, 
renewable energy sources (RES) become very important 
to overcome the existing problems. Many RES generators 
have been developed in the island's electricity system to 
replace diesel generators or increase the capacity of the 
generation system, which will make electricity more 
affordable and sustainable [2, 3].  

RES power plants are usually interconnected with 
other conventional generating units in the existing 
microgrid power system in operation. However, in some 
cases, RES power plants may cause instability in the 
power system due to their intermittent characteristics [4]. 
Uncertainty of primary energy availability of intermittent 
RES generators can cause instability in the power system. 
Considering the potential for increased penetration of RES 
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in the future, the requirement to study its impact on the 
operation of the power system will be increasingly 
important and necessary. Therefore, an appropriate RES 
integration method is needed to ensure the existing power 
system can operate continuously and reliably.  

One of the methods to create operational flexibility 
for the power system to compensate the supply of RES 
generators is the unit commitment (UC) method [5]. The 
UC method manage power system's operation by 
determining operation schedule for each generators in the 
system, including the RES, to meet electricity load with 
minimal costs. Instead of achieving its objective function, 
the UC shall also fulfil several system constraints 
optimally such as spinning reserve, power limits, and 
others. Considering the conditions of variability and 
uncertainty that may occur on power system, UC must be 
required to regulate and ensure the availability of 
continuous and reliable generators to meet the load 
requirements during the operating period. 

The implementation of the UC scheme in a power 
system with intermittent RES generators requires 
optimization techniques to get the lowest operational 
costs. Studies to find methods that can produce better 
optimization techniques have been developed to find the 
right solution for implementing unit commitments, such as 
priority list algorithm (PL), dynamic programming (DP), 
Lagrangian relaxation, and Genetic Algorithm (GA) [6].  
GA is one of the stochastic techniques that can be used to 
provide solutions to UC problems. Given that UC is a 
non-convex, non-linear, and mixed-integer problem, the 
GA method is believed to be a suitable solution for non-
linear engineering optimization problems such as UC. On 
the other hand, the priority list (PL) is one of the 
optimization techniques used to solve UC problems. It has 
the characteristics of simple, fast, and easy to combine 
with other methods. In one of the studies, Delarue (2017) 
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has proven that PL can work well in electric power 
systems with intermittent RES generators under low load 
conditions [7]. This study result may become the reason 
for using the PL-GA algorithm in UC optimization on 
microgrid systems with intermittent RES generator [8]. 

Numbers of research have been carried out by 
combining several methods to solve this UC problem, 
namely the priority list-based genetic algorithm (PLGA) 
[6, 9], the genetic algorithm and lambda iteration (GALI) 
[10, 11], and the enhanced PL (EPL) [7, 12]. Some of the 
drawbacks and opportunities for improvement from the 
above research, among others are: the use of lambda 
iteration algorithm for economic dispatch tends to 
experience local optima; and the Extended PL algorithm 
will still be less accurate even though the process is fast. 

This paper is focused on discussing optimization 
algorithm for the unit commitment scheme to integrate 
intermittent RES power generation into the existing 
microgrid electricity system. The proposed new method is 
the PL-GA algorithm with an approach in generation 
scheduling and dispatch stages using a simple and fast 
priority list (PL) technique to obtain the initial population. 
The initial population is obtained from a combination of 
one individual from the best chromosomes (inherited) 
from the PL process and random collections from this 
process. Furthermore, the economic dispatch stage uses an 
accurate and flexible GA technique to avoid local optima 
in obtaining the lowest total operating cost [13]. With this 
optimization algorithm, the arrangement of the operating 
schedule of the generating units by the microgrid's 
intelligent control system can be carried out to meet the 

electricity supply requirement with the lowest operating 
costs. By maintaining lowest operating costs, the financial 
feasibility of RES integration on microgrid systems may 
be achieved. A simulation model was developed based on 
the Timor electric power system to test the proposed 
algorithm.  

This paper is structured as follows. The Concept of 
UC is described in Section 2, including renewable energy 
conditioning and optimization algorithms for UC. Section 
3 presents the application of the UC in the microgrid 
system. The UC procedures based on the PL and GA 
algorithms are described in Section 4. The simulation 
studies results are described in Section 5, along with an 
analysis of computation time, reserve requirements, and 
operating costs. Conclusions are given in Section 6. 

2. UNIT COMMITMENT  

2.1 Method 

The Unit Commitment (UC) problem is a method for 
determining the power production schedule for each 
generating unit in an electrical system so that the load 
requirement can be fulfil with minimum costs [5]. 
Optimization of the UC implementation is subject to 
several global constraints such as power balance, spinning 
reserves, and several individual constraints such as unit 
output limits, maximum ramp rates, and minimum 
up/down hours. The UC scheme in power systems with 
RES variable generation is shown in Fig. 1 below. 
 

 
Fig. 1 Unit commitment in electric power system. 

 

In microgrid power systems, the main objective of UC 
implementation is to minimize the total generation cost, 
denoted by TOC [14]. 

TOC= ��� (αk,n
k

.Pt,n,k+βk,n.Vt,n,k)+�� (St,n*C
ntnt

 (1
) 

In the compilation of UC, several terms or notations 
are commonly used. Some of the notations used in this 
paper are as follows: 

𝑇𝑂𝐶 Total operation cost of power generation 
𝑃𝑡,𝑛,𝑘 Power output 

𝑉𝑡,𝑛,𝑘 on/off status of unit n, at time t, and at segment k 
𝛼𝑘,𝑛 cost coefficients of segment k of unit n 
𝛽𝑘,𝑛 cost coefficients of segment k of unit n 
𝑆𝑡,𝑛 start-up status of unit n at time t 
𝐶𝑆𝑛  start-up cost of unit n  
𝐷𝑡  Total demand 
𝑈𝑛 maximum output of unit n 
n, N  power generating units, 
t, T  time, total period of time 
k  segment of power generation, 
Uit  on/off status of the i unit at time t,  
Fit(Pit)  fuel cost function of the i unit, with output of Pit 

generator, at the t-time,  
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𝑃𝑖𝑡  Power output, from the i-unit at t-hour, 
𝑃𝑚𝑎𝑥𝑖 maximum generated output power of i unit, 
𝑃𝑚𝑖𝑛𝑖  minimum generated output power of i unit 
𝑆𝑖𝑡  start-up cost of i unit at t hour, 
𝑆𝑅𝑡 spinning reserve at t hour, 
𝑅𝑈𝑖 ,𝑅𝐷𝑖  ramp-up, ramp-down of i unit 
𝑀𝑈𝑇𝑖 ,𝑀𝐷𝑇𝑖  min up time, min down time of i unit 
 
In UC, several objectives can be formulated as follows: 
Total operation cost (TOC): 

Min TOC= �� (Uit.Fit(Pit) + Uit.Sit)
N

i=1

T

t=1

 (2) 

In equation (2) above, there are two functions used; first is 
the fuel cost per MW, which can be formulated as follows: 

Fit(Pit) = aiPit
2  + bi.Pit + ci (3) 

And the second is start-up cost of generator unit: 

Sit={ 
HSCi, if MDTi < Toffi ≤ MDTi+Tco

CSCi, if Tdown, i < MDTi+ Tcold, i
 (4) 

HSC is hot start-up cost of i- unit and CSC cold start-up 
cost of i unit. 
In UC implementation, besides achieving the main 
objectives, some constraints must still be fulfilled: 
1. Power balance 
In this constraint, the power of generation should always 
keep equal to the customer’s electricity load. The 
mathematical equation can be seen in [15]. 

�� Pt,n
nt

= Dt (5) 

2. Spinning reserve (SR) 
The total generation must be greater than the load plus the 
spinning reserve needed to guarantee the stability of the 
power system. The total SR must be larger than 10% of 
demand. 

���Un.Vt,n-Pt,n� ≥ 10% Dt
nt

 (6) 

��Uit.Pmaksi� ≥ (loadt + SRt), 1 ≤ t ≤ T
N

i=1

 (7) 

3. Power generating limit 
Active power generated has max and minimum limits: 

Ln.Vt,n ≤ Pt,n ≤ Un.Vt,n (8) 

Pmini ≤ Pit ≤ Pmaksi , P∈R (9) 

4. Minimum up/downtime 
Before being operated, the generating unit must meet the 
minimum time for on/off. 

Ton(i, t) ≥ MUT(i), if U(i, +1) must be off (10) 

Toff(i, t) ≥ MDT(i), if U(i, +1) must be on (11) 
5. Ramp up/downtime 
This constraint is the generating unit's time limit to be 
ready for full operation (ramp-up) or time to go 
inoperative (ramp down). 

Pi, t-Pi, t-1 ≤ URi,  if power increase (12) 

Pi, t-1-Pi, t ≤ DRi,  if power decrease (13) 
6. Must run units  
According to the forecasted output, the RES power plants 
are treated as a must-run unit and directly calculated into 
the power supply mechanism for the power system. 

PRE(t) = Poutput(t)   0 ≤ t ≤ 24 (14) 
7. System’s Frequency and voltage 
Limits of system frequency and voltage are : 

Vmin ≤ V ≤ Vmax (15) 

Fmin ≤ F ≤ Fmax (16) 

2.2 Unit commitment with intermittent RES plant 

Electric power systems with renewable energy sources 
(RES), such as solar PV and wind power plants, the 
operating arrangements of each generating unit are 
formulated in the form of constraints as above, adjusted to 
its primary energy availability. The constraints are consist 
of generator power limit, minimum up/downtime, ramp 
up/downtime, and unit restriction status. Regarding the 
limitations and characteristics of the availability of its 
primary energy sources, RES power plants are classified 
as must-run units. Solar photovoltaic power plants are 
characterized by sharp temporal fluctuations, which can 
have considerable variability.  

In preparation for the implementation of UC, the 
RES power plant must also be considered according to its 
availability. For intermittent RES, weather forecasting, 
historical data, and analysis are critical in preparing the 
generation schedule. With accurate weather forecasting, 
the UC of the RES generating unit can be performed with 
proper accuracy. In calculating the total operation cost, we 
will also calculate the solar PV cost according to the 
estimated selling price per kWh. The output of solar PV 
can be presented: 

PV=   
0,              G < Gi

μ.G,   Gi ≪G < Grate
Prate,        G ≫ Grate

 (17) 

 Pv is the power output of solar PV, Gin and Grate 
denote the minimum and rated insolation, and μ is a 
coefficient of the solar panel. The output from the solar 
PV can be included in the net load calculation concept. 
The net load concept simplified the formulation of the UC 
problem [15]. 

Net load = load - PV (18) 

Due to the energy sources' intermittency, it is 
necessary to predetermine a schedule that meets the net 
load. Based on the predicted values, hourly random loads 
and solar power are considered in each scenario. 

2.3 Optimization method for unit commitment 

UC has two main interrelated parts: scheduling the order 
of operation of the generating unit and economic dispatch. 
Here, an optimization technique is needed to manage the 
UC in order to produce the best results. The objective 
function of the UC is to minimize the total operating cost 
while meeting the constraints: power balance, spinning 
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reserve, power generation limit, maximum ramp rate, and 
minimum up/ downtime.  

The optimization techniques used to solve the UC can 
be divided into classical, stochastic, and hybrid 
techniques. Moreover, several optimization techniques 
have been developed to find suitable solutions for 
implementing the unit commitment, such as priority list, 
dynamic programming, Lagrangian relaxation, genetic 
algorithm, etc. GA is a population-based search algorithm 
that follows the principle of "survival of the fittest" and is 
a stochastic technique that can be used to provide 
solutions to UC problems. UC is a non-convex, large-
scale, non-linear, and mix-integer blend optimization 
problem, with several limitations. The non-convex 
condition is due to the binary on/off condition of the 
generating unit, and the non-linear characteristic comes 
from the non-linear generation cost curve. Therefore, the 
GA technique is believed to be a suitable solution for 
large non-linear engineering optimization problems such 
as UC. GA continues to be developed by combining it 
with other techniques for increased performance and 
accuracy. 

Priority list (PL) techniques have been implemented 
in many existing optimization methods to solve the UC 
problem [19, 20]. The method is simple and fast but 
produces less optimal solutions. The PL algorithm can be 
easily programmed and is suitable for handling UC 
problems involving multiple generators, and Delarue 
(2017), in his paper, proves that PL works well in electric 
power systems with intermittent RES generators under 
low load conditions [17]. On the other hand, GAs are 
characterized by exhaustively explore the search space, 
thereby ensuring the possibility of finding a close to the 
optimum solution. As one of the stochastic methods, GA 
relies on a population of candidate solutions. Therefore, 

determining the candidate solution population as the initial 
population will make the GA process to achieve its 
convergence faster. Furthermore, we can accomplish this 
after the PL method's scheduling results are used as the 
initial population of the GA process [7, 17]. Therefore, the 
combination of the PL and GA methods could be a new 
option for UC optimization. 

3. OVERVIEW OF TIMOR ELECTRICITY 
SYSTEM 

Timor's electric power system supplies electricity to the 
island of Timor, East Nusa Tenggara Province, Indonesia. 
This electricity system was developed based on a 
microgrid system with a diesel power plant, reinforced by 
a coal-fired steam power plant, and currently with a RES-
based power plant. The fuel mixture ratio in the Timor 
power system is 27.35%, which means that most of the 
power plants still use oil fuel, so RES is still very 
potential. The rate of electricity development in Timor is 
still relatively low, with an electrification ratio of 81%. 
Since 2015, the Timor power system operates a 5 MWp 
solar power plant and contributes to electricity production 
[16]. The single line diagram of the Timor power system 
can be seen in Fig. 2, and the list of generating units is 
described in Table 1. It is necessary to adjust the 
generating unit operation schedule in daily system 
operations to compensate for the intermittent RES 
generator output fluctuation. In this study, we built a 
simulation model of an electric power system with 
reference to the electric power system of Timor, East 
Nusa Tenggara, Indonesia [16]. The Timor electric power 
system was chosen as a case study because the electricity 
system has the most potential for utilizing solar power in 
Indonesia and also the system is rapidly developing. 

 

 

Fig. 2 Timor electricity power system. 
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Table 1 Data of Power generations on Timor power system. 
 SG1 SG2 PV D1 D2 
Pmax(MW) 16 16 5 6 6 
Pmin(MW) 10 10 0 3 3 
a($/kW^2h) 0.0992 0.098 - 0.08 0.08 
b( $/kWh) 7.6233 8.0433 - 61.60 61.9 
c($/h) 896.77 890.92 - 619.0 619.0 
MUT(h) 8 8 1 1 1 
MDT(h) 8 8 1 1 1 
HSC($) 9500 9500 - 100 100 
CSC($) 15700 15700 - 500 500 
CS(h) 0 0 0 0 0 
IS(h) -1 -1 -1 -1 -1 
 D3 D4 D5 D6 D7 
Pmax(MW) 6 6 3 3 3 
Pmin(MW) 3 3 1 1 1 
a($/kW^2h) 0.09 0.085 0.025 0.025 0.025 
b($/kWh) 61.9 61.9 96.60 95.60 96.60 
c($/h) 619.0 619.0 755.4 755.4 755.4 
MUT(h) 1 1 1 1 1 
MDT(h) 1 1 1 1 1 
HSC($) 100 100 80 80 80 
CSC($) 500 500 150 150 150 
CS(h) 0 0 0 0 0 
IS(h) -1 -1 -1 -1 -1 

 

Information: SG1, SG2: steam generated power 
units, PV: Solar PV, D1 – D7: Diesel power units 

In addition to system data, the forecast data for the 
power output of solar PV plant is shown in Figure 3 
below: Figure 10 shows that the solar power output 

experienced a significant drop (77.5% drop) at 11.00 am. 
These fluctuation conditions can cause the electric power 
system to become unstable and can result in a total black-
out of the power system. The Timor systems' load profile 
is shown in Fig. 3 below: 

 

 
Fig. 3 Output of the Oelpuah solar PV plant. 
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Fig. 4 Load profile of Timor electricity power system. 

 
 

4. PROPOSED OPTIMIZATION ALGORITHM 

This section discusses implementation of the GA 
technique to UC problems in power systems with RES. As 
explained in the previous paragraph, the calculation of the 
solution for UC in a microgrid system with RES plant is 
carried out in two parts:  the generation scheduling 
problem (UC) and the economic dispatch (ED) problem 
[21]. The algorithm begins with UC and the economic 
dispatch stage using the priority list. Then, it further 
optimized the economic dispatch using a GA with the 
objective to minimize total operating costs. For the GA 
dispatch problem, the UC schedule is fixed based on the 
solution of the previous stage. The GA dispatch problem 
utilizes PL-based dispatch as the basis by initializing one 
chromosome using a priority-based dispatch (inheritance) 
solution, while the other populations are collected 
randomly. The algorithm is the originality of this research. 
The flow chart of the optimization process for 
implementing UC in the microgrid system is shown in 
Fig. 5. 

The algorithm begins with UC and the economic 
dispatch stage using the priority list. The calculation of the 
priority list of generating units is carried out based on 
each unit parameter. Generators with higher capacity will 
receive higher priority. Units are committed with the 
highest priority (lowest cost), until the load demand plus 
the SR requirements are fulfilled in the priority list order 
during every time interval [23]. The HR calculation is 
given in (19). The priority list of generating units can be 
checked by checking the Pmax and HR values. The PL 
and calculated heat rate are shown in equations (19) and 
(20). 

HRi = 
Fi(Pimax(t))

Pimax(t)
 (19) 

Costi = HRi ×  FiPih (20) 

The PL method results are shown in Table 2 
(operation status 0 or 1) and will be used as the GA's 
initial population. This operating schedule is obtained 
from the PL calculation process based on the heat rate to 
meet the electrical load. 

After the initial population is created, it is followed 
by steps to evaluate the suitability of each candidate 
solution. In the process, all the required constraint will be 
checked. First, the SR constraint will be reviewed hourly 
based on reference schedule from the initial population. If 
an SR is not met, the penalty count will be added to the 
penalty function (PFc). Second, constraint the maximum 
output power of each generating unit. Third, minimum up 
/ downtime constraint must be met so that individuals can 
enter the load delivery stage. If this constraint cannot be 
met, a penalty will be calculated.  After the load dispatch 
stage is completed, each individual will enter the process 
of calculating the fitness function. The penalty function is 
the multiplication of the penalty factor and penalty count 
(21). The penalty function, start-up costs, and fuel costs 
obtained from the load dispatch stage will be added to get 
each individual's fitness value in the population (22). 

PFc = penalty factor × penalty count (21) 

Fitness = 
1

startup cost + fuel cost + PFc
 (22) 

After evaluating all individual populations and 
calculating their fitness value, the selection stage can be 
carried out. The method used is the "roulette wheel" 
method due to the wheel's proportion being assigned to 
each of the possible selections based on their fitness value. 
Therefore, the best individual will be kept to be used in 
the next generation. The next stage is recombination, 
where several individuals are recombined to make new 
offspring. This process consists of selecting two 
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individuals at random and recombining them with 
probability PR. 

In the PL-GA method, the one-point cross-over is 
used between two groups of parents from individual 
candidates (Fig. 6). The cross-over site is randomly 
selected on the string's length, and then the parts of the 
two strings outside this point of intersection are 
exchanged. The individual chromosome for this 
recombination comes from two major groups: the father's 
and the mother's chromosome, cross-over to obtain new 
possible better solutions. 

While recombination operates on two or more 
parent’s chromosomes, the next stage of mutation is 
carried out to add diversity to the population and ensure 
that it is possible to explore the entire search space. The 
cross-over process shown by genes in both individual 
parents will be exchanged based on the cross-over point 
Fig. 6. 

After recombination, the next stage is mutation. The 
mutation is a technique that moves randomly, approaches 
the optimal point, and possibly moves away. The purpose 
of mutation is to add diversity to the population and 
ensure that it is possible to explore the entire search space. 
The mutation performed is a variation of the well-known 
“bit flip” mutation where each bit in the string is 
converted from 0 to 1 or vice versa with probability Pm.  

In the final stage, the offspring population made 
through selection, recombination, and mutation replaces 
the original parent population. The steps are repeated in an 
iterative process until stopping conditions are reached. 
During the evaluation process, the best individuals are 
saved from being reintroduced to the next generation. 
Thus, convergence is accelerated, and the best individuals' 
information is preserved to get the string with the lowest 
value of total operating costs. 

This computational process is coded and simulated 
in MATLAB R2020a and Jupyter. 

 

 

Fig. 5. Framework of PL and GA algorithm. 
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Table 2. Generator units scheduling from PL. 

Hour/Unit SG1 SG2 PV D1 D2 D3 D4 D5 D6 D7 

01:00 1 1 0 1 1 0 0 0 0 0 
02:00 1 1 0 1 1 0 0 0 0 0 
03:00 1 1 0 1 1 0 0 0 0 0 
04:00 1 1 0 1 1 0 0 0 0 0 
05:00 1 1 0 1 1 0 0 0 0 0 
06:00 1 1 0 1 1 0 0 0 0 0 
07:00 1 1 1 1 0 0 0 0 0 0 
08:00 1 1 1 1 0 0 0 0 0 0 
09:00 1 1 1 1 1 0 0 0 0 0 
10:00 1 1 1 1 1 1 0 0 0 0 
11:00 1 1 1 1 1 1 0 0 0 0 
12:00 1 1 1 1 1 1 0 0 0 0 
13:00 1 1 1 1 1 1 0 0 0 0 
14:00 1 1 1 1 1 0 0 0 0 0 
15:00 1 1 1 1 1 1 0 0 0 0 
16:00 1 1 1 1 1 1 0 0 0 0 
17:00 1 1 1 1 1 1 0 0 0 0 
18:00 1 1 0 1 1 1 0 0 0 0 
19:00 1 1 0 1 1 1 1 0 0 0 
20:00 1 1 0 1 1 1 1 0 0 0 
21:00 1 1 0 1 1 1 1 0 0 0 
22:00 1 1 0 1 1 1 0 0 0 0 
23:00 1 1 0 1 1 1 0 0 0 0 
00:00 1 1 0 1 1 0 0 0 0 0 

 

 
Fig. 6 Crossover process in GA. 

 

5. SIMULATION TEST AND DISCUSSIONS 

A microgrid system model has been prepared to test 
the proposed UC algorithm. The microgrid system 
consists of steam generating units, diesel engines, and a 
solar PV plant. The implementation of the UC is set based 
on unit's capability and availability, and the dispatch is 
based on the lowest operating cost. The cost rate for each 
unit is modeled by the quadratic function for fuel costs 
and start-up costs. The energy cost of PV generation is 
also modeled by the multiplication of kWh of production 

and the selling price rate. The operating costs of all 
sources will be calculated using formula (2), and the 
characteristics of each element of the grid are listed in 
Table 1. The time-based solar photovoltaic power output 
forecast is used to calculate the UC setting (see Table 2). 
The optimal UC schedule together with dispatch is shown 
in Table 3 and Fig. 8. The UC schedule meets all 
constraints and produces a quality solution.  

In this case, SR is specified as 10% from the load, 
mutation probability 80%, and maximum iteration 1000 
times. The iteration process will achieve convergence to 
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get the least total operating costs of the microgrid system 
with the RES generator shown in Fig. 7. It is shown here 
that the GA technique is able to achieve low operating 
costs properly. These results proved that by using the PL-

GA algorithm, the electric power system can be kept 
stable, the load requirements can be met, with sufficient 
SR as shown in Fig. 8 below. 

 
Table 3 Best dispatch of generator units. 
Hour/Unit SG1 SG2 PV D1 D2 D3 D4 D5 D6 D7 

01:00 15.7 13.7 0.0 3.0 3.0 3.0 3.0 0.0 0.0 0.0 
02:00 16.0 16.0 0.0 4.6 3.0 0.0 0.0 0.0 0.0 0.0 
03:00 16.0 16.0 0.0 3.6 3.0 0.0 0.0 0.0 0.0 0.0 
04:00 16.0 16.0 0.0 3.1 3.0 0.0 0.0 0.0 0.0 0.0 
05:00 16.0 15.8 0.0 3.0 3.0 0.0 0.0 0.0 0.0 0.0 
06:00 16.0 15.3 0.0 3.0 3.0 0.0 0.0 0.0 0.0 0.0 
07:00 16.0 14.4 0.6 3.0 3.0 0.0 0.0 0.0 0.0 0.0 
08:00 16.0 16.0 1.6 3.9 0.0 0.0 0.0 0.0 0.0 0.0 
09:00 16.0 16.0 2.3 5.3 0.0 3.0 0.0 0.0 0.0 0.0 
10:00 16.0 16.0 2.9 5.4 3.0 3.0 0.0 0.0 0.0 0.0 
11:00 16.0 16.0 3.3 3.0 3.9 5.1 0.0 0.0 0.0 0.0 
12:00 16.0 16.0 0.7 8.0 5.2 3.0 0.0 0.0 0.0 0.0 
13:00 16.0 16.0 1.6 8.0 4.1 3.0 0.0 0.0 0.0 0.0 
14:00 16.0 16.0 1.7 6.5 3.0 3.0 0.0 0.0 0.0 0.0 
15:00 16.0 16.0 1.5 8.0 3.2 3.0 0.0 0.0 0.0 0.0 
16:00 16.0 16.0 0.8 7.3 3.0 3.0 0.0 0.0 0.0 0.0 
17:00 16.0 16.0 0.1 6.4 3.0 4.0 0.0 0.0 0.0 0.0 
18:00 16.0 16.0 0.0 4.0 5.8 4.8 0.0 0.0 0.0 0.0 
19:00 16.0 16.0 0.0 8.0 8.0 4.0 3.0 0.0 0.0 0.0 
20:00 16.0 16.0 0.0 8.0 7.8 3.0 3.0 0.0 0.0 0.0 
21:00 16.0 16.0 0.0 8.0 6.4 3.0 3.0 0.0 0.0 0.0 
22:00 16.0 16.0 0.0 8.0 5.2 3.0 0.0 0.0 0.0 0.0 
23:00 16.0 16.0 0.0 8.0 4.1 3.0 0.0 0.0 0.0 0.0 
00:00 16.0 16.0 0.0 6.0 3.0 3.0 0.0 0.0 0.0 0.0 

 

 

Fig. 7. GA convergence for the interconnected configuration. 



Mastering Energy Supply for Isolated Areas (MESfIA) 2021 International Conference 
31 August to 01 September 2021. Hosted online by the Asian Institute of Technology, Thailand                                        

 

131 

 

Fig. 8. PL-GA optimization generator units schedule. 
 

As a comparison, here the simulation results are 
compared with the baseline and other algorithms. The PL-
GA algorithm is compared with the simulation model 
using the PL algorithm [7, 17] and the GA-LR-GA 
algorithm [19] and also with the calculation of the 
realization of the operating costs of the Timor electric 
power system as shown in Table 4, Table 5 shows that the 
PL-GA method turns out to have effective performance, 
can provide solutions that are close to optimal, and the 
computation time runs quite fast enough. Compared to the 
GA-LR-GA method, the calculation results of the 
proposed algorithm are slightly larger, but the runtime 
shows a much shorter time. The GA-LR-GA method does 
have the capability to provide optimal results but requires 
a longer elapsed time. 

Contrarily, the PL-GA algorithm gives better results 
than the PL method. The method is indeed very fast, but 
the results are not optimal enough. The use of the PL-GA 
algorithms provides least average operational costs, even 
though the time is a bit longer. The correctness of PL-GA 
results may also be validated by comparing it with the 
results of the calculation of the total operation cost 
realization. The TOC realization is obtained from the 
levelized cost of energy (LCOE) of the Timor power 
system, and the comparison results show that the proposed 
optimization algorithm can provide significant operating 
cost-efficiency benefits. From the simulation results and 
discussion above, the correctness and effectiveness of the 

PL-GA algorithm have been validated to obtain a unit 
commitment solution for the integration of RES power 
plant in the microgrid system.  

The availability of RES, in this case, solar energy, 
varies greatly, so several scenarios need to be made with 
variations in the integration of solar PV to the grid. In this 
condition, the proposed UC method's ability to overcome 
this variability is demonstrated. This simulation result 
with multiple levels of PV penetration is shown in Fig. 9. 

Fig. 9 shows that the penetration of RES reaches its 
optimal percentage at 15%, where the minimum total 
operating costs are achieved. At a penetration rate of more 
than 15%, the total operating costs increase. 

Fig. 10 shows that spinning reserve (SR) comes at a 
cost. However, due to the PL algorithm, the exact value of 
SR can reduce the total cost (because it forces the PL to 
turn on the unit which normally shuts down based on the 
PL). 

Refer to the simulation results above, it is known 
that the optimization method using the PL-GA algorithm 
is feasible to be applied to a microgrid system with a RES 
generator. Of course, this action can be ascertained with 
several precautions such as rechecking all generating unit 
capability and daily load profiles, determining the 
required SR level, ensuring ramp rate capability of 
generating engines, and performance and reliability of 
control systems. These steps are precautionary measures 
to make sure the solution works properly. 

 
Table 4 Comparison of total operating cost. 

Method Total fuel cost ($) Total operational cost ($) Elapsed time (s) 

Real TOC [16] 125,916.12 179,880.17 - 
GA-LR-GA [18] 109,493.08 113,378.48 630.05 

PL [7, 17] 119,854.82 124,346.38 2,70 
PL+GA 109,643.00 114,017.84 50,63 
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Fig. 9 Total operation cost and PV penetration. 
 

 

Fig. 10 Total operation cost and SR & PV Penetration. 
 

6. CONCLUSIONS 

In this paper, we propose a UC solution using an 
optimization algorithm of the improved PL and GA, 
considering the RES generation in the microgrid power 
system. For small electrical systems, with many machines, 
such as microgrid systems, in order to get optimal results 
from the implementation of unit commitments, PL and 
GA algorithms are applied. The solutions using the PL-
GA algorithm have shown good optimization results, 
accurate, with sufficient computation time. 

The accuracy of the calculation results of operating 
costs and time has been compared with other optimization 
methods, namely the GA-LR-GA and PL methods. The 
PL-GA algorithm shows fairly good performance at a 
relatively low total operating cost and short computation 
time than other optimization methods. Considering these 
results, using a combination of PL-GA optimization 
algorithms can be feasible and suitable to be applied to a 
microgrid system with a RES generator. This algorithm 
can be practically implemented in microgrid intelligent 
control systems. 

Utility companies may apply this method to the 
microgrid control system to integrate the RES generator 

into the existing microgrid system. In this study, it can 
also be seen that the penetration of RES can help alleviate 
the cost of supplying electricity and stringent reserve 
requirements. 
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Abstract – The low voltage distribution networks are expanded in recent years due to the load demand increase and its 
variations behavior. This issue compels the distribution network operators (DNO) to challenge in designing 
appropriate distribution network topologies with the lowest capital and operational expenditures to supply electricity 
to consumers in both rural and urban areas. The paper focuses on designing low voltage distribution network 
topologies under load profiles uncertainty for an urban area considering the minimum power loss and balanced load 
in the distribution networks. In the first step, the repeated phase ABC (RPABC) algorithm is developed to search for 
load balancing from a distribution transformer to all consumers. Then, the genetic algorithm (GA) is implemented to 
find out the minimum power loss. Next, the impact of load profile uncertainty on different network topologies is 
investigated. The distribution network topologies are visualized automatically for different connected phases of the 
network. To confirm a proposed method, the 45 bus distribution network in the urban area in Phnom Penh city, 
Cambodia, is selected to be a case study. Finally, a comparative study of two different concepts allows providing that 
the genetic algorithm is the optimal solution in designing the low voltage distribution network topology.  
 
Keywords – genetic algorithm, load balancing, low voltage, optimization, repeated phase ABC. 
 

 1. INTRODUCTION 

The low voltage distribution networks are extended in 
recent years due to the load demand growth; this challenge 
compels the distribution network operators to execute 
planning in designing the grid following these issues. In 
the planning practice of network construction, it is crucial 
to design a suitable topology to satisfy techno-economic 
and topology constraints. The low voltage distribution 
networks are naturally operated in unbalanced radial 
systems due to comprising in single-phase loads and 
unequal sharing in the networks [1]. Therefore, developed 
algorithms for improving distribution topologies with 
techno-economic aspects are proposed.   To cope with 
these issues, radial distribution network optimization has 
been developed to search for optimal network topologies 
by implementing simulated annealing [2] and path search 
algorithm [3]. Also, distribution network planning 
methods[4]-[9] have been addressed with a reliable 
solution for an optimal radial feeder. To minimize the 
unbalance factor of current in resulting load balancing 
improvement, the particle swarm optimization and genetic 
algorithm were implemented in [10]-[11]. However, these 
authors have focused on medium voltage distribution 
networks and existing radial low voltage distribution 
networks. 

Moreover, the single-phase low voltage distribution 
network was studied in [12] with the shortest path 
concept; the authors had focused on searching for the 
radial topology with the shortest length of the conductor 
use from energy meter boxes to households. This shortest-
path concept was implemented in [13]; the authors have 
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integrated this concept with two different algorithms of 
load balancing improvement to search for radial 
topologies in a rural area. This shortest-path concept was 
also combined with a combinatorial phase swap to 
improve the load balancing in the rural village [14]. 

Additionally, the authors in [15] have focused on 
radial low voltage distribution network topology 
development in an urban area using two different 
algorithms which are first fit bin packing (FFBP) and 
mixed-integer quadratically constrained programming 
(MIQCP); this paper aimed at searching for radial low 
voltage network topology with the shortest conductor 
length and minimum unbalanced network performance. 
This FFBP algorithm was also applied in [16] to find out 
optimal radial distribution network topologies under 
uncertainties of load profile; the authors have studied the 
comparison of these algorithms for minimal conductor 
usage and unbalanced load performance by computing the 
total actual cost of capital and operating expenditures 
based on the Monte-Carlo method. However, these 
authors have addressed optimal radial low voltage 
distribution network topologies considering the conductor 
length use minimization and load balancing improvement. 
Therefore, an optimal radial low voltage distribution 
network topology with minimum power losses is proposed 
in this presented paper. 

This paper aims at comparing radial low voltage 
distribution network topologies considering minimum 
power losses with improved load balancing using two 
different algorithms, which are repeated phase ABC 
(RPABC) as a Heuristic algorithm and Genetic algorithm 
(GA) as an Artificial Intelligence (AI) algorithm in an 
urban area. The proposed method of distribution network 
topologies, as well as algorithm development, are 
provided in the second section. The third section details 
the case study, simulation result, and discussion. Finally, 
the conclusion and future work are provided in the fourth 
section. 
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2.  METHODOLOGY 

This paper focuses on designing the radial low voltage 
distribution network topologies based on comparing two 
different algorithms in the urban area. The flowchart of 
the proposed method is shown in Figure 1. As seen in this 
figure, the input data of buses and lines are required at the 
first step. The second step as a simple concept searches for 
a radial shortest line of the distribution network topology. 
The optimal topologies implementing two different 
algorithms which are named repeated phase ABC 
(RPABC) and Genetic algorithm (GA) with different 
purposes (i.e., balanced load and minimum power losses) 
in the third step. In the fourth step, the impact of daily 
normalized load profile uncertainty on different network 
topologies is provided.  

2.1 Algorithm 1: Repeated Phase ABC 

This repeated phase ABC (RPABC) searches for load 
balancing improvement once the radial low voltage 
distribution network topology is provided using the 
shortest path. This algorithm bases on the phase sequence 
of a three-phase network starting from the first electrical 
energy meter box closest to the distribution transformer 
till the end of the network. The process of the RPABC is 
illustrated in Figure 2. As seen in the Figure, the first 
electrical pole is connected to phase A, the second is with 
phase B and the third electrical pole is with phase C, and 
so on.  

 
Fig. 1. Flowchart of the proposed method. 

 
 

 
Fig. 2. Process of the repeated phase ABC. 

 
 

2.2 Algorithm 2: Genetic Algorithm 

This algorithm is also implemented once the radial low 
voltage distribution network topology is provided. To 
cope with an optimal topology, the genetic algorithm 
(GA) tool is implemented to search for minimum power 
losses with voltage and current constraints computing by 
backward/forward sweep load flow. This GA algorithm 
has been selected due to a mixed-integer problem with 
non-linear objectives and constraints. The objective 
function is given as follows: 

Objective: min
i

nbr
abcn

loss
i 1

P
=
∑ (1) 

Where; 
:  number of branches in the system
 :  loss of each phase in branch 

i

abcn
loss

nbr
P i

 

Subject to the following constraints: 
- Voltage constraint: 0.9 pu ≤ Vlimit ≤ 1.06 pu [17] 
- Current constraint: Ibranches ≤ Imax 
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3. SIMULATION RESULT AND DISCUSSION 

3.1 A Case Study of Distribution Network 

The Borey of Veal Sbov situated in an urban area, Phnom 
Penh city, Cambodia was selected to evaluate the 
proposed method.  The consumers of the network are 
supplied from the MV/LV distribution transformer, where 
placed at the first bus. The total active power of the 
network is consumed about 200 kW with a power factor 
of 0.95. The detail of the distribution network which 

consists of loads and bus data is provided in [17]. Figure 3 
shows the geography of the test network.  

3.2 Daily Load Profile 

A daily load profile in the studied site is taken from local 
measurements in the urban area as given in Figure 4 and 
Figure 5. This load profile is simulated repetitively over a 
year in the proposed method due to the lack of 
information. 

 
Fig. 3. Distribution Network [11o32’04” N, 104o58’06” E]. 

 

 
Fig. 4. Local Measurement Setup in the Urban Area. 

 

 

Fig. 5. Daily Load Profile in the Urban Area. 
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3.3 Optimal Distribution Network Topologies 

The different proposed algorithms are applied to search 
for automated low voltage distribution network topologies 
as shown in Figure 6 and Figure 7, which are entitled 
RPABC and GA. Table 1 provides the total active power 
at each phase computed with the different algorithms 
using backward/forward sweep power flow [18]. As seen 
in Table 1, the first algorithm (RPABC) provides a good 
load balancing performance compared to the second 

algorithm (GA), the reason is due to that the first 
algorithm has found the balanced load at each energy 
meter boxes from the closest transformer till the end 
energy meter box. But the second algorithm has been 
implemented to find the minimum power loss referred to 
as the objective function in the algorithm. The voltage 
profile and voltage unbalance factor (VUF) [19] have 
been given in Figure 8 and Figure 9, respectively. It is 
noticed that the VUF at each hour is within the limit (i.e., 
2%). 

Table 1. Contribution of total active power at each phase. 

Algorithms RPABC-A1 GA-A2 

Phase A 71.20 80.53 

Phase B 64.60 58.89 

Phase C 65.07 65.07 

 

 
Fig. 6. Distribution Network Topology by RPABC Algorithm. 

 

 

Fig. 7. Distribution Network Topology by GA Algorithm. 
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Fig. 8. Voltage Profile at Peak Load by Two Algorithms. 
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Fig. 9. Voltage Unbalance at Peak Load by Two Algorithms. 

 

3.4 Comparative Study of Different Algorithms 

To compare between two proposed algorithms, some 
performance indicators have been provided. There is no 
voltage problem with the classical conductor (i.e., 50 mm2 
for the mainline) which presently implements in 
Cambodia as shown in Table 2. As the result in the table, 
the second algorithm (i.e., GA) is the best concept 
compared to the first algorithm that is because this 
algorithm has searched for the optimal network topology 
based on the lowest power losses respected to voltage and 
current constraints. In contrast, the first algorithm (i.e., 
RPABC) has improved the load balancing without taking 
into account the power losses in the objective function, the 
first algorithm was expected to minimize the power losses 
with load balancing means. Based on the results provided 
in the table, it can be noticed that the second algorithm 
provides the optimal low voltage distribution network 
topology in terms of several indicators. However, 

compared to the computation time and complexity of 
algorithm development, both algorithms can be considered 
for the distribution network operator in designing the 
network. 

3.5 Uncertainty of Daily Normalized Load Profile 

This part provides an uncertain impact of daily normalized 
load profile between +/-20 % with uniform distribution at 
each consumer in terms of Capital expenditure (CAPEX) 
and Operational expenditure (OPEX) over 2000 
samplings. These CAPEX and OPEX are costed based on 
the cable cost (50 mm2) of 0.8 kUSD/km and electricity 
cost of 0.2 USD/kWh [17]. As seen in Figure 10 and 
Figure 11, the average of CAPEX and OPEX for the first 
algorithm is 164.90 kUSD and 164.88 kUSD for the 
second algorithm. It can be noticed that both proposed 
algorithms are closely even if power losses in the second 
algorithm are lowest in a particular case study. 
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Table 2. Several performances by different algorithms. 
Indicators MIQCP [12] FFBP [12] RPABC-A1 GA-A2 Choice 

Annual energy purchased (MWh) 848.44 821.21 820.80 820.78 A2 
MV/LV Transformer required (kVA) 246.63 224.75 224.33 224.30 A2 
Conductor Use (m) 2005 3440 3440 3440 A2 
Maximum active power losses (kW) 18.98 6.30 6.11 6.10 A2 
Maximum current (A) 209.05 99.30 98.74 94.68 A2 
Minimum voltage (pu) 0.9140 0.9645 0.9644 0.9684 A2 
Voltage unbalance factor (%) 1.22 0.71 0.62 0.29 A2 
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Fig. 10. Histogram of CAPEX and OPEX by RPABC-A1. 

162.5 163 163.5 164 164.5 165 165.5 166 166.5 167 167.5
0

20

40

60

80

100

120

140

kUS$

O
cc

ur
re

nc
e

 
Fig. 11. Histogram of CAPEX and OPEX by GA-A2. 

 
 
4. CONCLUSION AND FUTURE WORK 

The optimal low voltage distribution network topologies 
for the urban area in Phnom Penh city, Cambodia were 
developed and analyzed with different algorithms, which 

are based on minimum unbalanced load and power losses. 
Once the radial distribution network topology is provided, 
two algorithms are developed to search for the optimal 
low voltage distribution network topologies, named the 
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repeated phase ABC (RPABC) and Genetic algorithm 
(GA). Several performance indicators are also provided 
between two different distribution network topologies to 
provide the decision to the distribution network operator 
(DNO) on which network should be chosen. The impact 
of normalized load profile uncertainty on the different low 
voltage distribution network topologies is also 
investigated. It can be also concluded that the proposed 
algorithm with a genetic algorithm based on minimum 
power losses gives the optimal solution for DNO. 
Integrating the photovoltaics and storages into the optimal 
low voltage distribution network topology will be 
addressed in future work. 

ACKNOWLEDGEMENT 

The author would like to express appreciation of the Japan 
International Cooperation Agency (JICA) for providing 
financial support for this research under the Laboratory-
Based Education (LBE) program at the Institute of 
Technology of Cambodia (ITC). 

REFERENCES 

[1] Vai V., Gladkikh E., Alvarez-Herault M.-C., Raison 
B. and L. Bun L., 2017. Study of low-voltage 
distribution system with integration of PV-battery 
energy storage for urban area in developing country. 
In Proceedings of the IEEE International Conference 
on Environment and Electrical Engineering and IEEE 
Industrial and Commercial Power Systems Europe.  
Milan, Italy, 6-9 June. IEEE Publisher. 

[2] Nahma J.M and Peric D.M. 2008. Optimal planning 
of radial distribution networks by simulated annealing 
technique. IEEE Transactions on Power Systems 
23(2): 790-795. 

[3] Kumar V., Krishan R. and Sood Y. 2013. 
Optimization of radial distribution networks using 
path search algorithm. International Journal of 
Electronics and Electrical Engineering. 1(3): 182-
187. 

[4] Boulaxis N.G. and M. Papadopoulos M. 2002. 
Optimal feeder routing in distribution system 
planning using dynamic programming technique and 
GIS facilities. IEEE Transactions on Power Delivery. 
17(1): 242-247. 

[5] Kumar D., Samantaray S.R. and Kamwa I. 2014. A 
radial path building algorithm for optimal feeder 
planning of primary distribution networks considering 
reliability assessment. Electric Power Components 
and Systems. 42(8): 861-877. 

[6] Kumar D., Samantaray S.R. and Joos G. 2013. A 
reliability assessment based graph theoretical 
approach for feeder routing in power distribution 
networks including distributed generations. 
International Journal of Electrical Power and Energy 
Systems. 57: 11-30. 

[7] Samui A., Singh S., Ghose T. and Samantaray S.R. 
2012. A direct approach to optimal feeder routing for 
radial distribution system. IEEE Transactions on 
Power Delivery. 27(1): 253-260. 

[8] Samui. A., Samantaray S.R. and Panda G. 2012. 
Distribution system planning considering reliable 
feeder routing. IET Generation, Transmission and  
Distribution. 6(6): 503-514. 

[9] Singh S., Ghose T. and Goswami S.K. 2012. Optimal 
feeder routing based on the bacterial foraging 
technique. IEEE Transactions on Power Delivery. 
27(1): 70-78. 

[10] Toma N., Ivanov O., Neagu B. and Gavrilas. M. 
2018. A PSO algorithm for phase load balancing in 
low voltage distribution networks. In Proceedings of 
International Conference and Exposition on 
Electrical and Power Engineering. Lasi, Romania, 
18-19 October. IEEE Publisher. 

[11] Ivanov O., Neagu B., Gavrilas M., Grigoras G. and 
Sfintes C.V. 2019. Phase load balancing in low 
voltage distribution networks using metaheuristic 
algorithms. In Proceedings of International 
Conference on Electromechanical and Energy 
Systems. Craiova, Romania. 9-11 October. IEEE 
Publisher. 

[12] Vai V., Bun L., Khon K., Alvarez-Herault M.-C. 
Raison B. 2020. Integrated PV and battery energy 
storage in LVAC for a rural village: A case study of 
Cambodia. In Proceedings of the 46th Annual 
Conference of the IEEE Industrial Electronics 
Society. Singapore, Singapore, 18-21 October. IEEE 
Publisher.  

[13] Vai V. and Bun L. 2020. Study on the impact of 
integrated PV uncertainties into an optimal LVAC 
topology in a rural village. ASEAN Engineering  
Journal. 10(1): 79-92. 

[14] Vai V. et all. 2021. Optimal design of LVAC 
distribution system topology for a rural village. In 
Proceedings of the 9th International Electrical 
Engineering Congress. Pattaya, Thailand, 10-12 
March. IEEE Publisher.   

[15] Vai V., Alvarez-Herault M.-C., Bun L. and Raison B. 
2019. Design of LVAC distribution system with PV 
and centralized battery energy storage integration-A 
case study of Cambodia. ASEAN Engineering 
Journal. 9(2): 1-16. 

[16] Vai V., Alvarez-Herault M.-C., Raison B. and Bun L. 
2020. Optimal low-voltage distribution topology with 
integration of PV and storage for rural electrification 
in developing countries: A case study of Cambodia. 
Journal of Modern Power Systems and Clean Energy. 
8(3): 531-539. 

[17] Vai V., 2017. Planning of low voltage distribution 
system with integration of PV sources and storage 
means: Case of power system of Cambodia. Ph.D. 
Thesis. Grenoble Alpes University, Grenoble, France. 

[18] Ciric R.M, Feltrin A.P. and Ochoa L.F. 2003. Power 
flow in four-wire distribution networks-general 
approach. IEEE Transactions on Power Systems. 
18(4): 1283-1290. 

[19] Pillay P. and Manyage M. 2001. Definitions of 
voltage unbalance,” IEEE Power Engineering 
Review. 21(5): 49-51. 



Mastering Energy Supply for Isolated Areas (MESfIA) 2021 International Conference 
31 August to 01 September 2021. Hosted online by the Asian Institute of Technology, Thailand                                        

141 

 
Abstract – As an Archipelago country, Indonesia has different types of power grids. In small islands or isolated areas, 
Indonesia Government and national electricity companies apply microgrid schemes to serve the electricity needs in 
that area. At the same time, the Indonesia Government also commits to deploy more renewable energy in its power 
generation system to reduce Greenhouse Gasses Emissions. One of its strategies to achieve the national greenhouse 
gasses emission reduction target is using Solar PV power plants in the microgrid systems especially in microgrid for 
the small island. Currently, in Karampuang Island, a 6 km2 island located in West Sulawesi Province with a 
population of 800 householders, the electricity needs supply by four Solar PV microgrid which separated and not 
connected yet. The electrical load for the island microgrid is dominated by household load and a small portion of 
public facilities. In this paper, two schemes of Karampuang microgrid expansion are examined. The first scheme is the 
microgrid using a single Solar PV power plant with a large size to supply for all islands. The second scheme is the 
microgrid use four distributed solar PV power plant and connects them to supply for all island in one grid. The 
reliability aspect of both microgrid schemes is calculated. The indices compared and look the most suitable for the 
consumer between them. 
  
Keywords – Micro-grid, isolated island, reliability, single solar PV plant, distributed solar PV plant.     
 

 1. INTRODUCTION 

Indonesia is one of the biggest archipelago countries in the 
world. It consists of a number of the big island and a lot of 
small islands either inhabited or not. The Indonesian 
electrical system has a different type of power grid 
depends on the location. On a big island, the grid is 
connecting along the island in a High Voltage AC system. 
Meanwhile, in small islands or isolated areas, Indonesia 
Government and the National Electricity Company apply 
microgrid schemes to serve the electricity needs in that 
area. 
 At the same time, Indonesia Government pledges the 
commitment to deploy renewable energy in its power 
generation system to reduce greenhouse gas emissions. In 
National Energy General Plan, Indonesia's renewable 
energy share target in the national energy mix is 23% in 
2025 [1]. One of its strategies to achieve that target is 
using Solar PV power plants (PV) in the microgrid system 
especially in microgrid for the small island [2].   
 One of the solar PV microgrid that has already been 
implemented is in Karampuang Island. Karampuang 
Island is a 6 km2 island, located in Mamuju Regency, 
West Sulawesi Province with a population of 800 
householders [3]. Their electricity needs supply by four 
Solar PV microgrid which are separated and not 

                                                 
 

connected yet. PV 1 is located on the west side of the 
island with a capacity of 201.6 kWp and 1152 kWh 
battery energy storage. PV 2, located in the southern area 
of the island, capacity is 115.2 kWp and 576 kWh battery 
energy storage. PV 3, located in the northeast of the island, 
capacity is 147.2 kWp and 864 kWh battery energy 
storage. PV 4, located in the northwest of the island, 
capacity is 134 kWp and 768 kWh battery energy storage. 
The electrical load in this microgrid is dominated by 
household load and a small portion of public facilities. 
This microgrid was built in 2017 by Sky Energy Solar 
under MCA-Indonesia Program [4]. 
 In this study, two schemes of grid development are 
examined based on the current capacity in the original 
scheme. The first scheme is the microgrid using a single 
Solar PV plant with a large size to supply for all islands. 
That Solar PV capacity is combined of 4 PV capacity in 
original scheme and Battery Energy Storage with capacity 
is combined in one location with the same total capacity 
as the original scheme. The second scheme is the 
microgrid use of four distributed solar PV power plants in 
the original scheme location, connects all of them in one 
connection line, and equipped with a Battery Energy 
Storage in one location with the same total capacity as the 
original scheme. The generation system will supply the 
load in a distribution system. 

The reliability of both schemes is analyzed. In this 
analysis, two reliability indices are calculated, Loss of 
Load Expectation and Loss of Energy Expectation. There 
are several methods in analyzing the reliability of 
microgrid with renewable resources. In this study, 
Reliability Block Diagrams and Monte Carlo Simulations 
are implemented.  
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2.  KARAMPUANG ISLAND MICROGRID  

Figure 1(a) shows the current location of 4 Solar PV Plan 
and load location in Karampuang Island. All of them are 
not connected and work individually in serving their 
designated load. PV 1 is located on the west side of the 
island with a capacity of 201.6 kWp and 1152 kWh 
battery energy storage. PV 2, located in the southern area 
of the island, capacity is 115.2 kWp and 576 kWh battery 
energy storage. PV 3 located northeast of the island, 
capacity is 147.2 kWp and 864 kWh battery energy 
storage. PV 4, located in the northwest of the island, 
capacity is 134. kWp and 768 kWh battery energy storage. 
Those capacities are already enough to supply electricity 
need for costumer on the island. Every Household 
installed a set of 450VA metering and safety breaker. This 
microgrid was built in 2017 using a grant budget under 
MCA-Indonesia Program and operated by PT 
Karampuang Multi Daya. The total daily load of the 
Karampuang Island Microgrid is around 1200 kWh. Those 
loads follow the load pattern of an isolated grid. The peak 
load happens in the evening until tonight when lighting 
and home appliances work for 3 to 5 hours per day. The 
baseload is occurred from around midnight until dawn 
when electricity is only for a few lightings. Usually, the 
peak load can be a 2-5 time baseload [5]. 

 
Fig. 1. Solar PV location in Karampuang Island. 

Two expansion schemes of Karampuang microgrid 
are studied in this paper. The first scheme is the microgrid 
in the island consist of one large Solar PV and one battery 
energy storage. The PV and battery energy storage 

capacity in this scheme is an aggregate of 4 existing Solar 
PV plants and battery energy storage in the current 
condition which is 598.4 kWp and 3360 kWh. The second 
scheme is the microgrid with consist of 4 PV plant and 
one battery energy storage. All 4 PV plants in scheme 2 
are using current Solar PV capacity and location while the 
battery energy storage capacity is 3360 kWh and located 
in between of PV. Those PV and battery energy storage 
are connected in low voltage AC connection. Both 
schemes will supply load in two separated areas in low 
voltage connections. Figure 1 (b) and (c) show the 
schematic diagram and location of Scheme 1 and Scheme 
2.   

3. RELIABILITY ANALYSIS FOR MICROGRID 

Reliability study is gained importance in the electrical 
power industry because society is becoming strongly 
dependent on the electrical supply moreover a small 
power outage has a great economic impact on the 
industrial consumer. Reliability is known as the 
probability that a power system will perform its functions 
adequately without any failure within a period when 
operating in normal conditions. The reliability study can 
be utilized to assess the performance of the system based 
and to identify the malfunction components that need 
urgent replacement [6].  

Reliability assessment and analysis is important for 
PV power system because its relatively high risk to the 
system [7]. Various reliability study was already done in 
renewable energy, distributed generation, and or 
microgrid field. A study from Hamza Abunima et al 
shown that at least there are 100 papers in IEEE Xplore, 
Science Direct, and WoS with title query contained the 
keywords “reliability evaluation”. Investigation studies 
accounted for the largest portion, represented 35 out of 
100 (35%) articles which examined the effects of some 
factors on reliability system and most of them included the 
proposal of a new model of system components and 
studied the impacts of these components on power system 
reliability [8].  

In a microgrid system, the reliability analysis is 
mainly implemented in several methods such as failure 
modes, effect and criticality analysis (FMECA or FMEA), 
bayesian belief networks (BBN's), event tree analysis 
(ETA), fault tree analysis (FTA), Markov chain Monte 
Carlo simulation, and reliability block diagram [9]. While 
Reliability analysis of solar-PV systems is carried out 
using several reliability methods. Among them, the 
reliability block diagram (RBD) and fault tree analysis 
(FTA) is the most used [10]. A study by Trang Thai Pram 
et al uses the Markov Chain analytic method, using forced 
outage bate (FOR) data, to analyzes the reliability 
condition of BESS in microgrid [11].     

 RBD is a system-level reliability analysis method 
that simplifies the reliability modelling process since the 
order of fault occurrence does not affect the model. There 
are series structures, parallel structures, and k-out-of-n 
structures in RBDs. A series connection is joined by one 
path from the “in” node to the “out” node, a parallel 
connection is joined by multiple paths, and k-out –of –n is 
functioning if at least k of n components is functioning or 
healthy [9].  
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 A Monte Carlo simulation estimate of the reliability 
indexes is attained by simulating the stochastic behaviour 
of the components that compose the system. Considering a 
component with two state Markov-based model, an 
illustrative example of its behaviour is represented by “1” 
and the down-state by “0”.  To perform a non-
chronological simulation and calculation, it is necessary to 
know the value of the probability of each component to be 
unavailable, called forced outage rate (FOR), which can 
be determined through the analysis of the data relative to 
the occurrence of failures. For new equipment, the FOR is 
estimated by manufacturers or through analogy with the 
available information from the existing ones. The 
probability of being in the up-state and the probability of 
being in the down-state are given, respectively, by: 

𝑃1 =
𝜇

𝜇 + 𝜆
=

𝑚
𝑚 + 𝑟

 (1) 

𝑃0 =
𝜆

𝜇 + 𝜆
=

𝑟
𝑚 + 𝑟

 (2) 

where λ and µ represent the failure and repair rate of the 
component. m and r are time intervals, m is the mean 
operating time and r is the mean repair time [12].   

The result of reliability evaluation is shown in 
several indices namely loss of load probability (LOLP), 
loss of load expectation (LOLE), and loss of energy 
expected (LOEE) which are obtained from the capacity 
outage probability table (COPT). LOLP, LOLE, and 
LOEE / EENS are used in the reliability study of 
microgrid and solar PV in [13], [14] – [17].   
[14][15][16][17] 

LOLP is the probability that the generating capacity 
of the power systems is less than the daily peak load at a 
given time usually one year [13].  

𝐿𝑂𝐿𝑃 = �𝑃(𝐶𝑖)𝑃(𝐿𝑖 > 𝐶𝑖)
𝑛

𝑖=1

 (3) 

where Ci is generation capacity, P(Li>Ci) is 

the duration of lost capacity in percent. 
 LOLE represents the number of hours per annum in 
which the expected power generation will not meet power 
demand at the consumers’ load points.  

𝐿𝑂𝐿𝐸 = �𝑝𝑘
𝑛

𝑘=1

𝑡𝑘 (4) 

where pk is the individual probability of capacity in an 
outage and tk is the duration of loss of power supply in 
days.  

LOEE is the total energy that is not delivered at the 
system load points. Sometimes LOEE is also denoted as 
expected energy not supplied/served (EENS) or expected 
unserved energy (EUE) [18]. LOEE considered giving 
more physical illustration than previous indices. 

𝐿𝑂𝐿𝐸 = �𝐸𝑘
𝑛

𝑘=1

𝑝𝑘 (5) 

where Ek is the energy curtailed by a capacity outage Ok. 
In this study, the power quality and reliability of 

both schemes are analyzed by comparing two indices 
which are LOLE and LOEE. The reliability analysis uses 
RBD and Monte Carlo Simulation. The step of analysis is 
shown in a flowchart in Figure 2.  

 
Fig. 2. Flow Chart of Reliability Analysis. 

The first step is to construct the system model. The 
system model is constructed by decomposed into several 
subsystems according to their function. According to [10], 
the PV system can be decomposed into 5 subsystems 
namely PV module, inverter, balance of system (BOS), 
battery storage, charge control. The next step is modelling 
the RBD. The system components are interpreted by either 
sequential or parallel blocks, which link with each other 
depending on their effects on the whole system. Each 
block of each component is described by the failure and 
repair rates of this component. After RBD constructed, 
Availability (A) and forced outage rate (FOR) is 
calculated by using Failure and Repair Rate data for each 
component of the subsystem which obtained from the 
various study.  The A and FOR are calculated by using 
equation (6) below. 
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𝐴 =
𝜇

𝜇 + 𝜆
 (6) 

𝐹𝑂𝑅 = 1 − 𝐴 
(7) 

After A and FOR of component calculated, A and 
FOR of subsystem BESS and Solar PV in RBD are 
calculated. Then, to construct the COPT system, the 
generation capacity divides into daytime and nighttime. In 
the daytime, the PV subsystem produces energy. Some of 
them are directly sent to the customer as much as the load 
needs and the rest of the energy will charging the BESS, 
thus the “Capacity In” is the PV generation. In the 
nighttime, the load is fully supplied by BESS. The 
“Capacity In” in the nighttime is the Bess energy which 
came from daytime charging by PV minus 9 hours of 
night baseload. It is shown in formula 12 below.  If daily 
charged Bess energy below 9h baseload nighttime, Cap In 
nighttime are 0 kW.   

𝐶𝑎𝑝 𝐼𝑛𝑛𝑖𝑔ℎ𝑡𝑖𝑚𝑒

=  
�𝑃𝑃𝑉 𝐷𝑎𝑖𝑙𝑦 − 𝐿𝑜𝑎𝑑𝑑𝑖𝑟𝑒𝑐𝑡 𝑢𝑠𝑒 𝑑𝑎𝑦𝑡𝑖𝑚𝑒� − 𝐿𝑜𝑎𝑑9ℎ 𝑏𝑎𝑠𝑒𝑙𝑜𝑎𝑑 𝑛𝑖𝑔ℎ𝑡𝑖𝑚𝑒

3 ℎ
 

                                                                                  (8) 

 The probability of each Cap In in the COPT 
calculates using MCM with the recurrent formula for the 
probability model by using formula (8)[19]. 

𝑃(𝑋) =  �𝑝1𝑃′(𝑋 − 𝐶𝑖)
𝑛

𝑖=1

 (9) 

After the COPT system is constructed, the LOLE 
and LOEE are calculated by using the load duration curve 
of the microgrid. LOLE and LOEE obtained from the 
calculation for both schemes are compared and analysed. 

4. CALCULATION 

The microgrid system is considered schemes 1 and 2 
shown in Figure 3 below. The total capacity of Solar PV 
and Battery for both schemes are equal. Both schemes 
also use the same type of component. The type and 
amount of each component for both schemes are shown in 
Table 1 and Table 2. 

 

 
Fig. 3. Single Line Diagram microgrid (a) scheme 1 (b) scheme 2. 

 

Table 1. Component in Scheme 1. 

Component type Amount 

Solar PV 0.3 kWp 1995 

PV Inverter 25 kW 24 

Battery 48V/1000Ah 70 

Batt Converter 6 kW 100 
 

 
   
   
   
 
   

 
Table 2. Component in Scheme 2. 

Component type Amount 

Solar PV 1 0.3 kWp 672 

PV Inverter 1 25 kW 8 

Solar PV 2 0.3 kWp 384 

PV Inverter 2 25 kW 5 

Solar PV 3 0.3 kWp 491 

PV Inverter 3 25 kW 6 

Solar PV 4 0.3 kWp 448 

PV Inverter 4 25 kW 6 



Mastering Energy Supply for Isolated Areas (MESfIA) 2021 International Conference 
31 August to 01 September 2021. Hosted online by the Asian Institute of Technology, Thailand                                        

145 

Battery 48V/1000Ah 70 

Batt Converter 6 kW 100 
 

The RBD for schemes 1 and 2 is shown in Figure 4. 
All components in a subsystem are functionally arranged 
in a series configuration. It means that the subsystem in 
working condition only if all component is working 
satisfactorily. The parallel structures showed the number 
of  

components in the subsystem. Then each subsystem is 
compiled to each connection line in a series configuration. 
The subsystem work if only the connection is work. In 
scheme 2, each subsystem connected in LV connection 
which connected 4 PV and 1 BESS in 5 areas. The system 

in scheme 2 will produce electricity if the LV connection 
line works properly.  

Obtaining accurate failure and repair rates is an 
important stage in reliability analysis. Therefore, in [10], a 
large amount of reliability data, failure and repair rates, 
are collected from the literature. Various technologies and 
layouts are considered in the obtained data. In addition, 
the collected data are characterized by different scan 
times. Table 3 shows the failure and repair rates of each 
subsystem use in this calculation refer to previous 
research such as [10], [15],[20], [22], and [23].

 

(a) 
 

(b) 
Fig. 4. RBD of (a) scheme 1 (b) scheme 2. 
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Table 3. failure and repair rates of system’s component. 

Component 

Index 

failure Rate, 
λ 

(10^-6 / year) 

Repair Rate, 
μ 

(/ year) 

Availability FOR Ref 

   

Solar PV 

3.2 0.0667 99.9952% 0.0048% [10] 

4.6 0.0057 99.9194% 0.0806% [10] 

0.015 0.0037 99.9996% 0.0004% [10] 

0.0046 0.025 99.99998% 0.00002% [10] 

  

99.80% 0.20% [20] 

  

96.00% 4.00% [21] 

PV 
Inverter 

13 0.0833 99.9844% 0.0156% [10] 

11 0.0057 99.8074% 0.1926% [10] 

40 0.00208 98.1132% 1.8868% [10] 

27 0.1 99.9730% 0.0270% [10] 

40 0.0021 98.1308% 1.8692% [10] 

7.6 0.0025 99.6969% 0.3031% [10] 

Battery 
System 

11 0.0057 99.8074% 0.1926% [10] 

13 0.006 99.7838% 0.2162% [10] 

  

96.00% 4.00% [15] 

  

99.00% 1.00% [22] 

Charge 
Controller/ 
Converter 

6.4 0.01612 99.96% 0.04% [10] 

6.4 0.0006 98.94% 1.06% [10] 

BOS 

  

99.9152% 0.0848% [10] 

LV-line 0.018 f/a 12 h 0.9821 0.017 [23] 
 

The bold number in Table 4 is the number form 
reference while the other is came from a calculation using 
formula 6 and 7. In this study, the A and FOR of each sub-
component that used in this calculation are shown Table 4.  

Table 4. A and FOR of each component. 

Component A FOR 

Solar PV (@25kw) 99.966% 0.034% 

PV Inverter (@25kw) 98.131% 1.869% 

Battery System(@6kw) 99.784% 0.216% 

Charge Controller / 
Converter (@6kw) 98.945% 1.055% 

BOS (@PV Plant) 99.915% 0.085% 

Connection-Line  98.216% 1.784% 

The COPT of the subsystem is calculated as per 
RBD in Fig. 4 using the A and FOR value in Table 4. 
Solar PV availability value in table 4 assumed for one 
string of Solar PV module which connects to one PV 
Inverter.  In Scheme 1, there are 24 string Solar PV, 24 
PV Inverter, and 24 BOS. The PV component availability 
is APV x A Inverter x Abos which is 98.01%. Since there are 

24 pairs of PV components, COPT of the PV subsystem 
has 25 states. Then the COPT subsystem recalculated by 
considering the subsystem connection availability. The 
COPT of the BESS subsystem is calculated in the same 
way as PV subsystem COPT. The Bess component 
availability is ABattery x A converter equal to 98.73%. The 
BESS subsystem’s COPT divide into 22 states.  

To calculate the Cap In of COPT system, the daily 
load curve and PV production curve of microgrid and 
Solar PV farm is considered. Figure 5 shows the daily 
energy production and the daily load of the scheme 1 
system. The daily load in the above figure already 
considered the distribution and connection losses. The 
energy production of Solar PV value is provided by 
solcast.com.au, an Australian Company that provides solar 
data services and technology. The Solcast dataset has been 
extensively validated, comparing Solcast data with 
publicly available surface measurements from around the 
world such as from  Baseline Surface Radiation Network 
(BSRN) stations [24]. The energy production is extracted 
for a specific point of location of the Solar PV farms in 
schemes 1 and 2.  
 There is 130 state in COPT system of scheme 1.  
The snippet of the COPT system is shown in Table 5. The 
load curve that uses in LOLE and LOEE calculation is the 
annual hourly load. The blue line in Fig 55 shows the 

https://solcast.com.au/
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daily load curve on a weekday, while in the weekend 
assumed there is declining consumption of energy, so the 
load decreases 15% from weekdays. Fig. 6 shows the 
weekly hourly load.  

Table 5. The snippet of scheme 1's COPT. 

State 
Cap In (kW) 

P ind 
Daytime Nighttime 

129 350.0 411.22 0.596121 

128 350.0 390.00 1.2285E-40 

127 350.0 360 5.3927E-49 

… … … … 

115 350.0 0.00 0.01082 

114 336.3 383.08 0.289816 

… … … … 

88 321.7 0.00 0.00122626 

87 307.1 322.97 0.01002942 

86 307.1 300 1.02848E-70 

… … … … 

64 277.8 262.85 8.6426E-05 

63 277.8 240 1.17753E-90 
… … … … 

55 277.8 0.00 1.5697E-06 

… … … … 

30 219.3 142.63 4.4768E-10 

… … … … 

25 219.3 0.00 8.1312E-12 

… … … … 

9 131.6 0.00 3.1456E-20 

8 117.0 0.00 9.21E-22 

… … … … 

2 29.2 0.00 9.3051E-36 

1 14.6 0.00 9.3222E-36 

0 0.0 0.00 0.017838 

The weekly hourly load assumed the same 
throughout the year for 52 weeks. The load duration curve 
in Figure 7 is arranged in descending order to form a 
cumulative load. 

 

 
Fig 5. Daily energy production and daily load for scheme 1. 
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Fig. 6. Weekly Load Profile of system. 

 

 
Fig. 7. Load Duration Curve. 

 

 
Fig. 8. Daily Energy Production of Microgrid Scheme 1 and 2. 
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From calculation using COPT and load duration 
curve found that the LOLE of scheme 1 is 2.8580% or 
249.68 h/year and the LOEE of scheme 1 is 11502.02 
kWh/year. 

The same step was also applied for scheme 2 to 
construct the COPT system. The difference is in scheme 2 
there is 4 PV subsystem and each subsystem is calculated 
its own COPT. Then all 5 subsystems COPT will combine 
into COPT system with the same step and assumption in 
scheme 1’s calculation. The other difference value in the 
calculation of scheme 2 is the total daily energy 
production of PV. By using the same toolkit, the total 
daily energy production of PV from 4 different locations 
in scheme 2 is 2155 kWh. It was different in small number 
with daily energy production of scheme 1 which using one 
location of PV plant (2158.3 kWh). Figure 7 below show 
the hourly curve of daily Solar PV production for scheme 
1 and scheme 2 that look almost the same in all time.  

The COPT system of scheme 2 has 145 states which 
give more flexibility than one single PV plant as in 
scheme 1. The snippet of Scheme 2 COPT is shown in 
Table 6 below. 

From calculation using above COPT system for 
scheme 2 and the same Annual Load Duration Curve with 
calculation in scheme 1, found that LOLE Scheme 2 is 
2.8912% or 252.58 h/year, and LOEE is 11577.54 
kWh/year.  
 Overall comparison between two schemes from 
above calculation shown in Table 7 below. Found that the 
LOLE and LOEE of microgrid with one large solar PV 
plant have better reliability.  
 
 

 
 
Table 6. The snippet of COPT Scheme 2. 

State 
Cap In (kW) 

P ind 
Daytime Nighttime 

144 350.00 410.10 0.543695462 

143 350.00 390.00 1.12054E-40 

142 350.00 360.00 4.91844E-49 

… … … … 

130 350.00 0.00 0.009875128 

129 347.66 405.30 0.275342135 

128 347.66 390.00 5.67472E-41 

… … … … 

115 347.66 0.00 0.005001033 

101 334.68 0.00 0.001215676 

… … … … 

87 307.07 321.99 0.001158121 

… … … … 

76 307.07 0.00 2.10349E-05 

… … … … 

37 233.96 171.94 0.004180839 

… … … … 

30 219.33 141.93 0.000662128 

29 219.33 120.00 5.3254E-135 

… … … … 

25 219.33 0.00 1.20262E-05 

… … … … 

10 146.22 0.00 0.000114814 

9 131.60 0.00 1.13796E-05 

… … … … 

2 29.24 0.00 4.36309E-10 

1 14.62 0.00 4.36945E-12 

0 0.0 0.00 0.017839 

 
Table 7. Overall Comparison between schemes. 

Indices Scheme 1 Scheme 2 

Daily PV 

Production (kWh) 

2158.3 2155.0 

LOLE (%) 2.8580 2.8912 

           (h/year) 249.68 252.58 

LOEE (kwh/year) 11502.02 11577.54 

5. DISCUSSION AND CONCLUSION  

The Reliability aspect for two schemes of Karampuang 
Microgrid’s expansion is calculated. Found that the one 
large PV microgrid scheme has better Reliability compare 
to the 4 distributed PV microgrid schemes. The LOLE and 
LOEE of scheme 1 and scheme 2 differ in small numbers. 
The connection component plays a big role in the 
reliability of the system. In this Karampuang case study, 
the one large Solar PV microgrid system is the most 
suitable topology. The difference result might happen if 
the distributed Solar PV plant is located in the long-range 
distance or different connection topologies of Solar PV 
and BESS.  

The calculation method that developed in this study 
might need adjustment while studying the reliability of 
microgrids located not in an equatorial area. The COPT 
should construct by considering the load behavior and 
solar PV production curve in a specific area. A future 
work plan might consider calculating the reliability and 
economic index in implemented distributed PV microgrid 
so that other indices such as SAIDI and SAIFI can be 
counted factually.  
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Abstract – The microgrid concept is very important to support electricity access in many countries. This concept is not 
limited only to rural areas but also urban areas. A microgrid can increase the reliability and availability of electricity 
in a forming area by presenting micro-electrical sources or distributed generators. The microgrid can operate in a 
grid-connected mode or an islanded mode. In grid-connected mode, a power network has to handle the flow of 
electricity in a bidirectional way, and the fault level is high due to the contribution from the main grid. In contrast, 
when the microgrid is in islanded mode, the fault level is lower. Then, the protecting devices in the microgrid area 
shall be able to detect the fault on both operational modes, which cannot be implemented on a conventional protection 
basis. Hence, this paper presents an overview of protection issues in grid-connected mode and islanded mode, as well 
as a review of applied protection methods, which focus on current-based protection, differential protection, voltage 
current-based protection, and deployment of the external device. Finally, the comparative study on different reviewed 
methods has been discussed with related reasons. 
  
Keywords – Microgrid, protection issue, fault in microgrid, grid-connected mode, islanded mode 
 

 1. INTRODUCTION 

Presently, the cost of power production from renewable 
energy is now cheaper. Many countries have their policies 
to support and subsidize the usage of this kind of energy, 
aiming to reduce the carbon emission from large power 
plants. In addition, the electrical energy demand is 
continuously rising. Building new power plants to support 
the demands might not be the best selection of choices 
because of three main reasons. First, carbon emission for 
energy production from conventional generators is high 
compared with renewable energy technologies. The 
second is lower efficiency and higher transmission losses 
because the location of the power plant is usually far from 
the electrical loads. The produced energy has to be 
transported via long transmission lines leading to higher 
electrical losses in the system. The third reason is lower 
reliability from the long transmission lines leading to 
higher fault risk [1]. All of this can be coped out by 
forming some parts of the electrical network as a 
microgrid. 

In a microgrid, micro-electrical sources or 
distributed generators (DGs) such as micro-turbines, wind 
turbines, solar power plants, fuel cells, small hydroelectric 
power plants, combined heat and power (CHP) plants are 
located near the local power demands. Thus, the 
reliability, efficiency, and quality of the power supply are 
improved. However, some sources are non-firm, for 
example, solar and wind energy, which cannot be 
controlled to dispatch. Then, the energy storage system is 
installed to store the surplus energy while over-generating 
and to supply while the deficit of produced energy. When 
an amount of demand is suddenly increased in the 
network, the conventional power system can compensate 
for the initial energy balance by the inertia of generators. 
In contrast, in a microgrid, the inertia of micro sources is 
very low. The energy storage system is essential to 
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compensate for loads to balance the energy. Thus, the 
energy storage system can improve the overall stability of 
the microgrid leading to better service quality and 
uninterrupted service [2] [3]. 

Since the microgrid is forming under the main grid, 
there are two modes of operation: grid-connected and 
islanded modes. The transfer between two modes can be 
done by connecting and disconnecting from the main grid 
at the point of common coupling (PCC) [4]. While 
operating in grid-connected mode, the power comes from 
both sources: the main and micro sources. The electrical 
power can then flow in two directional ways from main 
grid to microgrid and vice versa [5]. These micro sources 
are controlled to operate economically [6]. Thus, the real 
power demand in the system is mainly supplied by the 
micro sources, and the main grid compensates for the 
remaining portion and variation of real power demand. 
While operating in islanded mode, there is no support 
from the main grid. The available sources are only from 
the DGs. Thus, the scheme of load shedding and 
generation curtailment is implemented to maintain the 
power balance. The critical loads are made to receive a 
high quality of power at all times, and the remaining loads 
are made to undergo load shedding [1]. 

The control and operation of the microgrid is 
different from the conventional one. Thus, it is not reliable 
to implement the same protection scheme in the microgrid 
system [7]. The different scheme of the power system on 
both modes of operation of microgrid leads to different 
fault levels. For example, in grid-connected mode, the 
main grid can contribute to the fault resulting in a high 
fault current. On the other hand, in islanded mode, the 
fault current is limited due to inverter based of DGs 
(maximum 2 p.u.). Thus, the conventional protection 
scheme, which has constant relay settings, is no longer 
valid [4]. In addition, the size of microgrid is not 
relatively large as a bulk generation and transmission 
systems, but the microgrid has more complicated 
operating scenarios and configurations. Then the design of 
microgrid protection should be simple and use of 
inexpensive relays [8].  Therefore, a proper protection 
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scheme is essential for the microgrid to ensure safe and 
reliable operation in both operating modes. 

This paper is organized as follows: Section 2 
discusses the microgrid protection issues. Section 3 
reviews different protection techniques that has potential 
to be applied for the microgrid. Section 4 compares each 
protection technique. Finally, the paper is concluded in 
Section 5. 

2.  PROTECTION ISSUES IN MICROGRID 

Without DGs, a distribution network is a single point 
feeding source network, and overcurrent relays are 
commonly used to detect faults. As a typical radial 
distribution network safety approach, overcurrent relays 
work based on primary and backup protection with 
current-graded time. 

In a microgrid, the fault current characteristic 
differs in isolated and grid-connected modes due to 
differences in power network topology, making the 
microgrid protection approach more difficult. The amount 
of fault current generated by DG varies depending on the 
type of DG. The synchronous DG contributes 5 times the 
rated current, while the inverter DG contributes 1.5 times 
the rated current [9]. Furthermore, renewable source-
based DG is highly intermittent in nature. It only 
contributes to faults when they are on condition. Thus, the 
fault current's amplitude varies based on the mode of 
operation, the type and size of DG, and the location of 
DG. Hence, the prediction of the fault current is more 
difficult [10] [11]. As a result, the short circuit capacity 
varies dramatically in both modes, resulting in protection 
failure. 

The protection strategy in the microgrid should be 
designed to provide optimal protection to the component 
and the DGs based on the location of the fault occurrence, 
bidirectional power flow, change in voltage profile, 
location of DGs, type of DGs such as synchronous or 
inverter based DGs and uncertainty in the DGs. 

The major challenges faced in the protection of 
microgrids are divided into two parts according to modes 
of microgrid operation, namely protection issues in grid-
connected operation and protection in islanded operation. 

2.1 Protection Issues in Grid-connected Mode 

The protection system in a microgrid is primarily 
influenced by factors such as fault level. Variation in fault 
level could occur due to the adjustments, especially if the 
DG's capacity is large.  

When a microgrid has many DGs, the fault current 
contribution from DGs might impair the overcurrent 
protection's sensitivity and selectivity, especially when 
operating in grid-connected mode. The total short-circuit 
current may increase, but the fault current from the main 
grid may decrease [9]. 

Blinding of protection, false tripping, discrimination 
of protection device and selectivity problem have all been 
summarized as the issues related to the variation of fault 
level in grid-connected microgrids [12] - [15]. 

 

i) Blinding of protection is a situation in an 
overcurrent relay on a feeder that denies a trip signal for a 
fault occurring downstream from the connection point of 
DG. The fault current flowing from the main grid was 
reduced due to the integration of DG, as shown in Figures 
1 and 2.

 
Fig. 1. Blinding of protection. 

 
Fig. 2. Thevenin equivalent circuit illustrates the blinding of protection. 
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𝐼𝑓𝑎𝑢𝑙𝑡 =   
𝑉𝑡ℎ

√3𝑍𝑡ℎ
 (1) 

𝐼𝑔𝑟𝑖𝑑_𝑓𝑎𝑢𝑙𝑡 =  
𝑍𝑔

(𝑍𝑠 + (𝐿 ∙ 𝑍𝐿)) + 𝑍𝑔
 ∙  𝐼𝑓𝑎𝑢𝑙𝑡  (2) 

The contribution of the utility side's fault current 
varies with the location and size of the DG. When the 
fault occurs at the lower end of the feeder in grid-
connected mode microgrid, the grid impedance will be as 
large as DG impedance and this results in lower fault 
current contributed from the main grid, which makes the 
fault current is not reaching the pickup current of a relay, 
this is known as blinding of protection. The severity of 
this issue is determined by the level of local short-circuit, 
grid impedance, rated of DG, and position of DG [16]. 

ii) False tripping occurs when an overcurrent relay 
on a DG-connecting feeder triggers due to a problem on a 

non-DG-connecting feeder. If DG capacity is adequate, 
the current contribution from DG may be sufficient to 
exceed the feeder protection pickup current level, as 
shown in Figure 3. Even if the fault does not occur within 
the designated zone, the relay may operate incorrectly. 
Then the healthy section is disconnected because of this 
false tripping or sympathetic tripping. The reliability may 
be harmed as a result of this problem. Thus, the protection 
will become more challenge in microgrid systems, and the 
protection setting may properly change. In order to ensure 
system reliability, the protective system must adapt itself 
to the new operational situation [17]. 

iii) Discrimination of protection device is an 
abnormal condition from increasing short circuit current 
due to DG fault current contribution as shown in Figure 4. 
Overreach refers to a relay's tendency to detect further 
away faults than it is supposed to trip. 

 

 
Fig. 3. False tripping. 

 
Fig. 4. Discrimination of protection device. 

 

iv) Selectivity problem is one major problem in 
grid-connected mode. In theory, selectivity of protection is 
to isolate the faulty section from the healthy part in a 
system by closest relay from the fault point. Because there 
is no reverse current from DG in the traditional system, 
the directional and time-graded overcurrent relays 
function correctly. In the case of integrated DG, the power 
and current are bidirectional in nature, leading to 

unnecessary tripping. This problem is known as the 
selectivity problem or protection coordination problem. 

v) Reverse power flow occurs when a DG is 
connected to a distribution feeder from both sides of 
feeder, causing the power and fault current flow in 
opposite direction in the feeder [18]. Traditional relays' 
working circumstances are ambiguous due to the power 
and current flowing in both directions. As a result, the 
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microgrid protection system must be designed to 
counteract the consequences of reverse power flow caused 
by DG integration [19].  

vi) Single phase DG connection means the single 
phase output of DG connected to distribution feeder. The 
current or voltage in the three phases becomes unbalanced 
condition, which can lead to an increase in neutral current. 
This will lead the protective system to malfunction [20]. 

vii) Loss of mains refers to the disconnection of the 
utility source, while microgrid system is still connected to 
a portion of the utility load. This is due to fault in the 
utility side and an issue with the circuit breaker at PCC. 
Because a portion of the network is electrified and the 
islanding is undetected, the operation worker will be in 
danger [21]. This procedure also results in abnormal 
voltage, frequency, and unsynchronized reclosers, all of 
which result in damage of customer equipment and 
measuring instruments. 

2.2 Protection Issues in Islanded Mode 

When a fault in the utility grid is detected, the protection 
relay at the point of common coupling must activate to 
transfer the operation from grid-connected mode to 

islanded mode, which will be supplied from DGs only. As 
a result, the DGs are the only sources that contribute to the 
short-circuit current during faults condition after they 
operated in islanded mode. Furthermore, if the DGs are 
inverter-based, the limited short-circuit current produced 
during a fault will not be enough to reach the pickup 
current setting of the relay [8]. Another problem in 
islanded mode is the selectivity problem as same as grid-
connected mode [13]. 

3. REVIEW OF APPLIED METHOD IN 
PROTECTION ISSUES 

Microgrid protection should be able to handle both utility 
grid and microgrid faults. If a fault occurs on the utility 
grid, the microgrid should be isolated and transfer to 
islanded mode. If a fault arises within the microgrid, the 
protection system should isolate the faulty area of the 
microgrid as tiny as feasible to clear the fault. In recent 
years, various solutions have been proposed to present a 
viable protection plan for microgrids, as shown in Figure 
5.  

 

 
Fig. 5. Various solutions of microgrid protection. 

 

As mentioned earlier, the applied methods reviewed 
in this paper focus on current-based protection, 
differential protection, voltage current-based, and 
deployment of external device protection, respectively. 

3.1 A current-based protection 

This protective solution is primarily based on current 
measurement and analysis. Thus, the method aims to 
increase the performance of traditional over-current 
protection while also providing a reliable system of 
protection. 

In the event of a fault, the circuit breaker at PCC is 
regulated to be disconnected, and the issue becomes the 
inverter-based microgrid protection in islanded mode [22]. 
In practice, designing protection for the islanded inverter-
based microgrid is more difficult. As a result, this 
proposed current-based protection focuses on resolving 
the protection challenges for the inverter-based microgrid 

in islanded mode. 
There are many solutions in current-based 

protection to identify the fault. This current-based 
reviewed solution has been proposed by Zhi C. et al. [23], 
which consists of two parts, namely inverter control and 
setting of microprocessor-based relays (MBR). 

For inverter control, there are four states of 
inverter control. The normal control state, the hysteresis 
control state, the current limiting control state, and the 
recovery state are proposed in this part. Figure 6 depicts 
all of the states and the transition requirements of each 
statement. Moreover, the configuration of inverter control 
is shown in Figure 7. 

A) Normal control state 
In this state, the inverter's output voltage is usually 
controlled to regulate power flow [24]. Then the output of 
this state is voltage reference for the inverter. Generally, 
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the normal controller consists of 3 loops: droop control 
loop, virtual impedance loop, and voltage and current 

loop.

 
Fig. 6. Four states of inverter control. 

 
Fig. 7. Configuration of inverter control. 

B) Hysteresis control state 
Once fault occurs in the distribution line, the 

hardware hysteresis circuit is responsible for limiting fault 
current, as shown in Figure 8. The detailed parameters 
design for this hysteresis controller can be found in ref. 
[15]. This controlled state can limit fault current by 
limiting dc-link current (idc) and idc is related to Vd(t) as 
follows: 

𝑉𝑑(𝑡)  =  𝑘𝑠 ∙  𝑖𝑑𝑐(𝑡) (3) 

where ks is the sampling coefficient including the current 
sensor ratio and the sampling resistor 

 

Fig. 8. Hysteresis control circuit. 

C) Current limiting control state 
This state may be named “Software Current 

Control”. The objectives of this state are; 
• to ensure that fault currents are limited 

properly by using “Maximum Current RMS 
Control (MCRC)”  

• to facilitate MBR identify fault events easily 
by using “Fifth Harmonic Injection." 

• to facilitate MBR to coordinate upstream and 
downstream of protection device as 
traditional current-graded time method using 
"Fault Current Droop Control." 

Figure 9 depicts the overall current limiting control state 
and normal control state to send the signal controlling the 
output of the inverter. 

i) Maximum current RMS control aims to limit 
output fault current of the inverter by software control. If 
the RMS value of output current is higher than a threshold 
(2 p.u.) inverter will switch to "Current limiting control 
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state." The fault current can be accurately controlled by the PI controller. 
 

 
Fig. 9. Control block diagram of the normal and the current limiting controller. 

ii) Fifth harmonic injection aims to provide a 
signal value of the fraction of the fifth harmonic current 
for MBR. After fault currents are limited by previous 
control, the conventional overcurrent relay cannot detect 
that low fault current. This control is to offer an indicator 
for MBR to identify the fault. The fifth harmonic 
component will be injected to fault current in order to 
offer that indicator for MBR. The fifth harmonic can be 
obtained by calculation of voltage modulation. 

With this control, the fault current is featured with 
containing a certain proportion of the fifth harmonic 
component.  

𝐼5
𝐼1

 =  
𝑘 ∙ 𝑍𝑓𝑎𝑢𝑙𝑡
𝑍𝑓𝑎𝑢𝑙𝑡_5

= 𝑘 ∙ 𝑍1/5 (4) 

where Z1/5 is defined as the ratio of the fundamental 
impedance to the fifth harmonic impedance, which is 
between 1/5 and 1 in the resistive-inductive system. The 
selection of the coefficient k must ensure that I5/I1 in the 
fault current is significantly larger than that in the normal 
current.  

The selection of the k coefficient must ensure that 
I5/I1 has an obvious increase in the fault current. Then the 
fault current will be limited as well as composed of the 
proposed fifth harmonic injection. The example of the 
simulation result of the fifth harmonic injection is shown 
in Figure 10. 

iii) Fault current droop control aims to allow the 
employment of the traditional current-graded time 
method. After "MCRC" and "Fifth Harmonic Injection", 
there will be no obvious difference magnitude of fault 
current when the fault occurs at a different position. This 
will make a problem for the coordination of protective 
devices. To obtain the fault current droop feature and 
allow the employment of traditional coordination method 
in the Inverter-Interfaced Microgrid (IIM), the fault 

current versus fault impedance droop mechanism is used 
correctly. 

Droop coefficient is determined by two steps as 
described below. 

Step 1: Predefine Ifault_min, which is a fault current 
that occurs at the end of the longest feeder 

Step 2: Estimate Zline_max according to length and 
ohms per km of the line   

Step 3: Determine the droop coefficient by the 
below equation. 

𝑑 =  
𝐼𝑓0 − 𝐼𝑓𝑎𝑢𝑙𝑡_𝑚𝑖𝑛

𝑍𝑙𝑖𝑛𝑒_𝑚𝑎𝑥
 (5) 

With this control, the inverter output injects the 
lower magnitude fault current at the point far away from 
the inverter, as shown in Figure 11. 

D) Recovery state 
Once the fault is isolated by the protective 

device (PD), the inverter should return to its normal state. 
As long as the magnitude of output voltage achieves a 
predefined threshold, the inverter recovers to a normal 
state. 

For the setting of MBR, the fault currents can be 
limited to the permissible range by inverter control and are 
characterized by containing the fifth harmonic and the 
fault current droop as described in the aforementioned 
section. The setting of MBR includes the fault 
identification and operation time setting. 

Fault identification is a process that MBR can 
identify the fault based on harmonic information. The Fast 
Fourier Transform (FFT) algorithm can be used to extract 
the harmonic magnitude in real-time.  

The fundamental current is denoted as I1 in the FFT 
results, and the harmonics are defined as Ix (x = 3, 5, 7, 9, 
11, 13, 15) as shown in the result of FFT in Figure 12. 
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Therefore, the operating coefficient Co is described as a 
characteristic quantity of the fault current which is the 
condition of fault detection. 

𝐶0  =  
𝐼5
𝐼1

 ≥  𝛼 (6) 

where α denotes the operation threshold. To ensure 
that the fault current can be efficiently detected by the 
MBRs, according to (4), α should be α ≤ k∙Z1/5 ≤ k/5.

 
Fig. 10. Simulation results of the current limiting  control with the proposed fifth harmonic injection (Fault 

occurs at t = 0.15 s). 

 
Fig. 11. Simulation results of the current limiting. 

 
Fig. 12. Results of FFT analysis for the fault current. 
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The fault currents are higher for operation time 
settings when faults are closer to inverters; the 
conventional inverse time protection approach can be used 
to ensure selectivity. The time-current curve, which is 
represented by the time-delay function, is defined in 
general. 

𝑡𝑀𝐵𝑅  =  
𝐴

�
𝐼𝑓𝑎𝑢𝑙𝑡
𝐼𝑝𝑖𝑐𝑘

�
𝑝
− 1

 +  𝐵 
(7) 

where tMBR is the delayed time set in the MBR, Ipick is the 
pickup current. Ifault is the fundamental current. A, B, and p 
are constants. Figure 13. shows the overall flowchart of 
the fault identification for the MBR with fault detection 
and operation time setting. 

In brief, the proposed method describes a novel 
protection technique that includes inverter control and the 
use of microprocessor-based relays (MBR). When a fault 
occurs on a distribution line, the inverter uses a current 
limitation approach that includes hysteresis control and 
maximum current root-mean-square control (MCRC) to 
keep the fault current within acceptable limits. For the 
MCRC mode, a fraction of the fifth harmonic is injected 
into the fault current, making it easier for MBRs to 
identify the fault based on harmonic components. 

 
Fig. 13. Flowchart of the fault identification for the MBR. 

Furthermore, the fault current versus fault 
impedance droop control is synthesized to cause the 
inverters to output larger fault currents when the faults are 
closer to the inverters, allowing the MBRs to work in the 
traditional current-graded time method. 

3.2 A differential protection 

Differential protection compares the currents entering and 
exiting the protected zone and activates when the 
difference between them exceeds a certain threshold. The 
structure of differential protection is depicted in Figure 14. 

 
Fig. 14. The structure of the differential protection. 

This reviewed protection used in medium voltage 
DC microgrid at a remote area mine site has been 
proposed by Chen Y. et al. [26]. The concept is to uses 
communication-based differential protection with solid-
state electronic relays (SSR) to isolate the faulty part of 
the MVDC microgrid at remote area mine site as primary 
protection. For backup protection, the overcurrent 
protection devices are utilized as well. 

The configuration of the remote area mine site is 
shown in Figure 15. The mine site's islanded MVDC 
microgrid is designed to use several distributed energy 
resources (DERs), including solar photovoltaic (PV) 
arrays, wind turbines, a fuel cell stack, and a battery 
energy storage system supplied by the mining machines. 

The wind turbines and PV arrays are operating at 
their maximum power points (MPPs), the fuel cells are 
operated to maintain a 6 kV dc-bus voltage and a battery 
energy storage system is attempting to balance supply and 
demand. Diesel generators with quick start characteristics 
are also available for backup generating and dc-bus 
voltage regulation, as shown in Figure 16. 

 

 

Fig. 15. Simplified schematic of a mine site's islanded MVDC microgrid. 
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Fig. 16. Block diagram of a mine site's islanded MVDC 

microgrid. 

The proposed protection of this reviewed paper 
focuses on the transmission line of islanded MVDC 
microgrid at remote area mine sites. The communication-
based current differential protection associated with solid-
state relay (SSR) is used as primary protection to protect 
the transmission line. In addition, dc overcurrent 
protection is also used as a backup. 

A) Primary protection: the core idea behind this 
protection mechanism is Kirchhoff's current law, which 
asserts that the sum of currents entering or exiting a node 
equals zero. 

A transmission line can be assumed as a node under 
normal conditions; therefore, the current flowing in it 
should be equal to the current flowing out of it. On the 
other hand, the sum of current equals the fault current 
when a fault occurs on the transmission line. 

Digital microprocessors process the monitored data 
and send command signals to individual circuit breakers. 
Additionally, a dc transducer is also included in an SSR to 
deliver real-time data to the microprocessor. As a result, 
the proposed differential protective relay is utilized to 
protect transmission lines at high speeds and accuracy. 

B) Backup protection: the detection and isolation 
of a fault become more difficult if a primary protection 
device or communication failure occurs in any 
transmission line. As backup protection, this reviewed 
paper proposes the dc overcurrent protection devices on 
all transmission lines. The time delay between the primary 
and backup protections is set at 0.5 s. The overcurrent 
protection has its own time-current curve as well. 

C) Simulation result: this reviewed paper simulates 
the fault in MATLAB/ Simulink to ensure the proposed 
protection. Three ground faults occurred in the microgrid 
in Figure 15. at different times on Line 1 (Fault 1), Line 7 
(Fault 2), and Line 8 (Fault 3), as shown in Figure 17-22. 

Figure 17 shows the current through SSR1 and 
SSR2. When Fault 1 has occurred, SSR1 and SSR2 detect 
and isolate the fault at once and reclosed 70 ms after Fault 
1 was cleared. Figure 18 shows the differential current 
waveforms during Fault 1. Figure 19 shows the current 
through SSR13 and SSR14. When Fault 2 has occurred, 
SSR1 and SSR2 detect and isolate the fault at once and 
then, SSR13 and SSR14 are reclosed. But Fault 2 was not 
cleared by that time, SSR13 and SSR14 opened again 
until the fault was cleared. At 3.3 s, SSR13 and SSR14 
reclosed and remained in the closed position. Figure 20 
shows the differential current waveforms during Fault 2. 
Figure 21 shows the current through SSR15 and SSR16. 
When Fault 3 has occurred, SSR1 and SSR2 detect and 
isolate the fault at once and reclosed 70 ms after Fault 1 
was cleared. Figure 22 illustrates the differential current 
waveforms during Fault 3.  

To sum up, the protection for an islanded MVDC 
microgrid solution for a remote location mine site was 
thoroughly examined in this reviewed paper. In order to 
protect the microgrid from fault occurrence, a 
communication-based current differential protection 
system with a solid-state relay (SSR) is proposed. The 
principal protection for transmission lines deploys the line 
current differential protection, which was supplemented 
with backup dc overcurrent prevention. 

 
Fig. 17. Results of currents through SSR1 and SSR2 during Fault 1. 
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Fig. 18. Results of differential currents in Line 1 and other lines when Fault 1 occurred. 

 
Fig. 19. Results of currents through SSR13 and SSR14 during Fault 2. 

 
Fig. 20. Results of differential currents in Line 7 and other lines when Fault 2 occurred.. 
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Fig. 21. Results of currents through SSR15 and SSR16 during Fault 3. 

 
Fig. 22. Results of differential currents in Line 8 and other lines when Fault 3 occurred. 

 
3.4 Voltage current-based protection 

This technique is proposed by Syed B. A. B. et al. [27], 
which uses the superimposed component to identify the 
fault in a microgrid. The superimposed component or 
fault-imposed component is the change in the variables 
like current, voltage, power, etc., due to a fault. Hence, 
during a fault, the electrical variables are comprised of a 
normal operating component and a superimposed 
component. To identify the fault, a delta filter is used on 
the superimposed component. If the delta is zero, it means 
that there is no fault in the system. Otherwise, the fault 
exists. For the superimposed component, this technique 
uses Hilbert transform on original sampled current and 
voltage signals, which can obtain the superimposed 
reactive energy (SRE) in real-time, increasing the 
operating speed of the protection scheme. 

This technique uses SRE and sequence components 
of superimposed current to identify the fault. Then, the 
reviewed method can protect the microgrid against various 
types of faults in both modes of operation. The relay in the 
system is a microprocessor-based type, which is referred 
to as the microgrid protection relay (MGPR). The 
processing of voltage and the current signal can be done 
locally through the MGPR. 

For fault detection, the calculation is based on the 
sequence components of current. However, these 
components can also show up when the distribution 
systems are unbalanced in normal operating conditions. 
To separate the fault from unbalanced event, some 
calculations are taken. The first calculation is called fault 
ratio (Fr), which is the ratio of sequence components of 
superimposed current and the pre-fault current. In normal 
and balanced conditions, Fr should be zero because the 
superimposed current is zero. However, in case of fault or 
unbalanced event, Fr is larger than zero. Still, it cannot 
clearly identify the fault from an unbalanced event. Then, 
the second calculation, called system imbalance ratio (Rn), 
is performed. During normal operation, the Rn is usually 
less than 20%. Hence, by dividing Fr and Rn, the new 
ratio, called RFD, can separate the fault from an 
unbalanced event. In normal operation, RFD is maximum 
at one. Otherwise, RFD will be much greater than one. 
However, a threshold RFD(th) should be applied to avoid 
nuisance tripping in case of load disturbances. When RFD 
is more than RFD(th) for a period of time, the occurrence of 
a fault is recognized. 

To identify the fault location, this method uses the 
directional characteristics of SRE. SRE will be negative 
for forwarding faults and positive for reverse faults. Thus, 
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each relay knows the direction of the fault. When each 
relay communicates together, the location of the fault can 
be found. By having a fault detection signal and fault 
direction signal, logic can be applied. If the fault occurs in 
the main protection zone, the relay will operate 
immediately. While in the other zones, the relay will 
operate as backup protection by applying the time delay, 
as shown in Figure 23. 

To verify the concept, Syed B. A. B. et al. [27] did a 
simulation on the system shown in Figure 24. In all fault 

locations, the simulation of all fault types, which are 
single-line-to-ground fault, line-to-line fault, double-line-
to-ground fault, three-phase fault, and high-impedance 
fault, was done. In each fault type, two modes of 
operation, grid-connected and isolated, were also included 
in the simulation. The results showed that the proposed 
technique is capable of detecting and isolating the faults in 
the system. 

 
Fig. 23. The schematic diagram for SRE technique [27]. 
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Fig. 24. Single-line diagram for verification [27]. 

 

3.3 Deployment of an external device (Energy storage) 

From the different fault levels of grid-connected and 
islanded mode in a microgrid, relays have to be set to 
match the operating current and detect the direction of 
fault currents to isolate the fault from the system properly. 
The setting values for each relay are prepared as preset 
values and configured upon the microgrid condition. The 
updated process can be done through the communication 
network by applying the IEC 61850 communication 
standard. Hence, to make the adaptive protection 
technique successful, a communication system plays an 
important part in letting the relays know about the present 
microgrid condition. 

Many factors can cause a communication failure. 
Hany F. H. et al. [28] show some possible cyber-physical 
attacks. The first is network security attacks, performed 
through the communication network to damage, change, 
or access user data without permission. Some of these 
attacks are Denial of Service (DoS), password cracking 
attempts, and eavesdropping attacks. The second is attacks 
on Generic Object Oriented Substation Event (GOOSE) 
and Sampling Value (SV) messages. The purpose of the 
GOOSE message is to send a trip signal to the circuit 
breaker, and the purpose of SV message is to send voltage 
and current values from merging units to the protective 
devices. These messages have to be transmitted within  

4 ms, according to IEC 61850. To make the transmission 
successful in time, the messages are not encrypted. The 
attacker, then, can change the message by modifying the 
content in that message or denying the original message 
and re-injecting the new one. Hence, the attacker can 
control the circuit breaker. 

In the event of loss of communication, a protection 
scheme would be paralyzed, where relays would no longer 
be capable of adjusting overcurrent limits. The relays still 
require 5 – 10 times the full load current to trip in islanded 
mode. Hany F. H. et al. [28] proposed the solution to use 
energy storage as a contingency to contribute fault current 
in a microgrid. Four types of energy storage, which are 
lead-acid (LA) battery, Lithium-Ion (LI) battery, 
supercapacitor (SC), and Flywheel (FW), and two types of 
hybrid energy storage, which are the FW-LI hybrid energy 
storage (HES) and LA-LI-SC-FW HES, were studied and 
compared. 

If the system has only a single source of energy 
storage, SC and FW are the two most suitable devices 
because they have high power density and very fast 
response time. However, the method requires a large SC 
and FW to have enough energy to produce the fault 
current at 5 – 10 p.u. Hence, this is the most expensive 
solution. 

In the case of multiple types of energy storage, FW-
LI HES is the most suitable solution. For the first period 
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of fault, the fault current can be contributed from either 
FW or SC. Since FW is cheaper than SC, FW is selected 

as a solution. In addition, LI has the highest energy 
density. Then, a combination of FW-LI can form the fault 
current as required by the configuration in relays. 
However, the drawback of this solution is still the price. 

The best solution is the combination of all types of 
energy storage (LA-LI-SC-FW HES). They can form the 
fault current, as shown in Figure 25. SC, which has the 
fastest response time, acts first in case of fault. After that 
FW, which has the second fast response time, will 
continue contributing fault current from SC. Finally, LI 
and LA, which has slower response but high energy, are 
going to support the fault current until reaching around 5 – 
10 p.u. and continuing discharge until a breaker is tripped. 

 
Fig. 25. Fault current contributed from  

four types of energy storage [28]. 

Hany F. H. et al. [28] did an experiment to verify 
the proposed concept. There is only SC in the system, 
which is shown in Figure 26. The fault occurred at point F 
(transmission line 2). Many electrical parameters were 
measured and recorded. The result found that the fault 
level can be reached, and the relays can operate correctly 
to isolate the fault from the system. 

 
Fig. 26. Experimental network to verify the proposed 

concept [28]. 

4. COMPARATIVE STUDY AND DISCUSSION 

To objectively consider the different protection methods 
in a microgrid, this paper focuses on current-based, 
differential protection, voltage current-based protection, 

and deployment of external devices to overcome the 
protection issues on both microgrid operation modes. 

The current-based method in this paper reviewed a 
novel protection scheme, which is mainly based on the 
analysis of the inverter's output current. This method uses 
local measurement. Thus, the advantages of this method 
are fast response, no need for communication, and an 
adaptive method with conventional time-current graded 
protection. On the contrary, the major problems are 
complex, more study requires, and costly from the 
microprocessor-based relay. 

The differential protection method in this paper 
reviewed protection of the medium voltage DC microgrid 
at a remote area mine site. This approach employs a solid-
state relay and a communication-based current differential 
protection system. The merits of this solution are simpler 
in design, not sensitive to reduction of fault level in 
islanded operation, and better for high-impedance fault 
detection. In contrast, the main challenges of this method 
are communication requirements and the high cost for 
establishing communication infrastructure. Moreover, the 
differential method is suitable for only transmission line 
which has no lateral line. 

In this paper, the voltage current-based method 
reviewed a utilization of the superimposed component to 
identify the fault in a microgrid. The calculation for fault 
detection is based on current sequence components. Then, 
the solution makes use of SRE's directional features to 
locate the fault. Forward faults will have a negative SRE, 
while reversal faults will have a positive SRE. The 
outstanding points of this solution are suitable for both 
radial and loop systems with all types of fault detection 
including high-impedance fault, and this method has a 
separate trip signal for each phase. Nevertheless, the main 
problems are reliance on communication and high-
performance relay to monitor real-time data.  

Lastly, the deployment of external device method in 
this paper reviewed the multiple types of energy storage, 
which can contribute to the fault current in order to deal 
with the low fault current issues in microgrid protection, 
The main advantages of this solution are no need for 
communication and not sensitive to reduction of fault 
level. On the other hand, the major disadvantages are 
costly from installment cost and maintenance cost and 
requirement of the proper size of energy storage to 
energize the high fault current.  

In addition to the applied method mentioned above, 
there are other solutions used in microgrid to cope the 
protection issues. Adaptive protection scheme is an online 
protection system that relay settings are automatically 
readjusted when the microgrid switches from grid-
connected mode to islanded mode and vice versa [29]. 
The main problem of adaptive protection strategy is the 
necessity to know all possible configurations of microgrid 
before implement these schemes. Moreover, establishment 
of a communication infrastructure can be costly. 

A distance relay is also used to operate for the faults 
that occur between the relay location and the designated 
reach point. Because the impedance of the line is 
proportional to its length, a relay capable of monitoring 
the impedance or a distance of the line up to a predefined 
point is useful for distance measurement with inverse time 
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tripping properties [30]. The relay is able to distinguish 
and isolate faulty section. There are some of the 
challenges that come with using these types of relays. The 
fault resistance may make some errors in the 
measurement, and the measurement of the impedance for 
short lines in distribution networks is more challenges. 

5. CONCLUSION 

The microgrid has been designed to meet the reliability 
and power quality needs of customers. Firstly, the main 
issues in microgrid protection under different operations 
are presented in this paper: blinding protection, false 
tripping, discrimination of protection devices, and 
selectivity problem. Then, the review of applied methods 
is described, which focus on current-based protection, 
differential protection, voltage current-based protection 
and deployment of energy storage. Finally, the 
comparative study of these reviewed methods is expressed 
to analyze the advantages and disadvantages of each 
solution. However, finding a simple protection method 
that works in both grid-connected and islanded modes of 
operation is one of the primary issues in microgrid 
protection. In both modes of operation, a protection 
strategy should be able to defend the microgrid from fault 
occurrence or abnormal conditions and ensure its security. 
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Abstract - The solar hybrid system which consists of photovoltaic (PV) and battery storage can provide electricity 
supply to the buildings both on-grid and off-grid conditions. To improve the uninterrupted operation, it is possible to 
integrate the grid-tied PV system, without the battery, with the solar hybrid system to enhance the power generation 
during islanding condition. However, many hybrid on/off grid inverters do not allow the other energy sources to 
charge the battery in the off-grid mode. A particular power curtailment control is then required for the grid-tied 
inverter to prevent the excessive power. In this work, the power curtailment controller with the combination of smart 
meter and solar irradiance sensor is introduced. The set-point of grid-tied inverter is automatically adjusted following 
the changes of load consumption and PV power. The performance of islanding operation among solar hybrid and grid-
tied PV systems is examined based on a time-sweep power flow calculation on DIgSILENT PowerFactory software. It 
is shown that instead of using solar hybrid system alone, coupling with the grid-tied PV system can help increasing the 
efficiency of battery usage. Hence, this can extend the continued electricity supply to the building during the loss of 
grid voltage. 

 
Keywords - Grid-tied inverter, hybrid inverter, islanding operation, power curtailment, solar hybrid system.  
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Abstract – This paper presents the review of microgrid technology and development in Thailand. The microgrids 
system is a small power network that has been developed based on the energy sources of the area such as solar, wind, 
water and other forms. Using the existing energy sources as an alternative energy for power generating can make 
those areas been more energy secured. While the main electric power grids system fails, the microgrid system can 
independently generate power by using the alternative energy source. In addition, microgrid system can be used to 
determine power quality, electrical stability, and electricity reliability as well. Currently, the Provincial Electricity 
Authority (PEA) has implemented the projects of Smart Microgrid model in several sites. This paper reviewed the 
system of two sites in Chiang Mai Province of (1) Ban Khun Pae, Chomthong District and (2) Mae Sariang District.  
The vital of these projects is to increase the reliability and stability of the electrical system.  
 
Keywords – Distributed generation, DC couple, AC couple, energy storage system, microgrid 
 

 1. INTRODUCTION 

Rural electrification based on the on-site production of 
renewable energy has been proven to be capable of 
delivering a degree of quality and reliable electricity for 
powering rural villages, i.e., lighting, cooking, 
communication etc. [1] Off-grid renewable energy 
technologies satisfy energy demand directly and avoid the 
need for long and expensive distribution infrastructures. 
Combinations of different but complementary energy 
generation systems based on renewable or mixed energy 
i.e., renewable energy with a backup biofuel or diesel 
generator are known as a renewable energy hybrid system. 
The grid formed by this system is known as a microgrid 
due to its size compared to the main grid. According to 
energy conversion technologies, different micro-grid 
configurations have been studied, developed, and 
implemented worldwide to meet the energy demands of 
off-grid modern societies. When designing a hybrid 
system to produce electrical energy, various aspects have 
to be considered, such as cost and environmental impact 
like CO2 emission [2]. Availability and reliability will be, 
however, among the key issues. Therefore, the design of 
the microgrid is a multi-objective problem. Also, multi-
objective design methods have been applied successfully 
in several fields of engineering with several mathematical 
techniques.  

In this paper, the microgrid technology will be 
addressed in the second section. Microgrid development 
in Thailand is presented in the third section. Conceptual 
framework and results and discussion is represented in the 
fourth and fifth sections. In the last section, conclusion is 
summarized. 

2.  MICROGRID TECHNOLOGY  

Microgrid system operates at a low voltage distribution 
and has various distributed energy resources. In addition, 
microgrid system can operate connected to the grid called 
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“on grid” or disconnected to the grid called “off- grid or 
islanding.” The microgrid configuration consists of many 
types of distributed energy sources (DER) [3] such as 
solar or photovoltaic boards, wind turbines, micro-turbine, 
thermal power plant etc., of which the form of distributed 
generation (DG), includes energy reserves from battery 
which is called “Energy Storage System (ESS).” 

Microgrid connection points that connected to the 
low voltage network in the point of common coupling 
(PCC) which is connected to the DG, ESS and loads. 
Loads consist of several types such as residential, 
commercial buildings, campuses, and industrial 
complexes. Generally, different microgrid structures can 
be grouped into 3 types including DC (Direct Current) 
coupled, AC (Alternating Current) couples, and hybrid 
AC and DC coupled configurations as shown the 
architectures in Fig. 1, Fig.2, and Fig. 3, respectively. 

2.1 AC Coupled 

AC coupling is usually used in off-grid systems. In a 
purely AC coupled microgrid, various sources are 
connected independently to a common AC bus through 
grid-tied converters [5]. Implementing islanding as AC 
architecture requires two grid-tied converters as in Fig. 1. 
This means that both the PV solar panels and battery are 
connected to DC-AC converters, which feed AC into the 
grid. In case, if the battery is charged from the PV, this 
configuration leads to higher losses as the power must be 
converted twice. The advantage of AC coupled systems is 
a high efficiency when fed directly to the AC loads, as the 
PV inverters are very efficient. The AC layout provides 
higher resilience to failure and can be expanded more 
easily. 

2.2 DC Coupled 

Since batteries are charged with DC power and PV solar 
cells output also is DC power, the solar array can be 
directly connected to a DC-to-DC converter as known as a 
Max Power Point Tracking (MPPT) charge controller, 
then charging the battery directly on the DC voltage bus 
[6]. The DC bus is connected to one central inverter to 
convert the power to useable AC. The layout of a DC 
coupled approach is shown in Fig. 2. With every 
conversion from AC to DC or vice versa, some losses will 
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be occurred; hence the advantage of this DC coupled 
approach is the high efficiency charging with no charging 
power limitations set by the inverter. It has been reported 
as a simple and cost-efficient solution for rural 
electrification. The low voltage levels lead to high 
currents on the DC side, however requiring more 

expensive components as a disadvantage. In addition, the 
efficiency of powering AC loads during the day is lower 
due to the conversion from DC-DC-AC. As the supply 
from the PV is limited by the central inverter, these 
systems are usually difficult to extend in the future.  

 

Fig. 1. Microgrid structure for AC System. 

 
Fig. 2. Microgrid structure for DC System. 
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2.3 Hybrid AC and DC Coupled 

The system that combined with DC and AC coupling, is 
called “hybrid” or “combined-coupling.” It has the 
advantages of both systems and are considered as 
promising microgrid structures for future systems. Hybrid 
configuration normally refers to a microgrid that includes 
a conventional AC distribution system and an extension 
DC grid that is connected to the AC system via a 
bidirectional converter. For example, the battery is linked 
on the DC grid, while generator set, and load are 

connected to the AC grid [7]. Depending on the load, the 
solar PV source is split into AC coupled and DC coupled 
arrays. This system allows maximum efficiency for 
charging the battery via the MPPT charger and feeding the 
AC load from solar PV with the grid-tied PV inverter. It 
allows the combination of new AC coupled PV arrays 
with the existing DC coupled PV assets, without complex 
changes. Such a hybrid structure ensures the flexibility of 
adding more PV arrays if needed. 

 

Fig. 3. Microgrid structure for Hybrid System. 
 

3. MICROGRID DEVELOPMENT 

Energy demand in Thailand is expected to increase by 
78% by 2036, based on gross domestic product (GDP) of 
126%. Renewable energy will play an important role to 
achieve this demand [8]. In addition, due to the remotely 
rural areas in the national reserve area, it encounters the 
difficulties in transportation and transmission line 
construction, there are still some communities been un-
electrification. For a better quality of life, Energy 
Planning and Policy Office (EPPO) and Renewable 
Energy for Sustainable Association (RESA) with the 
support from Energy Conservation Fund (ENCON) has 
initiated an off-grid Smart-Micro Grid for rural 
electrification in the National Reserved Areas. The first 
pilot project covers 365 households in 3 communities of 
Ban Pong Phang, Ban Pha Dan and Ban Mae Sa Ngae in 
Amphoe Mae Tha, Changwat Lamphun [9]. These 3 
communities faced the problem not only un-electrification 
but also insufficient water for consumption and irrigation.
 According to the National Economic and Social 
Development Plan No. 11 (11th NESDP), objective of 
PEA’s electric power network development plan is to 
develop electric power network that should be secured, 
sufficient supply and supplied throughout the country 
according to service quality standard. In addition, the 
electric power network is developed to support distributed 
generators and renewable energy resources, and efficient 
energy management technology in future. In this study, 
the reviews have done for two microgrid development 
projects which are Khun Pae Village, Chom Thong, 

Chiangmai, the first prototype of smart microgrid in 
Thailand, and Mae Sariang District, Mae Hongson 
Province project as one of the developments to transform 
electric power networks to be smart grid within 15 years. 

3.1 Microgrid Model in Khun Pae Village, 
Chomthong District, Chiang Mai Province 

The first Smart Microgrid site in Thailand was introduced 
in Thailand by Provincial Electricity Authority (PEA) in 
Khun Pae Village, Chom Thong District, Chiang Mai 
Province in late 2017 [10]. This smart microgrid system 
utilizes electricity generated by hydropower and solar PV 
equipped with high efficiency energy storage serving 
Khun Pae Village Community of 483 households. 

Generally, the system consists of solar PV 
installation in conjunction with highly efficient energy 
storage, and the water pumping by Solar PV for 
consumption and irrigation. The project can help 
decreasing farmers' expenses as well as improving the 
quality of life to communities. Solar PV for electricity 
with Grid interactive of 102 kW is equipped with ESS 
with Lithium Battery and Flow Battery of which 
generated capacity is 307.2 kWh. For electricity security 
in this area, standby diesel generator with the capacity of 
40 kW is also implemented for local distribution lines, 
streetlight, and water pumping. This microgrid supports 
and provides sufficient electricity and water for the total 
number of 365 households in these 3 communities. 
Besides, for the sustainability of the project and 
sustainable community, electricity fee is collected from 
these communities for operating and maintenance of the 
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system.

 

Fig. 4. Current microgrid architecture in Khun Pae Village, Chom Thong District, Chiang Mai Province. 
 

The project started in October 2017 and discharged 
electricity through meters in June 2018, limiting the 
maximum usable energy of 500 Watts per household, for 
2 lamps, one TV set, which is enough for normal living. 
The current microgrid structure in Khun Pae Village is 
shown in Fig. 4. [11]. 

With the electricity supplying. the quality of life in 
the communities becomes improved.  Not only they have 
enough water for consumption and irrigation, but also 
children can continue study at night, people can extend 
their working hours, people can acknowledge news and 
announcement from government as well as entertain 
themselves via media. 

3.2 Microgrid Model in Mae Sariang District, Mae 
Hongson Province 

This project will develop a microgrid system at Mae 
Sariang District, Mae Hongson Province as a target area 
as shown in Fig. 5 [12]. It has a long 22 kV distribution 
line from Hod substation about 110 kilometers. The 
distribution line must pass through the forest. Therefore, it 
often has the voltage sag and interruption problems. It is 

difficult to find a cause of the interruption and take a long 
time to recover the line from interruption. Thus, the 
electricity supply for these areas a is generated from 
several sources, such as the PEA’s diesel power plant, the 
small hydropower plant of the Department of Alternative 
Energy Development and Efficiency (DEDE), the solar 
power plant of Very Small Power Producers (VSPPs), 
diesel emergency generators of large consumers, etc. 
However, these power sources are unstable and 
inadequate generation capacity, resulting in poor power 
quality and causing frequent power failure. PEA has 
conducted a pilot project in this area to study and develop 
the microgrid controller for planning and operating power 
systems with various types and sizes of power generation.  

At present, PEA has an approved budget of Baht 
265 million [13] to accelerate the concrete smart grid 
operation, as part of the short-term expediting programme. 
The details of the project include smart grid technology 
and the expansion of operation scope. An additional 
budget of Baht 432 million has been proposed, leading to 
a total budget of Baht 697 million for this PEA project in 
2022. 

 

 

Fig. 5. Current microgrid architecture in Mae Sariang District, Mae Hong Son Province. 
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3.4 Conceptual Framework of PEA Microgrid 
Development 

The concept of the work is to obtain prototype of 
microgrid system and power system distribution for 
supplying electricity in remote areas efficiently and 
stability [14]. In addition, technology understanding, and 
knowledge and skill enhancement are expected through 
the implementing of microgrid system. Power quality is 
also determined as efficiency factor in electricity 
supplying to the distribution system. The study of 
microgrid is the key means for formulating the energy 
planning, operation, and strategy in the future. 

Before planning of power system infrastructure, the 
location, power system stability, and community must be 
concerned. The limitation of areas such as remote, 
mountain, forest, high threat of wildfire, mudslide or 
islanding area must be considered. In addition, there are 
voltage level problem because of distance which will be 
caused voltage drop and transmission and distribution 
(T&D) problem, conservation forest and so on. 
Communities or villagers are misunderstanding in 
community power plant and the requirement of operation 
and maintenance will be needed. Last, the microgrid in the 
power system should be sustained and self-reliant. At 
present, power distribution system has stability and 
consistency with less power interruption. Furthermore, 

development and creative innovations in microgrid system 
are broadening in wide areas. The water management and 
tourism are developed in some areas. 

4. RESULTS AND DISCUSSION 

In this study, the locations of the microgrid system 
projects including Mae Sarieng and Khun Pae Village are 
studied.  

Khun Pae Village is located about 35 km away from 
HOA substation and has approximately 483 households, 
mostly are agriculturists. In 1989, PEA built a very small 
hydroelectric power plant at Ban Khun Pae to supply 
power to the Khun Pae Royal Project Development Center 
with 10 villages nearby. There is no connection to the 
PEA's main distribution system, so the power supply 
depends on the amount of water each year. The difficulty 
is a long distance and have problems with power outages.  

For the Mae Sarieng district, it has a long 22 kV 
distribution line from HOT substation about 110 
kilometers. The distribution line has to pass through the 
forest. Therefore, it has voltage sag and interruption 
problems. It also is difficult to find a cause of the 
interruption and take a long time to recover the line from 
interruption. 

The geographical features in each area are shown in 
Figure 6  

 

Fig. 6. Geographical features in each area. 
 

4.1 Microgrid Model in Khun Pae Village, 
Chomthong District, Chiang Mai Province 

For Khun Pae Village, electrical demand is 100 kW which 
covers residential and agricultural areas. The investment 
costs consisting of cost of 100 kW solar panels, Li-Ion 
battery 100 kW/hr and microgrid controller is around 20 
million Baht. Prior to developing the microgrid system, 
the village had the struggle with the energy problems. 
Table 1 shows the existing problem and the future 
development for Khun Pae Village. 

 

 Table 1. The status for Khun Pae Village. 

Problem  Small hydro power plant 
cannot generate because 
of no water in summer 
season. 
 Power failure because of 
mountain and mudslide 
areas. 
 Transmission and 
Distribution line losses 
because of distances and 
right of way.  
 Villagers use water from 
upstream for generating 
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power and agriculture in 
the downstream. 

Existing Problem Limited water resources for 
power generation 

Future Development  Develop water 
management system by 
educating to villagers of 
using water shelters and 
power generation. 

 ESS and PV farm will be 
added for supporting 
electricity use within 8 
hours when electricity 
demand is increased. 

4.2 Microgrid Model in Mae Sariang District, Mae 
Hongson Province 

Electrical Demand of Mae Sariang District is 8-10 kW 
which covers residential, tourism, hospital, and 
agricultural areas. The investment costs including cost of 
battery storage (LI-Ion battery), microgrid controller 
communication system and interface devices to upcoming 
substation is around 265 million Baht. Prior to developing 
the microgrid system, the village had the struggle with the 
energy problems. Table 2 shows the existing problem and 
the future development for Mae Sariang District.  
 
 Table 2. The status for Mae Sariang District. 
Problem  Each energy source is far 

away from each other. 
 Power failure because of 

mountain and mudslide 
areas. 
 Transmission and 

Distribution line losses 
because of distances and 
right of way.  
 Need to reduce diesel for 

generating electricity 
 Forestation and right of 

way 
Existing Problem  Power is still not meet the 

demand because of 
community needs. 
 Still High electricity 

generation cost from 
diesel generation. 
 Improved distribution 

system is not stable yet. 
 Unable forecast electricity 

use.  

Future Development  Improve microgrid system 
by energy sources 
management by increasing 
ESS 3.0 MWh/6.0 MW 
and Increase substation 
and enhance transmission 
line 115 kV by using 
smart device for 
controlling.  

 Adjust the electricity 
generation cost (As of 
now, the cost is more than 
BAU 4-5 Baht per kWh) 

 Simulate electricity 
demand forecast in 
accuracy. 

The existing Mae Sariang District distribution 
system has faced many problems. The energy loss from 
long distribution line is about 19% or about 6.7 million 
kWh per year [15]. In addition, the number of outages is 
more than 20 times per year caused by damaged 
equipment, maintenance, or weather related. During peak 
load, diesel generator has to run to support the voltage in 
the area. However, solar farm cannot connect to the grid 
system because of the voltage sag, over voltage, or 
unbalance voltage. The operation in this area still depends 
on the local operator due to the reliability of controlled 
equipment in SCADA system which is sometimes low 
battery or loss of communication. Therefore, when the 
outage occurs, it will take about 20 minutes to reconnect 
and disconnect equipment before diesel generator is 
switched to supply to the load. 

Therefore, the difference between these two 
microgrid’s projects is the size of the project area and 
electricity demand. The area of Ban Khun Pae is smaller 
than Mae Sariang District. This is because the villagers in 
Khun Pae area are mainly engaged in agriculture and far 
from the community and grid while Mae Sariang district 
has a larger project area. In addition, the electricity 
demand of each area is another key factor. For the area of 
Mae Sariang, people in Mae Sariang area consumes the 
electricity demand more than Ban Khun Pae. because it is 
urban area including residential, tourism and hospitals. 
Yet, one more thing is the same of both areas. They have 
the potential to develop into a microgrid system and 
reduce the cause of power outages and ack of electricity in 
the area. 

5. CONCLUSION 

Microgrids are the small power grids of the future that are 
developed based on space potential, such as solar, wind, 
water, and other energy sources. This will make those 
areas energy security. The community can be self-reliant. 
The first microgrid site in Thailand, was introduced by 
PEA in Ban Khun Pae, Chom Tong District, Chiang Mai 
Province, and microgrid system at Mae Sariang, are the 
highly efficient energy sources and management including 
hydro power, solar energy and energy storage system to 
increase the security of electric power for community and 
nearby areas. Microgrids can improve electric service 
reliability and provide better power quality to end 
customers. Microgrids can also benefit local utilities by 
providing dispatchable load for use during peak power 
conditions and alleviating or postponing distribution 
system improvements. Furthermore, geographical feature 
and selecting optimal energy resources should be studied 
before approaching to the microgrid. The system size 
should be designed to meet the demand. The microgrid 
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systems in several areas should be integrated to be “Smart 
Grid” for enhancing stability and efficiency. Providing 
knowledge and community development in operation and 
plant management are very important for enhancing well-
being life quality in community. 
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Abstract – With the efforts of the Vietnam Electricity Corporation, the national power grid is reaching out to remote 
areas and remote islands. However, there are still many places where there is no national electricity source for daily 
life and production. Finding renewable energy generation sources for the national grid is the top priority of every 
citizen here. Power generation solutions currently being used include solar power systems, wind power, wave energy, 
generators using internal combustion engines, although some places use rechargeable batteries to supply electricity 
(when the power is out, bring the battery back to a place with utility power to charge it). In remote areas (especially in 
the northwest mountainous areas of Vietnam) stream electricity (using stream flow to turn generators) is often used to 
supply electricity for the load. The downside of this solution is that the power source is often unstable, easily damaged 
electrical equipment due to too high voltage surges. 
In this paper, we present survey results on the status of electricity supply to isolated regions in Vietnam (areas without 
the national grid), analyze the efficiency of each type and propose some solutions to improve the above situation. 
 
Keywords – Biogas, Stream power, Solar energy, Hybrid energy system, Renewable energy. 
 

 1. INTRODUCTION 

According to statistics and forecasts, the population 
growth rate in Vietnam from 2010 to 2030 is more than 
1%/year [1]. Many studies and scenarios have been 
proposed to develop electricity grids and energy sources 
to supply people's needs for production, industry, 
agriculture, including craft fields at factories and shops. 
around the country. Currently, with the ability to apply 
and solve existing difficulties, the electricity and energy 
production system for supplying to the national grid is 
developed in a sustainable way based on supportive 
policies and strategic decisions in Vietnam 
(https://moit.gov.vn/). Specifically, the power source 
development programs in Vietnam and the import of 
electricity from neighboring countries have led to the 
planning of the national power grid according to Report 
58 - Power Planning VII of the Ministry of Industry and 
Trade [2]. In 2012, the National Load Dispatch Center 
reported that the power system in Vietnam is divided into 
3 regions and the power link is 500 KV and the average 
capacity is more than 26,000 KW 
(https://www.nldc.evn.vn/). Also, according to this report, 
various types of electricity generation include 
hydroelectricity, gas power, coal-fired power, oil-fired 
power, including imports. At the same time, competition, 
technical development, electricity trading, energy security 
and electricity safety, and electricity saving are also 
concerned, reflected in the policies contained in the 
documents of the Ministry of Industry and Trade. 
Highlights are also mentioned such as: always overloading 
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the line; the process of high power loss when the power 
path extends from North to South; transformer equipment 
and operating systems with low efficiency [3]. 

In recent years, fossil fuels, oil and gas have 
gradually been exhausted in Vietnam in particular and the 
world in general. The replacement and development of 
new energy to support and supply electricity to meet the 
needs of development is the strategy that scientists are 
trying hard to pursue [4]. One of the key strategies being 
implemented and planned for the national power system to 
use and develop is: wind power, solar power, 
electrification, bioelectricity, waste power, or a 
combination of storage, which is shown in the documents 
and reports of the Ministry of Industry and Trade [5] and 
Vietnam Electricity Corporation (EVN). Next is the 
fundamental solutions in grid connection of renewable 
energy to meet energy economy and energy security, 
sustainable development of the power supply system, 
which is being interested in the most recent documents of 
Power Planning VII – Ministry of Industry and Trade [6]. 
Moreover, a number of programs and forecasts recently 
launched in the master plan show the orientation of rural 
electricity development and supply electricity to isolated 
areas [7]. In 2020, Vietnam's electricity demand according 
to GDP will reach more than 20,000 GWh, and it is 
forecasted that by 2030 it will reach 327,000 GWh and a 
shortage of more than 20% must use renewable energy to 
produce electricity (especially energy wind) and 
compensate for the traditional electricity system for the 
whole country [8]. In order to sustainably develop the 
rural electricity grid, connecting electricity to isolated 
areas on islands such as Bach Long Vi, Hoang Sa, Truong 
Sa, Phu Quy Island (Binh Dinh) is also included in 
specific programs and recent strategies according to the 
National Grid Development Plan for the period of  2021-
2030 and the strategic vision of  2045 of Vietnam. With 
EVN's efforts to connect to the private grid and connect 
the national power grid to remote and island areas in a 
sustainable and strategic way, they also launched launch 
programs to serve the search for new energy sources, and 
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research solutions to combine energy sources for 
development.  

In the paper, the research team surveys and 
identifies problems related to the supply and connection of 
electricity for/to difficult and isolated regions in Vietnam. 
our team tries to implement step by step and raise issues 
such as: the existence and handling direction of relevant 
agencies for the power system and energy supply to the 
difficult and isolated regions where there is a shortage of 
electricity or unstable electricity; statistics on some areas 
where households do not have access to the national 
electricity grid, or have not yet connected to electricity; 
introduce solutions to supply electricity to the survey area, 
then analyze and evaluate existing and applicable 
solutions for the most sustainable development in 
accordance with Resolution 52/NQ-CP. Based on the 
results of the survey, statistics and analysis, and 
understanding the local reality and the people, the research 
team makes the most feasible proposals. As a specific 
example, based on the results from the survey and on the 
analysis of the local reality, we propose the use of an 
integrated renewable energy system including three 
sources: solar energy, wind energy and wave energy to 
generate electricity for the transportation system in an 
isolated island in Central Vietnam. 

2.  OVERVIEW OF ELECTRICITY SUPPLY IN 
VIETNAM  

In the current state of national electricity supply and 
Vietnam's energy system, electricity produced and 
imported increased greatly and ranked 22nd in the world 
in terms of electricity production, specifically, increasing 
2.35 times in 2019 compared to 2010 [6][9]. Electricity 
consumption in the last 10 years has grown by nearly 
10%. As of 2020, electricity will be supplied from sources 
accounting for a large proportion, including imports from 
Laos (small hydroelectricity and solar power) and China 
(for Northern region), specifically: coal-fired power 
(30%), hydroelectricity (30%), oil-fired thermal power & 
gas turbine (13%), solar power (24%), wind power (1%), 
and biomass power (1%) (https://www.nldc.evn.vn/). 
Solutions for operation, investment, development and 
improvement of the power grid, reduction of power loss 
and electrical safety are thoroughly concerned in the 
power supply system. In general, according to the reports 
of the power corporation in 3 regions: North - Central - 
South, electricity supply services for areas that need to be 
consumed such as: agriculture, forestry and fishery, 
construction industry, trade and service, etc. consumption 
management in 10 years from 2010 to 2020 is huge. The 
average growth rate of electricity consumption and supply 
in 10 years is more than 11% per year. The supply and 
consumption of electricity also depends on different 
regions, the largest being the South, followed by the North 
and the lowest being the Central. Especially in isolated 
areas with complex terrain, there are no specific statistics 
or reports on the power supply system in Vietnam other 
than forecasts and reports [9].  

From 2005 to 2010, there were many areas of 
provinces such as Nghe An, Thanh Hoa, Dien Bien, 
Quang Tri, Gia Lai, Tay Ninh, Son La, Lai Chau, and 

Quang Nam that did not have electricity. The government 
approved supports under the rural area electricity 
development program to "light up the countryside" [9].  In 
addition, the electrical use for households and services 
gradually replaces firewood, coal, and gas through the use 
of electricity consuming equipment and electric energy 
based on the access and development of material 
technology, transmission, connection and storage into 
electricity supplied in Vietnam. According to the statistics 
of the National Dispatching Center of EVN, the daily and 
monthly consumption is also considered and has a 
development roadmap by month, quarter, and year. 

At present, the electricity supply is developed 
under programs aimed at saving electricity, developing 
electricity sustainably, using renewable energy and aiming 
to reduce climate change. Programs to save and use 
electricity efficiently have also been developed and 
carried out since the 2000s with high results up to now. 
Specifically, programs to connect rural power sources, 
develop combined energy, build renewable energy storage 
systems in difficult and isolated areas are built under the 
schemes and support of the organizations such as World 
Bank, GIZ (The Deutsche Gesellschaft für Internationale 
Zusammenarbeit)... Based on the situation of electricity 
supply and consumption from different types of power 
generation, there are some difficulties and obstacles in 
connecting and developing power sources to rural, 
isolated areas, islands such as: 

(1) Investment capital is lacking, operation and 
exploitation are not synchronized when accessing 
and connecting remote areas is very difficult. 

(2) The infrastructure system and electricity 
connection, energy management are still limited. 
The process of supply and load has not 
developed evenly while connecting to the grid to 
use small hydropower sources, or new energy 
sources. 

(3) The planning, investment costs, order and 
procedures for adjustment for regions are not 
reasonable. Electricity price from the national 
grid is still high, difficulties in compensation, site 
clearance and project location agreement. 

(4) Mechanisms, procedures and policies are not 
synchronized, leading to low private investment 
and low awareness of efficient and economical 
use of electricity. 

3. POWER SUPPLY TO ISOLATED REGIONS 

3.1 Regions without national electricity grid 

According to statistics from the Electricity Regulatory 
Authority of Vietnam (ERAV) - Ministry of Industry and 
Trade, from 2005 to 2013, there were more than 1.5 
million households in need of electricity supply in 
Vietnam. The provinces that need to supply electricity 
mainly are Thanh Hoa, Dien Bien, Tuyen Quang, Gia Lai, 
Tay Ninh, Quang Tri, Quang Nam; Ca Mau, Tra Vinh, 
Quang Ngai, Ha Giang, Cao Bang, Yen Bai, Lang Son 
and island districts and communes such as Bach Long Vy, 
Nhon Chau, Tran island, Ly Son island, Cu Lao Cham, 
Cai Chien, Con Co, Nam Du, An Son - Kien Giang, Con 
Dao - Vung Tau, Ca Mau (https://www.nldc.evn.vn/). The 
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development of electricity, electricity supply and 
electricity connection for mountainous areas, remote 
areas, border areas, islands, ethnic minority areas, areas 

with extremely difficult socio-economic conditions is very 
necessary.  

 
Fig. 1. Survey on the number of households in rural and extremely difficult areas to access the national electricity 

source in the provinces of Vietnam. 
 
 

After 2010, from the central budget and support 
funds of ODA, Vietnam gradually set out strategic goals 
for the development and supply of electricity for this 
special area. After the conference to summarize the 
electricity development program for rural areas in 
previous years, the number of hamlets, small villages, 
communes, districts and islands in difficult-to-connect 
areas to the grid were still interested by the government 
such as: Bach Long Vi, Hoang Sa, Truong Sa, Con Co, An 
Son, Con Dao, Phu Quy, Long Chau to find suitable 
solutions to develop and supply electricity to serve the 
people's essential needs such as lighting, using equipment 
daily [10]. 

According to the supply sources from EVN in three 
regions – the North (except Hanoi), the Central and the 
South (except Ho Chi Minh), the situation of power grid 
supply to rural areas, areas with special difficulties, 
islands of provinces and cities across the country, 
including 44 provinces and cities without electricity, with 
the total number of rural households also being surveyed 
in each province to see the number of households without 
electricity as the Figure 1.  Initial survey data on the total 
number of households are not shown here but can be 
referenced in the documents of the Institute of Energy 
(http://npc.com.vn/); We mainly give numbers of areas in 
Vietnam where households have not yet accessed or 
connected to the electricity grid of the three regions. The 
total number of households without electricity in the 
North (from Quang Ninh - Ha Tinh) is more than 100,000 
households, in the Central region (from Quang Binh to 
Dak Nong) is more than 12,000 households and in the 
South (from Lam Dong to Ca Mau) is more than 24,000 
households. It is estimated that there are more than 
150,000 households in Vietnam without electricity. 

3.2 Power supply to areas without national grid 

Final report of the national conference on implementing 
the electricity supply program in rural, mountainous and 
island areas according to Decision No. 2081/QD-TTg 
signed by the Prime Minister in 2013, Resolution 73/NQ-
CP in 2016 and Decision 1740 /QD-TTg signed by the 
Prime Minister in 2018 for 48 provinces (including 4 
provinces with electricity but not stable) set the goal is: to 
supply electricity to households that do not have 
electricity, have electricity but are not stable and 
connected practice in mountainous areas, islands and areas 
with special difficulties. Specifically, the implementation 
of electricity supply from the grid, from new and 
renewable energy sources for the number of 17 
communes, 9,890 hamlets, nearly 1.1 million households 
and prioritize the complete development of 2 island 
districts and 3 communes island. The power supply and 
completion of the power system are carried out by the 
central budget, ODA, concessional loans from the WB, 
ADB and mobilized from the locality. The stages are 
divided and implemented as follows: 2013-2020 and 
2016-2020 can be considered as the stage to realize the 
goal of supplying from the national grid to 17 completed 
communes; electricity supply for about 204,737/1,055,000 
households in the area of 9,890 villages and additional 
adjustments such as supplying electricity for small and 
medium-sized irrigation pumping stations in the Mekong 
Delta (13 provinces/cities ), supplying electricity from 
renewable energy sources about 21,000 households and 
increasing power supply to 5 islands (Ly Son Island; Bach 
Long Vy; Nhon Chau; Cu Lao Cham; Tran and Cai Chien 
islands) including 02 island districts and 2 islands. 03 
island communes. After the conference to summarize the 
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plan of the development program for 2013-2020, Vietnam 
has not yet completed and many households in 44 
provinces and cities have unstable electricity or cannot 
connect to the grid due to many aspects that the authorities 
have analyzed and summarized in January 2021 in Hanoi. 
The proposed program will continue to be implemented in 
the 2021-2025 period, supplying electricity to about 
871,263 households (of which, about 153,911 households, 
accounting for 0.74% have no electricity; 717,352 
households have electricity but no electricity supply. 
stable, continuous) of 6,811 villages in the area of 2,197 
communes; supplying electricity to 2,638 small and 
medium-sized pumping stations in 13 provinces in the 
Mekong Delta region in combination with supplying 
electricity to people; propose to supplement the national 
grid or renewable energy sources for the remaining 
islands: Con Co Island, Quang Tri province; Tho Chu, An 
Son and Nam Du in Kien Giang province; Island villages: 
Ninh Tan, Ninh Dao, Diep Son, Bich Dam, Khanh Hoa 
province; power grid for Con Dao in Ba Ria - Vung Tau 
province. 

The rural electrification program has helped 
households get electricity to 96% in 2009 and 99.53% in 
2019 (including urban and rural areas); only about 0.74% 
of rural households do not have access to electricity. 
According to this program, the development and 
implementation of a number of goals such as investment 
in renovation, expansion and sustainability in operation, 
electricity connection at a reasonable price for rural areas. 
For rural and mountainous areas that cannot be pulled by 
the electricity grid, local electricity should be developed in 
the direction of small hydroelectricity, battery storage, 
wind turbines and generators.  

The electricity development and research on new 
and renewable energy application solutions are prioritized. 
Some mountainous areas in Nghe An, Lang Son, Ca Mau 
and Bach Long Vy Island, Hoang Sa, Truong Sa and Phu 

Quy are considered for power supply using combined 
power sources, alternative power sources and renewable 
energy. and combined storage. The combination of using 
storage batteries, power from engines using combined 
fuels such as diesel, biogas, biofuels, energy from solar 
panels or combining multiple sources to increase 
efficiency and reduce costs production, easy investment 
options and technology adaptation. Currently, the research 
team has also made plans to combine many renewable 
energy sources and have backup batteries as a complete 
power supply option for difficult areas, far from the 
mainland and even in rural areas. villages and cities that 
have unstable electricity sources.  

.3.3 Analyze solutions 

In Vietnam, the combination of many renewable energy 
sources from wind energy, solar energy, geothermal 
energy, ocean waves energy to store and supply energy for 
rural areas is being researched and deployed in a 
sustainable way and reduce greenhouse effect like other 
countries in the world. Currently, in island districts such 
as Bach Long Vi, Long Chau, Tho Chu, Nam Du, will 
invest in a mixed supply system included wind, solar, 
diesel and store 7.5 MWh of rechargeable batteries. By 
2025, diesel engines will be replaced and eliminated with 
other clean fuels such as biogas and biofuel.  

Mechanisms, policies, development strategies, 
support programs, national electricity planning for power 
sources derived from new energy, renewable energy, and 
integrated energy are shown through legal documents of 
Vietnamese Government (period 2008-2020). Policy on 
energy management, addressing energy economy, control 
and integration energy to meet energy audit and energy 
security are also closely watched. Specifically, a number 
of policies in Vietnam are summarized over the past 10 
years in Figure 2. 

 

 
Fig. 2: Mechanisms and policies for integration of energy types to offer to extremely difficult areas from 2008-2020. 
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With renewable energy, there have been many 
tax support policies, open mechanisms in financial access, 
import and investment, wind power is being promoted 
strongly with an expected capacity of 3,000 MW. And 
there are more than 10 provinces that approved by the 
Ministry of Industry and Trade for wind power and is 
expected to have more than 15,000 MW by 2030. Solar 
power by 2020 has been more than 9,000 MW, currently 
also prioritized for farm development and solar power 
according to the planning and approval. Biomass power, 
geothermal power, 
waste power in the direction of heat-power cogeneration 
are also interested in the Mekong Delta provinces such as 
rice husk electricity, sawdust pellets, wood power, 
bagasse power, or hydroelectricity small is also taken into 
consideration synchronously. Power sources from 
gasification, bioelectricity, tidal power is also studied and 
included under rural electricity development programs.   

It is necessary to assess the potential for each 
type of renewable energy by region, according to demand 
and source of raw materials as well as land area. For areas 
with special difficulties, isolated areas, remote areas, 
islands, the use of new and combined energy models is 
strategic. Resolution 55/NQ-BCT of the Politburo of the 
Communist Party of Vietnam has identified: "Prioritizing 
the exploitation, thorough and efficient use of new energy 
sources, renewable energy, clean energy" and specifically 
expected reach more than 30% by 2030-2045. 

According to the Association of Asian Nations, 
the central and southern regions of Vietnam will be the 
priority places to develop near-shore wind power and 
offshore wind power to supply island areas. far away and 
export to neighboring countries, especially Cambodia and 
Thailand in the coming years. This place has a very 
favorable geographical position, climate and weather to 
develop these types of energy.  

According to some previous reports [1], currently 
the percentage of households using electricity and having 
electricity in Vietnam is higher than of some countries in 
the region such as Indonesia, the Philippines, and 
Malaysia. Farmers in villages, hamlets, communes and 
areas with special difficulties can also find green solutions 
with new energy sources, renewable energy or combined 
energy to serve their living needs. These programs are 
implemented by EVN in accordance with the policy of the 
government. 

3.4 Propose solutions 

Currently, a number of successful examples of using 
renewable energy sources in villages and hamlets in Dak 
Lak and An Giang have also helped people to light up, use 
electrical equipment, and small hand tools from small 
hydroelectric power, solar, wind or a combination of 
storage. According to some domestic and foreign experts, 
“Renewable energy is no longer a dream and only for rich 
countries, but low cost has helped poor households to 
access and use it every day”. Following these 
achievements, experts also believe that it is necessary to 
promote socialization, investment capital mobilization, 
public-private cooperation, and joint development 
between the central and local governments to enhance 
technology transfer, successful completion of the project 
to establish and train local crews to install, operate and 
maintain on-site renewable energy power systems. The 
first priority is wind power, solar energy, biomass energy 
and combined storage. Moreover, our team also made 
some recommendations as follows: 

1. Mechanisms, policies and supports must be 
strengthened to promote sustainable 
development; helping households to change their 
structure, size and habits; increase the use of 
machinery, and build an electrical supply system 
to meet the needs of people in particularly 
difficult areas is essential. 

2. In order to promote new industries and strategic 
products of the locality, to meet international 
integration, it is necessary to have a plan to 
effectively exploit small hydroelectricity, new, 
renewable and combined energy sources to meet 
the for areas where the grid cannot be pulled but 
households still have enough light to use. 

3. It is necessary to digitize, make transparent 
electricity prices and implement a systematic and 
automatic management of electric energy, both 
suppliers and consumers are monitored and 
trusted about electricity prices. 

To develop and be specific, the research team also 
gives some examples and solutions to support when using 
renewable energy with storage batteries for an island area 
that is not connected to the national grid as shown in 
Table 1. 

 
Table 1. Hypothesis powering an island in need with renewable energy sources. 

No POWER SUPPLY 
SOURCE DIESEL [IRENA,2012] PV Solar PIN 

  (M Litres /Year/kW) (kW) (kW) 

1 Internal Commercial 
Engine (ICE) 4/1/3500 0 0 

2 ICE - Battery 3/1/3500 0 500 KW/2h 

3 ICE - PV 3,9/1/3500 500 0 

4 ICE - PV - Battery 2/1/3500 2000 1000kW/2h 

5 PV - Battery 0 7000 3000kW/4h 
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According to the hypothetical scenario of gradually 
switching power supply by renewable energy shown in the 
table above, it is perfectly reasonable to combine a diesel-
powered generator with a battery or with solar energy in 
the future for areas that are not connected to the grid. 
Adding alternative fuel sources such as biogas, biofuel 
and wind energy to the mix is also an optimal way for 
these particularly difficult areas to implement a rural 
electrification program. Besides, the combination of many 

renewable energy sources for storage has some main 
disadvantages such as: unstable power regulation, 
configuration and transmission characteristics that affect 
the overall system, asynchronous energy input and 
generator. To overcome these main points, it is necessary 
to regularly adjust the frequency, reduce congestion, 
install in a flexible plan to ensure a stable and adjustable 
power supply.  

 

 
Figure 3: Forecast of electricity use from wind and solar energy for extremely difficult areas in Vietnam. 

 
 

Figure 3 shows the development and orientiation of/for 
renewable energy (wind energy and solar energy) and 
projections until 2050 based on the data from QHD7-ĐC 
[6], [7], [10]. The use of solar and wind energy is forecast 
to increase gradually in 2030 and 2050. The development 
of both onshore and offshore wind power is given priority. 
Solar power is also developed using photovoltaic 
technologies, converging technologies and new materials. 
This shows that solar energy and wind energy tend to 
become main sources of renewable energy and more 
popular than others such as small hydroelectricity, waste 
electricity and biogas power. 

A new proposal was also mentioned in the case 
study conducted by the team members. In this study, we 
combine renewable energy sources to generate electricity 
and provide signals for rural roads in particularly difficult 
areas in the coastal area of Ly Son Island, Quang Ngai 
Province in 2016. The experimental process depicted in 
Figure 4 shows the combination of three power sources 
with two generators using gyroscopes (from rising and 
falling ocean waves) and wind turbines with solar cells to 
main power supply for Li-ion batteries with rated voltage 
of 24V (recycled in series with many small batteries to 
reduce costs). The model also has a current rectifier, a 
backup power source for the whole system during 
measurement and processing. After the installation and 

connection process, the system inside has two small 
generators (one connected to the gyro, one connected to 
the wind turbine - propeller) with an energy rating of 
12V/1, 5A for each generator, stable working at 250 rpm. 
The controller used to rectify and charge the battery pack 
is guaranteed in series with 24V (Li-ion). This battery 
pack is powered by three alternating and asynchronous 
sources after being filtered from the generators of wind 
turbines and gyroscopes and solar panels, all connected 
via a charging circuit and a circuit. control with rectifier 
and voltage regulator suitable for each working mode. 
After that, connect and control the frequency of operation 
of lights and signal lights when driving local traffic. 
Research results have clearly shown a certain efficiency 
when using these three types of energy alone or in 
combination to provide and store it to provide a highly 
efficient traffic signal system in extreme difficult areas to 
not be able to connect to the grid.  

4. CONCLUSION 

After conducting a survey and analyzing the 
survey results on electricity supply to isolated regions and 
on difficulties in accessing the national power grid in 
Vietnam, the research team has proposed several solutions 
and suggestions and a typical model of using an integrated 
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renewable energy system in an island in Central Vietnam. 
More specifically, in the paper, we have highlighted 
several mechanisms, policies and programs for developing 
and connecting the electricity grid and using renewable 
energy in isolated areas in Vietnam from 2013 to 2025. 
We have also surveyed and analyzed the survey results on 
integrated energy and renewable energy (solar energy, 
wind energy and wave energy) according to the policies 
by the Vietnamese government. Finally, the research team 
has formed some hypotheses to evaluate and compare the 

combination of solar power and engines that use 
alternative fuels like biogas or ethanol. With those results, 
the group also continues to propose research to develop 
electricity for many households in many remaining 
provinces in Vietnam and widely deploy when combining 
renewable energy on a regular basis for rural, villages 
areas, where households do not have access to electricity 
or in island areas with extremely difficult conditions in the 
coming time. 

 
Fig. 4. Diagram of integrated renewable energy system for traffic lights in Ly Son island area, Quang Ngai. 
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Abstract – Isolated Areas, like islands, Mountainous or desert areas, face significant difficulties in meeting their 
energy supply with the same level of reliability as the mainland areas. To make matter worse, energy costs are usually 
significantly increased in these areas, due to the limited natural resources available. Therefore, there is a need to 
address issues related to both energy supply and Sustainable Development of these Regions with such fragile 
environment by educating Engineers, particularly skilled for the peculiarities of such areas. This is the scope of the 
Mastering Energy Supply focusing on Isolated Areas (MESfIA) Curriculum, adapted by South-East Asian Universities 
to their local needs. In order to propose the best possible combination of courses, a comprehensive review of relevant 
MScs has been performed. The characteristics of relevant MScs organized in Islands or Isolated Areas are of 
particular interest when preparing MESfIA curricula and in this paper the characteristics of these MSc are 
summarized. 
  
Keywords – Education, Isolated Areas, Energy Access, Sustainable Development 
 

 1. INTRODUCTION 

The Mastering Energy Supply focusing on Isolated Areas 
(MESfIA) project aims to provide high quality 
postgraduate education on energy supply systems for 
engineers and graduates from science departments, aiming 
to have activity or to be employed in projects in countries 
with many isolated areas and insular systems. It is a co-
operation activity between EU and S.E. Asian Countries 
(namely Thailand, Vietnam and Indonesia) to improve 
capacity of Postgraduate Students in S.E. Asian 
Universities. Among the project objectives is to define 
best practices of courses including procedures and 
requirements for certification of the achieved qualification 
in energy systems at regional/national level and 
recommendations to stakeholders. By the end of the 
project, graduates from the adapted MSc or new MSc 
programs in the Partner Countries HEIs should be able to 
claim their expertize on improving energy supply 
conditions in isolated areas. 

The typologies of power systems to be mostly 
addressed in the courses developed within the MESfIA 
project are: 
A) Physical islands (usually operating autonomously or 

weakly interconnected with larger power systems) 
sized to Very Small Island ones (few kWs) up to 
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Large Island Power Networks with installed capacity 
of a few hundreds of MWs and a variety of Energy 
Sources installed. 
B) Isolated Areas (e.g. mountainous areas, desserts, 
forests etc)  
C) Resilient Power Systems-Temporarily Isolated 
areas due to Natural disasters for example. 
In these areas, residents face difficulties in their 
Energy Access, either due to the distance from the 
grid while, mostly in island systems, the operating 
cost is expected to be rather high This does not mean 
that the capacities built cannot be used in larger 
networks as well, but the curricula should address the 
technical and social needs of the aforementioned 
areas.. 
The technical skills that should be mostly developed 

the graduates of MESfIA curricula include some of the 
topics: 

• Renewable Energy Sources (RES) especially in 
Small scale 
• Energy Storage 
• Smart Grids 
• Energy Efficiency 
• Financing schemes or Business models especially 
for small scale applications 
• Operation & Maintenance issues 
• Any reference to off-grid systems 

As the MESfIA curricula is more focused on 
isolated areas and island systems, it is very interesting to 
investigate whether in such areas, engineers and scientists 
can find MSc programs to help them out with their career. 
Clearly departments of Electrical and Mechanical 
Engineering offer mostly learning items that could match 
the aforementioned needs. However, MSc focusing on 
buildings could provide items for energy efficiency. 
Specialized MSc on Financing or Business Administration 
issues specialized in Energy Sector were sought and 
actually were identified. Master programs in 
Environmental engineering could offer some insight on 
generic sustainability issues. 

Postgraduate Programs relevant to Sustainable 
Development and Energy Access organized by Universities 

in Islands or Isolated Areas 
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Some of the MSc are Interdepartmental and some of 
them even Joint Degrees with other Universities 

The structure of the paper is as follows.In section 2 
a description of Relevant MSc in Island Countries is 
provided, while Section 3 describes the MScs in Countries 
with group of islands. In section 4, a description of MSc 
programs dedicated in sustainable development of isolated 
areas likes mountainous systems is provided. In Section 5, 
a comprehensive summary is provided. 

2.  RELEVANT PROGRAMS IN ISLAND 
COUNTRIES 

There are many Island countries all over the Oceans and 
the Mediterranean Sea who host Universities with most of 
them organizing Postgraduate Studies. Some of these 
cases can act as living labs with very interesting case 
studies. We focus more on island power systems that 
usually operate autonomously or weakly interconnected to 
other power systems as this poses many challenges in their 
efficient operation [1]. The largest of these countries have 
Universities with some interesting examples of MSc 
programs. 

2.1  Pacific Ocean 

Pacific Ocean has many small Island States, most of them 
member of Small Island Developing States (SIDS)[2] who 
struggle for their development and require actions for 
sustainable development. These islands present lower 
electrification rate compared to other areas of the planet 
and these efforts have been greatly based on PV and 
batteries systems. 

The University of the South Pacific is the premier 
institution of higher learning for the Pacific region, 
uniquely placed in a region of extraordinary physical, 
social and economic diversity. It was established in 1968, 
and is jointly owned by the governments of 12 member 
countries: Cook Islands, Fiji, Kiribati, Marshall Islands, 
Nauru, Niue, Solomon Islands, Tokelau, Tonga, Tuvalu, 
Vanuatu and Samoa. The University has campuses in all 
member countries, and the main campus, Laucala, is in 
Fiji. The Faculty of Science, Technology and 
Environment, under the School of Engineering & Physics 
(SEP)[3], offers courses on Masters in Science on 
Engineering Technology, Renewable Energy and 
Electrical Engineering. The duration of the MSc program 
is 2 years. Such classes include classic items on Wind and 
PV generation, items in Maintenance and Reliability 
Engineering & Engineering Economics along with items 
such as Education for Sustainable Development, 
Environmental Change and Green Development and 
NGOs, Civil Society and Development offered by non-
engineering Departments. As these small Islands are 
vulnerable to Climate change lessons such as Eco-System 
Based Adaptation and Management for Climate & 
Disaster Resilience can provide inputs to forthcoming 
scientists. 

Guam 

This small country in the Pacific Ocean offers two (2) 
Msc in Sustainable Agriculture, Food and Natural 
Resources and Environmental Science which can be 

considered relevant to Sustainable Development but not as 
much for Energy Access. As it is stated in the Program 
Learning Outcomes (PLOs)[4], the students will 
demonstrate knowledge of current topics and research 
activities related to sustainable agriculture, food and 
natural resource sciences in the literature as well as in the 
island communities. 

University of Philippines, Diliman, The Philippines 

The Energy Engineering Program at the University of the 
Philippines College of Engineering was instituted in 1983 
with the objective of training specialists who will: 
 Develop indigenous sources of energy 
 Improve the efficiency of energy utilization, and; 
 Introduce appropriate energy technologies. 
The program was envisioned to be multi-disciplinary, 

with lectures and thesis and dissertation advisers coming 
from the faculty of the different departments and institutes 
of the college. The curriculum was revised in 2009 and 
2013 to provide a more responsive and comprehensive 
knowledge base that will enhance the expertise of 
researchers, engineers, and scientists. The Graduate 
Program has two intakes per year [5]. 

New Zealand 

The two islands in New Zealand have abundant 
Geothermal Resources and this makes no surprise to have 
MScs relevant to issues of Geothermal Energy. MSc in 
Electrical and Electronic Engineering of the Universities 
of Canterbury and Waikato provide courses on Power 
Systems. The University of Canterbury offers also an MSc 
on Engineering Aspects of Renewable Energy of one year. 
Renewable Energy Sources are also addressed in 
Universities of Auckland and Otago. The fact that the 
Universities in New Zealand have high in their agenda 
issues like sustainability and environmentally friendly 
ways of generation is evident by the Massey University 
offers a 3-semester MSc on the Sustainable Development 
Goals [6] with four majors, Business and Sustainability, 
Disaster Management, Environmental Sustainability and 
Global Development. 

2.2  Indian Ocean 

There are some island countries in the Indian Ocean with 
the largest one being Indonesia. 

Indonesia 

Indonesia is the largest Island Country all over the World 
with 17,000 islands, some of them struggling for their 
electrification but with very good examples of PV 
electrification [7]. The studies in Indonesia at 
postgraduate level, last for four semesters providing 36 
credits and as each Indonesian credit is 3.3 European 
Credit Transfer System (ECTS), this is 118 ECTS, just as 
in Europe for studies of equivalent duration. One of the 
Indonesian Utilities, PLN [8], has strong collaboration 
with two Indonesian Partners of MESfIA project, Institut 
Technology Bandung (ITB) and Universitas Gadjah Mada 
(UGM). 

A common characteristic is the fact that the MSc 
Programs may have independent tracks allowing the 
selection of more elective courses. 
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Electrical power engineering is an optional track in 
the Electrical Engineering Master Study Program of 
School of Electrical Engineering and Informatics in ITB. 
The option offers the generic field in electrical power 
engineering with three field aspects in electrical energy 
conversion, high voltage engineering and power systems. 
This is held in Indonesian language. The courses consist 
of compulsory and elective types. The compulsory gives 
the advanced knowledge of three aspects of electrical 
power engineering in mathematics, power electronics, 
power system operation, electromagnetic computation as 
well as research based courses. The rest half courses are 
elective. A graduate academic cooperation with the 
national utility has been resulting in some focuses, i.e. 
electricity business and technology, high voltage 
diagnostics. 

In addition to this program, the other faculties of 
ITB also offer some renewable energy related program. 
The Faculty of Mechanical and Aerospace Engineering 
offers an option under Mechanical Engineering MSc 
program, i.e. New and Renewable Energy, which 
emphasizes on solar energy conversion technology. The 
Faculty of Industrial Technology offers an option under 
Chemical Engineering MSc program, i.e. Bioenergy 
technology, which emphasizes on energy conversion from 
biomass. The Faculty of Mining and Petroleum 

Engineering offers an option under Geothermal 
Technology MSc program, which emphasizes on energy 
conversion from geothermal reservoir. 

The Department of Electrical and Information 
Engineering in UGM among the postgraduate programs 
they offer, they offer an Electrical Engineering Master 
Program in Indonesian Language. The Faculty of 
Engineering in UGM also offers an interdepartmental 
Master Program in System Engineering. This master 
program offers three tracks which one of them focused on 
new and renewable energy. This master degree program is 
aimed to provide a reliable expert related to regional 
development in the field of new and renewable energy 
systems engineering in the district/city or province. The 
further objective of providing this expert is to capitalize 
the potential of new and renewable energy resources to 
generate electricity to support national development. 
Among the activities of Students in this master is their 
active participation in the common UGM-USAID project 
to Develop Solar Power Homes in Karimunjawa [9]. This 
active learning is one of the key characteristics for such 
type of activities. There are also a few Universities 
offering similar MSc programs as described in Table 2. 

 
Table 1. MSc programs relevant to Sustainable Development in ITB 

Name of the MSc Program Participant Departments 

Electrical Power Engineering School of Electrical engineering and 
Informatics 

Mechanical Engineering Faculty of Mechanical and Aerospace 
Engineering 

Chemical Engineering Faculty of Industrial Technology 

Geothermal Technology Faculty of Mining and Petroleum Engineering 
 
 

Table 2. MSc programs relevant to Sustainable Development in other Indonesian Universities 

Name of the MSc Program Type of the program Participant Departments 

Energy and Power 
Management  

Interdepartmental Department of Electrical Engineering (University of 
Indonesia) 

Renewable Energy 
Engineering 

Departmental Department of Engineering Physics 

Marine power technology 
and management 

Departmental Faculty of Marine Technology 

Electrical Engineering Interdepartmental Department of Electrical Engineering (Indonesian Christian 
University) 

 
 

Sri lanka 

There are five (5) relevant MSc programs in the 
University of Moratuwa in the Faculty of Engineering 
[10]. These are namely: Sustainable Process Design, 
Building Services Engineering, Electrical Installation, 

Electrical Engineering and Energy Technology. The most 
interesting one is the MSc in Energy Technology [11] that 
offers an elective course for Rural Energy Systems. In the 
same MSc program, lessons on various types of 
Renewable Energy Sources are also offered. A shorter  
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combination of these two courses is offered also in the 
Msc of Electrical Engineering [12]. An Energy and 
Environment course is offered in all these five MScs, 
while sustainability issues are addressed either in the form 
of Sustainable Built Environment in the MSc of Building 
Services Engineering or in the Sustainable Process for the 
Industry as described in the MSc of Sustainable Process 
Design. All of these MSc programs require a dissertation 
of one (1) year, 

Taiwan 
In this island country, there are four universities offerring 
MSc in Electrical Engineering namely, Chung Yuan 
Christian University, Southern Taiwan University of 
Science and Technology, National Taiwan University of 
Science and Technology (Taiwan Tech) and National 
Taiwan Normal University (NTNU). All of these provide 
courses on electrical power and put significant effort in 
attracting International Students. There is also an 
International Master Program in Sustainability, 
Environment and Energy offering the English courses 
supported by five departments in the College of 
Engineering of the Chung Yuan Christian University [13], 
including Chemical Engineering, Civil Engineering, 
Mechanical Engineering, Biomedical Engineering and 
Environmental Engineering. 

Mauritius 

In the University of Mauritius, the Faculty of Engineering 
[14] offers two relevant MSc programs. The first one is 
the Sustainable Energy Engineering and Environmental 
Management (S3EM) program which provides a state-of-
the-art knowledge in the field of energy engineering and 
environmental management [15]. The program focuses on 
energy production and management, green energy, 
environmental management, climate change and 
sustainable development together with the economic 
aspect. The program aims at providing technical 
understanding, knowledge and expertise in conventional 
and renewable energy sources taking the social and 
environmental aspects into consideration. In this MSc, 
Sustainable Energy Resources and Technologies Energy 
Efficiency and Management while courses on Renewable 
Energy and energy storage are elective ones. The other 
one is a (Part-Time) MSc in Renewable Energy and Smart 
Electrical Systems. The program has been designed to 
facilitate the professional development of working people 
through the virtual classroom mode. This programme has 
been specifically designed to equip students with the 
essential knowhow related to Renewable Energy and 
Smart Electrical Systems and prepare them for a 
professional career in the field. This is run by the 
Electrical and Electronics Engineering Department. 

2.3 Atlantic Ocean and the Carribean 

In the Atlantic Ocean there are two large island Countries, 
Iceland and Ireland and some small island Countries in the 
Caribbean Sea. Some of these countries serve MSc studies 
that could be of interest. 

Iceland 

Iceland has a dedicated school of Energy in the Reykjavík 
University [16]. There is a strategic Co-operation of this 
University with the Icelandic Utilities [17], especially for 
the MSc of Electric Power Engineering. It is of particular 
interest that the students have to start their studies with 
Field School. This MSc mostly focus on classic and 
modern aspects of Power Systems Operation and Analysis 
rather than Renewable Energy Systems which are one of 
the elective courses. Similar is the structure of the Msc in 
Electric Power management. More emphasis on the 
Renewable Energy sources and especially abundant in 
Iceland, Geothermal Energy is given in the Msc in 
Sustainable Energy [18]. All of them have duration of two 
(2) years. 
Ireland 
This EU country has some interconnection with Great 
Britain but this is rather weak for the size of the demand 
of the island. The University College in the capital Dublin 
offers three (3) MScs with Relevance to the Energy 
access, namely Electrical Power Engineering, Energy 
Systems and Sustainable Energy and Green Technologies. 
Specific program on Sustainable Energy exists also in the 
Trinity College in the same city. Two (2) MScs address 
Renewable Energy in the Dundalk Institute of Technology 
and the University of College in Dublin at the Michael 
Smurfit Graduate Business School [19]. The latter one 
aims also to prepare graduates with additional specific 
knowledge on Environmental Finance. 

Barbados 

The University of the West Indies in Bridgetown offers 
postgraduate programs relevant to MESfIA project. More 
precisely these are Renewable Energy Management and 
Building and Construction Management. The former one 
is a 15 month (including 3 months of internship or project 
receiving 9 credits) MSc program organized by the 
Faculty of Pure and Applied Sciences. It aims to provide 
technical expertise in the implementation of renewable 
energy technologies and networking into the existing 
energy framework required for the essential transition to 
utilizing a more distributed indigenous renewable energy 
resource. The courses to be attended include, additional to 
technical ones, mostly management courses separated in 
Compulsory and elective courses [20]. Among these 
courses, there are courses on Management Techniques 
including Social and Environmental Impact Assessment, 
accounting and Applied Informatics. The same University 
offers studies on Building and Construction Management 
of 24 months with some special focus on Materials and 
Natural Hazards Management so as to create a pool of 
qualified Construction Managers. 

University of the Virgin Islands 

This small island country has one (1) University. Τhe 
Master of Marine and Environmental Science (MMES) 
degree which provides students with the training and skills 
necessary for planning, conducting, and evaluating 
research in marine and environmental science could be 
considered as the most relevant one with the scopes of the 
Sustainable Development. Additionally, students explore 
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how to utilize research to manage natural resources, with a 
particular focus on the issues and challenges related to 
natural resource management in the Caribbean region. 

This Msc lasts for two years with an interesting 
course in Physical and Ecological Processes along a Land-
Sea Gradient I which mainly focuses on ecological point 
of view and not energy aspects of ecology. 

2.4  Mediterranean Sea 

Two island Countries, members of EU do exist in the 
Mediterranean Sea, namely Malta and Cyprus. 

Malta 

Malta is the smallest country in EU in the Middle of the 
Mediterranean Sea. Recently Malta was interconnected to 
Italy with submarine cables [21]. In any case, such an 
interconnection remains weak.  

The University of Malta is the dominant provider of 
Postgraduate studies in the field of engineering in Malta. 
The most relevant subjects with the ones of the MESfIA 
project are taught in the Master Degrees of Mechanical 
and Electrical Engineering of the faculty of Engineering. 
Both Receive 90 ECTS for 3 semesters of study and are 
taught by personnel of the same department. 

Cyprus 
Cyprus is the largest isolated power system in Europe with 
installed capacity 1300MW. Even though projects like 
Euro-Asia Interconnector between Israel-Cyprus and 
Greece (mainly Crete) have been proposed, the island still 
remains the sole country in EU not interconnected with 
the Union for the Coordination of the Transmission of 
Electricity (UCTE) Zone. Recently, Geoscience research 
has identified areas in the greater sea of Cyprus with 
significant oil and gas resources. This is the reason that 
almost any University in Cyprus offers postgraduate 
programs on various subjects of the oil and gas industry 
with rather expensive fees and large audience. Such 
programs, however, are not relevant to the scopes of the 
MESfIA project. Nevertheless, there are three (3) 
Universities namely Fredericks University, University of 
Cyprus and Cyprus University of Technology who 
organize MSc programs on Electrical Engineering with 
specific focus on Power Systems and Renewable Energy. 
Sustainability is the topic of MScs of the first two 
Universities either in the form of Generic Sustainable 
Energy or aiming at preparing engineers building either 
based on Sustainable Material or Sustainable Architecture. 
The University of Nicosia offers also postgraduate studies 
in the field of Electrical Engineering with 90ECTS. 

The Open University of Cyprus offers postgraduate 
studies on Environmental Protection and Management 
with the most relevant course being Environmental 
Protection (Energy and Pollution) This is the only 
Engineering MSc program with 100ECTS in Cyprus. 

3. MSc IN COUNTRIES WITH MANY ISLANDS 

Some countries have rather large islands as Regions of 
their territories. Some of these islands work as 
Independent Power Systems. Being rather large islands 
some of them host Universities which in turn have MSc 
programs.  

3.1 Greece 

Greece is a European Country with many islands of 
various sizes and about 30 autonomous power systems 
[22]. This has caused the energy issues of island power 
systems being high in the Agenda of Research activities. 
Five (5) universities are based in Island regions of Greece, 
3 of them on the Island of Crete; namely Technical 
University of Crete, University of Crete, Hellenic 
Mediterranean University (HMU) whereas each one of the 
other two group of islands, Aegean and Ionian Sea 
Islands, have Universities organizing MSc Studies. The 
Island of Crete is the largest Autonomous power System 
in Greece [23]. On the island two schools of Engineering 
exist, organizing MSc programs. More precisely, the MSc 
in Energy Systems is the result of the co-operation of 
Electrical and Mechanical Engineering Departments of the 
Hellenic Mediterranean University (HMU). In this MSc, 
apart from typical study items such as Renewable Energy 
Sources and Energy efficiency, additional items of interest 
are relevant to Energy storage for Hybrid Power Systems, 
Microgrids and Smart Buildings. Many of the examples 
delivered are strongly related to the autonomous power 
system of Crete such as the lecture dedicated to the Non-
Interconnected Islands Grid Code. There is also 
collaboration with the local utilities premises and study 
visits to the Energy Control Center of the island are 
organized. Some courses on Energy Materials are also 
being delivered in the Master of Science in 
Nanotechnology for Energy Applications whilst the 
common MSc of the HMU and the University of Crete in 
Environmental Science and Engineering address issues on 
Environmental Legislation. Similar is the approach of the 
MSc in Environmental Engineering of the Technical 
University of Crete. This MSc addresses with courses 
issues that threaten the fragile environment of islands, 
such as (a) Water and Wastewater Management and (b) 
Environmental Management, Sustainable Energy and 
Climate Change. Some of the courses of interest include 
Environmental Law and Sustainable Development, Design 
of Sustainable Energy and Mobility Systems (with 
specific reference to Desalination as well), Advanced 
Studies on Energy Efficiency and Environmental Quality 
in the Built Environment [24] (with specific reference to 
lighting and ventilation), Advanced Catalytic and 
Electrocatalytic Energy Processes (with significant 
reference to Fuel Cells and waste-energy production) 
[25]. The Schools of Electrical and Computer 
Engineering Department and Production and Management 
Engineering offer courses on Renewable Energy Sources. 

The University of the Aegean focuses more on 
Environmental Issues Studies. One of the relevant MSc is 
the Erasmus+ organized MSc named MESPOM (Master 
of Science in Environmental Sciences, Policy and 
Management) including 5 month research period. The 
Central European University (Budapest, Hungary) is the 
administrative co-ordinator while the European 
Universities participating are Lund University (Sweden), 
University of Manchester(UK), CEU (Hungarian 
accreditation) and the University of the Aegean 
(Greece)[26]. One of the key courses for improving 
energy access is the use of specific software tools such as 
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GIS or Long range Energy Alternatives Planning. The 
structure of the program and the courses per University 
are described in detail in [27]. The University of Ionian 
Islands covers only on Bachelor studies items of 
Environmental Engineering.  

3.2 Iberian Countries 

Spain offers 94 MSc programs in 51 Universities that can 
be safely considered as relevant to the scopes of this 
paper. 

Two major groups of Islands namely Balearic 
Islands and Canary Islands are included in Spain hosting 
also Universities. The Balearic Islands are weakly 
interconnected to the mainland Spain [28] whilst Canary 
Islands have 6 autonomous Power Systems operating 
under high RES penetration. In the former case, the 
University of Balearic Islands does not offer relevant MSc 
courses, while in Canary Islands studies on Renewable 
Energy Sources and Environmental Systems are very 
popular. More precisely there are five (5) Universities in 
Canary Islands. In Tenerife islands the Universidad de La 
Laguna – ULL offers an MSc on Renewable Energy 
resources of 2 years. Among the offered courses, there is 
reference to Energy issues of Africa and Latin America, 
areas with relative low electrification rate. Moreover, 
there are items for project management and management 
of energy storage. Additionally, there is a clear reference 
on the Energy Service Companies and their linkage to the 
energy efficiency. The Universidad Europea de Canarias 
on the same island offers more classic studies on 
Renewable Energy Sources encouraging internships in 
companies like Iberdrola and Endesa. This is a one year 
masters’ degree. 

The Universidad de Las Palmas de Gran Canaria – 
ULPGC used to offer master on Energy Efficiency but 
now this has been modified to Advanced Industrial 
Technologies and Processes providing courses on 
Microgrids and Integration of Renewable Energies in 
Electrical Power Systems. Moreover, there is a specific 
MSc on ICT Solutions for Well-being and the 
Environment which is peripheral to Sustainable 
Development. The other two Universities host in Gran 
Canaria do not offer MSc for Sustainability issues.  

Azores and Madeira islands in the middle of the 
Atlantic Ocean form autonomous power Systems 
belonging to Portugal. Even though 9 Universities have 
MScs relevant to Sustainable Energy Systems or 
Renewable Energy Sources, none of them is based on 
either island. The most relevant one is the MSc organized 
by the University of the Azores named Engineering and 
Management of Water Systems [29]. However, 21 MSc 
programs in continental Portugal can serve the purpose of 
Sustainable Development training. 

3.3 France and Italy 

Two great islands exist in Italy, Sicily and Sardinia. Both 
of them are Inter-connected with Mainland Italy. MSc in 
Electrical Engineering exist in University of Catania and 
the University of Cagliari. In all 21 similar MScs exist in 
the whole country. 

The greatest French Island in Europe is Corsica in the 

Mediterranean Sea. This is interconnected with Mainland 
France and Sardinia. There is one University the 
Universita di Corsica and the Faculty of Sciences and 
techniques (Faculté Des Sciences et Techniques) which 
offers one (1) master in Environmental Management with 
subdivisions in Fishery Management, Ecological 
Engineering and water Science in environment. In all 22 
relevant MScs exist all over the country. 

4. ISOLATED AREAS WITH RELEVANT MSc 
PROGRAMMS 

Such areas may include Deserts, jungles mountainous 
areas or polar regions of the world. Even though these 
areas are not physical islands, they quite often resemble to 
electrical islands, like the Case of Algeria with many 
isolated power systems within the Sahara Desert [30]. 
The Albert Katz International School for Desert Studies of 
the Ben-Gurion University of the Negev in Israel offers 
study programs in Environmental Physics and Solar 
Energy since 2021-22 academic year as a continuation of 
a similar program [31]. This program targets, among 
others, at the Physics and Operation of solar cells at such 
harsh environments. In Middle East also, the American 
University in Beirut offers MSc in Electrical Engineering 
with courses on Renewable Energy Sources and 
Sustainable systems with energy storage [32]. 

Arctic areas are the frozen deserts of Earth. 
Universities in Scandinavian Countries offer MScs in 
Electrical and sustainable engineering without no obvious 
specific reference of their courses into polar areas. An 
interesting MSc program is the Nordic Master in Cold 
Climate Engineering [33] which has as target to provide 
unique understanding of how it is working as an engineer 
in the Arctic, giving the students a unique possibility to do 
field work and projects in Greenland or Svalbard. 
However, this is not so relevant to the Energy Access 
issues but some construction principles could apply to 
energy infrastructure as well and should be considered in 
the preparation of such Degrees. 

An interesting approach for isolated areas is the one 
of the National Technical University of Athens (NTUA) 
postgraduate program “Environment and Development of 
Mountain Regions” with two specialties (a) Water 
Environment and Development (with special modules on 
small hydro energy) and (b) “Environment and 
Development of Mountain Regions” [34]. What makes 
this postgraduate program unique is the fact that the 
specialization (b) is taught in the mountainous town of 
Metsovo, in the Pindus Mountains, homeland of the first 
great donors of the NTUA. Under this specialization, the 
students obtain insight of the issues and the specific 
environmental constraints for the development of such 
areas living also in such areas. This is reflected in the title 
of the courses such as: 

• Geographic Information Systems and Mountain 
Environment 

• Spatial, Economic and Legal Dimensions of 
Development and Environment of Mountain 
Areas 

• Introduction to the Mountain Regions’ Environment 
and Society 
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• Environmental Economics: Applications in 
Mountain Regions’ Development Issues 

As in Greece, in the University of Innsbruck there is a 
special MSc on the Environmental Management of 
Mountain Areas (EMMA) [35] with however, mostly 
reference to Biology rather than Engineering. 

Asian Partners participating in the project, have made 
additions to their curricula to reflect the needs of isolated 
areas. Some of them, like the Asian Institute of 
Technology (AIT) had already a dedicated course on for 
Rural Electrification and Distributed Generation and they 
have included it in the MESfIA version of their curricula. 
Similar is the approach for the University of Naresuan in 
Thailand, The University of Technology and Education in 
Danang and the Ho chi Minh University in Vietnam. The 
efforts from our Indonesian partners, UGM and ITB have 
been described in the corresponding section of this paper 
for Indonesia. 

5. CONCLUSIONS 

Training on Sustainable Development of fragile areas like 
islands and isolated areas should be a multidisciplinary 
activity. Engineering items such as Renewable Energy 
Sources and Power Systems should be combined on items 
of knowledge relevant to Business Environment, social 
development and so on. Many prestigious Universities 
may offer numerous and with much variety MSc programs 
addressing Power Engineering issues, Sustainable Design 
and Engineering and Environmental Studies. Only in 
Europe, in the excessive review performed under MESfIA 
project, 335 MSc programs in 192 Universities have to 
some extent linkage to Sustainable Development and 
Energy Engineering items, mostly organized by 
Engineering Departments. 

Significant part of our survey was dedicated however to 
island regions of the world, especially the ones non-
interconnected or weakly interconnected with mainland. 
This will identify whether the higher educational Institutes 
cited in these islands have tried to give answers to local 
problems of energy. Some Island States have made some 
progress on that adapting to the requirements of 
Sustainable Development and this is highly recommended 
to be taken into account when designing the curricula. 

However, it is of high importance for the viability 
of the solutions for energy Systems in Isolated Areas to 
address the local dimension of the problems with skilled 
personnel residing in these areas. Therefore, it is of high 
importance that young postgraduate students can learn on 
how to face Sustainability issues at their local 
environment. This will allow them have great linkage of 
the theory, exercises and local practices for site-specific 
issues. The review presented in our previous sections 
show that in some regions there are concrete examples of 
local Universities trying to offer studies addressing local 
problems. Even though they may resample to some extent 
to postgraduate programs of large cities, it is interesting to 
know that there are such programs for local potential 
students. Additionally such postgraduate programs may 
use the local isolated systems as living labs or even to 
encourage social participation of the students such as the 
examples of Indonesian Universities, and the MSc 

described for deserts, mountainous or cold areas of the 
planet in Section 4. 

Such efforts should be encouraged so as to reinforce 
project-based learning[36] which has been found as a 
cornerstone especially for engineering studies in 
Renewable Energy Sources. This is the scope also of 
Erasmus+ programs in KA2 activities who allow co-
operation of Universities for creating common MSc 
Degrees sharing resources but multiplying the effect. Such 
an approach can allow multi-disciplinary approach 
combining e.g. financing and Engineering classes [37]. 
Moreover, this will allow collaboration of Universities 
from areas with similar problems, not only in the field of 
Sustainable development but also in any issues. Besides, 
common problems require common solutions. 

It is therefore highly recommended that the 
formulation of a curricula focusing on Energy Issues 
should take into account the local peculiarities focusing on 
local examples and the linkage among various disciplines 
and skills. 
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A Review of Software Tools for Technical Training Needs in Isolated Areas 
 

Y. Katsigiannis*,1, A. Paspatis, K. Fiorentzis, D. Giaourakis, J. Syllignakis, A. Tsikalakis 
 

Abstract— In terms of power system operation, a large number of countries include areas that operate autonomously or in some cases they 
are weakly interconnected with larger power systems. These areas may include physical islands, isolated areas within the mainland (e.g., 
mountainous areas, forests, etc.), as well as temporarily isolated areas due to natural disasters. In most of cases, these areas present 
significant renewable energy potential, which can be utilized in order to provide a portion of their total energy requirements. In order to 
provide proper technical training that will be focused on the above-mentioned unique characteristics, Higher Educational Institutions have 
to provide proper information to their staff regarding a variety of topics, including renewable energy technologies, hybrid power systems, 
power systems analysis, energy efficiency measures, etc. A very helpful element to achieve this in engineering studies are software tools, as 
they can help in simulating conditions (like severe faults in a grid) without destruction of equipment. This paper presents a review of 
software tools that can be used for the fulfillment of training needs in isolated areas. These tools are compared and evaluated regarding 
their application areas, as well as the license type that they receive for Higher Educational Institutions. 
 
Keywords-- Software tools, education, power systems, renewable energy sources (RES), hybrid systems. 
 

I.  INTRODUCTION 

The “Mastering Energy Supply focusing on Isolated Areas” 
(MESfIA) project aims to provide high quality postgraduate 
education on energy supply systems for engineers and 
graduates from science departments, aiming to have activity or 
to be employed in projects in countries with many isolated 
areas and insular systems. It is a co-operation activity between 
EU and South-East Asian Countries (namely Thailand, 
Vietnam and Indonesia) to improve capacity of Postgraduate 
Students in S.E. Asian Universities [1]. An ambition of the 
project is to attract students from areas with problems in 
energy supply and prepare them to have activity in the energy 
sector in their own homeland. As South-East Asia is a bridge 
between Asia and multi-island Pacific Area, students from 
these areas could be reached as well as a follow-up of this 
project. 

MESfIA project addresses mainly [2]-[4]: (1) various 
physical islands (usually operating autonomously or weakly 
interconnected with larger power systems) sized from very 
small islands (few kWs) up to large island power networks 
with installed capacity of a few hundreds of MWs and a 
variety of installed energy sources, (2) isolated areas (e.g., 
mountainous areas, desserts, forests, etc.), and (3) resilient 
power systems and temporarily isolated areas due to e.g., 
natural disasters. 

Among the objectives of the project are: (1) to define best 
practices of courses including procedures and requirements for 
certification of the achieved qualification in energy systems at 
regional/national level and recommendations to stakeholders, 
and (2) to define best practices for implementation vocational 
of training including incentives for energy systems’ 
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professionals to qualify and find financial resources. In order 
to achieve these objectives, software tools can be a very 
helpful element in engineering studies, as they can help in 
simulating conditions (like severe faults in a grid) without 
destruction of equipment. Moreover, the optimal solution of a 
specific complicated problem can be obtained from a large 
search space of many potential combinations. An additional 
advantage of software tools utilization is the performance of 
sensitivity analysis, which studies the effects of uncertainty in 
the system’ s inputs [5]. 

Software tools may be categorized according to the license 
they receive and the end-uses and can be divided to four 
categories: (1) free of charge tools, (2) free of charge software 
for educational use, (3) existence of more simplified or older 
free versions, and (4) commercial software. Free of charge 
tools are generally simpler than commercial tools, but in many 
cases these applications are adequate for use by undergraduate 
and postgraduate students. A special subcategory of these 
tools is MATLAB based software: it includes MATLAB 
modules that their capabilities can be compared even to 
mature commercial software, but a MATLAB license is 
needed in order to operate. Regarding free of charge software 
for educational use, these versions may provide full 
capabilities or less capabilities (e.g., less options and/or 
smaller systems modeling) comparing to commercial 
software. Specific software tools provide free-of-charge use 
for low-income countries, whereas other software tools 
provide one-year free license and after its expiration the 
software will run as a demo version (no saving option 
available). 

The third category (existence of more simplified or older 
free versions) includes popular software tools that started as a 
freeware and during their development they changed to 
commercial software (with the addition of more modeling 
capabilities and options, improved interface, etc). However, 
there is still possible the installation of older free-of-charge 
versions. In some cases, these free versions can be used by an 
unlimited number of users (e.g., RETScreen software), 
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whereas in other cases a user have to be registered as an 
Academic student or Professor, and only one free license per 
registered user is allowed (e.g., HOMER Legacy software). 
Commercial software category includes tools that are 
commercial and cannot be run free-of-charge in Academic 
Institutions, although in some cases lower prices for Academic 
licenses are offered. In general, this category includes the most 
mature and complete applications, and it is usually used by 
companies, for real case-study applications, etc. The analysis 
in this paper will present softwares from all categories, 
however, it will be focused more on tools that belong to the 
first three categories, i.e., free of charge or low-cost 
alternatives. 

This paper presents a review of software tools that can be 
used for the fulfillment of training needs in isolated areas. 
These tools are compared and evaluated regarding their 
application areas, as well as the license type that they receive 
for Higher Educational Institutions. Regarding their scope, 
these software applications are divided in three main 
categories: (1) study of autonomous and/or grid connected 
systems that contain renewable energy technologies and 
possibly energy storage, (2) implementation of detailed power 
system analysis, and (3) other applications that are related to 
technical training needs in isolated areas. 

The paper is organized as follows. Section II includes the 
basic software tools that simulate renewable energy 
technologies. Section III describes the tools for power systems 
analysis. Apart from the above-mentioned categories, 
technical training needs may be extended in a variety of 
categories, including energy efficiency, energy policy, pumps, 
power electronics, and life cycle assessment. Section IV 
presents the basic software alternatives that can be used in 
these fields. Section V concludes the paper. 

II. SOFTWARE TOOLS FOR RENEWABLE ENERGY 
TECHNOLOGIES 

This category can be divided in two sub-categories: (1) tools 
that can be used for modelling a number of renewable energy 
technologies that can be included in a hybrid system, and (2) 
tools focused on a specific renewable technology (e.g., 
photovoltaics).  

A. Hybrid Renewable Systems Modeling Software 

The basic software tools in this category are HOMER (a 
number of versions is available), RETScreen, Hybrid2, 
System Advisor Model (SAM) and iHOGA. A brief 
description for each one of them follows, whereas Table I 
presents a summary of their basic characteristics.  

• HOMER: It is one of the most mature tools in this 
category and it can be used for hybrid power system’s 
modelling of physical behavior and calculation of life-
cycle cost. HOMER allows the researcher to compare 
many different design options based on their technical 
and economic merits. It also assists in understanding 
and quantifying the effects of uncertainty or changes 

in the inputs. HOMER performs three principal tasks: 
simulation (typically on an hourly basis), optimization 
(through complete enumeration of alternatives), and 
sensitivity analysis. HOMER is available in four 
alternative versions: (1) HOMER Legacy, (2) 
HOMER Pro, (3) HOMER Grid, and (4) HOMER 
QuickStart. HOMER Legacy (version 2.68) was the 
last free-of-charge version of HOMER and it was 
presented on July 2009. It is still available today for 
an individual educational license, and it needs a free 
license update every 180 days. HOMER Pro is a 
commercial software that is developed as an evolution 
of HOMER Legacy and offers improved interface and 
modeling capabilities, as well as a MATLAB link 
option. HOMER Grid is more focused to modern grid 
operation, including tools for demand charge 
reduction, accurate tariff modelling, and electric 
vehicles (EV) cost minimization. Both HOMER Pro 
and HOMER Grid provide academic licenses (from 1 
month to 3 years) and student licenses (from 1 month 
to 1 year). HOMER QuickStart is a simplified online 
tool for optimizing the economics of small, off-grid 
power systems and understanding what might be 
possible for a given location. It can be used as a tool 
for undergraduate students to get started in 
understanding how HOMER Pro works as a decision 
making and design tool for independent power 
systems. 

• RETScreen: It is a software tool specifically aimed at 
facilitating pre-feasibility and feasibility analysis of 
clean energy technologies. The core of the tool 
consists of a standardized and integrated project 
analysis software which can be used worldwide to 
evaluate the energy production, life-cycle costs and 
greenhouse gas (GHG) emission reductions for 
various types of proposed energy efficient and 
renewable energy technologies. All clean energy 
technology models in the RETScreen software have a 
common appearance and follow a standard approach 
to facilitate decision-making with reliable results. 
Each model also includes integrated product, cost and 
weather databases and a detailed online user manual, 
all of which help to dramatically reduce the time and 
cost associated with preparing pre-feasibility studies. 
RETScreen software is a quick and easy tool for the 
estimation of the viability of a potential clean energy 
project. RETScreen can be used to evaluate industrial, 
commercial, institutional, community, residential and 
utility applications, and includes a variety of 
technology models based on renewable energy 
technologies, such as wind energy, small hydro, 
photovoltaics (PVs), biomass heating, solar air 
heating, solar water heating, passive solar heating, 
ground-source heat, and combined heat & power 
(CHP). Currently, its annual pricing is 869$ (plus 
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taxes), however, earlier versions of RETScreen based 
on MS-Excel (macros enabling needed) are free-of-
charge. 

• Hybrid2: This software package is a user-friendly tool 
to perform detailed long-term performance and 
economic analysis on a wide variety of hybrid power 
systems. Hybrid2 is a probabilistic/time series 
computer model, using time series data for loads, 
wind speed, solar radiation, temperature and the 
power system designed or selected by the user, to 
predict the performance of the hybrid power system. 
Variations in wind speed and in load within each time 
step are factored into the performance predictions. 
The code does not consider short term system 
fluctuations caused by system dynamics or component 
transients. Hybrid2 was developed until Windows XP 
(latest version: June 2004), however it can run up to 
Windows 10 with the addition of two files in its 
installation folder. 

• System Advisor Model (SAM): It is an open-source 
software developed by the National Renewable 
Energy Laboratory (NREL). It is a performance and 
financial model designed to facilitate decision making 
for people involved in the renewable energy industry, 
and can be used for performance predictions and cost 
of energy estimates for grid-connected power projects 
based on installation and operating costs and system 
design parameters that are specified by the user. It can 
be used for solar systems (flat-plate and 
concentrating), battery storage for PVs, a large variety 
for solar thermal electricity generation systems, 
conventional thermal systems, solar water heating for 
residential or commercial buildings, wind power 
(large and small), geothermal power and geothermal 
co-production, and biomass power. 

• iHOGA/MHOGA: These are two versions of the 
Hybrid Optimization by Genetic Algorithms software 
developed by researchers of the University of 
Zaragoza (Spain) for the simulation and optimization 
of electric power generation systems based on 
Renewable Energies. iHOGA is used for systems 
from few Watts up to 5 MW power, whereas 
MHOGA is for MW power systems, without any 
limit. iHOGA/MHOGA can model systems with 
electrical energy consumption (DC and/or AC) and/or 
hydrogen, as well as consumption of water from tank 
or reservoir previously pumped. It can include PV 
generators, wind turbines, hydroelectric turbine, 
auxiliary generator (diesel, gasoline, etc), inverter or 
inverter-charger, batteries (lead acid or lithium), 
charger and batteries charge controller as well as 
components of hydrogen (electrolyzer, hydrogen tank 
and fuel cell). iHOGA/MHOGA can simulate and 
optimize systems of any size. It can also simulate and 
optimize systems connected to the AC grid, with or 

without own load consumption, and can be defined 
different cases of net metering. The software performs 
multi-objective optimization of the total net present 
cost of the system using simulation in time steps of up 
to 1 minute, sensitivity analysis, probability analysis, 
etc. The annual license fee for iHOGA is 600€, 
whereas the permanent license fee (never expires) is 
2000€. Regarding MHOGA, the annual license fee is 
1600€, whereas the permanent license fee is 5000€. 
iHOGA offers a free-of-charge educational version, in 
which the average total load consumption is limited to 
10kWh/day (i.e., very small systems). 

 
Table I. Summary of the characteristics of hybrid renewable 
systems modeling software tools 

Software Name Research Area Type of 
License Link 

HOMER Legacy 

Hybrid 
renewable 
systems 
modeling 

Free of charge [6] 

HOMER Pro 

Hybrid 
renewable 
systems 
modeling 

Commercial [7] 

HOMER Grid 

Hybrid 
renewable 
systems 
modeling 

Commercial [8] 

HOMER 
QuickStart 

Hybrid 
renewable 
systems 
modeling 

Free of charge [9] 

RETScreen 

Hybrid 
renewable 
systems 
modeling 

Existence of an 
older free 
version 

[10] 

Hybrid2 

Hybrid 
renewable 
systems 
modeling 

Free of charge [11] 

SAM 

Hybrid 
renewable 
systems 
modeling 

Free of charge [12] 

iHOGA/MHOGA 

Hybrid 
renewable 
systems 
modeling 

Existence of a 
more simplified 
free version 

[13] 

B. Software Tools Focused on a Specific Renewable 
Technology 

These software implementations can be divided in three 
categories, regarding the specific renewable energy 
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technology that they are focused on: (1) PV system design, (2) 
Hydro system design, and (3) Biomass systems design. It has 
to be mentioned that for the study of all above-mentioned 
renewable energy technologies, RETScreen software can be 
additionally used. A brief description for each one of them 
follows, whereas Table II presents a summary of their basic 
characteristics.  

• PV*SOL online: It is a free tool for the calculation of 
PV systems, which was made by the developers of the 
full featured market PV simulation software PV*SOL. 
This online tool lets the user to input basic data 
(location of the system, load profile and annual energy 
consumption, inverter manufacturer and PV module 
data: manufacturer, model, orientation, quantity, etc). 
Then, PV*SOL online searches for the optimal 
connection of the PV modules and inverter that suits 
best. After the simulation of the system, a number of 
results are presented, including annual PV energy, 
performance ratio, own power consumption, solar 
fraction, etc. 

• SMA Sunny Design: It is a free software web tool for 
planning and designing PV systems with and without 
self-consumption option, off-grid systems, PV hybrid 
systems as well as energy systems. Sunny Design 
provides design recommendations for a planned 
system, and it proposes a combination of PV array(s) 
and inverter(s) which meet, as closely as possible, 
requirements regarding power class, energy yield and 
efficiency. In addition, it provides the option of 
determining and optimizing your potential self-
consumption, sizing wires, evaluating efficiency and, 
in case of PV hybrid and off-grid systems, configuring 
gensets. 

• PVGIS: It is a free web tool that provides information 
about solar radiation and PV system performance. 
PVGIS can calculate the amount of energy that a user 
can get from different kinds of PV systems at nearly 
any place in the world. PVGIS allows the user to get 
the results in a number of different ways, including: 
(1) numbers and graphs shown in the web browser (all 
graphs can also be saved to file), (2) information in 
text (CSV) format; and (3) PDF document, available 
after the user has clicked to show the results in the 
browser. 

• PVWatts Calculator: It is developed by the U.S. 
National renewable Energy Laboratory (NREL) and it 
estimates the energy production and cost of energy of 
grid-connected photovoltaic (PV) energy systems 
throughout the world. It allows homeowners, small 
building owners, installers and manufacturers to easily 
develop estimates of the performance of potential PV 
installations. 

• PV.MY: This is a MATLAB based software tool for 
optimal sizing of PV systems. It is used for 
determining the optimal sizing of three types of PV 

systems: (1) standalone PV system, (2) hybrid 
PV/wind system, and (3) hybrid PV/diesel generator 
system. This tool can predict metrological variables 
such as solar energy, ambient temperature and wind 
speed using artificial neural network (ANN), then 
optimize the PV module/ array tilt angle, as well as 
the sizes of inverter, PV array, battery, wind turbine 
and diesel generator in the case of a hybrid PV system 
study.  

• SMART Mini-Idro: It is a software tool implemented 
in MS-Excel and evaluates the main hydropower 
project parameters of a given hydroproject, 
considering the flow duration curve, the available 
heads and the types of turbines to be installed, the 
range of discharges to be used, etc. The tool considers 
the possibility to apply government incentives to the 
investment as the "green certificates" and finally is 
able to evaluate the cash-flow of the investment. It 
also helps the user as a first approach to begin a 
preliminary project, leading to a first analysis of the 
economical and financial parameters of a new small 
hydro project. 

• HPP-design: It is an automated tool to provide all the 
information needed for the preliminary design of an 
hydro power plant. It can calculate the size, 
performance and specifications of hydroelectric 
turbines such as Pelton, Francis, Kaplan, Archimedes 
screw, and Crossflow. Given the net head, water flow 
rate and grid frequency, a list of available turbines is 
presented, grouped by family of machines and sorted 
by the specific speed. HPP-design offers a free-of-
charge version, limited for maximum turbine sizes of 
50kW for Pelton, Francis and Kaplan, as well as 
20kW for Archimedean screw turbine. 

• Biogas World calculations online tool: It is a free-of-
charge simple anaerobic digestion calculator, which 
provides information on biogas production, biogas 
utilization, potential revenue and cost, preliminary 
mass balance, GHG reduction, etc. 

Table II. Summary of the characteristics of Software Tools 
that are Focused on a Specific Renewable Technology 

Software Name Research Area Type of 
License Link 

PV*SOL online PV system 
design Free of charge [14] 

SMA Sunny 
Design 

PV system 
design Free of charge [15] 

PVGIS PV system 
design Free of charge [16] 

PVWatts 
Calculator 

PV system 
design Free of charge [17] 

PV.MY PV system Free of charge [18] 
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design 

SMART Mini-
Idro 

Hydro system 
design Free of charge [19] 

HPP-design Hydro system 
design 

Existence of a 
more simplified 
free version 

[20] 

Biogas World 
calculations 
online tool 

Biomass system 
design Free of charge [21] 

III. SOFTWARE TOOLS FOR POWER SYSTEM ANALYSIS 

This is a very useful family of software tools as will allow 
the analysis of power systems. Regarding MESfIA project 
purposes, there is not so much need for the analysis of large 
power systems with complex interconnections thus 
simplified editions of such software tools can be used. This 
category can be also divided in two sub-categories: (1) 
independent software tools, and (2) tools that are based on 
MATLAB or Python software. 

A. Independent Software Tools 

This analysis is more focused on software tools that provide 
free-of-charge alternatives with limited capabilities or 
commercial tools with relatively low cost. A brief description 
for each one of available tools follows, whereas Table III 
presents a summary of their basic characteristics. 

• PowerWorld Simulator: It is an interactive power 
system simulation package designed to simulate high 
voltage power system operation on a time frame 
ranging from several minutes to several days. 
PowerWorld software contains a highly effective 
power flow analysis package capable of efficiently 
solving systems of up to 250,000 buses. Simulator 
Base Package pricing is 1300$ plus 50% maintenance 
fee of new cost each year after the first year. Add-ons 
pricing (PV-QV, OPF, TS, etc.) ranges from 650-
1300$ per add-on plus 50% maintenance fee. 
Moreover, PowerWorld Simulator provides two other 
versions with limited capabilities and no cost. The 
first and simpler one is PowerWorld Simulator Demo 
Version, which is licensed for educational use and 
evaluation purposes only. It includes most of the 
available PowerWorld Simulator add-ons (Available 
Transfer Capability (ATC), Optimal Power Flow 
(OPF), Security Constrained OPF (SCOPF), OPF 
Reserves, PV/QV Curve Tool, Transient Stability, 
Geomagnetically Induced Current (GIC)), and can 
handle small cases containing up to 13 buses. The 
second and more advanced free version is 
PowerWorld Simulator Educational Version, which is 
available for use at universities by faculty, staff, and 
students. It includes similar add-ons with the Demo 

Version, and can handle cases containing up to 40 
buses. 

• NEPLAN: It is a powerful software for power system 
analysis that is available as cloud, intranet or desktop 
solution. It is very useful for distribution network 
systems. The annual pricing for cloud version (Neplan 
360 Cloud Engineering Package) is 1150€ (50 nodes) 
or 1950€ (100 nodes) and the optional annual support 
cost is 500€. 

• PSCAD: It enables the user to schematically construct 
a circuit, run a simulation, analyze the results, and 
manage the data in a completely integrated, graphical 
environment. PSCAD comes complete with a library 
of pre-programmed and tested simulation models, 
ranging from simple passive elements and control 
functions, to more complex models, such as electric 
machines, full-on FACTS devices, transmission lines 
and cables. It also provides a free version which is 
fully featured, limited only by network size and a few 
other non-essential features. It can run up to 4 
simultaneous parallel simulations, 1 electrical sub-
system, up to 15 electrical nodes, up to 5 modules, up 
to 1024 components and up to 256 output channels. 

• PSIM: It is available in demo version that is free-of-
charge and is limited to a circuit size limit of 34 
elements. This demo version includes Digital Control 
Module, Thermal Module, Renewable Energy 
Module, and Motor Drive Module. It also includes the 
SimCoupler Module, which enables Matlab/Simulink 
users to implement and simulate power circuits in 
their original circuit form, thus greatly shortening the 
time to set up and simulate a system that includes 
electric circuits and motor drives. 

Table III. Summary of the characteristics of Independent 
Software Tools for Power System Analysis 

Software Name Research Area Type of License Link 

PowerWorld 
Simulator 

Independent 
software 

Existence of 
more simplified 
free versions 

[22] 

NEPLAN Independent 
software Commercial [23] 

PSCAD Independent 
software 

Existence of a 
more simplified 
free version 

[24] 

PSIM Independent 
software 

Existence of a 
more simplified 
free version 

[25] 

B. MATLAB or Python Based Software 

Software tools co-operating with MATLAB/Simulink are 
getting more and more common in engineering studies. Once 
an Academic Institution has license for MATLAB, most of 
these tools are add-ons or function-scripts that can be added in 
the same MATLAB folder. Additionally, Python offers 
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PyPSA module. A brief description for each one of available 
tools follows, whereas Table IV presents a summary of their 
basic characteristics. 

• MATPOWER: It is a package of free, open-source 
MATLAB-language m-files for solving steady-state 
power system simulation and optimization problems, 
including power flow, continuation power flow, and 
extensible optimal power flow. It is intended as a 
simulation tool for researchers and educators that is 
easy to use and modify. MATPOWER is designed to 
give the best performance possible while keeping the 
code simple to understand and modify. In its latest 
versions, MATPOWER includes a framework for 
solving generalized steady-state electric power 
scheduling problems. This framework is known as 
MOST, named from MATPOWER Optimal 
Scheduling Tool. MOST can be used to solve 
problems as simple as a deterministic, single period 
economic dispatch problem with no transmission 
constraints or as complex as a stochastic, security-
constrained, combined unit-commitment and multi-
period optimal power flow problem with locational 
contingency and load-following reserves, ramping 
costs and constraints, deferrable demands, lossy 
storage resources and uncertain renewable generation. 

• MATDYN: It is a free MATLAB based open-source 
program that performs dynamic analysis of electric 
power systems. It requires the installation of 
MATPOWER and is not fully developed yet. 

• MATACDC: It is a free MATLAB based open-source 
program for AC/DC power flow analysis. The 
program uses a sequential AC/DC power flow 
algorithm and can be used to simulate interconnected 
AC systems and Multi-terminal Voltage Source 
Converter High Voltage Direct Current (VSC HVDC) 
systems. The AC/DC power flow problem is solved 
sequentially, meaning that the program solves the 
AC/DC power flow by iterating between the AC 
systems and the DC systems. With respect to the AC 
system power flow, the program completely relies on 
MATPOWER. The package has been fully integrated 
with the existing AC power flow routines developed 
in MATPOWER, while keeping the MATPOWER 
original source code unaltered. MATACDC shares the 
same philosophy as MATPOWER and MATDYN. 
The source code of MATACDC is available. 

• Power System Analysis Toolbox (PSAT): PSAT is a 
free MATLAB toolbox for electric power system 
analysis and simulation. The command line version of 
PSAT is also GNU Octave compatible. All operations 
can be assessed by means of graphical user interfaces 
(GUIs) and a SIMULINK-based library provides a 
user-friendly tool for network design. The main 
features of PSAT are: Power Flow, Continuation 
Power Flow, Optimal Power Flow, Small Signal 

Stability Analysis, Time Domain Simulation, 
Complete Graphical User Interface, User Defined 
Models, FACTS Models, Wind Turbine Models, 
Conversion of Data Files from several Formats, 
Export results to EPS, plain text, MS-Excel and 
LaTeX files, Interfaces to GAMS and UWPFLOW 
Programs, Command Line Usage, and GNU Octave 
Compatibility. 

• Open-Source Distribution System Simulator 
(OpenDSS): OpenDSS is a free open ‐source cod  
software application originally developed by 
Electrotek Concepts in 1997. One of the reasons 
behind the development of this tool was the 
calculation of harmonics and interharmonics on the 
electrical distribution network. Different modules 
where later added, such as Monte Carlo analysis and 
annual simulations. In 2004, the software was 
purchased by EPRI in order to have a tool to simulate 
the advanced automation and modernization of the 
power grids. OpenDSS works by command line with 
its own console. It is also designed to be used with 
MATLAB or MS-Excel. It can be downloaded for 
free online and does not require installation. It is 
programmed in Delphi language. Based on how it was 
designed, it can be integrated into different software 
application through a COM interface. The software 
does frequency ‐based rath    
analysis. It is therefore not a transient state analysis 
tool. OpenDSS is also not traditional load-flow 
software in the sense that it does not use any 
non ‐l inear system resolution algorithm such as the 
Newton ‐Raphson a      
solves the circuit by using an impedance matrix, 
according to EMTP software tool, and with a 
particular current injection method, which enables it 
to find the voltage and current at every circuit node 
with very few iterations. However, unlike traditional 
load-flow tools, with OpenDSS it is the load that has a 
node, and not a node that has a load. A node can 
therefore have several types of loads connected to it. 
OpenDSS makes it possible to define the different 
elements of the electrical distribution network: lines, 
cable, capacitors, voltage regulators, transformers and 
loads. It can solve imbalanced three ‐phase circu  
and do simulations taking into account the impedance 
of the distribution transformers. Even if the software 
works by command line, an interface was developed 
from the program for the graphs. Moreover, if 
geographical data are integrated, the software can 
draw the shape of the electrical distribution network. 

• Python for Power System Analysis (PyPSA): PyPSA 
is a free software toolbox for simulating and 
optimizing modern power systems that include 
features such as conventional generators with unit 
commitment, variable wind and solar generation, 
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storage units, coupling to other energy sectors, and 
mixed alternating and direct current networks. PyPSA 
is designed to scale well with large networks and long 
time series. PyPSA can calculate: (1) static power 
flow, (2) linear optimal power flow, (3) security-
constrained linear optimal power flow, and (4) total 
electricity/energy system least-cost investment 
optimization. 

Table IV. Summary of the characteristics of MATLAB and 
Python based tools for power system analysis 

Software 
Name Research Area Type of 

License Link 

MATPOWER MATLAB 
based tool 

Free of charge 
if MATLAB 
license exists 

[26] 

MATDYN MATLAB 
based tool 

Free of charge 
if MATLAB 
license exists 

[27] 

MATACDC MATLAB 
based tool 

Free of charge 
if MATLAB 
license exists 

[28] 

PSAT MATLAB 
based tool 

Free of charge 
if MATLAB 
license exists 

[29] 

OpenDSS MATLAB 
based tool 

Free of charge 
if MATLAB 
license exists 

[30] 

PyPSA Python based 
tool Free of charge [31] 

IV. OTHER SOFTWARE TOOLS 

This category covers a wide range area, from energy 
efficiency and lighting to Life Cycle Assessment (LCA) and 
electrical/electronic devices. A brief description for each one 
of available tools follows, whereas Table V presents a 
summary of their basic characteristics. 

• TEE KENAK: This software is used for energy 
performance of buildings auditing based on Greek 
Regulation. It is a commercial software of low cost 
(around 100€ for a permanent license), however 
significant more expensive integrated tools exist with 
enhanced graphic capabilities. 

• Home Energy Saver: It is a government-funded 
website developed by Lawrence Berkeley National 
Lab. It includes five steps to home energy savings and 
sustainability. In these steps the user enters his zip 
code to see a typical home's baseline energy use and 
potential savings. Then he provides more information 

to estimate energy cost, consumption, and GHG 
emissions for a specific home and receives a detailed 
list of savings recommendations. Finally, the user can 
visit the Learn area for information to help implement 
the recommendations. 

• TRaNsient SYStem (TRNSYS): TRNSYS simulation 
tool is a flexible graphically based software 
environment used to simulate the behavior of transient 
systems. It is a complete and extensible simulation 
environment deals mainly the problems associated 
with systems having transient behavior such as solar 
energy applications, buildings thermal analysis, 
electrical systems, HVAC etc. The basic philosophy 
of TRNSYS is modeling the individual components of 
an energy system as an individual black box. It was 
originally developed for solar thermal systems, which 
was further extended for variety of transient systems. 
TRNSYS is made up of two parts. The first is an 
engine (called the kernel) that reads and processes the 
input file, iteratively solves the system, determines 
convergence, and plots system variables. The kernel 
also provides utilities that (among other things) 
determine thermophysical properties, invert matrices, 
perform linear regressions, and interpolate external 
data files. The second part of TRNSYS is an extensive 
library of components, each of which models the 
performance of one part of the system. The standard 
library includes approximately 150 models ranging 
from pumps to multi-zone buildings, wind turbines to 
electrolyzers, weather data processors to economics 
routines, and basic HVAC equipment to cutting edge 
emerging technologies. Models are constructed in 
such a way that users can modify existing components 
or write their own, extending the capabilities of the 
environment. TRNSYS also offers a free demo 
version that has over 40 examples and allows users to 
create a simulation with up to 5 components and 
buildings with up to 2 thermal zones. The demo 
version expires annually in September; and users are 
encouraged to download the new demo each year so 
that they have access to the most up-to-date features. 

• ReluxDesktop: It is a free-of-charge high-
performance, intuitively-operated application for 
simulating artificial light and daylight in real time. It 
provides rapid and efficient support on all the 
different aspects of big and small projects. It 
calculates absolute values according national and 
international standards, and it is compatible with CAD 
and BIM systems. 

• DIALux: It is a free-of-charge lighting design 
software that offers a comprehensive planning tool 
which provides with all the necessary functions for 
professional lighting design. It can also include 
DIALux Pro Features (on a monthly basis for a fixed 
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price) for an improved documentation of the lighting 
design. 

• Indar: It is a comprehensive pump selection program 
that contains real and updated data of more than 100 
models of pumps and motors available. In this way the 
users can access to all the technical documentation on 
available solutions. In this software the user can 
select: (1) water density, (2) voltage, (3) starting type, 
(4) configuration, and (5) material of construction. 

• SemiSel: It is a free-of-charge online tool for 
calculation and simulation of losses, temperatures and 
optimal choice of power electronic components. It is 
used to compare products under application-like 
conditions, considering the influence of voltage level, 
switching frequency or cooling conditions. 

• Open-source Energy Modeling System 
(OSeMOSYS): OSeMOSYS is an open-source 
modeling system for long-run integrated assessment 
and energy planning. It has been employed to develop 
energy systems models from the scale of continents 
(African Power Pools, South America, EU28+2) 
down to the scale of countries, regions and villages. 
Designed to require no upfront financial investment, a 
fast-learning curve and little time commitment to 
operate, it is fit for use by communities of developers, 
modelers, academics up to policy makers. Thanks to 
its transparency, it is broadly employed as a training 
and dissemination tool. 

• EnergyPLAN: It is a freeware that simulates the 
operation of national energy systems on an hourly 
basis, including the electricity, heating, cooling, 
industry, and transport sectors. It is developed and 
maintained by the Sustainable Energy Planning 
Research Group at Aalborg University, Denmark. 

• GaBi: It is a software tool with a powerful LCA 
engine to support the following business applications: 
(1) LCA, which includes Design for Environment, 
Eco-efficiency, Eco-design, and Efficient Value 
Chains; (2) Life Cycle Costing, which includes Cost 
Reduction; (3) Life Cycle Reporting, which includes 
Sustainable Product Marketing, Sustainability 
Reporting, and LCA Knowledge Sharing; and (4) Life 
Cycle Working Environment, which includes 
Responsible Manufacturing. GaBi Education is a free-
of-charge version of GaBi for students and professors 
for classroom teaching, with no imports and exports 
capabilities. 

• openLCA: It is an open source and free software for 
Sustainability and LCA, which includes the following 
characteristics: fast and reliable calculation of a 
sustainability assessment and/or LCA, very detailed 
insights into calculation and analysis results, very 
good import and export capabilities, smooth 
integration of Life Cycle Costing and social 
assessment in the life cycle model, as well as 

continuous improvement and implementation of new 
features. 

Table V.  Summary of the characteristics of other software 
tools for technical training needs in isolated areas. 

Software Name Research Area Type of 
License Link 

TEE KENAK 
Energy 
efficiency 
software 

Commercial 
with low cost [32] 

Home Energy 
Saver 

Energy 
efficiency 
software 

Free of charge [33] 

TRNSYS 
Energy 
efficiency 
software 

Existence of a 
more simplified 
free version 

[34] 

ReluxDesktop Lighting design Free of charge [35] 

DIALux Lighting design 

Free of charge 
(basic varsion) 
– it can include 
advanced 
features at a 
specific price 

[36] 

Indar Pump selection 
software Free of charge [37] 

SemiSel 

Power 
electronic 
circuits 
software 

Free of charge [38] 

OSeMOSYS 
Energy policy/ 
Energy systems 
analysis 

Free of charge [39] 

EnergyPLAN 
Energy policy/ 
Energy systems 
analysis 

Free of charge [40] 

GaBi LCA 
Existence of a 
more simplified 
free version 

[41] 

openLCA LCA Free of charge [42] 

V. CONCLUSIONS 

In this paper, a review of the available software tools for 
technical training in isolated areas is presented, according to 
the objectives and needs of MESfIA project. This study 
covered a wide range of research fields that belong to the area 
of electrical and mechanical engineers, in undergraduate and 
postgraduate level. The analysis was focused mainly on 
softwares with low cost or no cost. The implemented survey 
showed the availability of a large number of excellent 
software tools that fulfill all the above-mentioned 
requirements. As a result, the directors of similar programs 
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have a large flexibility to achieve high standards of technical 
training. 
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Abstract –The Tanintharyi Region in the South of Myanmar is the only region out of 14 in Myanmar that does not have 
a national grid, and so have lack of modern energy access.  To understand the energy access in rural and isolated 
areas of this region, a study was conducted with the following objectives; (a) What is the current status of energy use, 
and (b) what are the potentials and barriers for renewable energy development in these villages. For addressing these 
objectives, a detailed household survey was carried out in three remote villages in three different townships in 
Tanintharyi region. The survey was conducted in about 10% of the households. The observations and assessment from 
the survey were as follows: There were around 80 to 100 households with average number of 5 persons/household. The 
average annual household income was between US$ 1,655 to US$ 2,188. Households relied either on candles or solar 
PV with batteries for lighting and firewood for cooking. Most of households used solar PV with flooded lead acid 
battery or small dry cell/battery. Few households used solar PV for watching TV. The survey also indicated that most 
households charged their batteries by directly connecting to the solar PV. Therefore, the batteries need to be replaced 
every 6 months or a year. Most households collected firewood for cooking one to two times per year. There appears to 
be good potential for solar and micro hydro in this area. According to the preliminary study, 75 kW to 225 kW 
potential of micro-hydro systems exists. The solar irradiation potential was around 1700 kWh/m2/year. But the barriers 
observed were low electricity demand, affordability of the people, and long distance of the households from one 
another. The results indicates that a conducive environment and support from government and private sector is needed 
to assist people to get access to modern energy services. 
 
Keywords – Barriers for renewable energy deployment, energy access, energy use in rural Myanmar, rural 
electrification, renewable energy  
 

11. INTRODUCTION 
Only 58% of all households in Myanmar has access to the 
national electricity in November,2020 according to 
Ministry of Electricity and Energy (MoEE) [1]. There is a 
total of 7 states and 7 regions in Myanmar and Tanintharyi 
is the only region that does not have a national grid. 
Tanintharyi region is located in the southern part of 
Myanmar. People in major cities rely on private 
companies, who generate and distribute electricity using 
diesel or gas generators through a local grid, while those 
in the villages depend on small solar panels, and batteries 
and candles for the lighting purpose and firewood for 
cooking. To understand the energy access in rural and 
isolated areas of this region, a study was conducted to 
answer the following questions; (a) What is the current 
status of energy use in selected villages? and (b) what are 
the potentials and barriers for renewable energy 
development in these villages? Details of the study and the 
findings are presented in this paper. 

The household survey was carried out in three 
villages in Tanintharyi region, Myanmar - Man Ma Htu 
village, Pephyar village and Thar Myaing Pyin village 
which are located in Dawei township, Tha Yet Chaung 
                                                 
* WWF-Myanmar, No. 37, Myaw Inn Street, Dawei, Tanintharyi,14011, 
Myanmar.  
 
# WWF-Myanmar, 15/C, Thantaman street,Yangon, 11191,Myanmar. 
 
1 Corresponding author;  
Tel: + 95 9786061843  
E-mail: maythidamaung@gmail.com  
 

township and Palaw township, respectively. All three 
villages are located remotely where national grid would 
not arrive in the next 15 years as per the National 
Electrification Project Plan according to Department of 
Rural Development (DRD). There were around 90 
households in Man Ma Htu village, 100 households in 
Pephyar village and 80 households in Thar Myaing Pyin 
village. There was an average of 5 persons per households 
in Man Ma Htu and Thar Myaing Pyin village and 
approximately 6 persons per household in Pephyar village.  

METHODOLOGY  

Household survey was carried out as part of micro-hydro 
assessment as there were waterfalls near the villages.  The 
household survey was carried out in 10 households in each 
village with a minimum of 10 percent of the total number 
of households.  

The houses are sparsely located as people made 
their houses in their beetle nut farms. The households 
were randomly selected for the survey from different 
locations of the villages. Prefeasibility study was done for 
the assessment of micro-hydro potential in the water falls 
located near each village. The flow of the stream resulting 
from the waterfall was measured using velocity area 
method to estimate the potential micro hydro system and 
head was determined using the elevation points based on 
GPS coordinates.  The study was carried out in December 
2019 where the water level was low.  

For the survey, a questionnaire was designed to elicit 
information from the respondents, and this had three main 
sections: 

Energy Access and Energy Use Status and Barriers for 
Renewable Energy Deployment in Remote Villages in 

Southern Myanmar 
 

May Thida Maung*,1 and Pyae Phyo Aung# 
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• General information about the respondents 
o How many people resided in each household? 
o What was the average monthly household 

income? 
• Electricity access and use 

o What percentage of households had access to 
electricity? 

o How did people get access to electricity? 
o What are the types of appliances used and 

ownership rate of appliances? 
• Energy use for lighting and cooking 

o What is the primary source of lighting (solar 
home system, candles, kerosene lamps, etc.)? 

o How many hours of lighting per day did people 
get from that source? 

o What did people use as a primary source of 
energy for cooking? 

DISCUSSION 

1.1 Background 

Man Ma Htu village is located in Pyar Thar Chaung 
village tract in Dawei township, and it is situated 
approximately 97 km away from Dawei city. Pephyar 
village is located in Pa Det village tract, approximately 
106 km away from the southeast of Dawei city. Thar 
Myaing Pyin village is located nearly 184 km away from 
Dawei city and included in Pu Law Hpyar village tract in 
Palaw township.  

In all the three villages, the major income for the 
households were from growing beetle trees and selling 
beetle nuts. The average, minimum and maximum annual 
household income of the households surveyed in the three 
villages is shown in the Figure 1 (1 USD = 1,511 MMK 
(November, 2019)). The average household income per 
year was 1,655 USD in Thar Myaing Pyin village, 1,924 
USD in Pephyar village and 2,188 USD in Man Ma Htu 
village. The average household income of the three 

villages was about 1,922 USD which was low compared 
to the Myanmar average household income of 2,297 USD 
(3.47 million MMK/year) but a bit higher than the average 
rural household income of nearly 1,794 USD (2.17 million 
MMK/year) [2]. 

1.2 Current status of energy use 

1.2.1 Access to electricity 

In the three villages surveyed, the households had access 
to electricity by using solar PV and battery, for lighting 
purpose.  

Figure 2 shows the percentage of households who 
had access to electricity, and figure 3 shows ownership 
rate of Solar Home Systems (SHS) where majority of the 
households had access to electricity with the use of solar 
home system. In this study, the solar home system (SHS) 
configuration used in the villages varied from a system 
which include a 10 W solar PV and a 12 V 5 Ah dry cell 
(which was produced for using in two-wheeler 
motorbikes) to a system which includes 130 W solar PV 
system with flooded lead-acid battery and a controller. 
Majority of the households used solar PV with small 
flooded lead acid batteries or small dry cell/batteries. The 
cost of using solar system ranged from nearly 19 USD to 
265 USD with an average of about 99 USD.  The batteries 
needed to be replaced once a year in most of the 
households and the battery replacement costs were varied 
from about 10 USD to 46 USD. The cost of energy for 
lighting was mainly the cost of energy use for the 
households since people could get the firewood free.   

The sources of electricity access in the study 
villages in Tanintharyi were different compared to a study 
carried out in two villages in Mon state where 60 % 
electricity access came from diesel generator mini-grid 
and only 13% of households relied on the solar home 
systems; and 22 % did not have access to electricity [3].  

 
Fig. 1. Annual income per household in the surveyed three villages. 
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Fig. 2. Access to electricity in the three villages. 

 
 

 
Fig. 3.  SHS system ownership rate. 

 
 

 
Fig. 4. Primary source of energy for lighting in the surveyed villages. 

0% 
10% 
20% 
30% 
40% 
50% 
60% 
70% 
80% 
90% 

100% 

Man Ma Htu Pephyar Thar Myaing Pyin 

H
ou

se
ho

ld
 

Access to electricity 

0% 
10% 
20% 
30% 
40% 
50% 
60% 
70% 
80% 
90% 

100% 

Man Ma Htu Pephyar Thar Myaing Pyin 

H
ou

se
ho

ld
 

SHS system ownership 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 

Man Ma Htu Pephyar Thar Myaing Pyin 

Primary Source of energy for lighting 

 SHS  Candle 



Mastering Energy Supply for Isolated Areas (MESfIA) 2021 International Conference 
31 August to 01 September 2021. Hosted online by the Asian Institute of Technology, Thailand                                        

 

203 

 
Fig. 5. Average hours of lighting per day from using SHS systems. 

 
 

 
Fig. 6. Secondary source of energy for lighting. 
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solar PVs and batteries, the batteries were not working in 
10% of the households, and they used candles for lighting.  
In Thar Myaing Pyin village, 70 % of the surveyed 
households had access to electricity. The remaining 30 % 
relied on the candles for lighting. There was a donation of 
solar home system to majority of the households in 2014 
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However, the batteries and controllers were not working 
properly anymore.  

The batteries were not working well in nearly half 
of the surveyed households in three villages and there was 
shortage of electricity from 2 days per month to 7 days per 
month during the rainy season.  

Figure 4 shows the primary source of energy for 
lighting and figure 5 shows the average hours of lighting 
from solar home systems. The average hour of lightings 
was 4.8 hours in Man Ma Htu village, 4.5 hours in 
Pephyar village and 4 hours in Thar Myaing Pyin village. 
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of SHS for TV or EVD player (a small TV attached with 
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candles per month with the monthly cost for candles 
varying from 0.8 USD (80 cents) to 3 USD. 

Figure 6 shows the use of candle as the secondary 
source of energy for lighting in Thar Myaing Pyin village, 
Man Ma Htu and Thar Myaing Pyin villages. In Thar 
Myaing Pyin village, 40% of households used candles as a 
secondary source for lighting compared to 10% of 
households in Man Ma Htu village and Pephyar village. 
One to three candles were used per household per day as a 
secondary source where they were mostly used for 
providing lighting to the Buddharupa with the cost for 
using candles as secondary source varied from 0.53 USD 
(53 cents) per month to 1.6 USD per month.  

1.3  Primary source of energy for cooking  

In all the three villages, firewood is the primary source of 
energy for cooking in all the households. Majority of 
households collect firewood one to two times per year and 
store it for year-round use. Therefore, the cost for cooking 
fuel was free.  The use of LPG (Liquified Natural Gas) 
was found in only one surveyed household in Man Ma 

Htoo village where it was only used secondarily a few 
times per month and the gas could be refilled from the 
nearby town.  100 % of the surveyed households in Man 
Ma Htoo village and Thar Myaing Pyin village and 90% 
of households in Pephyar village were interested to use 
natural gas for cooking, but the major issues were the 
affordability to use natural gas and the transportation to 
refill the gas cylinders regularly. Majority of households 
used 3-stone cookstoves or iron frame cookstove indoor 
for cooking with firewood and only 20% of households in 
Man Ma Htu used portable improved cookstoves.  

Figure 7 shows types of cookstoves used in the 
three villages. Majority of the households placed 
cookstoves indoor. But there was no health problem 
related to indoor air which might because the houses were 
well ventilated in the studied villages. The use of 
cookstoves found in the studied villages were different 
compared to the study in Mon state [3] where the majority 
used the uncertified manufactured cookstoves but the 
choice of fuel was similar where the most common type of 
fuel was also firewood.  

 
Fig. 7. Types of cookstoves used. 

 
POTENTIALS AND BARRIERS FOR RENEWABLE 
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Regarding the solar energy potential, the global horizontal 
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as water pumping. Figure 8 shows the future demand for 
electricity where all the households would like to have 
grid access for reliable electricity for lighting and only a 
minority of the households would use TV (30% in Man 
Ma Htu, 20% in Pephyar and 10% in Thar Myaing Pyin).  

The average electricity demand per household was 
estimated and shown in Figure 9 where 5 units of 18 W 
CFL or 18 W tube light were assumed to be used for 5 
hours per day for lighting; for the use of TV, one 40W TV 
was assumed for 3 hours per day; for the use of other 
appliances (radio, water pump, fan), it was assumed that 
the appliances would be used 1 hour per day with standard 
ratings of 20W, 133 W, 50 W respectively [5]. 

The estimated average electricity demand per 
household was 16 kWh/month in Pephyar village with 
10% of households having demand for radio, water pump 
and fan while it was 14 kWh/month in Thar Myaing Pyin 
village where people had only electricity demand for 
lighting and watching TV. 

On the other hand, regarding the willingness to pay 
for their future demand, the households were willing to 
spend an average of 5.5 USD per month for using 
electricity for their desired appliances. The households 
were also asked how much they would like to pay for 
getting electricity for public facilities such as school and 
religious buildings and for streetlighting. Figure 10 shows 
the average monthly fees that the households were willing 
to pay in three villages for their personal household use, 
for electrifying public facility and for streetlighting where 
people would like to spend from around 2 USD to over 4 
USD for public facility use and approximately 1.1 USD to 
2.8 USD for streetlighting.  

Therefore, it would not be financially feasible for 
the developers to invest on a solar minigrid unless there 
could be productive uses of energy or a base load such as 
telecommunication towers; or subsidies or support from 
the government.  

According to the preliminary micro-hydro 
assessments at the nearby waterfalls, measured during the 
dry season, there was potential of 75 kW micro hydro 
system in Man Ma Htu village, 225 kW system in Pephyar 
village and 80 kW system in Thar Myaing Pyin village 
throughout the year. Like the case of solar minigrid, the 
main barriers were related to the higher cost in distribution 
due to the distant locations of the houses, lack of demand 
for productive uses, affordability of the people which in 
turn poses difficulty for the investor or project developer 
to invest on a mini-grid project.  

Due to the distant locations of the houses, 
affordability and low load demand, the use of solar home 
systems might be the best option for these villages unless 
there are subsidies or support from the government or 
private sector for the development of mini-grids.  

The main barriers with the current use of solar home 
systems were the technical and awareness barriers which 
were related to the configuration and use of the systems. 
In majority of the households, the batteries were charged 
directly by the cable from the solar PV without the use of 
any charge controller. Similarly, the batteries were 
connected to the load directly without the use of any 
charge controller. Therefore, the batteries do not last long 
and had to be replaced every six months or a year. 
Therefore, the users should be made aware about the 
operational use of solar PV systems for long durability.  

 
Fig. 8. Future demand for electricity. 

 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 

Man Ma Htu Pephyar Thar Myaing Pyin 

H
ou

se
ho

ld
 

Lighting TV Radio Water pump Fan 



Mastering Energy Supply for Isolated Areas (MESfIA) 2021 International Conference 
31 August to 01 September 2021. Hosted online by the Asian Institute of Technology, Thailand 

 

206 

 
Fig. 9. Estimated future electricity demand per household. 

 

 
Fig. 10. Monthly fee willing to pay for electricity access. 

 

CONCLUSION 

In the studied villages in the southern Myanmar, people 
relied on small solar PV systems and the candles for the 
lighting and the firewood for cooking. The average hours 
of lighting ranges from 4 hours to 4.8 hours with an 
average number of 2 lightings per households. Majority of 
the households cooked indoor by using the three-stone or 
iron-frame cookstove. There was good potential for 
producing electricity from either solar or micro hydro. But 
there were barriers due to the long distance between the 
houses, affordability of the households, low electricity 
demand with the lack of electricity demand for productive 

uses.  Technical and awareness barriers were also found 
related to the current use of solar systems was lack of 
proper knowledge on the importance of the charge 
controllers for using with the batteries which lead to the 
frequent replacement of the batteries. The user awareness 
should be raised by educating users about the systematic 
use of solar PV systems. In conclusion, support from the 
government and private sector are required in order to 
assist people in getting access to modern energy services. 
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Abstract – In this article, an optically transparent array antenna, integrated in organic light-emitting diodes 
(OLEDs),is proposed for mm-wave 5G applications. This antenna is designed by using the ITO films printed on a glass 
substrate with the measured optical transparency of 75 %. The proposed array antenna covers the 26 GHz (26.48 -- 
28.16 GHz) for the mm-wave 5G applications. The peak gain is increased from 5.94 dB to 8.4 dB by applying the array 
antenna technique. The spectral power distribution (SPD) of the OLED with and without antenna is measured in the 
visible spectrum. The OLED luminance decreased by 34 % after antenna integration. Therefore, to solve this problem 
and increase the optical transparency, the mesh technique will be used. 

Keywords – Optically transparent antenna, mm-wave band, array antenna, 5G applications, OLED. 
 

 1. INTRODUCTION 

The new generations of wireless communication are being 
explored to solve the challenge of increasing demand and 
use of mobile devices and realize the concept of smart 
cities. The smart cities should offer a better quality of life 
through the development of Internet of Things (IoT) and 
the implementation artificial intelligence [1], [2]. One of 
the services that can be improved significantly in smart 
cities is the lighting system to reduce energy consumption 
[3]. Therefore, public lighting is one of the main factors in 
the comfort and safety of inhabitants in cities. However, 
the majority of public lighting network infrastructure 
weighs heavily on energy costs [4]. In this context, 
intelligent light emitting diode (LED) public lighting not 
only reduces energy consumption but also improves 
comfort, taking into account environmental protection 
while ensuring a feeling of security in public spaces 
[5].Indeed, the use of Organic Light-Emitting 
Diodes(OLEDs) in public lighting can easily make it 
possible to mark out pedestrian areas by limiting light 
pollution and the integration of 5G antenna in this type of 
support can provide an answer in terms of network 
coverage wireless communication. The main objective of 
this work is to integrate the antenna into the structure of 
the OLEDs to be connected in the wireless network [6]. 
Transparent materials so as not to affect the light emission 
by OLEDs must manufacture this antenna. In this context, 
the use of the optically transparent antenna is interesting, 
because they can be integrated in clear substrates placed in 
transparent surfaces such as LCD or OLED screens, 
glazing of vehicles, buildings and trains, street lighting 
lamps, bus stops, and solar panels to improve network 
coverage and to reduce their visual or spatial impact [1]. 
Hence, the implementation of these antennas consists in 
depositing a material that is transparent in visible 
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spectrum and has a high electrical conductivity on an 
optically transparent substrate. Transparent conducting 
oxides (TCOs), such as Indium Tin Oxide (ITO), Fluorine 
doped Tin Oxide (FTO) and Aluminum doped Zinc Oxide 
(AZO) are widely used in transparent antenna [7]-[12]. To 
increase the conductivity and the optical transparency, 
researchers have proposed to use the ultrathin metal films 
such as TCO/Metal/TCO multilayers materials and AgHT 
films (AgHT-4 andAgHT-8) [13]-[16]. Nevertheless, the 
thickness of the metal layers is lower than skin depth, then 
the propagation loss is generated. In [17]-[19], another 
solution consists in using mesh structures has been 
proposed. This paper presents the design of an optically 
transparent antenna operates at mm-wave band for the 
next generation of wireless communication. Thus, this 
article discusses and analyzes the use ITO films to design 
transparent antennas and to be integrated in OLEDs light 
source. To increase the gain of the antenna, the antenna 
array technique is used. The proposed detailed antenna 
design is presented in Section II along with its electrical 
performances. An integration of the proposed optically 
transparent antenna in OLED light source with a 
performance comparison with and without OLED is 
detailed in Section IV. Finally, a conclusion is given in 
Section V 

.2.  OPTICALLY TRANSPARENT ANTENNA 
DESIGN. 

2.1 Material Characteristic 

In this article, ITO films deposited on a glass substrate are 
used. These materials are identified by two main 
characteristics: their optical transparency in visible 
spectrum T (%) and their sheet resistance Rs (Ω=sq) 
[20],[21]. Therefore, a perfect transparent conductor 
would have an optical transparency of 100 % and infinite 
conductivity (zero sheet resistance). The first studied 
properties of ITO films are sheet resistance. Typically, the 
sheet resistance is measured at D.C. and is used to 
characterize thin films of conducting materials. This 
resistance is defined as the resistance of a material of 
thickness t deposited on a square surface [22]. The sheet 
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resistance Rs and thickness t of ITO films are8 Ω/sq and 
370 nm, respectively. The electrical conductivity, σ∼ 3.5 
× 105 S/m, was calculated as follows:  

𝜎 =
1

Rs  x t
 (1) 

An ITO film is coated on a 1.1 mm thick glass 
substrate (relative permittivity, εr = 5.5 and loss tangent 
tan δ =0.0054).  

The second studied parameters of ITO films are 
optical transparency in the visible spectrum. This 
parameter was measured using a MINOLTA-CS-
1000spectroradiometer. Fig.1 represents the measured 
optical transparency in the visible spectrum (380 to 780 
nm) of the proposed transparent antenna. From this figure, 
an optical transparency of more than 75 % is obtained. 

2.2 ITO Patch Antenna Design 

The aim of this article is to design an optically 
transparent array antenna to be integrated into OLED light 
source at mm-wave band for 5G applications. To achieve 
this objective, firstly, a single element of the array antenna 
is designed by ITO film. The geometry with the 
dimension values of the proposed ITO-antenna is 
presented in Fig.2.The top and bottom layers are radiating 
patch and ground plane. Both layers are coated on a glass 
substrate (with tick hs=1.1 mm, relative permittivity 
εr=5.5 and loss tangent tan δ = 0.0054). The single 
element of array antenna occupies an area of 10 × 10 × 1.1 
mm3. The dimension values of the antenna were 
calculated with the equations presented in [23], so that the 
resonance frequency is 27 GHz 

 

 
Fig. 1. Measured optical transparency in the visible spectrum. 

 
 

 
Fig. 2. Optically transparent antenna geometry, (a) top view, (b) 3-D view. 
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Fig. 3. The simulated return loss of the proposed antenna with ITO films (transparent) and copper 

films (nontransparent). 

 
Fig. 4. The radiation patterns of the ITO and copper antennas at 27.33 GHz and 26.97GHz respectively; 

(a) in the XZ-plane and (b) in the YZ-plane. 
 
 

Ansys High Frequency Structure Simulator (Ansys-
HFSS) software is used for simulating the antenna, in this 
paper.Fig.3 shows the simulated return loss of the 
proposed single antenna. It can be seen that ITO antenna 
has a simulated bandwidth of 7.98 % (with S11 ≤ −10 dB) 
from26.33 GHz to 28.51 GHz. A good impedance 
matching is obtained at operating band. To validate the 
proposed technique, this figure also represents a 
comparison between the simulated return losses for the 
transparent and non-transparent antenna. The difference 
between the two curves is justified by the difference in the 
sheet resistances for the two materials (copper and ITO). 
A comparison between the radiation patterns of the 
antennas with copper and ITO films is shown in 
Fig.4.They are simulated at the resonant frequency 27.33 
GHz in the XZ-plane (Fig. 4(a)) and in the YZ-plane 
(Fig.4(b)). The two curves are in good agreement, because 
the two antennas having the same dimensions. The peak 
gain is 5.94 dB at 27.33 GHz. The actual antenna gain 

value is not sufficient for 5G applications; hence, the 
antenna array technique is employed. 

2.3 Array Antenna Design 

To increase the gain, an optically transparent array 
antenna is realized after carrying out the analysis of a 
single element as presented in Fig.5. To increase the gain 
more, an array antenna design of 2, 4, 8, 16, 32, 
...elements is necessary [24]. In this article, to validate the 
array technique, an array antenna of 2 elements is 
designed. Therefore, this paper represents an introduction 
to other publications seeking the developing of transparent 
array antenna integrated in OLEDs light source. The 
geometry of the array antenna is shown in Fig.5with their 
dimensions. The array antenna is feed by 50 Ω 
transmission line along with the 1×2 power divider, to 
ensure that the power is distributed in an equivalent 
manner in each element. To decrease mutual coupling, the 
distance between the two elements of the array antenna is6 
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mm translating to 0.52 λ at 26 GHz. The dimension 
values of the single element are the same for all.Fig.6 
shows the comparison between the return losses of the 
single element and array antenna. From this figure, we can 
notice that the return loss of the antenna is not affected too 
much after using the array antenna, and it’s well adapted 
in 26 GHz band. An array antenna bandwidth of 6.12 % 
from 26.48 GHz to 28.16 GHz is obtained. The antenna 

has been designed to operate in the26 GHz band for mm-
wave 5G applications. The comparison between the 
radiation patterns of the single element and the array 
antenna is shown in Fig.7.This figure shows that the 
radiation pattern becomes directive after array antenna 
design. From this figure, it can be seen also that the gain 
value is increased to 8.4 dB for array antenna. The 
literature indicates that the gain can be increased as the 
number of network elements increases [24]-[26]. 

 
Fig. 5. The geometry of the optically transparent array antenna; (a) top view, (b) 3-D view. 

 

 
Fig. 6. The comparison between the return loss of the single and array antenna. 

 
Fig. 7. The comparison between the radiation patterns of the single and array antenna at 27.33 

GHz; (a) in the XZ-plane and (b) in the YZ-plane. 
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3. INTEGRATION OF TRANSPARENT ARRAY 
ANTENNA IN OLEDs. 

Organic Light Emitting Diodes (OLEDs) are becoming 
one of the most interesting technologies in the lighting 
systems. In addition to the lighting system, OLED 
technology is used to create digital displays in devices 
(television, computer and smartphone screens). Therefore, 
OLEDs is the technology of the future for display and 
lighting. Park et al discuss the potential benefits for 
optically transparent antennas for smart city concepts to 
resolve infrastructure and network capacity problems 
in5G application systems [18], [19], [25], [26]. However, 
adding transparent antennas to the smartphone OLEDs 
screen would reduce the visual pollution for individuals 
[1], [2]. This paper discusses an original technique for the 
transparent antenna integration in OLEDs light source to 
implement this device in the wireless network. 

Fig.8 presents the integration method of the 
optically transparent array antenna in OLED light source 
[17]. In the Fig.8 (a), the 3-D view of the OLED layers 
with the array antenna is presented. The OLED glass 
substrate is the first layer with a thickness of 0.7 mm. The 
second layer is ITO anode with a thickness of 150 nm. 
The organic layers (Hole Transport Layer-HTL, Electron 
Transport Layer-ETL and emissive layer) with a thickness 
of 270 nm (the third layer) are located below the anode. 
After, the fourth layer is the aluminum cathode (thickness 
of 120 nm). Then, the thin-film encapsulation (the fifth 
layer) is implemented to the back of the cathode to protect 
organic layers from oxidation. Finally, the heat spreader 
made from a layer metal foil (the sixth layer) is attached to 
the encapsulation layer. The overall size of the OLED is 
presented in [27]. Fig.8 (b) shows the array antenna 
position on OLED; it is located in a small part in the front 
face (light emission direction) to minimize undesired 
degradation of OLED layers.  

 

 
Fig. 8. The transparent array antenna integration in OLED light source; (a) 3-D view (b) top view. 
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Fig. 9. The Comparison between return loss of the transparent array antenna with and without OLED. 

 

To validate the technique, the Fig.9 represents a 
comparison between the return loss of the transparent 
array antenna with and without OLED. The impedance 
matching becomes more suitable for 50 Ω. In addition, at 
the resonant frequency 27.33 GHz, the minimum return 
loss is increased from -33.15 dB to -50 db.  

For a better explanation, the radiation of the array 
antenna integrated in OLED has been studied. Fig. 
10shows the radiation patterns of the array antenna with 
and without OLED. This diagram is simulated at the 
resonant frequency 27.33 GHz and represented in the two 
planes; XZ-plane (Fig.10(a)) and YZ-plane (Fig.10(b)). 
The discrepancy between the two diagrams (with and 

without LED) is attributed to the effect of OLEDs layers, 
because they are placed in the back side of the array 
antenna.  

Fig. 11 illustrates the SPD (spectral power 
distribution) of a Warm White OLED with a CCT 
(Correlated Color Temperature) of 3000 K (Solid Line), 
and the SPD of the same OLED measured through the 
antenna. The measurements were realized with a 
MinoltaCS-1000 Spectroradiometer, allowing radiance 
measuring in the visible field [380, 780 nm] with a1 nm 
step. The SPD, in both cases (OLED versus OLED 
through the antenna) was repeated twenty-one times in 
order to verify the precision of the apparatus. 

 
Fig. 10. The comparison between the radiation patterns of the transparent array antenna with and without OLED layers at 

27.33 GHz; (a) in the XZ-plane and (b) in the YZplane. 
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Fig. 11. The spectral power distribution of the OLED with and without antenna integration. 

 

Table.1 shows the impact of the antenna on the 
photometric and colorimetric factors. In fact, the 
luminance decreased by 34 %, and this alteration will lead 
to a non-uniformity regarding the screen luminosity. The 
CCT decreased by 2 %, which will probably not degrade 
the visual comfort of the user according to [28]. 

Table 1. The measured luminance and CCT through the 
Minolta CS-1000. 
Photometric and 
colorimetric 
parameters 

OLED OLED through the 
antenna 

Luminance 
[cd/m²] 

4155 ± 2.6 2737 ± 0.8 

CCT [K] 3052 ± 0.5 3000 ± 0.5 

.4.  CONCLUSION 

In this article, an optically transparent array antenna has 
been designed and analyzed. This antenna is designed by 
using the ITO film printed on a glass substrate. To 
validate this idea, the characteristics of transparent (with 
ITO films) and non-transparent (with copper films) 
antennas are compared. This transparent antenna covers 
the 26 GHz band from 26.33 GHz to 28.51 GHz, with a 
good impedance matching. The peak gain is increased 
from 5.94 dB to 8.4 dB by applying the array antenna 
technique of two elements. The measured optical 
transparency in visible spectrum more than 75 % is 
obtained. The ITO film is chosen so to achieve high 
optical transparency and low sheet resistance so that the 
proposed antenna is integrated into the OLEDs. To study 
the effect of this integration on the colorimetric 
characteristics of the OLED, the SPD is measured through 
the antenna. In fact, the luminance decreased by 34 %, and 
this alteration will lead to a non-uniformity regarding the 
screen luminosity. Therefore, to improve these 
colorimetric performances of the OLED, a detailed study 
will be discussed in the future works. The mesh technique 

will be used to further increase the optical transparency of 
the antenna and will be no-visible to the naked eye. 
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Abstract – In the isolated area, a hybrid power plant that combines solar energy, wind energy, and storage can be an 
option to electrify it. Solar energy and wind energy are variable renewable energy sources. The characteristics of 
variable renewable energy sources are intermittent and non-dispatchable. However, In the planning stage, the optimal 
installed capacity of multisource determined through least-cost criteria and grid stability especially frequency stability 
is crucial for such a type of hybrid power plant. therefore, the optimal installed capacity is both the least cost and 
supports frequency stability simultaneously. In the optimal installed capacity, off-grid frequency should be in the 
allowable range during intermittent conditions at any possible scenarios including fluctuation of solar irradiation, 
fluctuation of wind velocity and so do a combination of both. All the intermittent condition combines with all possible 
load, both off-peak load and peak load. The iterative process can be done until the installed capacity of multisource 
meets the least cost criteria and frequency stability criteria. 
  
Keywords – isolated area, frequency stability, hybrid power plant, least cost, variable renewable energy. 
 

 1. INTRODUCTION 

Isolated Microgrids, like on remote islands, often face 
problems because of their geographical isolation. Some of 
these problems include limited installed capacity, limited 
energy supply resulting in high fuel costs and high 
greenhouse gas emissions. This has caused many 
industrialized countries to change their focus to create 
generation systems that are environmentally friendly and 
can reduce production costs. Related to these problems, 
hybrid renewable energy combined with the composition  
of solar energy generators, wind energy generators and 
batteries can be a solution to electrify remote areas. In 
addition to being environmentally friendly because it does 
not cause greenhouse gas emissions, renewable energy 
generation can also reduce production costs and reduce 
the use of fossil fuels. However, solar energy generators 
and wind energy generators are generators whose output 
cannot be adjusted, causing the system stability to become 
unstable. For this reason, it is necessary to conduct a study 
to optimize the capacity of the hybrid power plant, as well 
as to test its reliability in technical terms. 

Solar energy and wind energy is complementary 
resources which can operate in optimum scheme. In the 
hybrid Solar PV and Wind case in India, the objective of 
optimal capacity of the hybrid power plant is achieving 
savings in capital cost of solar PV power plant thus 
minimizing levelized tariff of hybrid combination of 
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wind-solar PV Power Plant to be competitive with that of 
existing wind farm. Whilst, availability of solar energy 
potential in the existing wind farm site, the land 
availability and associated infrastructure of existing wind 
farm are constraints [1].  Based on the objective of hybrid 
power plant combining wind turbine and solar PV, the 
famous tools to simulate it is HOMER. The COE ($/kWh) 
is criteria to determine the optimal combination of 
installed capacity. However, there are several 
combinations as result of HOMER simulations. Several of 
the researches which is use HOMER to determine the 
optimal capacity of hybrid wind turbine and solar PV for 
isolated area are hybrid wind turbine and solar PV in 
Turkey [2], Algeria [3], [4] and Australia [5]. All these 
researches use the economic approach where the option 
with lowest COE selected as optimal option. The 
combination of economic and environmental approach can 
be used to determine the optimal option which lowest 
carbon emission. 

In the on-grid hybrid, the economic and 
environmental as the only approach to determine the 
optimal combination capacity wouldn’t impact to 
operation of the hybrid power plant. It will be different, on 
the operation of off-grid hybrid which is combining wind 
turbine and solar PV. Both wind energy and solar energy 
is variable energy power plant. The characteristics of the 
wind energy and solar energy are intermittent and non-
dispatchable. On the on-grid system, fast respond power 
plant will reinforce the grid when the fluctuation of active 
power occurs as the impact of the fluctuation of both wind 
velocity and solar irradiation. On the isolated off-grid 
system, the power plant should handle it without any 
reinforcement from fast respond power plant. Thus, the 
optimal installed combination capacity of variable 
renewable energy power plant in isolated island should 
consider the dynamic of the off-grid system during 
intermittency. The propose method in this paper try to 
solve the problem. 

Optimal and Reliable Variable Renewable Energy Power 
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2. PROPOSED METHOD 

The determination of optimal installed capacity of 
the combination of variable renewable energy power plant 
will carry out into 2 stage as following: 

Stage 1  
Determination of optimal installed capacity based 

on the economic approach. The criteria of optimal 
installed capacity are COE, where the objective function is 
following: 
 
Objective function = Minimum (COE)                            (1) 
Where, 

𝐶OE =  
∑ Ci + Oi + Mi
N
i=1

∑ EpN
i=1

 (2) 

 
Stage 2 

Determination the stability of the installed capacity 
which is found in the stage 1. The criteria of optimal 
installed capacity are the fluctuation of frequency during 
intermittency should meet to the allowable frequency 
range due to the grid code.  The objective function is 
based on stability function as following: 

 

2H
𝑓0

.
𝑑𝑓
𝑑𝑡

= ∆𝑝 () 

 

df
dt

 is rate of change of frequency. However, the 
nadir frequency should be on the allowable range. It is 
between 0.996 p.u. – 1.004 p.u. [6]. Since the Solar PV 
don’t have contribution to inertia of the off-grid system, 
then the inertia will be lower. Thus, the batteries will 
change the contribution to the grid stability through 
increasing its dispatch, instantaneously. 

If the results of stage 2 show the off-grid system 
frequency nadir during dynamic condition exceed the 
allowable limit, then the propose optimal installed 
capacity as result of stage 1 is not valid. Thus, the process 
should be restarting. So, the process should be iterative 
until the result meet both the economic criteria and the 
stability criteria. 

3. CASE STUDY 

3.1 Site Location 

Riam Batu is isolated rural village located on the 
extreme mountain in Tempunak District, Sintang 
Regency, West Kalimantan Province, Indonesia as shown 
in Fig.1. The electricity network does not reach yet the 
village due to the extreme location in the mountain 
surrounding by forest. Thus, the off-grid system is 
solution to electrify inhabitants in Riam Batu. Since the 
supply of fossil fuel is lacking then renewable energy will 
be solution. However, the possible renewable energy to be 
primary energy is only solar energy and wind energy. 
Even located in the mountain, the head of the river can’t 
utilize to be sufficient hydropower for the village. 
 

 
Fig. 1. Site location. 

 

3.2 The Load Profile 

There are 80 houses and public facility in Riam 
Batu. By assumption that 50% of the houses will 
connected through 450 VA, 35% will connected through 
900 VA and the rest will connected through 1300 VA then 
the peak load assumption will be 91.20 kW which 20% of 
load is motor load or dynamic load. 

 

3.3 Optimal Installed Capacity 

The power plant system design to serve the load is 
shown in Fig.2. The small scale wind turbine is connected 
to AC bus, while Solar PV and storage batteries is 
connected to DC bus. Since the load is connected to AC 
bus the converter should adding to change DC to AC.  
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Fig. 2. Hybrid design. 

The simulation is running in HOMER. The 
simulation is following the criteria of equation (1) and 
equation (2). The optimal composition is Solar PV 272 
kW (340 kWp), Wind Turbine 43 kW and storage 
batteries 580 kW (2C/116 kWh/day). The COE of the 
composition is cUSD 0.91/kWh. It is lowest COE, since 
the other option is Solar PV 288 kW (360 kWp) and 
storage batteries 74 kWh/day with the COE cUSD 0.958 
kWh. 

3.3 Stability Installed Capacity 

Since all the sources is variable renewable energy, 
then the optimal installed capacity doesn’t enough yet to 
fixed hybrid composition. The stability analysis should be 
carrying out to making it fixed. The stability simulation is 
using Digsilent Power Factory. The stability analysis 
contains load flow analysis and frequency stability 
analysis. The load flow analysis is needed to make sure 
during the static condition, all the grid parameter is meet 

the grid code rules. Once the parameter is in the range of 
allowable values then the dynamic analysis can be 
carrying out. 

The results of load flow simulation are shown in 
Fig.3 at peak load time. As shown in Fig.3, the lowest 
voltage level in the feeder is 0.94 p.u. Whilst, there isn’t 
violation in the loading limit at the conductor. Loading per 
feeder is quite similar in both active power and reactive 
power. The losses are only 3.72%. The generation is 91.20 
kW to serve 87.81 kW distributed load. 

To make it sure the grid is stable during static 
condition, the load flow is carrying out in off peak load, 
too. The results are shown in Fig.4. As shown in Fig.4, the 
lowest voltage level in the feeder is 0.96 p.u. Whilst, there 
isn’t violation in the loading limit at the conductor. 
Loading per feeder is quite similar in both active power 
and reactive power. The losses are only 2.30%. The 
generation is 54.72 kW to serve 53.43 kW distributed 
load. 

Since the off-grid system is stable during static 
condition, then the stability of the off-grid system during 
dynamic condition should be checked in the next stage. 
The worst condition in grid stability will occur in peak 
load time. Since the peak load time will occur in the night 
when the Solar PV is not in operation mode then only 
fluctuation of wind velocity scenarios defined in the 
simulation.  

According to the site data, the extreme fluctuation 
of wind velocity in Riam Batu is 2.650 m/s to 1.120 m/s in 
180 s. During such extreme fluctuation, the active power 
from wind turbine will fluctuate from 41.280 kW to 5.124 
kW in 180 s. The off-grid frequency will fluctuate 
following the intermittency as shown in Fig. 5.  
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Fig. 3. Load Flow during Peak Load. 

 
Fig. 4. Load Flow during off-peak load. 

 
 

 
Fig. 5. Dynamic of off-grid frequency during intermittency of wind velocity. 

 
 

As shown in Fig. 5, the off-grid frequency will be 
decreasing to 49.955 Hz or 0.99 p.u. Since the nadir 
frequency still in allowable range during intermittency 
condition then the configuration of the off grid is stable. 
The storage batteries are important in this design, since 
the storage batteries raising its dispatch to support grid 
supply during intermittency as shown in Fig 6. The 
batteries dispatch will be raising up from 0 kW to 43.33 
kW at 236 s to support the grid. The time to dispatch and 
time of intermittency is quite similar. 

During off-peak load, the worst condition in grid 
stability will occur during the day when solar irradiation 

and wind velocity fluctuate, simultaneously. According to 
the site data, the extreme fluctuation of solar irradiation in 
Riam Batu is 100% to 45% in 180 s. During such extreme 
fluctuation, the active power from solar PV will fluctuate 
from 27.360 kW to 10.952 kW in 180 s. If this 
intermittency occurs in simultaneously then the off-grid 
frequency will fluctuate following the intermittency as 
shown in Fig. 7. 

As shown in Fig. 7, the off-grid frequency will be 
decreasing to 49.828 Hz or 0.996 p.u. Since the nadir 
frequency still in allowable range during intermittency 
condition then the configuration of the off grid is stable.  



Mastering Energy Supply for Isolated Areas (MESfIA) 2021 International Conference 
31 August to 01 September 2021. Hosted online by the Asian Institute of Technology, Thailand                                        

221 

The storage batteries raising its dispatch to support 
grid supply during intermittency as shown in Fig 8. The 
batteries dispatch will be raising up from 0 kW to 202.972 
kW at 239 s to support the grid. The time to dispatch and 
time of intermittency is quite similar. Since during worst 

scenario in intermittency, the off grid is stable then the 
composition of the hybrid power plant containing variable 
renewable energy source is meet both economic criteria 
and stability criteria. 

 
 

 
 

Fig. 6. Batteries responds during intermittency of wind velocity. 
 
 

 
 

Fig. 7. Dynamic of off-grid frequency during intermittency of solar irradiation and wind velocity, simultaneously. 
 

 

 
Fig. 8. Batteries responds during intermittency of of solar irradiation and wind velocity, simultaneously. 
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4. CONCLUSION 

The robust installed capacity design of hybrid 
power plant which is containing variable renewable 
energy source, i.e. solar energy, and wind energy, should 
meet both economic criteria and stability criteria. The 
economic criteria are least COE (cUSD/kWh) running at 
the first stage. Then, stability criteria are allowable 
frequency due to the grid code running at the next stage. If 
the installed capacity only meets the economic criteria, 
then the design is not robust. So, the stability criteria for 
the second COE option should be carrying out until the 
robust installed capacity found. 
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NOMENCLATURE 

COE   cost of energy    
Ci   Capital cost  
Oi Operation cost              
Mi    Maintenance cost  
Ep       Energy production       
H     Inertia 
f0    Nominal frequency      
 df
dt

      Rate of change frequency 
∆p       Fluctuation of active power 
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Abstract - The use of electrical energy in remote areas must be carried out efficiently. This study proposed a load 
monitoring method in remote areas. This study developed a Data-Flow Programming (DFP) based Non-Intrusive Load 
Monitoring (NILM) by employing a bagging decision tree algorithm to conduct load disaggregation. This study built 
the DFP and the Graphical User Interface (GUI) in LabVIEW connected to power sensor ADE9153A on Arduino UNO 
via serial communication. This experiment was conducted on the LabVIEW 2020 running on a computer with a 64-bit 
operating system, Intel i5 2400-3.1 GHz CPU, 16 GB RAM. This study produced a good performance of NILM with 
0.9617 of accuracy and 0.9728 of f1-score. The proposed method of the NILM process was suitable for electricity in 
remote areas because the DFP used in the algorithm is easy to understand, easy to operate, and inexpensive to build. 
Finally, the NILM technique can improve the efficiency of used electrical energy in remote areas. By applying NILM, 
the operator can determine the priority of which devices should be ON or OFF at a particular time as needed. In 
addition, the NILM can contribute to the balancing of small and weak microgrids in scenarios of high renewable 
energy penetration. 

 
Keywords- Data Flow Programming, Electricity in Remote Areas, LabVIEW, Load Disaggregation, NILM.  
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Abstract – In recent years, the potential of renewable energy resources in Java Island, Indonesia has been 
investigated. One of the cities that has large potential resources is Tegal Regency. Therefore, the first wind power 
generation in Java Island will be developed there. The wind speed in Tegal Regency is categorized as moderately 
suitable since it is up to 4.53 m/s. Moreover, it has large solar radiation around 4.66 kWh/m2/day annual average. The 
PV-wind hybrid system can be considered to more utilize renewable energy sources. This study aims to optimize wind 
turbine power plants as a base case by integrating PV systems. The best configuration has been resulting using 
HOMER simulation and provides 2 options that are with battery or without it. The significant difference between them 
locates in excess electricity produced by the systems. The first option without a battery produces around 0.026% or 
22,278 kWh/year meanwhile the other option produces 0.00622% or 5,293 kWh/year. The component number of both 
the proposed optimizing configurations is also different. In general, economic aspects such as net present cost (NPC) 
and cost of energy (COE) are lower than the base case and yield three years payback period.  
  
Keywords – Tegal Regency, Renewable Energy, Wind Turbine, Hybrid System, HOMER. 
 

 1. INTRODUCTION 

Renewable energy has been a popular topic for research in 
many countries. It is expected to reduce fossil energy uses 
that have several disadvantages such as environmental 
impacts, supply risks, scarcity,  and market price 
instability of fossil fuels [1]. As a country located in the 
equator line, Indonesia has abundant potential for 
renewable energy sources [2]. That is a reason why the 
Indonesian Ministry of Energy and Mineral Resources 
targets the utilization of renewable energy expected to 
23% in 2025 [3]. 

Indonesia's government has been investigated by the 
potential in many regions to realize the policy. It is 
manifest to more develop power plants based on 
renewable energy such as Bilacenge PV systems (Sumba 
Island), Likupang PV systems (Sulawesi Island), and 
Sidrap wind farm (Sulawesi Island). It is also carried out 
in Java Island as the most populated place in Indonesia. 

One of the cities that has a large potential for a 
renewable energy source on Java Island is Tegal Regency 
reported by Aquo Energy. As a consequence, the first 
wind farm in Java Island will be located in Tegal Regency 
that scheduling will start development in 2022 [4]. If 
based on data from NASA Prediction of Worldwide 
Energy Resources (POWER) generated from HOMER 
software, the average wind speed is 3.54 m/s in a year. 
The lowest speed is 2.68 m/s in April while the highest 
speed is 4.53 m/s in August. 
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As compared, several studies reported the wind 
potential in other areas. In [5] study the feasibility of wind 
potential in El Golea Region, Algeria Sahara carried out. 
The annual characteristics show the average wind speed 
around 5.3 m/s. In addition, a statistical study in the North 
West region of Algeria's resulting wind potential in Oran, 
Chlef, and Mostaghanem is 4.18 m/s, 3.11 m/s, and 3.34 
m/s respectively [6]. 

A feasibility study has been also presented by [7] 
that the resulting average speed of wind in Phangan Island 
located in Thailand is 4.28 m/s. Furthermore, [8] describe 
that the highest wind speed in Kudat located in Malaysia 
is 5.4 m/s, while the lowest is 4.3 m/s. Then, wind speed 
both Queensland and Victoria located in Australia have 
wind speed 3.7 m/s and 5.0 m/s respectively [9]. 

Based on [10], it can be seen that wind speed in 
Tegal Regency is categorized as moderately suitable since 
it is up to 4.53 m/s. Moreover, Tegal Regency has solar 
radiation around 4.66 kWh/m2/day annual average. The 
PV-wind hybrid system can be considered to more utilize 
renewable energy sources in Tegal Regency Indonesia. 

This study aims to design a wind turbine system that 
scheduled will develop in Tegal Regency, Indonesia by 
combining PV systems as an optimizing design. The 
design of the wind turbine approaches a real capacity of 
around 67.5 MW. Meanwhile, the PV systems design 
generates a 2 MW capacity. The optimizing design 
proposed two configuration options that are with a battery 
or without it. HOMER software is used to evaluate both of 
them connected to the grid. 

2.  LITERATURE REVIEW 

2.1 Wind Farm in Tegal Regency, Indonesia 

The government of Tegal Regency has been in agreement 
to develop a wind turbine power plant. The project will be 
realized by Aquo Energy as a company handling green 
energy from France and it is scheduled to start in 2022 [4]. 
The capacity of the wind farm is 67.2 MW that consists of 
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17 turbines. Each of them generates 4 MW and needs a 
hectare field. The areas are expected around 47 hectares 
located in 3 villages that consist of Pakulaut village, 
Marga Ayu village, and Kalisalak village. Fig 1 shows the 
location map of wind farm Tegal Regency, Indonesia. For 
specific location of the wind farm can be accessed at 
coordinate 7º5.4’04.11’’ in south latitude and 
108º59’51.30’’ in east longitude. The installed power 

capacity in Tegal Regency is 563.46 MW with a total 
electricity production of 83.28 MWh/year. The electricity 
sold to the public is 74.04 MWh/year while the total 
power lost is 67.16 MWh/year. Based on the electricity 
data above, it shows that the electrical energy produced is 
sufficient for the local load. Hence, the development of 
wind power plants is aimed to support the national energy 
mix with a renewable energy proportion of about 23%. 

 
 

Fig. 1. Location map of wind farm Tegal Regency, Indonesia. 
 

2.2 HOMER Simulation 

The HOMER (Hybrid Optimization Model for 
Electric Renewable) is software used to optimize projects 
based on renewable energy. Also, it is utilized for 
feasibility studies and analysis of the hybrid system. This 
software was established by National Renewable Energy 
Laboratory in the U.S.A. HOMER is able to simulate both 
grid-connected and off-grid systems. The output of the 
simulation from HOMER will display the best architecture 
configuration based on several economic aspects covered 
net present cost (NPC), Cost of Energy (COE), and 
payback period against the base case. Moreover, it can 
calculate the Renewable Fraction (RF) that contributed to 
the hybrid system. Three major actions conducted by 
HOMER software consist of simulation, optimization, and 
sensitivity [11]. 

3. SYSTEM DESIGN 

There are three designs proposed in this study that consist 
of wind turbine only as a base case, hybrid wind turbine-
PV, hybrid wind turbine-PV with battery. For all 
configurations, it is assumed that the wind turbine has the 
same capacity. Meanwhile for optimization proposed, PV 
systems and battery configurations are generated based on 
HOMER recommendations. The wind speed and Solar 
Global Horizontal Irradiance (GHI) profiles refer to the 
installation site in Tegal Regency. It is generated by 
HOMER based on NASA Prediction of Worldwide 
Energy Resources (POWER). Finally, it will be analyzed 
based on economic aspects such as NPC, COE, initial 

cost, operational cost, and payback period. The renewable 
fraction and excess electricity are evaluated as well. 

3.1 Wind Turbine Power Plant Design 

The real policy of wind turbine power plant in Tegal 
Regency has a capacity of 67.2 MW but the capacity in 
this study is rounded to 67.5 MW. Also, it is assumed for 
the turbine module has a 1.5 MW capacity related to the 
maximum value of each turbine provided by HOMER. 
Therefore, the number of wind turbine modules (nwt) used 
in this study is given by 

67.5 MW
= 45 turbines

1.5 MW
=c

wt

wt

P
n

P
=  (1) 

where Pc is capacity power and Pwt is turbine maximum 
capacity by HOMER.  

The specification of each turbine and cost references 
used at the HOMER simulation shows in Table 1. 

Wind resources generated by the NASA Prediction 
of Worldwide Energy Resources (POWER) database. The 
average wind speed is 3.54 m/s in a year. The lowest 
speed is 2.68 m/s in April while the highest speed is 4.53 
m/s in August. Table 2 shows monthly average wind 
speed data in Tegal Regency, Indonesia. 
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Table 1. The specification of wind turbine. 
Parameter Specification 
Rated power 1.5 kW/turbine 

Lifetime 20 years 

Hub height 80 meters 

Capital cost IDR 28.1B 

Replacement cost IDR 28.1B 

O&M/year 10% of capital cost 

3.2 PV Systems Design 

Modeling PV systems to optimize base case are 
determined 2 MW capacity. It is connected to the 
converter DC to AC current and also battery. The model 
of PV module refers to Yangtze YS250P-60 wherein to 
generate rating capacity is needed 8000 units. Moreover, 
the model of a converter refers to Bluesuness BSMG2-
30K-EX. Table 3 shows the specification PV module, 
converter, and battery used in the systems. 
 

Table 2. Monthly average wind speed. 
Month Wind Speed (m/s) 
January 3.31 

February 3.26 

March 2.82 

April 2.68 

May 3.11 

June 3.58 

July 4.10 

August 4.53 

September 4.51 

October 3.96 

November 3.42 

December 3.24 

Source: NASA Prediction of Worldwide Energy 
Resources (POWER) database 

Solar Global Horizontal Irradiance (GHI) data 
generated from NASA such as wind resources used. The 
monthly average of solar GHI in site location achieves 
4.66 kWh/m2/day. The highest case occurs in September 
with 5.19 kWh/m2/day as daily radiation. Meanwhile, the 
lowest case is 4.44 kWh/m2/day which occurs in January. 
The overall monthly average of solar GHI in Tegal 
Regency, Indonesia shows in Table 4. 

Table 3. The specification PV module, converter, 
and battery. 

Parameter Specification 
PV Module  
Model name Yangtze YS250P-60 

Rated power 0.25 kW/module 

Lifetime 25 years 

Efficiency 15.40% 

Derating factor 80% 

Capital cost IDR 2.716M/kW 

Replacement cost IDR 2.716M/kW 

O&M/year 0.4% of capital cost 

Estimated total 8000 modules 

  

Converter  
Model name Bluesuness BSMG2-30K-

EX 
Rated power 50 kW/unit 

Lifetime 15 years 

Inverter efficiency 98.5% 

MPPT efficiency 98.5% 

Capital cost IDR 1.580M /kW 

Replacement cost IDR 1.580M /kW 

O&M/year 10% of capital cost 

Estimated total 40 units 

  
Battery  
Model name Generic Lithium-Ion 

Capacity 100 kWh 

Lifetime 15 years 

Roundtrip Efficiency 90% 

Capital cost IDR 997.2M /unit 

Replacement cost IDR 997.2M /unit 

O&M/year 1.4% of capital cost 

 
Table 4. Monthly average solar GHI. 

Month Clearness Index Daily Radiation 
(kWh/m2/day) 

January 0.403 4.33 
February 0.419 4.52 
March 0.436 4.58 
April 0.475 4.65 
May 0.515 4.61 
June 0.522 4.43 
July 0.537 4.65 
August 0.526 4.94 
September 0.510 5.19 
October 0.467 4.96 
November 0.417 4.46 
December 0.431 4.60 

Source: NASA Prediction of Worldwide Energy 
Resources (POWER) database. 
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3.3 Grid-Connected PV-Wind Hybrid System 

The study of hybrid power plant systems has been 
investigated in several countries.  Ref [12]–[14] carried 
out in India, [15] Morocco, [16] Egypt, and [17] Ethiopia. 
It becomes a popular solution to utilize renewable energy 
sources owned. HOMER software developed by the 
National Renewable Energy Laboratory (NREL) was used 
to obtain the best configuration of proposed hybrid 
systems. 

A simulation approach is used in this study to 
produce an optimal design. A wind turbine power plant 
that schedule will be developed in Tegal Regency, 
Indonesia connected to the grid. Electricity resulting used 
to supply nearby load that consists of community and 
industrial load. PV systems with 2 MW capacity and 
converter added to the configuration as shown in Fig 2a. 
The other proposed optimization uses a 100-kWh battery 
as shown in Fig 2b. 

 
(a) 

 

 
(b) 

Fig 2. Proposed configuration (a) without a 
battery (b) with a battery 

4. RESULT AND DISCUSSION 

Resulting of the HOMER simulation shows in Table 5. 
Mentioned before that the base case of the system is a 

67.5 MW wind turbine connected to the grid. It represents 
a wind farm that will be developed in Tegal Regency, 
Indonesia in 2022. Every configuration that is feasible 
followed by net present cost (NPC) value sorted from the 
lowest to the highest. In addition, the cost of power per 
kWh (COE), operating cost, and initial cost are considered 
economic factors. Furthermore, penetration of renewable 
energy fraction and excess electricity from the simulation 
are shown to analyze the configuration system 
respectively. The optimal results for wind turbines depend 
on wind speed while the PV systems depend on ambient 
temperature and solar irradiance. 

From Table 5, it is seen that the optimization of a 
base case using PV systems capacity generally has a better 
result. NPC and operational cost decreased while the level 
cost of energy (COE) is cheaper than the base case.  Also, 
this COE is more economical than PLN electricity prices 
about Rp1,445/kWh. Renewable energy fraction certainly 
increases by 1% because the configuration utilizes two 
sources. In particular, the configuration for optimizing the 
base case can be determined from two options that are 
with battery or without it. From Figure 3, these two 
proposed configurations have similar cumulative case 
flow compared to the base case so that it will take 
three years to restore the investment’s cost. 

Proposed optimization without battery consists of a 
67.5 MW wind turbine, 1.5 MW converter of 2 MW 
estimated total and 2 MW PV. This configuration 
purchase 3,217,351 kWh/year of energy from the grid 
system and is capable of sell back around 76,268,824 
kWh/year. However, there is enough high of excess 
electricity around 0.026% or 22,278 kWh/year. Therefore, 
the other configuration is proposed that using battery 
wherein the initial cost is certainly more expensive. 

Optimization configuration using battery consists of 
67.5 MW wind turbine, 1.633 kW converter of 2 MW 
estimated total, a 100-kWh battery, and PV capacity 
become 1.996 MW. The excess electricity reduction can 
be carried out become 0.00622% or 5,293 kWh/year. 
Furthermore, either energy purchased or sold increase by 
3,218,221 kWh and 76,280,736 kWh respectively. 

In this research, the hybrid configuration consists of 
a PV-wind system with a battery connected to the grid has 
significant excess electricity decreases compared to [18]. 
Decreasing excess electricity indicates that the power 
generated by the system can be utilized well. Excess 
electricity is unutilized energy since the load capacity 
cannot absorb optimally at a certain time. It will be 
impacted the electrical cost production to be higher. 

In addition, each proposed configuration shows that 
solar energy in Tegal Regency located in Java Island, 
Indonesia has a large potential to utilize. Other studies that 
focus on utilizing the potential of solar energy in Java 
Island have been also carried out. Ref [19] simulates PV-
biogas integration in Baturraden, Indonesia that located at 
the slope of Slamet Mountain. Solar GHI data shows 
around 4.75 kWh/m2/day and is able to generate electricity 
from PV systems. In [18] explained Bantul Regency, 
Indonesia has an average daily solar radiant 4.0-6.0 
kWh/m2, and utilize this potency using grid-connected PV 
systems is an effective way. 
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Fig 3. Payback period of proposed configurations againts base case. 

 

In [20] mentioned that Java Island can be classified 
as West Indonesia and has solar energy of about 4.5 
kWh/m2/day meanwhile East Indonesia is around 5.1 
kWh/m2/day. It has a monthly average of around 4.8 
kWh/m2/day with a 9% variation. Therefore, abundant 
solar energy in Indonesia generally can be used as a 
renewable energy source. 

5. CONCLUSION 
Integrating PV systems to a wind farm that scheduled will 
be developed in Tegal-Regency in 2022 more effectively. 
Since it has a daily solar radiant of about 4.66 
kWh/m2/day. Economic aspects such as net present cost 
(NPC) are lower than the base case and produce cheaper 
cost of energy (COE). The proposed optimization using 
PV systems provides two configurations options that are 
with battery or without it. These have a similar cumulative 
case flow compared to the base case so that it will take 
three years of payback period. The significant 
difference between them is located in excess electricity 
produced by the systems. The first option without a 
battery produces around 0.026% or 22,278 kWh/year 
meanwhile the other option produces 0.00622% or 5,293 
kWh/year. The number of components is also different 
wherein imply initial and operational cost. Therefore, this 

study can be a reference for the government to build 
power generation systems using optimally renewable 
energy potential owned. 

6. RECOMMENDATION 

Based on two proposed optimization configurations still 
produces excess electricity. Conformity between 
renewable energy source potency and load capacity 
become important factors affecting it. Therefore, future 
work is needed to result in better configuration. It is 
certainly expected to help the government make a proper 
policy about the utilization of renewable energy potential. 
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Table 5. HOMER simulation result. 

Configuration NPC  COE  Op. Cost  Initial 
Cost  

Ren. 
Frac  

Excess 
Electricity  

 (IDR) (IDR/kWh) (IDR/year) (IDR) (%) (kWh) 
PV + Wind Turbine + Converter + Grid 1,888B 1,278K 35.4B 1,272B 96.2 22,278 

PV + Wind Turbine + Converter + Battery + Grid 1,890B 1,279K 35,5B 1,274B 96.2 5,293 

Wind Turbine + Grid 1,942B 1,344K 39.0B 1,265B 95,2 0 
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“It’s 90%  inspiration and 
10% perspiration ”10% perspiration….

‐ Sam Tumiwa

Energy Supply in Isolated Areas:  Challenges and Opportunities

Energy Access [decentralization, democratization, disintermediation]

155 million people without access to electricity in Asia, mostly in remote areas and islands

Most of these people -- mostly on islands & other remote areas -- will get access to 
electricity depend from renewable energy mini/micro grids with energy storage, and/or via 
other innovative technologies 

Climate and Environment [decarbonization]

GHG and primary pollutant mitigation requires 

- multi sectoral intervention - energy, urban, transport, water, & agriculture, – mostly 
amenable to large project transactions (project finance $$)

- energy efficiency improvements throughout supply chain & especially on demand side 
(very large number of relatively small transactions – financial intermediation $$)             

Planning and investment need to evolve accordingly [disruption]  

• Innovative business and financing models

• Cross-sectoral collaboration (“silo deconstruction” is implied in ADB S2030)

• Shift focus from electricity supply to value-added energy end uses

3

Increased access to clean energy to meet basic 
needs, income generation through RE deployment

OP 1: Addressing remaining poverty and 
reducing inequalities

Job creation and skills development for women 
in RE; productive use of women’s time for 

income generation
OP2: Accelerating progress in gender equality

Climate change mitigation and adaptation, air
quality improvement, energy water nexus

OP3: Tackling climate change, building 
disaster resilience

Supporting energy smart buildings, electric  OP4: Making cities more

ADB Strategy 2030: Energy Services are Inputs to Operational Priorities

pp g gy g
vehicles, microgrids, waste‐to‐energy, 
and demand‐side energy efficiency

OP4: Making cities more 
livable

Distributed renewable energy applications in 
irrigation and agriculture (e.g. solar pumping), 

biomass-to-energy

OP5: Promoting rural development and food 
security

Promoting energy sector reforms and enabling 
clean energy development

OP 6: Strengthening governance and institutional 
capacity

Promoting energy connectivity, cross‐border clean 
energy trade, and knowledge exchange

OP 7: Fostering regional 
cooperation and integration

6

Technological trends in the energy sector

• Energy generation

– Distributed renewable energy, floating solar PV, offshore wind

– Energy storage for smoothing variable RE, time shifting, & 
spinning reserves support & peaker replacement

• Transmission and distribution

– Smart(er) control systems, energy storage for frequency & 
voltage regulation

5

– HTLS conductors 

– Dynamic line ratings * 

• End use efficiency and demand-side response

– Smart meters and Internet of Things in electricity (blockchain) 
+ behind the meter energy storage (Virtual Power Plants)

– energy efficiency in industry, buildings

• Artificial Intelligence for transport & other sectors with 
potential huge declines in energy and water utilization 

e.g., vertical farms for climate-proof food security 

The 21st Century Electricity System
Digitization + Disintermediation + Decentralization + Decarbonization + 

Democratization = Disruption

Generation
Centralized 

with increasing 
RE penetration

• Peer-to-peer 
(P2P)

• Business-to-
business (B2B)

• Machine-to-

New business models TechnologiesSub-systems

Storage to ensure spinning 
reserves requirements, & 

smoothing & time-shifting of 
variable RE

• Dynamic Line Ratings (DLR)

Transmission

Distributed 
Generation

Consumers and 
Prosumers

Distribution

• Micro-grids 
(AC and DC)
• Swarm 

electrification

Machine to
machine 

(M2M)
• Blockchain

• Crypto-
currency

• High-temperature Low-sag 
(HTLS) conductors

• Storage for frequency & voltage 
control

• Digital substations
• Smart transformers

• Automated demand response
• Virtual power plants

• Behind the meter storage
• Smart meters / thermostats
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Creating economies of scale in mini-grids: a technology vendor’s advice

• Eliminate complexity -- eliminate all meters, networking equipment, 
programmable logic controllers (PLCs), and computers from the design. These 
functions can be done with relays and a single microgrid controller

• Ease of Deployment:
The systems should be pre-configured and pre-tested.

• Plug and play design - no field engineer necessary. Protection and control 
devices should be integrated into the modular central control and remote generator 
control enclosures

7

control enclosures.

• Protection, control, and visualization should automatically adapt to field conditions.

• Identical relay and controller settings required at all locations means there are zero 
configuration differences between any site or location 

• Use of vendor-neutral and proven communications protocols maintains security 
and reliability.

• Modular design allows you to cost effectively plug together controllers to scale 
from small to large installations.

The PPA box
Philippines: Cobrador Island Solar Hybrid Pilot Project
Funded by TA 7512 (REG) under the Energy for All Program

• Issues: Home to 244 households / 1,000 people economic opportunities, lifestyle and
well-being are curtailed by the limited supply of diesel-fueled electricity available only for
8 hours a day.

• Approach: pilot project demonstrates viability of solar-diesel hybrid power plants with
energy storage for remote island systems.

• Design/Specifications: Hybrid system 30 kW rooftop solar PV + 180 kWh Li-ion for time-Design/Specifications: Hybrid system 30 kW rooftop solar PV + 180 kWh Li ion for time
shifting + 15 kW diesel generator + control system to allow for switching to diesel backup.

• Implemented by ADB in collaboration with Korea Energy Agency, the Philippine’s National
Electrification Administration, Romblon Electric Cooperative. BJ Power, Republic of Korea
carried out the design, installation and commissioning of the system.

• Similar pilots done in Bangladesh and Myanmar

• Investment projects at larger scale in Nepal and Maldives

• In 2013-14, the Program was designed to deploy $30+ million of concessional finance 
from CTF over multiple private sector companies and impact funds to scale-up mini-grid 
investment in India, Indonesia and Philippines

• Blended co-financing facility with ADB Private Sector Operations Department (PSOD)
• Supported by a $3.5 million technical assistance advisory program, administered by 

ADB’s Energy for All Initiative

The PPA box 
Clean Technology Fund (CTF)/ADB: 
Renewable Energy Mini-grid Fund and Distributed Power Generation Program 

gy
• Investment component includes senior debt, subordinated debt, guarantees and equity 

investments along ADB investment
• Only $6 million financing utilized by December 2015…

… but the PAYGO business model and mini-grid companies did not grow as envisioned, 
project finance was not practical for a large number of small transactions, government 
regulatory frameworks did not rigorously support private sector mini-grid scale up, 
investment in impact funds never happened... $24 Million returned to CTF in 2017

The PPA box
REG: Pacific Renewable Energy Facility Investment Facility 
Approved in 2017, ADB loan up to $200 million financing across 11 Pacific member countries 
“PIC-11”

• Issue: The PIC-11, with a combined population of less than 1.5 million, face unique
challenges transitioning to a renewable energy (RE) future.

• Approach: upscale ADB support to RE financing and sector reform & streamline project
processing via a multi-country / multi-tranche financing mechanism

• Design/Specifications: Financing facility is designed to support increased co financing• Design/Specifications: Financing facility is designed to support increased co-financing,
innovative financing modalities, systematic support for sector reform, private sector
development and capacity building as well as streamlining ADB processing procedures &
reducing transactions costs. Financing Facility is supported by (i) $5 million TA for sector
reforms and capacity building; and, (ii) $6.2 million for project preparation.

• As of 2020: $157 million total approved for 10 projects in 7 countries;

• Link to “regional program” for GCF co-financing… that requires project-by-project GCF
approval

… only modest streamlining of ADB internal processes and no effective reduction of ADB
transaction costs....

Escape from the PPA box
Palau Disaster Resilient Clean Energy Financing Facility (DRCEFF) -- Phase 1

$3m grant Beneficiaries

Donor:
Japan Fund for

Poverty Reduction

$3 million initial 
financing

Implementing 
agency

Palauan 
households

Solar rooftop
systems

$3m grant

$3m loan
(0% interest rate)

Administrator: 
ADB

Executing 
agency:

Ministry of 
Finance

Loans
(4.5% rate)

Solar water
heaters

$2.4m $0.6m

Escape from the PPA box
Palau Disaster Resilient Clean Energy Financing Facility (DRCEFF) – longer term scale up

Residential solar 
rooftop systems

Solar water

Cultured coral reefs Wind energy

PHASE 1
2021‐2022

PHASE 2
2023‐2024

PHASE 3?
2025‐

Solar rooftop + 
battery storage 
systems for 

households and 
b iSolar water 

heaters

Marine acquaculture

Marine hydrogen

Biogas and biodiesel

Tidal and wave energy

businesses

Floating solar 
systems

Electric transport 
(cars/ferries)
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The “tyranny of distance” & dis-economies of scale can be addressed 
through creation of scale and value-added end uses

Grid-in-a-box is a 
key design principle 
for standardization & 
mass production to 
drive down costs and 
improve affordability

13

“In adversity, there 
is opportunity”

Covid 19 Recovery:
clinic/grid-in-a-box = 
public health clinics to 
provide electricity, 
refrigeration, and 
drinking water

Clinic In A Can

COVID‐19 is an opportunity to re‐tool the health sector’s energy supply (adb.org)

The “tyranny of distance” & dis-economies of scale can be addressed 
through creation of scale and value-added end uses

Mountains

– Afghanistan:  DC grid-in-a-box (portable / home scale / scalable)

– Nepal:  grid-in-a-box with micro-hydro, solar, wind, hybrids + biogas

Islands

14

Islands

• Indonesia, Philippines:  15 - 50% of population without commercial energy services 

• Cook Islands, Maldives:  100% electrified with petroleum gensets; current shift to 
100% RE enabled by storage (e.g., floating solar in Maldives

• Opportunity to host technology development platforms for offshore RE 
including floating wind and solar, wave, in-stream tidal conversion, and OTEC

• Opportunity to transition from victims of climate change to champions of 
resilience + creation of new industries

Nepal Alternative Energy Promotion Center (AEPC) Rural RE Mini-grids Program 
26 kW Micro-hydro Plant at Mahandevsthan VDC

Main stream –
diversion channel 
is ~ 1 km upstream 
of powerhouse

Powerhouse

26 kW Micro-hydro Plant at Mahandevsthan VDC

Forebay 
doubles as 
swimming 
pool

Penstock
~10 meters

Diversion 
Weir 

Main power supply:  26 kW Pelton Turbine; 3‐phase generation
~ 10 km micro‐grid (Shotaro Sasaki and Bhupendra Shakya for scale)  Productive Energy Use:  computers and lighting in local  school.
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Productive Energy Use:  small-scale carpentry / woodworking. Energy use for multiple households (lighting, TVs), agro-processing (rice hulling, grain 
milling), carpentry, internet/computer services, and cafes/markets (refrigeration, lighting) 

Electric 
motor 
powers the 
mill.

Milled grain is manually fed,  
collected, and bagged.

Agricultural Systems Downstream of 26 kW Hydro Plant 
Year-round Multi-crop Production

Aquaculture / fish farming

Main stream 

Biogas Systems

Biogas off‐takes

New business 
beyond the last 
mile? 

• Super-size the 
village RE 
production 

Biomass inlets

• Install Starlink
ground station

• Run a 
distributed 
crypto-currency 
mine?$?$?$?

How to finance clean cooking? 

OPM = other people’s money

Export high-value edible coconut oil & 
use some profits to pay for cooking solutions

Edible “superfood” @ $22,000 per ton Renewable fuel @ $700 per ton

Creating economies of scale, accessing existing markets, 
and creating new markets

Reference case:  Bhutan outsourced big hydro to India, facilitating universal electricity 
access.  How big can this grow?

• Many island countries have good biomass energy potential, excellent solar and/or wind 
resources, and untapped ocean energy potential, but no industries except tourism and 
fishing which are inherently unsustainable

24

• Opportunities exist  for technology leap-frogging and economic transformation which 
are mostly being ignored because of “wealth blindness”*

• Captive or surplus RE from solar & wind can be used for value-added services and 
other activities, e.g., pure water, hydrogen (H2) +  oxygen (O2), 3-D printing of 
sustainable building materials in seawater, regenerative marine aquaculture, etc.

* https://medium.com/natural-security-forum/from-sea-blindness-to-wealth-blindness-2251dd804bf5#.8h4s0sfoy
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Wealth blindness?

50%

60%

70%

80%

90%

100%
Exclusive Economic Zone area as % of Total National Area

0%

10%

20%

30%

40%

50%

Floating solar PV – financially viable vs. diesel generation
Standard 25 kW modular units from Swimsol in the Maldives 

Lots of atolls for 
scale up --
“power to X”

Government in partnership with private resorts can host next-generation Offshore Renewable 
Energy (ORE) development by partnering with technology vendors and sharing of new 
intellectual property rights

1st generation 
ffloating solar

In-stream tidal conversion

Offshore Renewable Energy to H2* Potential in ADB DMCs
Assumptions: 

• 1% of DMCs’ EEZ area 

• RE @ 50 MW/km2 @ 16% 
capacity utilization factor 

• Conversion @ 50 MWh/ton H2

RESULTS:100,000,000,000 

120,000,000,000 

140,000,000,000 

160,000,000,000 

180,000,000,000 

200,000,000,000 

Hydrogen value at $2/kg ($/year)

• 23,000 TWh/y  = current global 
electricity output!

• ~ 40% of global natural gas 
production (2019)  

• ~ 5 Billion tons CO2e/year. 

• New industry with revenues of 
$1 Trillion/year.

-

20,000,000,000 

40,000,000,000 

60,000,000,000 

80,000,000,000 

*Like a natural gas field, but no carbon, no drilling required, no blowouts, no spills, reserves never decline

Industrial

Marine aquaculture operations

How can we monetize the economic value of reefs, seaweed, etc.? 

Reef cultivation

products ?

Tourism

Integrating Cultivated Reefs and Aquaculture 
Limestone (CaCO3) grown* using trickle charge electricity to augment coral propagation, nature-

based defenses, and mitigate any energy infrastructure impact 
while directly mitigating local ocean acidification.

This technique has been demonstrated at multiple 
sites in Asia for more than 10 years.
Photos courtesy of Scott Countryman,  
Coral Triangle Conservancy:   ree.ph

* Each ton of CaCO3 sequesters 0.44 tons CO2
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“No Feed” Integrated Multi-trophic Aquaculture
Wind-powered artificial upwelling brings nutrient-rich water to floating farms

No-feed marine aquaculture 
operations – minimal freshwater 

use, no fertilizer use, climate proof

Living breakwaters + climate-proof aquaculture = “AD-MIT” virtuous cycle

Grow living breakwaters with EMA 
system (adaptation + biodiversity)

1 ton CaCO3 sequesters 
0.44 tons CO2

Reefs + shellfish + other 
aquaculture powered by RE

Artificial upwelling powered by RE 
provides nutrient-rich water to no-feed aquaculture 

Colder water helps prevent coral bleaching (adaptation)

Shellfish 
sequester 
carbon!

Industrial

Marine aquaculture operations
Fuel Ethanol @ $1 / Liter

VLSFO – IMO cleaner marine 
shipping compliance market
VLSFO ~ $150 Billion/year

“Reefs & Seaweed & Shellfish to X” supply / value Chains

Beverage ethanol 
from seaweed

$20 / Liter
Seaweed to methanol / 

bio-coal? 
other chemicals?

Reefs + seaweed + shellfish
(powered by RE)

Industrial
products

other chemicals?
Biodegradable plastics? 

Pharmaceuticals?

Carbon-negative tourism 
Built on reefs, aquaculture & RE

Sustainable limestone building materials
Construction materials > $1 Trillion/year

Reefs are living breakwaters 
Nature-based defenses: “Reefense”

Deep 6 carbon

Seaweed Potential in ADB DMCs

8,000,000,000 

10,000,000,000 

12,000,000,000 

14,000,000,000 

16,000,000,000 

18,000,000,000 
Seaweed value at $250/ton* ($/year) Assumptions: 

• 1% of EEZ area 

• 1000 dry tons/km2/year

• Seaweed revenue only

Gross revenue

-

2,000,000,000 

4,000,000,000 

6,000,000,000 

, , ,
• $80.9 Billion/year*

• $250/ton is typical wholesale price in today’s market.  

• Retail prices of edible seaweed snacks in US supermarkets is $150,000 – 200,000/ton

Community owned RE + Storage  democratization of electricity
Storage ~ = productive end uses

What are you 
going to do 

with all those 
electrons?

See you 
l t Vl dlater Vlad –

much 
later!!!

Thank you

Priyantha Wijayatunga
Chief of Energy Sector Group
Asian Development Bank 
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3-D Printing of Living Breakwaters:  
"Burke" class 250 m long x 5 m high 

x 5 m wide at top & 10 m wide at base

$20,000,000 

$25,000,000 

$30,000,000 

Electricity $0.20 / kWh

$-

$5,000,000 

$10,000,000 

$15,000,000 

0.9375 0.875 0.75 0.5 0
Porosity

Electricity
$0.05 / kWh

50 000

60,000 

70,000 

80,000 

90,000 

Unit cost 2012 $ ($/meter)

Breakwater unit costs vs. length in Asia-Pacific 

-

10,000 

20,000 

30,000 

40,000 

50,000 

0 500 1000 1500 2000 2500 3000 3500

Length (meters)

3-D printed breakwaters 
competitive in this range

3-D Printing of Sustainable Limestone Building Materials… 
and floating docks and over-water villas, etc. 

2000

2500

3000

3500

Market Prices ($/ton)
Lithium carbonate 
and 
lithium hydroxide 
wholesale 
> $10,000/ton

Base cost for hardware 
to grow limestone 
domes is about 
$10,000 / hectare, not 
including electricity 
supply.  

Indicative CAPEX for 
marine floating solar is 
$0.8 – 1.2 Million/MW.

0

500

1000

1500

Concrete Cement Limestone 
blocks

Polished 
limestone 

slabs

Limestone 
tiles

3-D limestone cost with 
electricity input of $0.35 / kWh

$0.8 1.2 Million/MW.  

Total cost for a 1 MW 
prototype estimated at 
$2 million, which should 
produce ~ 700 
tons/year limestone.  

Need 2+ years of 
operations to prove 
commercial viability.

Zero discharge desalination retrofitted for sustainable “mining” of edible salts 
&  high-value metals from seawater  (“some assembly required”) 

Modify brine treatment system for 
low- or zero-discharge

Immediate revenue from recovery & sale 
of edible salts ($$)… Pink Himalayan 
salt retail price > $30,000 / ton - need 
branding & marketing + sales channels

Existing / new desalination plants: 

Power with RE for sustainable & 
scalable climate proof water ($$) 

Develop new packaging to eliminate 
plastic bottles, e.g., seaweed to 
biodegradable plastic?

Produce carbonates from concentrated brine 
with modified electrolytic mineral accretion 
(EMA) system
• Treat carbonates with acid solution for recovery 

of Lithium and/or other high-value elements: 
wholesale prices for Lithium carbonate and 
lithium hydroxide are > $10,000 / ton  ($$$$$)

• CO2 from seawater is retained in the acid 
process solution

Carbon capture and storage?? 

Dispose of acidic solution with CO2 into 
saline aquifers – proven technology but 
requires exploratory drilling to confirm 
suitable aquifers 

Possible to monetize carbon credits 
as a 4th revenue stream? ($$??)

“Some assembly required”

The EMA technology is now being adapted to produce other minerals, specifically targeting production of the lithium
carbonate mineral Zabuyelite Li2CO3 and other Li-bearing minerals (lithium hydroxide) that are used for batteries. High-
purity Li carbonate and hydroxide are currently trading for more than $10,000 per ton in wholesale markets. Hilbertz’s
early research demonstrated that varying the voltage and current in EMA systems results in different mineral formation,
e.g., CaCO3, MgCO3, and Mg(OH)2.

Examples of on-going work in this field can be found at these links:

https://www.pv-magazine.com/2021/03/30/australian-scientists-remarkable-renewably-powered-carbon-capture-
breakthrough/

https://www.eurekalert.org/pub_releases/2021-06/kauo-ech060321.php

Almost all previous work on extracting high-value elements from seawater have used membranes; none of these efforts
have been commercialized because of the energy required to pump huge volumes of seawater through the
membranes. It may be much more cost effective to extract carbonates or other minerals from the back end of
desalination plants through controlled dewatering and electrolytic processing to produce specific minerals. The specific
technical challenge is to identify the voltage and current that must be applied in the EMA process to 3-D print the
lithium-bearing mineral. Carbonates are theoretically easy to work with, i.e., acid solutions are used to dissolve the
mineral, and then another step can be used to extract the specific element, in this case Lithium (Li). It might be possible
to also produce phosphate separately for sale as a green fertilizer (which made Nauru the world’s richest country many
years ago). We can also grow seaweed for use as a green fertilizer (new effort just starting in Sri Lanka).

DMC hosts technology development platform in exchange 

for a share of intellectual property & proprietary technology!

“Assembly Plan” objective is for financially self-sustaining climate proof water –
salt & other mineral recovery pays for bulk water supply

Modify brine treatment system for low- or 
zero-discharge 

Immediate revenue from sale of edible salts 
($$$$)… target price of > $5,000 / ton - need 
branding & marketing + sales channels –
Partner with existing salt companies

Existing desalination plants: 

Program for deferred O&M

Repair & retrofit with RE + 
provisions for closing the 
reject brine loop

Produce carbonates from concentrated brine 
with modified EMA system
• Multi-step treatment with EMA + membranes, 

etc. Lithium target price > $10,000 / ton  
($$$$$)

• Partner with existing mining companies, 
battery companies, EV companies who 
contribute from CSR budgets or other 
corporate budgets

Carbon capture and storage?? 

Dispose of acidic solution with CO2 
into saline aquifers –

Explore possible carbon market 
transactions & other payment for 
ecosystem services transactions
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Renewables for Energy Access in Asia: 
Key Lessons and Way Forward

About IRENA

» Intergovernmental organization established in 2011 headquartered in Abu Dhabi, 
UAE

» Mandate: To promote the widespread adoption and sustainable use of all forms of 
renewable energy worldwide

» Membership: 165 Members and 19 States in Accession

IRENA’s Work on Distributed Renewables and Energy Access

Off‐grid renewable energy 
statistics 

Policy and regulatory analysis

Entrepreneurship Promotion

Benefits and cross‐sector 
opportunities

• Annual reporting of off‐grid renewables statistics
• Contribution to SDG 7 tracking report
• Capacity building on data collection and reporting

• Analysis of mini‐grid policies and regulations
• Country‐level technical assistance

• Tracking investments in off‐grid renewables
• Platforms for investment mobilization

• Impact of off‐grid access on jobs and gender
• Assessment of applications in agriculture and health

Investment framework and 
project facilitation

• Entrepreneurship Support: ECOWAS and 
SADC RE Entrepreneurship Support Facility

Technology innovation and 
quality infrastructure

Advocacy

• Mini‐grid Technology Innovation Outlook
• Quality and standards 

Trends in Energy Access: A Focus on Asia

Population without access to electricity

143mn

People without 
access to 
electricity 

(2019)

Emerging Trends in Energy Access: A Focus on Asia

Population without access to clean cooking fuels and technologies

1.5bn

People without 
access to 

clean cooking 
(2019)

Source: World Bank

Distributed Renewables in Asia

Distributed (off-grid) renewables capacity has grown multifold over the past two decades 
– biomass, solar PV and hydro key solutions
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Distributed Renewables in Asia

Between 2013 and 2019, South and Southeast Asia attracted over USD 244 million in investment. 
India received the lion’s share attracting 94% of all investment in South Asia.

Enabling conditions for distributed renewables

Source: IRENA

Investments in distributed renewables will need to scaled-up significantly to meet SDG 7 target of 
universal access by 2030

Emerging Trends in Energy Access: A Focus on Asia

• Shifting focus of energy access discourse

• Leaving-no-one-behind (remote communities, 
islands)

• Reliability and sufficiency of supply (interconnected 
mini-grids, storage)

• Public services and enterprise development for 
resilient livelihoods

• Changing role for distributed renewable energy 
solutions: transition from a tech-focused approach to a 
needs-based approach

• Tackling the clean cooking challenge through 
renewables

• Recognising the need for more inclusive approaches 
focusing on local value creation, financing and capacity

Distributed Renewables in Cross‐Sectoral Settings

Regional TA/CB
ECOWAS RE 

Entrepreneurship 
Support Facility

2015

Regional TA/CB
SADC RE 

Entrepreneurship 
Support Facility

2017

Regional Assessment
DRE Solutions 
in Agri‐Food 
HKH Region

Global Report
Assessment for Electricity in 

Healthcare (WHO, WB, SE4ALL)

Country Assessments
DRE Solutions in Healthcare 

Burkina Faso, Mali, Sao Tome & Principe, Cameroon

Global Advocacy
International Off‐grid RE Conference and Exhibition

Ghana, Philippines, Kenya, Singapore
Energizing Primary 

Healthcare

Energizing Agri‐Food 
Value Chains

Promoting 
Entrepreneurship

Disclaimer: Boundaries and names shown on this map do not imply any official endorsement of acceptance by IRENA.

Global Report
Renewable Energy 

in Food Systems (FAO)
Strengthening Partnerships

Distributed Renewables for Agriculture: Viability Assessment

Hindukush – Himalayan region:

Afghanistan, Bangladesh, Bhutan, China, 
India, Myanmar, Nepal, Pakistan

Experts Consultation Workshop – DRE 
Solution for Food Value Chains in HKH, 
24 March 2021 

Buckwheat

• DRE for 
Weeding 
Machine

• DRE for 
Threshing 
and 
Winnowing 
Machine

Yak

• DRE for 
Milking 
Machine

• DRE for 
butter 
churning and 
cream 
separator

Potatoes

• DRE Pump 
Irrigation

• DRE for 
potatoes 
grading 
machine

Vegetables

• DRE for drip 
irrigation

• DRE for cold 
storage and 
transportation

Nodal Points for Decentralized Renewable Energy Interventions

 Identification of value chains with 
need for DRE interventions

 Estimation of energy supply and 
demand

 Techno‐commercial viability analysis

Images Source: Online

Distributed Renewables for Livelihoods

• Inclusive end‐user and enterprise financing
• Asset creation and unlocking local capital
• Beyond technology, ecosystem financing 

• Energy and efficient appliance technology 
innovation – continuous process

• Last mile supply chains
• Incentivize local suppliers, private sector

• Cross‐sector skills and awareness raising
• Incubation support for enterprises
• Knowledge exchange and mentorship
• Important role for local actors

• Cross‐sector assessments and planning
• Dedicated policies for ecosystem elements
• Institutional mandates

• Access to new or existing markets for 
products/services

• Stable input sources
• Infra and value chain dev, access to info

Source: Based on SELCO Foundation and IRENA (forthcoming)

Partnerships Gender Knowledge

Forthcoming 
Q4 2021
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Tackling Clean Cooking Challenge

• Renewables-based clean cooking options can play a 
significant role in bridging the access gap. 

• Biogas important solution where agricultural residues are 
locally available. 

• An estimated 125 million people use biogas for cooking 
globally – majority in Asia (mainly China, Nepal, Vietnam, 
India and Bangladesh).

290,000
Digestors 

installed in Viet 
Nam

Source: SNV

Source: Gram Oorja

Source: SNV

Way Forward

• Meeting SDG 7 – universal access to electricity and clean cooking – will require a scale-up in 
investments in distributed renewable energy solutions. 

• Leaving-no-one-behind, quality/permanence/sufficiency of supply and linkages to public services and 
livelihoods to be important guiding principles for energy access plans.

• The role of distributed renewables will evolve depending on local contexts and increasingly require to 
interact more closely with centralized infrastructure. 

• Dedicated policies and regulations necessary to scale-up deployment of renewable energy solutions. 
Inclusive financing models that unlock local capital and capacity important for long-term sustainability. 
Public financing will be key. 

• Tackling the clean cooking challenge requires ambitious target-setting and concerted action. 
Renewables-based solutions can substantially accelerate progress with significant social, economic 
and environmental co-benefits. 

THANK YOU

Reliability and sufficiency: the case of interconnected mini‐grids 

Rocky Mountain Institute (2019); MIT Energy Initiative (2020)

The policy and regulatory landscape varies for each combination of configuration 
and business model 

Off-grid mini-grids, regulations 
for interconnection, MBC

Regulations for interconnection 
for mini-grids at fixed tariff

Off-grid micro-hydro mini-grids 
interconnected to national grid

Peer-to-peer solar home 
system networks
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Michael Williamson, UNESCAP

MESfIA 2021 - Mastering Energy Supply focusing on Isolated Areas 
International Conference

01 September 2021

Closing the Gap:
Insights into Clean Cooking in the Asia-
Pacific

Context – global targets on sustainable energy

Sustainable Development Goal 7

Target 7.1: “By 2030, ensure universal access to 
affordable, reliable and modern energy services.”
Indicators:
(a) The proportion of population with access to 
electricity; and
(b) The proportion of the population with 
primary reliance on clean cooking fuels and 
technologies.

Energy access

Target 7.2: “By 2030, increase substantially 
the share of renewable energy in the global 
energy mix.”

Target 7.3: “By 2030, double the global rate 
of improvement in energy efficiency.”

Renewable energy

Energy productivity

Unprecedented political and financial 
effort is needed to achieve SDG 7 
target on universal access to clean 
cooking.
Clean cooking provides multiple benefits 
- health, air pollution, poverty, gender 
equality and climate change mitigation.

Focus

Benefits

Context - status of clean cooking in Asia 
and the Pacific
…..the region is not on target

Indoor air pollution from cooking with  
traditional  biomass  presents  a  major  
health  hazard  in  low- and  middle-
income  countries. 

Problem

ESCAP estimates ~ 21 per cent of the 
population will remain without access 
to clean cooking by 2030.

Status

1. Low adoption rates of clean fuels 
and technologies.

2. Little empirical evidence on how 
to boost adoption or impact.

3. Requires behavior change & 
cultural shift.

4. Fuel Stacking.
5. Lack of comprehensive approach 

to addressing the issue.

Challenges to addressing clean cooking

• Liquid Petroleum Gas (LPG)
• Improved Cookstoves (ICS)
• Biogas Digesters
• Electric cookstoves 

(inductive or conductive)

Clean/cleaner cooking 
technologies
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Pros: 
- Relatively cheap technology
- Easy to deploy
- Doesn’t require fuel change
Cons: 
- Still requires fuelwood
Evidence based on impact evaluation: 
- Little evidence of impact on health and wellbeing
- Maintenance challenges led to low adoption
- Improper usage resulted in little difference in emissions 

between traditional cookstoves and ICS
- Extensive training and follow up can improve 

results

Evidence on ICS

Pros: 
- Relatively cheap technology
- Agriculture co-benefits
Cons: 
- Requires livestock
- Cultural resistance
- Maintenance requirements
Evidence based on impact evaluation: 
- High uptake
- Reduced expenditure on firewood & LPG
- Less time spent gathering fuelwood

Evidence on Biogas digesters

Pros: 
- Culturally accepted/well-regarded
Cons: 
- Regular distribution channels require strong 

infrastructure and transportation
Evidence based on impact evaluation: 
- High uptake resulting in strong potential for 

improving health and reducing pollution
- The issue of fuel-stacking persists

Evidence on LPG

ESCAP’s work in clean cooking:
A systematic review of interventions

Assess whether clean cooking interventions to date have been 
successful in:

(a) increasing users’ adoption of clean cooking fuels and 
technologies (CFTs), and
(b) improving a subset of long-term health impacts based on the 
use of CFTs.

Review also examines the comparative effectiveness of various 
interventions and aims to identify specific challenges in the causal 
pathway.

Objectives

ESCAP’s work in clean cooking:
A systematic review of interventions

Key findings

On  average,  clean  cooking  interventions reduced  
fuelwood  consumption, fuel collection time and 
cooking time - indicating that programmes  
successfully  increased  the  adoption  of  clean  
cooking  fuels  and  technologies.

Evidence  associating  CFT  interventions  with  a  
reduction  in  COPD found;  however, did  not  
detect  significant  reductions  in  ARI,  pneumonia,  
blood  pressure  or  hypertension.  The  review  
also  detected  a  significant  reduction  in  carbon 
monoxide levels.

Fuelwood  consumption, fuel collection time
and cooking time were reduced

Health benefits are evident

Based  on  qualitative  analysis  of  the  individual  
studies,  many  programmes  struggled  to  
achieve  sustained  use  due  to  maintenance  
issues  and  lack  of  repair  facilities. 

Review  found  an  evidence  gap  in  which  the  
majority  of  the  evaluation  literature  focuses  
on  improved  biomass  cooking stoves. This limits 
the ability of the current review to quantify the 
effectiveness of  other  solutions,  such  as  LPG,  
gas  and  electric cooking stoves.

Long-term adoption is a challenge

Technology options are difficult to compare

ESCAP’s work in clean cooking:
A systematic review of interventions

Common themes among effective programmes

Multi-sectoral approach

Inclusive planning

The power of choice

Field-testing and feedback

Monitoring and evaluation
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Alongside the full report, the outcomes of the systematic 
review are presented in a concise summary for 
policymakers. The recommendations are:

Policy recommendations

ESCAP’s work in clean cooking:
A systematic review of interventions

Policy prioritization

Inclusive coordination

Scale-up finance

Adopt international standards

ESCAP developed the NEXSTEP tool to support the development of SDG7 roadmaps by 
enabling policymakers to make informed policy decisions to support the achievement of the 
SDG7 and emission reduction targets. 

The National Expert Sustainable Development Goal 7 Tool 
for Energy Planning (NEXSTEP)

Technology options
• Electric stoves
• Improved biomass cookers
• Biogas digesters
• Natural gas and 
• LPG
Criteria
• World Bank Multi-Tier Framework 
• Affordability (annualized cost)
• Availability
• WHO Guidelines for emissions
• Contextual factors: culture, energy security etc.

ESCAP’s work in clean cooking:
NEXSTEP

Indonesia - findings:
• LPG: $840 million (net present 

cost), with constraints

• ICS: $375 million, with major 
challenges for ongoing use

• Electricity: $688 million, with 
benefits in taking up surplus 
generation capacity

ESCAP’s work in clean cooking:
NEXSTEP

Georgia
Recommendations

ESCAP’s work in clean cooking:
NEXSTEP

Tonga
Recommendations

ESCAP’s work in clean cooking:
NEXSTEP

244



Tonga
Recommendations

ESCAP’s work in clean cooking:
NEXSTEP

NEXSTEP and clean cooking

Summary of recommendations

Electricity provides cheapest and safest option (aside 
from ICS), with benefits in taking up surplus generation

Indonesia

Electric cooking is the cheapest and safest option (aside 
from ICS), with benefits in taking up surplus renewable
generation

Georgia

LPG has substantially lower cost than other safe options, 
plus ease of cultural adoption and wide availability

Tonga

1. Universal access to clean cooking the most challenging target of SDG 7.
2. Lack of access to clean cooking perpetuates gender inequality, poverty 

and poor health – so it cuts across the SDGs.
3. Low visibility  - hence low policy priority.
4. Complexity of solution space – overlay of sociocultural / technological / 

economic factors.
5. Absence of “one size fts all solutions”, tailored approach needed. 

Conclusion

THANK YOU
Follow us

www.unescap.org unitednationescap

united-nations-escap

unescap

unescap unescap
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PEA Thailand 1

Microgrid Design for Rural Island in PEA Area

Dr.Chakphedd Madtharad (Ph.D.)Dr.Chakphedd Madtharad (Ph.D.)M
Manager of Smart Grid Planning DivisionMManager of Sma Grid Planning Divisionart G

Provincial Electricity Authority (PEA)

PEA Thailand 2Copyright © 2020 Provincial Electricity Authority

Provincial Electricity Authority (PEA)

Service Coverage (%)

99.99
No. of Customers (millions)

20.19

Peak Demand (MW)

20,952
Transmission Line (Circuit-km)

13,097

HV Distribution Line (Circuit-km) 

318,349
MV Distribution Line (Circuit-km) 

480,447

SAIFI

3.10
SAIDI

73.82

PEA Thailand 3

Topics

1. Introduction

2. Parameters modelling in 
HOMER Pro

3. Assumptions to study

4. Objective functions to study

5. Simulation results

6. Conclusion

PEA Thailand 4

IEEE: a group of interconnected loads and Distributed
Energy Resources (DER) with clearly defined electrical
boundaries that acts as a single controllable entity with
respect to the grid. It can connect and disconnect from the
grid to enable operation in both grid-connected or island
modes.

IEC TS 62898-2-2018: group of interconnected loads and distributed 
energy resources with defined electrical boundaries that acts as a single 
controllable entity and is able to operate in both grid-connected or island 
mode.

Microgrid

PEA Thailand 5

STAGE 1: Pilot

PEA Microgrid

Khun Pae
Chang Mai

R&D

Betong

Yala

Mae 

Sariange
Mae Hongson

PEA Thailand 6

• To accumulate energy produced by large, less 
responsive thermal generation plants (also RE) 
and then re-dispatch it based on peak demand. 

• Storage facilities were largely financed by 
arbitrage (buying energy at a low price and 
selling it at a higher price). 

• Energy storage currently contributes to 
reliability, efficiency, power quality, 
transmission optimization, black-start functions, 
and support Demand Response (DR) function.

9000.00

11000.00

13000.00

15000.00

17000.00

19000.00

21000.00

23000.00

25000.00

1 834 1667 2500 3333 4166 4999 5832 6665 7498 8331 9164 9997 10830 11663 12496 13329 14162 14995 15828 16661 17494

Hours ( x 2 )
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m
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e
n

 (
M

W
)

95% of Peak = 22809 MW : 87 Hours per year
90% of Peak = 21609 MW : 650 Hours per year

5% of Peak = 22809 MW : 87 Hours per year

5% OF PEAK DEMAND < 100 HOURS

Energy Storage System (ESS)
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PEA Thailand 7

1. Introduction: Why Microgrid?

• PEA target for electrification is 100% of 
households. 

• Currently 99.99% of villages, 99.72% of 
households. 

• Rural islands, PEA supply electricity by using 
diesel generators. 

• Cost of diesel generators is more than 3 times. 
• Unelectrified islands, PEA plan to use microgrid 

comparing with submarine cable. 
• The microgrid design will supply the load in by 

using solar together with a Battery Energy 
Storage System (BESS).

PEA Thailand 8

2. Parameters modelling in HOMER Pro

Battery modellingPV modelling 

Generator modelling Daily load modelling 

PCS modelling

PEA Thailand 9

3. Assumptions to study

• BESS operated at 5 95% SOC 
• Project lifetime is 10 years
• BESS 5,500 cycles: 

1.5 cycles/day
• System fix capital cost

Microgrid controller
EPC for generator
EPC for power system and 
others 

PEA Thailand 10

4. Objective functions to study

• Minimize the cost of energy (COE), average cost for 10 years per kWh.
• The COE for diesel generation on rural islands is 0.4–0.5 $/kWh. 
• Diesel generator operation for the first year, less than 2,000 hours. 
• The renewable energy fraction, average fraction for 10 years of the 

energy delivered to the load should be more than 75%.

PEA Thailand 11

5. Simulation results

• Daily energy usage 3,100kWh 
• Peak 200kW
• Plant factor of PV (NREL) 17.0%
• Candidate sizing of the Solar PV: 

750kW, 1,000kW, and 1,250kW
• Candidate sizing of battery  

1,000kWh, 1,250kWh, 1,500kWh, 
and 1,750kWh

• Diesel generator 300kW

PEA Thailand 12

5. Simulation results: sensitivity analysis 

• If diesel generator only
The COE 0.458 $/kWh.

• If the BESS price is 90%, the 
microgrid system could be 
competitive (COE 0.455 $/kWh).

• If 100% RE
The PV 3,000kW
BESS 500kW/2,250kWh
The COE 0.541 $/kWh
Some load must be unsupplied 
at some period
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PEA Thailand 13

6. Conclusion

• 1,000kW of PV as the main generation source together with a 
BESS 500kW/1,500kWh to collect the surplus power form the 
solar PV and supply power to the load during hours of no 
sunshine

• 300kW diesel generator will be considered to supply the power 
at < 2,000 hours per year

• The COE for this case is 0.468 $/kWh
• Additional BESS and PV will be considered for the 7th year to 

meet the 75% or more of renewable energy fraction. 
• The appropriate electricity tariff for microgrid systems that can 

be proposed to the government if this new business model 
would be implemented in the Kingdom of Thailand in near 
future that comply with this assumption is about 0.468 $/kWh 
plus some percent of benefit. 

• Again, if the price of BESS is going down, the proposed 
methodology could be applied.

PEA Thailand 14

Thank You
Chakphed Madtharad, Ph.D. 
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Status of electricity access in 
Cambodia: Toward achieving 

SDG 7.1

BY: SEREYVATHNA SAN (MR.)

RE-SSN ALT. FOCAL POINT

DEPUTY CHIEF OF SCIENCE AND TECHNOLOGY OF RENEWABLE ENERGY AND OTHER ENERGY

CONTACT: 855-76-998-8889

EMAIL: sansereyvathna@gmail.com

CONTENT
1. Country info and objective/scope
2. Status of electricity access in country and in isolated areas
3. Future plans to reach SDG 7.1 in the country
4. Policies to promote electricity access in isolated areas

Fi i l d i  i  t  t  l t i it   i  5. Financial and economic issues to promote electricity access in 
isolated areas

6. Technologies and technical options to promote electricity access in 
isolated areas

7. Barriers to promote electricity access in isolated areas
8. Discussion and conclusion
9. References

Country info and objective/scope

Independent 
Power 

Producers

Rural 
Electricity 
Enterprises 

 Power 
Generation

 National Power 
Transmission

 Power 
Distribution in 
Phnom Penh 
and Provincial 
town

 Energy Policy
 National Power 

Development 
Plan

 Feasibility Study 
license

 Project 
Development 
license

 Power 
Generation 
License

 Power 
Transmission 
License

 Power 
Distribution 
License

Source: MME

Energy situation in Cambodia

Progress of Development of Power in the past 15 years
Source: EAC

Energy situation in Cambodia

MV backbone at the end of 2020
Source: EAC

Electricity access in Cambodia

Growth of households connection to grid

Source: EAC
Electrification in Cambodia
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Future plan to reach SDG 7.1

≥ 90% of households 
will access to 
electricity which has 
similar quality as the 
national gridnational grid

NA

Policies to promote electricity 
access in isolated area

There are three main programs to promote electricity access in 
isolated area in Cambodia, it is funded by EDC:
 Program for Power to the Poor (P2P)
 Program for Solar Home System (SHS)
 Program for Providing Assistance to Improve Existing and Develop 

new Electricity Infrastructure in Rural Areas

Financial and economic issues to promote 
electricity access in isolated areas

Royal Government of Cambodia is the only party to work on financing 
the project which aims to improve access to electricity in rural area.

Technologies and technical option to promote 
electricity access in isolated areas

Solar Battery Charging SYSTEM:

- Capacity: 5-10kWp

Source: MME

- Consumers: 12-20 Household/station

DC MICRO-GRID SYSTEM:
- Fund: Sweden government

- Capacity: 

- PV: 50 kWp  

Technologies and technical option to promote 
electricity access in isolated areas

- PV: 50 kWp, 

- Battery: Lithium 310 kWh

- Consummer: 140 Household

Source: MME

DC Microgrid system in Cambodia

Barriers to promote electricity 
access in isolate areas

- Road access

- Distance from the existing infrastructure

There are few households  so licensee cannot benefit from the investment- There are few households, so licensee cannot benefit from the investment

- Island villages
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Discussion and Conclusion

In conclusion, achieving SDG goal 7.1 is a possible task but it demands 

human resource and financial resource. Research from scholars in the 

region and international has a significant role to close the academic 

gap as well as to suggest best practice for the ASEAN Member States gap as well as to suggest best practice for the ASEAN Member States 

governments to achieve on improving the access of the electricity in 

the rural and remote area of each country.

References

 EAC. (2020). Salient Features of Power Development in the Kingdom of 
Cambodia. https://eac.gov.kh/site/index?lang=en

 MME. (2016). Energy Policy. http://www.mme.gov.kh/kh/article/118/េគាលនេយាបាយ
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 REF. (2019). Transferring the Real Benefits to the Rural Population for the Year 
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Report 2019_Eg  18-5-20 final.pdf

Thank you for your kind attention
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Powering Scattered 
Isolated areas in 

Indonesia; Strategy 
and Challenges

Dr. Zainal Arifin
Executive Vice President 

Engineering and Technology

Who We are ….
One of the largest Indonesia’s state owned company within     

USD 102.78 Billion assets and revenue USD 18.82 
Billion/year

Power Generation Transmission Distribution

Total capacity 63.3 GW:
- 41.1 GW (63%) PLN
- 23.2 GW (37%) IPP

- 53,278 kms 
Transmission line

- 131,164 MVA power 
transformers

- 953,459 kms distribution lines
- Over 79 million customers (> 35 

million using pre-paid meter)
- Employees 54.225

Source : PLN, 2020

Indonesia grid system

7 high voltages (150, 275 & 500 kV), 200 medium voltages (20 kV), 900 off grid ( 400 V)

Diesel power station Diesel 3.692 MW 
(8,42%), 5,196 units, 
2,138 MW riel 
capacity).
Electrification ratio 
99,03%.

Hydro 4.2

Coal 
fired

4.5

Gas fired 17.8

Fuel Oil Vol (KL)

HSD 319,764

Bio HSD 1,691,258

HFO 268,127

Bio 
Fame

467,512

CPO 114

IDO 328

MFO 371,618

Total 3,118,762

LCOE 
(cent$/kWH)

Diesel :
LCOE 22.97 cent$/kWH
CO2 emission 2.66 kgCO2/L 
Imported Oil  

Why Diesel?
Excellent ramping rate
Quick start up time
Part load efficiency comparison
Fast delivery and Construction 
Compact (modularity)
Less space required
Reliable fuel supply
Size variability

What We have done
1. Reducing Solar Fuel Oil:

Replacing Solar Fuel to MFO
Replacing Solar Fuel to CPO
Blending Solar Fuel with Biofuel Bio Solar

2. Reducing Diesel Power Station:
Develop PV Solar Farm 
Phaseout the Diesel power station, connecting the area through the distribution lines 
extension
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Biomass power plant 700 kW, Mentawai - South Sumatera

Small Coal Gasification 6 MW, Tayan - West Kalimantan Hybrid PV + Wind 700 kW, Nusa Penida - Bali

Smart Hybrid Micro Grid, PV + Diesel + Battery 1,2 MW, Semau - NTT

Strategy
1. Diesel conversion to Renewable Energy

Nowadays there is over 5.200 units of Diesel station installed around Indonesia 
at 2.130 location. 
The first stage, PLN will convert about 225 MW of Diesel station in 200 location.

2. Gasification of Diesel 
Converting Diesel for “peaker”
power plant from fossil fuel to 
gas (LNG or CNG).
The program is supported by 
The Ministry of Energy 
Regulation focusing on the 
existing Diesel which close to the 
gas resources.

Challenges
TECHNICAL NON TECHNICAL

Base load: High capacity 
factor

Low Purchasing Power

Peak load: High ramping 
rate

Subsidized Tariff

Fuel Supply Chain Small Capacity Scale of 
Economy

Imported Technology Unskilled labor O&M

Conclusion
1. For powering some scattered isolated areas in 

Indonesia PLN still heavily depend on the Diesel 
power station. 

2. PLN has done several technology implementation 
for powering scattered isolated areas.

3. The recent strategy for reducing Diesel role:
1. Converting the Diesel to Renewable energy power
2. Gasification of Diesel

4. However for powering the scattered isolated area, 
there is some technical and non technical 
challenging issues.

THANK YOU
zainal_pln@yahoo.com

https://www.researchgate.net/profile/Zainal_Arifin26
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Experience from the first period of 
Interconnection between Crete 

and Mainland Greece

ISLANDS NETWORK OPERATION DEPARTMENT
HELLENIC ELECTRICITY DISTRIBUTION NETWORK OPERATOR

31 August 2021
MESfIA Conference

1

Antiopi Gigantidou

Head of Island Networks Operation 
Department (INOD)/ Energy Control Center of 

Crete, Greece

Demographic and Peak demand Data

Prefecture Population
Passenger 

Vehicles

Installed  

Substation 

Capacity 

(MVA)

Peak Demand 

Av. Hr. (MW)

Chania 156.585 57,878 320 174.3

2015 Data

HEDNO Dispatch Center

Rethimno 85,609 33,207 80 71.8

Heraklion 305,490 139,460 460 321

Lasithi 75,381 28,565 145 84.8

Total: 623,065 259,110 1005 651.9

Many of the Passenger Vehicles are rented to the numerous tourists visiting 
the island increasing both the population and the demand 

The Power System of Crete-RES

Solar Potential of 2100 kWh/m2/yr – Average Wind speeds
reach 8.5m/sec
 38 wind parks of 200 MW.
 More than 1000 small PV parks,1800 roof PVs (<= 10 kW, of about 17
MW) installed, 98.3ΜW PV
 1 Biomass power station of 0.5ΜW and a small hydro of 0.3ΜW
 Total installed capacity of RES stations 300MW

More than 10% of RES penetration since 2000

Annual 25% currently (17% Wind and 8% PV)

31.7% in July, 55% for some noons

There was the need for curtailing Wind some Spring
nights to co‐operate with the Generating Units

HEDNO Dispatch Center

The Power System of Crete at a glance

 Largest island in Greece,5th (2nd Autonomous) Largest in Mediterranean
 Peak system load in 2017: 656MW now 789MW (instantaneous 794MW)
 Installed conventional generation capacity: 842MW
 RES capacity: 202MWWind, 95MW PV,1MW Biogas+Hydro
 19 150/20kV Substations 
 583km 150kV TLs

Atherinolakos

4

Chania Power Station
355MW

Linoperamata
Power Station

285MW

Atherinolakos
Power Station

202MW+35MW rented

• The voltage profile in some mainly rural areas (deviation from nominal
values) has been improved mainly during summer time

• Reduced Operation of Expensive Gas Turbines during Noon Peak

• But..

Issues Identified  at early steps of high PV 
Penetration

•The Operators of the island could not realize what the actual load was

D ring inter time d e to clo diness the PV prod ction is highl  fl ct ating  

5

•During winter time due to cloudiness the PV production is highly fluctuating. 

•During the 2012-13 Winter –Spring time, due to:
–Low demand

–Significant RES production-with no information on PV installation

–High Technical Minimum of Must Run Conventional Units (Steam,Wind)

•Some periods some expensive generating Units operated for very short time

• At first 20 PVs were monitored, now they are 26 and shortly will become
30 with the partial financial support of the EU co-Funded SiNGULAR
project

• The most representative PV Parks were selected taking into account:
• Trackers –single or double axis or at steady basis
• Geographical dispersion (as wide as possible)

• Low Cost Telemetering devices

• The server of the Monitoring System gathers all the data uses a moving

Monitoring of PVs on the Island of Crete

HEDNO Dispatch Center 6

The server of the Monitoring System gathers all the data,uses a moving
average technique to smooth the short-term fluctuation and show the
medium-term trends and takes into account the Geographical Dispersion
and the type of PV installation, and returns the upscaled value to the
SCADA/EMS and is known to the operator
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Monitoring of PVs on the Island of Crete

HEDNO Dispatch Center 7

Shortly after the PV monitoring installation

• The available information for PVs in the regional offices of DSO on 
Crete was made available to the DSO/(INOD) regarding installation 
on both fields (PV parks) and Built‐in PVs

• Data regarding installation capacity have been organized according 
to the Substation and installation type (tracker, fixed installations, 
BiPVs)

• These data have been used to allocate PVs to the major distribution 
lines per substations There are 2 feeders exceeding 5ΜW PV

8HEDNO Dispatch Center

lines per substations. There are  2 feeders exceeding 5ΜW PV 
Capacity on the island of Crete and 25 ones with 1MW

The Power System of Greece at a glance

 Peak system load in 2017: 9424MW
 Installed thermal generating capacity: 

8570MW  and large Scale Hydro 3170 MW
 RES capacity: 4840MW
 Interconnections:

V lt M i C bilitVoltage Maximum Capability

1 Albania No1 400kV (AC) 1100‐1400MVA

2 Albania No2 150kV (AC) 120‐140MVA

3 FYROM No1 400kV (AC) 1100‐1400MVA

4 FYROM No2 400kV (AC) 1100‐1400MVA

5 Bulgaria 400kV (AC) 1100‐1400MVA

6 Turkey 400kV (AC) 1600‐2000MVA

7 Italy 400kV (DC) 500MW

Interconnection of Crete to the Mainland

Benefits
 Reliability and security of supply for the 
island energy needs
 Financial benefits

• Operating Cost reduction
d f i i l l i• Need of investments in local generation

 RES penetration
 Environmental issues
 Electricity Market Operation

Many scenarios have been investigated 
considering  both HVDC interconnections and 
HVAC interconnections‐One of them considering 
Cyprus as well 

10

Interconnection to the Mainland

The first interconnection
 2 x 200MVA 150kV HVAC interconnection between Megalopoli
(Peloponnese) and Western Crete

11

HVAC

HVDC

Interconnection to the Mainland

The first interconnection
 2 x 200MVA 150kV  HVAC interconnection between Megalopoli
(Peloponese) and Western Crete .

12

 90km 150kV OHLs
 65km 150kV Underground cables in Peloponese
 150km 150kV Submarine cables 
 10km 150kV Underground cables in Crete
 Double Circuit
 Reactive Power Compensation (both ends)
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Upgrades & Operating Rules 

 The Dispatch Center on Crete was refurbished

A STATCOM device was installed in a Substation in Iraklion to help 
out with the Reactive power along with Inductance Coils in Both 
ends

The cable was energized onThe cable was energized on …

The synchronization of Crete to mainland was successful on 2nd

July 2021.

The Power System of Crete will receive up to 150MW from 
Mainland Greece

13

What has changed-Generation Mix

 Comparison of days with daily demand exceeding 10GWh, and RES Generation 
more than 3.5GWH in August with and without Interconnection

 Comparison in terms of Generation Mix 

14

What has changed (2)-Location of 
Generation

 High DG Share. Maximum hourly penetration 47.8% Now, 44.6% in 2015

15

Interconnection concerns

Operation of the power system in Crete after the interconnection
 Crete power system security and reliability

 Impact of the interconnection to the energy cost in Crete

 Is export to Mainland expected?

 Do we need System Upgrades? (Transmission or generation y pg g
expansion)

 Will RES operation be affected?

16

Conclusions

1. The interconnection will help in improve adequacy in the island power system  of Crete

2. It is estimated that about 1/3rd of the demand will be provided by mainland

3. RES will provide 23‐28% of the demand (Depending on its anticipated increase )

4. Regarding Conventional share on the island of Crete

i It is expected that Base Units will increase their share

17

i. It is expected that Base Units will increase their share 

ii. Combined Cycle share will be reduced along with  Gas Turbines share 

5. The fuel savings are expected to be significant exceed compared to autonomous 

operation might reach 100 mil. €

Thank you for your Attention!Thank you for your Attention!

18

www.deddie.grwww.deddie.gr

a.gigantidou@deddie.gra.gigantidou@deddie.gr
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Decarbonizing 
Canary Islands by 

2040

Simone Memè & Jose Manuel Valle, 
Enel Green Power - Endesa

The importance of energy storage in the
clean energy transition of islands and 

remote locations

Decarbonization target

GHG emission
reduction Renewables Energy Efficiency Interconnection

Canary Islands CO2 emission

Transport

Energy Generation

Housing

Main opportunities for the energy transition in the Canary Islands

• Less barriers compared to the mainland:

• GHG emissions mostly come from Transport and 
electrical generation where solution are already
competitives

• Competitive fiscal framework that increase Project 
values

• Abundance of renewable resources
Housing

Industrial
• High economic impacts in the local community:

• Job creation
• Compatibility with tourism activities
• Energy generation costs reduction

• Ideal location for R&D and testing of new 
technologies

Oil and Electricity cost evolution
Oil Price evolution

Electricity generation cost evolution in Spanish outermost regions

Decarbonized electrical system
2040 Energy demand coverage

Renewables

Storage

Seasonal backup

Energy demand* *: 2020 Energy demand is 8 TWh

Decarbonized electrical system costs
40% cheaper than 2020 cost

Average Generation Cost (€/MWh)

This 5% of seasonal backup means:

• € 20 Billions of renewables and batteries
Vs

• € 3-9 Billions for H2 storage system

Total investment costs (Billion €2020)

Wind

PV

Renewables Storage Total investment
Seasonal
backup

Total investment

261

RERIC
Typewritten Text
Spain (Mr. Simone Meme, ENEL Green Power)



Average household energy expenditure
- 1 conventional car
- 20-45% conventional water

heating

- 1 e-car every 4 houses
- 10-20% conventional water

heating

- 1 e-car every house
- 100% electrical water

heating

Average expenditure (€2020/year)
Electrical

system costs

Electrical
consumption 60% cheaper than 2020consumption

Vehicle

electricity
and fuel 

expenditure Electricity
expenditure

LPG: 0,6 €/l;
Electricity cost to user: 180 €/MWh in 2020; 150 €/MWh in 2030; 120 €/MWh in 2040
Average km: 18,000 @ 1€/l

60% cheaper than 2020

Policy recommendations to reach the target

Specific Regional Energy
Transition Plan,
taking into account local
issues and opportunities

o E-vehicle
o Self-consumption
o Energy efficiency

and water heating

o Utility scale renewables
o Energy storage

systems
o Conventional plants

transitional substitution
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Reaching People:  
An Overview of the

Electricity Access with a  
Focus on the Renewable  
Off-Grid Electrification in  

Namibia

Özge Dolunay, MSc., MSc.
University of Bayreuth, Germany  

Doctoral Researcher

1. Introduction
• Namibia´s population: 1.81 mio (2001) to 2.54 mio  

(2020).

• Surface area: 824,292 km2, with a population density of
3.0 people/ km2.

• Ratification of the Paris Climate Agreement to  
UNFCCC by committing to increase the share of  
renewables in electricity production by 70%.

• Potential renewables: solar, hydro, wind, and biomass.

• Share of renewables capacity within the energy mix in  
2019  73% (including hydro/marine (%52), solar  
(20%) and wind (1%) while the share of the non-
renewables accounted for 27%.

• Total peak demand by 2022 forecasted: to reach 755  
MW.

• Access to electricity in 2000: 34%

• Access to electricity in 2019: 57% out of which only  
36% belonged to the rural areas.

2. Renewable Energy Policies for  
Off-Grid Electrification

2000 - 2005

• Electricity Act (2000) 
REDs (Regional Electricity  
Distributors)

• Decentralization of
NamPower (2000)

• ECB (Electricity Control  
Board)

• Vision 2030 (2004)

• REDMP (Rural  
Electrification Distribution  
Master Plan) (2000)

2006 - 2010

• OGEMP (Off-Grid  
Energization  
Master Plan for  
Namibia) (2007),

• Updated REDMP  
(Rural  
Electrification  
Distribution Master  
Plan) (2010)

2016 - 2020

• NIDS 2016
(Namibia Inter-
censal  
Demographic  
Survey),

• NEP (Namibia
Energy Policy
2017)

2011 - 2015

• NAMA 2015
(Nationally  
Appropriate  
Mitigation Action:  
Rural  
Development in  
Namibia through  
electrification with  
renewable  
energies).

• White Paper on Energy Policy (1998) recognized the importance of renewable energy and  
energy efficiency.

2. Renewable Energy Policies for  
Off-Grid Electrification (2)

Solar Revolving Fund (SRF) (part of OGEMP),

• subsidized loans to Namibian citizens at a  
fixed interest rate of 5% per annum for 5  
years in order to promote the use of the RE in  
the rural areas, especially the communities  
living in the off-grid areas, but not limited to for

• Solar home systems (SHSs), photo-voltaic  
pumps (PVPs), solar water heaters (SWHs)  
and energy efficient stoves (partly financed  
through the SHS).

• Funding from 2011 until December 2020:

• 3840 SHS,

• with a total budget of N$ 101 million,

• in 13 regions (consisted of 85.18%).
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RE TechnologiesSuppliers  

PV Installers

Erongo

Hardap

//Karas

Kavango East & West

Khomas

Kunene

Ohangwena

Omaheke

Omusati

Oshana

Oshikoto

Otjozondjupa

Zambezi

20% 30% 40% 50% 60% 70%

Solar Thermal Installers

# of Systems Financed per Region

Omusati (1402
systems)

Oshikoto (600 systems)

Ohangwena (620 systems)

Oshana (512 systems)

69% of all  
the    

installations

3. Classification of the Off-Grid Systems
Stand-alone Systems

• MME, containerised 16 PV systems: Omusati (9  
systems), Kunene (4 systems), and Otjozondjupa  
(3 systems). Their capacities of the systems were
2.88 kW (six units), 6 kW (one unit), 12 kW (one  
unit) and 25 kW (one unit).

• Solar 4 Health (UNDP, GEF, Ministry of Health  
and Social Services): 5 pilot projects with follow-
up additional sites.

• Funding through the Hanns Seidel Foundation:  
“PREN”, Promoting Renewable Energies in  
Namibia: 3 kW school in Otjikojo for 183 pupils.

• Funding through the Sonnenkinderprojekt  
Namibia e.V., NGO, supported a “PV-plant  
Okatale” to electrify Okatale Combined School.

Mini-Grids
• The Gobabeb Research and Training Centre  

(GRTC) which is located in the central Namib  
desert was the pioneer in installing the first solar  
hybrid mini-grid system (26kWp) with a diesel  
generator backup in 2004,

• Tsumkwe (2011), a hybrid solar PV system with  
a capacity of 202 kWp in 2011, upgraded to 303  
kWp,

• Gam (2015), which is 112 km further away from  
Tsumkwe towards the Botswana border, with 292  
kWp capacity.

NIDS 2016: a decrease in the use of candles over the years, and that they have been placed by mobile  
phones, battery lamps, and torch (53.8%).  households using solar energy as a source of energy  
for lighting (6.9%) played an important role, although solar energy was not widely used.

4. Discussion & Conclusion
1. Geography and Renewable Resources: the solar energy has been found more adequate for  

the off-grid implementations.

2. 20 years of policy development and 10 years of project implementation, nearly one million  
people still do not have access to electricity,

3. In terms of the on-grid and off-grid access, the data collected from the policies, master plans and  
studies do not provide sufficient information. An updated REDMP after 2010 issue is needed.

4. The gap between the urban and rural electricity access remains as a challenge.

5. The communities and their needs remain excluded, with the prioritization of the off-grid  
electrification/stand-alone systems in the government buildings and schools.

6. Inclusion of solar powered irrigation systems for agriculture use, solar powered drinking
water would enhance the productive-use cases for rural development.

Question:

Rather than designing a trade perspective in the deployment of off-grid/island RE solutions for  
people, a productive-use perspective with people, with the involvement of all stakeholders from all  
parties in the candidate localities would present a more promising and sustainable solution for the  
rural/off-grid electrification and development. Would/might there be an opportunity for such a  
strategy/perspective?
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Thank you very much for your attention  

For further details:

oezge.dolunay@uni-bayreuth.de
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Bio Sketch
Iswan Prahastono received the degree in mechanical engineering from
Institut Teknologi Bandung, Indonesia, in 1993 and the M.Phil. degree in
electrical power engineering and management from University of Abertay,
Dundee, UK, in 2009. I currently pursuing a Doctoral degree in electrical
engineering and informatics at Institut Teknologi Bandung, Indonesia.

I work for Indonesia Electricity State Own Company (PLN) since 1995, and
my present job is in the research and development department. During my
work, I moved from one department to another department or unit with a
different position. Therefore I clearly understand business processes at
PLN.

Feed-In Tariff 
for PV for Indonesia

Iswan Prahastono, Ngapuli I Sinisuka, 
M. Nurdin, Herry Nugraha

Introduction
� The Indonesian government target � 23 % Green Energy by the end 2025 .

� The Regulation In Indonesia :

• PP No.5 - 2006 revised PP No.79 - 2014 (Energy).

• PP No.22 - 2017 (Planning of National Energy).

• Permen ESDM No.12 – 2017, rev. No.43 – 2017, rev. No.50 – 2017, rev. No.4 –

2020 (Renewable Energy for Electricity).

� The Tariff � Based on the regulation or Contract Agreement (before the
regulation release).

� The Tariif � No incentives or subsidies.

FIT in some country in Europe
� Implementation FIT � Incentives or subsidies

Countries Components of FIT Remarks

Netherland - Investment cost subsidy

Austria, Belgium, Sweden, - Investment cost subsidy.

- An incentive for energy 

production (kWh).

The number of incentives 

according to the regulations 

in force in their respective 

countries.

Bosnia Herzegovina, Bulgaria, Cyprus, Chech

Republic, Estonia, Hungary, England, Italy, 

Germany, Croatia, Latvia, Lithuania, 

Luxemburg, Macedonia, Malta, Montenegro, 

France, Portuguese, Romania, Serbia, 

Slovakia, Slovenia, Spain, Switzerland, 

Ukraine, Greece.

- An incentive for energy 

production (kWh) in a 

certain time.

The amount of incentives is 

based on the type and 

capacity of PV, location, 

according to regulations that 

apply in each sector or part 

of each country.

FIT in Indonesia
• In Indonesia � no incentives or subsidies
• no remuneration for grid operators (PLN) when utilizing PV

• Ceiling price of FIT (depends on a particular grid system). 

• Agreement between grid operator (PLN) and PV owner.

The FIT of PV in Indonesia
Regulation of the Minister of Energy and 

Mineral Resources Number 12 - 2017 

rev Number 4 – 2020.

- no subsidies/incentives for PV connected the grid system.

- no remuneration for grid operators (PLN) when utilizing PV. 

- Back-Up Cost.

- Balancing Cost.

- Grid Integration Cost. 

Covered by grid operator 

(PLN). 

Proposed FIT
Sketch model
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Requirements of FIT

1. PV will supply electricity to the grid system and provide the load curve plan within a

certain period called the PVCU.

2. Electricity price uses FIT Flat based on the contract between the PV owner and PLN as

a grid operator or follows the Indonesian Government regulation.

3. The grid operator uses PVCU as a reference and FIT flat to calculate the electricity cost.

It means the PV owner will get paid in full if they fulfill or above the PVCU..

4. The grid operator determines the base-load tariff, the load follower/balancing tariff, and

the back-up/peaker tariff.

5. The grid operator sets the allowable tolerance deviation level for load curve realization.

If the realization curve under PVCU, the PV owner shall pay the compensation cost of

balancing or back-up power plant operated by the grid operator.

PV Load Curve
Graphic model & Equation

Define Feed-In Tariff Dynamic (FITD)

•

Based on Regulation or Agreement

Simulation
North Sulawesi Grid System

Likupang PV Power Plant

• Hydroelectric Power Plant.

• Diesel Power Plant.

• Steam Turbine Power Plant.

• Geothermal Power Plant.

• Gas Turbine Power Plant.

Parameters :

1. FIT Flat based on the contract between PLN and PV owners.

2. FIT Flat based on Government Regulation (Peraturan Menteri ESDM No.50 Tahun 2017).

3. Balancing and Back-up cost based on production cost for each power plant (BPP).

4. PV owners submit a load curve plan or PV commitment unit.

5. Grid operator (PLN) establishes the minimum tolerance deviation.

Simulation (Fluctuating Supply)
Conditions:

Likupang PV Power Plant (15 MWp) 

rates (Regulation, BPP = Rp.1918/kWh)

= 0.85 x Rp.1918/kWh = Rp.1630/kWh.

BUC (Amurang Power Plant)

= Rp.2300/kWh (as Back UP/Peaker).

BLC (Amurang Power Plant)

= Rp. 2200/kWh (as Follower).

BUC rates are applied if the PV load is

below 10 MW from the unit

commitment.

Simulation (Fluctuating Supply)
note : (Rp.x1000)

time MW MWh PV (Rp) MW MWh PV (Rp) MW MWh Check PV (Rp) BUC (Rp) BLC (Rp)

5 0 0 0 0 0 0 0 0 0 0 0 0

6 0.12 0.12 199.3 1 1 1630.3 0.12 0.12 0 0 0 -1731.8

7 2.95 2.95 4814.5 3 3 4890.9 2.95 2.95 0 0 0 4711.3

8 6.05 6.05 9860.5 6 6 9781.8 6.05 6.05 1 9860.5 0 0

9 3.49 3.49 5684.1 10 10 16303 3.49 3.49 0 0 0 -8645.6

10 6.44 6.44 10505.3 13 13 21193.9 6.44 6.44 0 0 0 -3918.5

11 15.85 15.85 25840.9 15 15 24454.5 15.85 15.85 1 25840.9 0 0

12 15.92 15.92 25948.4 16 16 26084.8 15.92 15.92 0 0 0 25764.4

13 15.96 15.96 26021 15 15 24454.5 15.96 15.96 1 26021 0 0

14 15.22 15.22 24815.2 13 13 21193.9 15.22 15.22 1 24815.2 0 0

15 9.52 9.52 15517.5 10 10 16303 9.52 9.52 0 0 0 14457.4

16 7.17 7.17 11689 6 6 9781.8 7.17 7.17 1 11689 0 0

17 0.46 0.46 756 2 2 3260.6 0.46 0.46 0 0 0 -2623.8

18 0 0 0 0 0 0 0 0 1 0 0 0

98226.6 0 28013.5

PV owners income (Rp) 161652 179333

realization (current) commitment unit realization (proposed FIT Dynamic)

126240
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Simulation (Fluctuating & Loss of Supply)

Conditions:

Likupang PV Power Plant (15 MWp) 

rates (Regulation, BPP = Rp.1918/kWh)

= 0.85 x Rp.1918/kWh = Rp.1630/kWh.

BUC (Amurang Power Plant)

= Rp.2300/kWh (as Back UP/Peaker).

BLC (Amurang Power Plant)

= Rp. 2200/kWh (as Follower).

BUC rates are applied if the PV load is

below 10 MW from the unit

commitment.

Simulation (Fluctuating & Loss of Supply)
note : (Rp.x1000)

time MW MWh PV (Rp) MW MWh PV (Rp) MW MWh Check PV (Rp) BUC (Rp) BLC (Rp)

5 0 0 0 0 0 0 0 0 0 0 0 0

6 0.12 0.12 261.3 1 1 2137.5 0.12 0.12 0 0 0 -1669.8

7 2.95 2.95 6312.3 3 3 6412.5 2.95 2.95 0 0 0 6209.2

8 6.05 6.05 12928.2 6 6 12825 6.05 6.05 1 12928.2 0 0

9 5.5 5.5 11756.3 10 10 21375 5.5 5.5 0 0 0 1856.3

10 3 3 6412.5 13 13 27787.5 3 3 0 0 -16587.5 0

11 2 2 4275 15 15 32062.5 2 2 0 0 -25625 0

12 3 3 6412.5 16 16 34200 3 3 0 0 -23487.5 0

13 6 6 12825 15 15 32062.5 6 6 0 0 0 -6975

14 9 9 19237.5 13 13 27787.5 9 9 0 0 0 10437.5

15 9.52 9.52 20345.1 10 10 21375 9.52 9.52 0 0 0 19285

16 7.17 7.17 15325.6 6 6 12825 7.17 7.17 1 15325.6 0 0

17 0.46 0.46 991.2 2 2 4275 0.46 0.46 0 0 0 -2388.6

18 0 0 0 0 0 0 0 0 1 0 0 0

28253.7 -65700 26754.5

PV owners income (Rp) 117082 235125

realization (current) commitment unit realization (proposed FIT Dynamic)

-10692

Simulation (Fluctuating & Loss of Supply)

Conditions:

Likupang PV Power Plant (15 MWp) rates (Regulation, BPP = 

Rp.1918/kWh) = 0.85 x Rp.1918/kWh = Rp.1630/kWh.

BUC1 (Amurang Power Plant) = Rp.2300/kWh (as Back UP/Peaker)

BUC2 (Bitung Power Plant) = Rp.2600/kWh (as Back UP/Peaker)

BLC1 (Amurang Power Plant) = Rp.2200/kWh (as Follower)

BLC2 (Tanggari Hydro PP) = Rp.450/kWh (as Follower)

BUC1 rates are applied if the PV loss of supply 5 MW to 10 MW from the unit commitment.

BUC2 rates are applied if the PV loss of supply above 10 MW from the unit commitment.

BLC1 rates are applied if the PV load above 10 MW but fluctuated between 3.1 MW to 5 MW from the unit commitment (for 

example, load fluctuation from 11 MW to 15 MW).

BLC2 rates are applied if the PV load above 10 MW but fluctuated between 1 MW to 3 MW from the unit commitment (for 

example, load fluctuation from 13 MW to 15 MW).

Simulation (Fluctuating & Loss of Supply)
note : (Rp.x1000)

time MW MWh PV (Rp) MW MWh PV renc (Rp) MW MWh kondisi PV (Rp) BUC1 (Rp) BUC2 (Rp) BLC1 (Rp) BLC2 (Rp)

5 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6 0.12 0.12 261.265 1 1 2137.5 0.12 0.12 0 0 0 0 0 -1669.8

7 2.95 2.95 6312.3 3 3 6412.5 2.95 2.95 0 0 0 0 0 6209.2

8 6.05 6.05 12928.2 6 6 12825 6.05 6.05 1 12928.2 0 0 0 0

9 5.5 5.5 11756.3 10 10 21375 5.5 5.5 0 0 0 0 1856.3 0

10 3 3 6412.5 13 13 27787.5 3 3 0 0 -16587.5 0 0 0

11 2 2 4275 15 15 32062.5 2 2 0 0 0 -25625 0 0

12 3 3 6412.5 16 16 34200 3 3 0 0 0 -23487.5 0 0

13 6 6 12825 15 15 32062.5 6 6 0 0 -7875 0 0 0

14 9 9 19237.5 13 13 27787.5 9 9 0 0 0 0 10437.5 0

15 9.52 9.52 20345.1 10 10 21375 9.52 9.52 0 0 0 0 0 19285

16 7.17 7.17 15325.6 6 6 12825 7.17 7.17 1 15325.6 0 0 0 0

17 0.46 0.46 991.198 2 2 4275 0.46 0.46 0 0 0 0 0 -2388.6

18 0 0 0 0 0 0 0 0 1 0 0 0 0 0

28253.7 -24462.5 12293.8 21435.8

PV owners income (Rp) 117082 235125

realisasi (Rp x 1000) komitmen (Rp x 1000) realisasi dgn usulan formula tarif (Rp x 1000)

37521

Conclusion & Discussion

Conclusion

� The grid operator (PLN) � Pay the energy.

� The grid operator (PLN) � Covers all costs (Balancing, Back-Up and Grid

Interconnection).

� The proposed FITD � Fairness.

Discussion

� Forecasting � PV owner.

� Updating forecasting is available.

� The proposed FITD � Sharing Risk.

THANK YOU
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Introduction
Human Development Index  (HDI) and per capita energy consumption  
are strongly correlated. When energy consumption increases HDI also 
increases and vice-versa - Hermann Clachel Lekana and Constant Bruno Serges Ikiemi. 

Access to adequate energy is a key factor to realize many SDG 
GOALS….

• No Poverty 
• Zero Hunger
• Good Health and Well-being
• Quality Education
• Clean Water and Sanitation
• Access to Adequate Energy
• Decent Work and Economic Growth
• Industry, Innovation and Infrastructure
• Adequate Production

Introduction cont.

BARRIERS TO PROMOTE ACCESS TO ELECTRICITY IN ISOLATED AREAS 

Financial and economic concerns:

• Low levels of consumption
• Consumers are scattered
• Low loading factors
• Low productive use
• High levels of power loss

Technical concerns:

• Maintenance issues
• No access roads
• Voltage drop
• Power quality issues
• Wave lave issues

Introduction cont.

BARRIERS TO PROMOTE ACCESS TO ELECTRICITY IN ISOLATED AREAS 

Safety and administrative concerns: 

• Meter reading
• Attending service and commercial quality related matters
• Illicit electricity tapping

Other concerns: 

• Institutional and organizational inefficiencies
• Incompatible donor policies, 
• Lack of investments 
• Poor political will to provide fund and empower relevant institutions

Background
Sri Lanka’s  First National Energy Policy and Strategies : 2008 

Spells out the implementing strategies to develop and manage the energy sector in the 
coming yeas in order to facilitate achieving its millennium development goals. 

Facelifted National Energy Policy and Strategies: 2019 

Specific new initiatives to expand the delivery of affordable energy services to a larger 
share of the population, to improve energy sector planning, management and 
regulation to reduce GHG emissions by 20% to support 2030 agenda for UN SDGs

The new vision National Policy Framework “Vistas of Prosperity and 
Splendour”  2020 

Priority to harvest indigenous renewable energy sources to enhance the contribution of hydro 
and renewable energy to 80% of the overall energy mix by 2030.  

How Sri Lanka achieved 100% access to electricity 

Where we started: In the early 1990s the access to electricity was limited 
to about 60% 

Approach: First resorted into off grid schemes and gradually 
expanded distribution network up to those villagers

Milestones:

• Five-year World Bank funded project in 1997 (Energy Services 
Delivery Project (ESDP) - off the off-grid power projects

• Second five-year World Bank funded project (Renewable Energy for 
Rural Economic Development) 

• Extended the for another 3 years in 2007 
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Outcome of above projects is 8.2 MW

• Under this exercise 120,000 solar home systems with 
a total installed capacity of 3.6 MW.

• 300 micro-hydro systems with 4.5 MW.
• 11 village Dendro power systems with 100 kW.
• 30 wind home systems with 7 kW
• 10 village biogas power systems with 6 kW.
• 40 pico hydro power systems with 12 kW were 

commissioned. 
• Addressed the energy requirements of 130,700 

households.

Outcome of above projects is 8.2 MW

• Later under national grid extension programs 99 
standalone off-grid micro-hydro power systems were 
integrated into national system and respective households 
were transferred into the national grid. 

• In 2011 the World Bank funded 13 year long off-grid power 
generation projects came to an end. Access to electricity 
reached 87.76% from 60%

Factor that hinder viability of off grid systems  

• Technical issues
• Poor technical knowhow
• Not access to proper spare parts, and accessories
• No preventive maintenance procedure
• No competency for trouble shooting and address issues
• No proper running repairs
• No instruments to test  

• Administrative issues

• Polices have been formulated aiming Large scale

• Do not have capacity to cope with minimum technical and administrative 
standards prescribed by the CEB and PUCSL

• Good governance and administration in village-based Electricity Consumer 
Societies (ECS) are at a poor

Factor that hinder viability of off grid systems cont.

• Financial issues

• ECSs have to undergo hardship get approvals for scheme due to 
non-compliances led by low standards due to budget constraints

• ESCs don’t  have adequate funds in their bank accounts for 
maintenance of the power plants and for the salaries of operators.

• ESCs do not have lucrative bulky bank accounts since they must 
repay loans.

• Most of the ESCs in serious financial difficulties, so funds attend 
urgent repairs and maintenance.

• No financial statements records of expenses incurred and revenue 
collected. 

GOSL Empowered institutional framework

To achieve many future endeavors the government has empowered
institutional framework.

• The Public Utilities Commission of Sri Lanka was established by the
parliament Act No 35:2002 to regulate the public utilities (safety, economic
and technical regulator).

• The Sri Lanka Sustainable Energy Authority (SLSEA) was established by
parliament Act No 35:2007, to realize the national vision of “An energy
secure Sri Lanka” (renewable energy sources, provide technical,
administrative and post commissioning management support)

• Ceylon electricity board (CEB) empowered as implementation agency,
established in 1969 and governed by the electricity act 1950. In 2009 1950
electricity act was repealed by new electricity act 20:2009. (undertaking
arm to extend national grid to isolated villages)

GOSL Empowered institutional framework cont.

To achieve the government’s dream of 100% electrification

CEB extended the national distribution system into isolated villages

• Lighting Rathnapura

• Lighting Hambantota,

• Accelerated rural electrification project

• Iran funded project

• Kuwait funded project

• Projects under government direct funds.

• Regional development programs such as Dayatakirula

Accordingly, CEB managed to fulfil government’s aspirations of reaching 100% 
electricity access to all Sri Lankans by 2019. 
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Sri Lanka achieved 100% access to electricity in 2019 TECHNOLOGIES AND TECHNICAL OPTIONS TO PROMOTE 
ELECTRICITY ACCESS IN ISOLATED ISLANDS

• Total landmass spans over 
1.5km2 

• Approximately 3.5km in 
length and 0.25 km to 0.5 
km in width

• Located in the Portugal bay 
about 30 km away from the 
Kalpitiya fishing harbor and 
9.5 km away from the 
Northwestern mainland.

Basic information about the island 

• Permanent population in the island is about 1250 belonging 
to 600 families.

• About 650 to 700 seasonal fishermen migrate to the island for 
fishing.

• The island has one primary school.
• Three churches.
• One navy camp.
• One police post.
• One communication tower.
• Five small fisheries jetties.
• There are 100 hand-dug wells on the island that goes dry 

within a short period after the rainy season causing water 
scarcity to the people for long periods of time

Basic information about the island cont.

• At present fishing community employed 3 years old 110 kVA 
DG set to cater limited area. 

• Only 39 houses connected to  the network.
• Electricity will be made available from 6.30 pm to 10.00 pm 

only
• Consumers are supposed to pay US$ 1.00 (LKR. 200) per 

week for the use of two CFL bulbs, small TV, radio and 
phone charging. 

• In addition to that kerosene lamps, small generators and 
solar home systems are available for some houses.

Details of the proposed hybrid solution
A 200 kW peak load of sufficient to:

• Continuous electricity supply for said house holds and other 
facilities 

• Street lighting facility
• Cold room facilities
• A desalination plant
• Medical facilities 
• Energy could be exploited through locally available renewable 

energy sources with the support of DG sets. 
• Government owned utility will operate and maintain power system. 
• The  government is committed to fund US$ 1,588,900 for the 

project.

Renewable energy potential of the island

• According to  the data sourced from www.eosweb.larc.nasa.gov 
web site indicates that solar radiation levels are uniform over 
this region and vary from 4.4 kWh/m2/day to 5.6 kWh/m2/day.

• This area experiences strong winds during the period of the 
South-West monsoon (May to October), and moderate winds 
during the North-East monsoon (December to February) 
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Technology options analysis 

• Optimum generation mix could be obtained if wind can be considered as 
a main source. 

• Wind is having great deal of intermittency, thus DG and the battery storage 
considered to provide stable supply. Thus, following generation mix 
considered.

• Wind turbine generators 4X (100 kW)
• DG sets 1X(100 kW) + 1X(50 kW) 
• Batteries storage system 440 kWh
• Converters 100 kW
• Hybrid controller

• The said optimization will be realized through a hybrid system optimizer tool 
called “Homer.” 

Preliminary Plant Design Pre and Post project Technical and Administration Support 
from SLSEA

• Request for proposal
• Project evaluations
• Technical specification preparation
• Project Tendering 
• Contractor selection
• Project consultancy
• Testing and commission
• Post project technical and administrative support  
• Training
• Support to established consumer societies
• Revenue collection
• Training on safety, operation, system performance monitoring etc., 
• Develop agreements with equipment suppliers and documents for 

maintenance of valuable assets. 
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Overview:
• Problem
• Project Solution
• Methodology
• Results – Baseline - Economics
• Pilot Project
• Perceptions
• Time Saving
• Inclusion Benefits for PWD
• Willingness to Pay
• Learning
• Conclusions

Problem
• IDPs in Northern Kachin State are 

dependent on solid fuels for cooking
• Firewood and charcoal HAP risk
• High conflict with communities 

caused by firewood collection
• Landmine and armed conflict exposure
• Environmental impact.
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Above: Percentage of total responses identified land mine concern 
associated with firewood collection (266 of 315 responses)

Left: Percentage of total responses identified conflict with host 
communities due to firewood collection (180 / 315 responses)

Conflict with host community

Concerns 
about 

land 
mines

Methodology
• Worked with camp management, mixed method interviews

• Baseline Survey
• 315 households in 11 camps from Dec 2019-Jan 2020

• Pilot Project
• 2 camps from baseline selected as viable pilot sites
• 130 households provided with LPG sets and training
• Mid-term review after 5 months
• End Assessment after 10 months
• Subsequent extension to a further 202 households. 

The Project
• To test LPG as a viable 

alternate cooking fuel 
for Myanmar IDP sites.

• Provided:
• 1 Burner Stove
• Gas Bottle
• Gas for 5 months
• Safety Regulator 

& hose
• Fire extinguisher
• Safety poster
• Safety training

Results: Baseline Survey - Economics

273

RERIC
Typewritten Text

RERIC
Typewritten Text
Fuel transitioning in crises: A study of an LPG cooking-system pilot project conducted in Kachin IDP camps, MyanmarRuth Devadoss, Andrew Pascale, Su Hlaing Chein, Zam Deih Khual Pi, Ja Bauk, Mary Kaw Lum, and David Allan



Results: Baseline Survey - Economics Results: Pilot Project –> 77% Continuation

• 45% exclusively 
using LPG,
32% using LPG 
with other various 
fuel options 
(fuel stacking)

• Why? “Quick”, “easy”, 
“good”, 
“convenient”, “clean”,
“smokeless”, and 
combinations of all.

Perceptions
• When asked about ranking of 

cooking fuel importance in 
humanitarian settings: 4th of 7.

• Ranking priorities:
1. Cash
2. Community Concerns (health,  

education, infrastructure, 
persons with disabilities (PWD))

3. Basic Food  
4. Cooking Fuel
5. Livelihoods
6. Shelter
7. Electricity.

• 99% consider very/moderately safe

• 25% concerned about safety before

• LPG associated with increased safety, 
reduced worry and stress.

• Significant turnaround from baseline.

Time Savings
• Fuel collectors reported 20 hours per person

per month (IQR12-48) with median of 4 trips/month.

• + Cooking time saving:  

Inclusion Benefits for PWD: => 99% Agreed

Survey Responses on 
Benefits Provided:

• No wood collection

• Minimal preparation times

• Self Catering ability
to cook whenever 
they desired 

• Regardless of most physical 
limitations

• 8% blindness
• 8% leg disability
• 5% deafness 
• 2% hand disability
• 2% breathing related issue
• 5% other complicating 

issue

Willingness to Pay
• ACID TEST: 77% of pilot households 

were paying for LPG after the trial end

• Despite perception that it is “costly”.
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Learning & Discussion
• LPG provided IDPs with OPTIONS.
• Post-trial 99% considered LPG moderately or very safe 

- compared with 25% earlier expressing safety fears.
• 56% experienced running out of gas at some point, 

highlighting measuring problems, and 86% suggested 
camps should hold “emergency refills”.

• 79% of respondents agreed that men 
appeared to be doing more household cooking.

Numerous benefits were experienced, AND:
• 94% of IDPs would recommend LPG to other IDPs.
• 99% of IDPs believe cooking system support should 

a be direct part of humanitarian strategies.

Conclusions

• Time saved for other activities most highly valued
• Economically viable to replace solid fuels
• More men cooking = reducing gender gaps
• Improved inclusion for PWD via autonomy
• Various exposure risks are reduced
• Cooking fuel is regarded by IDPs as a 

large gap in humanitarian programs.

LPG provided improved OPTIONS and CHOICE to mitigate vulnerabilities.

More rollout across Myanmar is both needed and desired by IDPS!

Final Words…

• Energy experts Goldemberg et al.(2018) 
agree on the humanitarian potential of LPG: 

“LPG, being clean, efficient and easily stored 
and transported in small amounts, is a one-
time gift from nature that is available now. 
Let it be used for the highest social purpose-
providing clean household energy to improve 
the lives of the very poorest among us,
starting with women and children… for 
meeting household cooking energy needs.”

David Allan, djallan7@gmail.com

Spectrum - Sustainable Development Knowledge Network 

www.spectrumsdkn.org

https://www.facebook.com/SpectrumSDKN/

Associate Professor, Energy & Poverty Research Group, 

University of Queensland (UQ), Australia (adjunct).

Thank You!  Questions?
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Introduction
 Solar power in Vietnam:
• 5000 hours of  

sunshine

• Average density ranges: 
100 ~175 Kcal/cm2/year.

• +Total amount: 1744.5 
KWh/m2/year.

Solar radiation and sunshine in three big cities in Vietnam [4]

CELLS

Front side

(1)Cooling took place with the installation of
convex-concave turbulence models at different
positions:

Backside

(2) Cooling took place different cooling airflow rates

with mean air speeds of 5m/s, 10m/s and 15 m/s

Objective
Using software CATIAV5

UPPER PANEL SURFACE

* Modelling of the
cooling process for a
solar panel to improve
efficiency after the
cooling process.

* Evaluating through
effects of forced-air
cooling on the energy
efficiency of the solar
panel

LOWER PANEL SURFACE

Theoretical investigation
Geometry of the studied model of 
forced-air-cooling system

No Components Dimensions (mm)

1 Glass 346 x 276 x 3
2 Cells 346 x 276 x 225 x e-3

3 EVA 346 x 276 x 500 x e-3

4 Frame 350 x 280 x 10 x e-3

5 PVF 346 x 276 x 0. 1

6 PVC 40 x 284 x 10

No Component  s
ThermalConductivity  (W/m.K)

Density  (kg/m3) Heat Capacity (J/kg.K)

1 Glass 1.8 3000 500
2 Cell (Si) 148 2330 677
3 EVA 0.35 960 2090
4 Frame 237 2700 900
5 PVF 0.2 1200 1250
6 Mica [4, 5] 0.71 2883 500

The thermal properties of the different layers in the solar panel

Solarpanel componentsand their dimensions

Theoretical investigation
The parameter involved are I, U, I-U, Fill Factor - FF.
The maximum power output generated by the solar panel can be calculated as follows 

[19,20]:

Pmax = I(A) x U(V) . FF (1)

The current I (A) and the voltage U (V) are related by the following equation [14].
𝒒𝑽𝑫

𝑰 = 𝑰𝒑𝒉 − 𝑰𝒐 𝒆𝒎𝑲𝑻 − 𝟏 −
𝑼+𝑰𝑹𝒔

𝑹𝒔𝒉
(2)

where Iph = KphIsA is the photogenerated current,
𝒒𝑽𝑫

ID = 𝑰𝒐 𝒆𝒎𝑲𝑻 − 𝟏 the diode current,
VD the diode bias, Io the saturation current, 
Rs the series resistance,
Rsh the shunt resistance,
and m the diode quality factor.
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The relationship between I and V of the 
photovoltaic panel at different temperatures.

The relationship between the wattage and
the voltage of the photovoltaic panel at
different temperatures

The P-U curve for the solar panel with
mean air speeds of 5m/s, 10m/s and 15
m/s.

Labview display of modelling the loop calculation process

The environment temperature was 35oC 

Solar irradiation Is was 1000 (W/m2)

Humidity remained stable at 80% 
The wind outside was negligible

No Names options/value

1 Method Tetrahedrons

2 Algorithm Patch Conforming

3 Element Order Use Global Setting

4 Nodes 324628

5 Element 1660497 The method of meshing was TETRAHEDRONS and 
the size of the components ranged from 1-3mm.

ANSYS Fluent Simulation
Both devices reached the peaks of more than 
77oC

The PV panel dimension was based on actual
dimension, which is 350mm x 280mm

A peak power of 10W, Isc of 0.65A and Uoc of 21.95V
was employed for CATIA V5 and ANSYS Fluent 2021
simulation
The simulation process was implemented Using
the method STANDARD k-epsilon

Simulated temperatures of the solar panel with different positions of convex-concave turbulence models on the top of the solar panel

Mean air speeds of
0 m/s (without cooling)

Mean air speeds of
10 m/s (with cooling – 01
convex-concave turbulence
model )

01

DISCUSSION OF SIMULATION RESULTS

TEMPERATURES OF CELLS TEMPERATURES OF UPPER PANEL SURFACE

Simulated temperatures of the solar panel with different positions of convex-concave turbulence models on the top of the solar panel

Mean air speeds of
10 m/s (with cooling – 01
convex-concave turbulence
model )

Mean air speeds of
10 m/s (with cooling – 02
convex-concave turbulence
models )

01

0201

DISCUSSION OF SIMULATION RESULTS

TEMPERATURES OF CELLS TEMPERATURES OF UPPER PANEL SURFACE

Simulated temperatures of the solar panel with different positions of convex-concave turbulence models on the top of the solar panel

Mean air speeds of
0 m/s (without cooling)

Mean air speeds of
5 m/s (with cooling – 03
turbulence model )

DISCUSSION OF SIMULATION RESULTS

TEMPERATURES OF CELLS TEMPERATURES OF LOWER PANEL SURFACE

01 02 03

Simulated temperatures of the solar panel with mean air speeds of 5m/s, 10m/s and 15 m/s.

Mean air speeds of
10 m/s (with cooling – 03
turbulence model )

Mean air speeds of
15 m/s (with cooling – 03
turbulence model )

DISCUSSION OF SIMULATION RESULTS

TEMPERATURES OF CELLS TEMPERATURES OF LOWER PANEL SURFACE
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No Va (m/s) Tmax (°C) Tmin (°C)
Taverage

(°C)

1 0 79.459 58.142 73.459

2 5 45.323 40.513 42.929

3 10 40.395 37.986 39.328

4 15 40.973 37.537 39.168

DISCUSSION OF SIMULATION RESULTS

* When the environment temperature was 35oC

The results show a fall of at least 33oC in the temperatures
of the cells and of the lower surface of the solar panel
under all the conditions with different cooling airflow
rates; more specifically, the airflow rates and the
accordingly temperatures were 5m/s (34oC), 10 m/s (35oC),
và 15m/s (38oC).

ANSYS CFX simulation of temperatures of cells of the solar panel

The temperatures of the cells in relation to various airflow velocities.

CONCLUSIONS

The results from the simulation using loops in Labview and ANSYS Fluent
showed that the higher the solar irradiation intensity, the higher the
temperature of the photovoltaic panel.
Creating turbulent flows for cooling air enhances the effectiveness of the
cooling process and the efficiency of the photovoltaic panel.

The effectiveness of the cooling process and energy efficiency were higher when
cooling used fans combined with cold air from the heat pump (the
temperatures of the solar panel dropped significantly by 20oC-37oC) than
when cooling used only fans.

The turbulence models were placed on both surfaces of the panel, the heat
exchange effectiveness was higher, leading to a drop of as high as 37oC, and the
wattage of the panel increased

Next, the experimental procedure for cooling process enhanced the
effectiveness of the panel and its longevity when exposed to heat.

Experimental Procedure on going

MESFIA_118

Thank you for your attention!

Presenter: MSc. PHAM Minh Man

Department of Mechanical Engineering.
The University of Da Nang - University of Technology and Education. 
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Introduction
• Over 2.4 billion people around the world have limited 

energy supplies with unreliable energy systems. 

• More than 1.6 billion people lack access to electricity. 

• Most of these populations live in rural areas of developing 
countries in Asia and Africa. 

• Renewable energy sources (RES) are abundant in these 
regions.

• More than 80% of RES plants in the world are off-grid.

• A single renewable energy source is not sufficient to 
support an uninterruptible energy supply system of RES. 

• RES often results in an over sizing system to compensate 
the energy requirement due to the randomness and 
discontinuity.

Introduction
• Hybrid renewable energy systems (HRES) have 

been suggested to address the unavoidable and 
challenging obstacles of the RES 

• HRES can include numerous types of energy 
sources and, generally include at least two 
renewable or non-renewable sources. 

• HRESs can operate in grid-connected and off-
grid modes sustainably, lowering electricity costs 
and improve system reliability. 

• HRES is the most suitable electricity production, 
particularly for remote areas 

Introduction

Conceptual Solar-Biogas Hybrid 
Renewable Energy System

Introduction
• The basic components for installing solar-biogas HRES such as PV panels, inverter, 

and energy storage devices such as battery, hydrogen electrolyser can be found in 
the market. 

• The internal combustion engine fueled with biogas-hydrogen integrated into the 
system have not been widely available. 

• The engine of the system can run on biogas-hydrogen blend with variable 
compositions. 

• The loading regime of the engine changes frequently.

• This paper focuses mainly on the performance and emission of biogas-hydrogen 
engine operating in a solar-biogas HRES 

• Case study in rural area of Vietnam. 

• The availability of biogas-hydrogen engine will promote a large application of solar-
biogas HRES in remote areas.

Material & Method
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Material & Method
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• The electricity consumption < 650k Wh/month. 
• The plan of electricity system development: power 

consumption, peak capacity will increase by about 
10%/year on average.

Average monthly electric consumption

Energy produced by a 5kWp solar plant

House Business Farm

PV panel (kWp) 3 7 6

Engine (kW) 3 5 10

Material & Method
In Danang area:
- From January to March, clear sky,

light sunny, cloudy sometimes, the
power fluctuated but the amplitude
was not too large.

- Maximum radiation is reached in the
summer. The solar power plant starts
generating electricity by 5:30 and
ends by 17:00.

- The rainy season start often in
September in the region. It is cloudy,
and solar radiation decrease

- At the last months of the year, it is
heavy cloudy, the humidity in the air is
very high, reducing solar radiation to
the solar power station.

Material & Method

Schema of solar-biogas HRES Schema of retrofitted biogas-hydrogen engine

Material & Method

Simulation and experimental 
studies of biogas-hydrogen 
engine

Results

Effects of equivalence ratio:

- Maximum pressure and temperature 
at f = 1-1.03

- Biogas-hydrogen engine can operate 
with leaner mixture

- CO emission increases with f. 

- NOx emission depends on 
combustion temperature.

Results
- Wi, NOx increase but CO, 

HC decrease with the 
increase of load regime

- Blending hydrogen with 
biogas improves Wi and 
reduces emissions
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Results

j (CA)
j (CA)

- Longer combustion mixture 
in high temperature 
medium, higher NOx but 
lower CO emission

- Biogas has low 
combustion speed, 
advance ignition angle 
must be increased

- Hydrogen has very high 
combustion speed, 
advance ignition angle can 
be reduced

Results - Maximum Wi at the optimal 
advance ignition angle js

- Addition hydrogen to 
biogas: js decreases 
NOx decreases

Results
The same hydrogen content and operating condition, if 
CH4 content in biogas increases: Wi, NOx increase; CO, 
HC decrease

Conclusions

- Hydrogen is an effective solution for energy storage of the solar-biogas
HRES. Hydrogen generated from the system can be used as an additive
to biogas to improve combustion characteristics of the engine. Addition of
20% hydrogen into biogas M7C3 leads to an increase in indicative engine
cycle work by 13%, 4% and 2% at 100%, 65% and 50% loading mode,
respectively.

- Independently loading regime, the addition of hydrogen to biogas results
in a decrease in CO and HC emissions, but an increase in NOx

emissions. As compared to full loading mode, CO and HC emissions of
the engine are doubled, but the NOx concentration in the exhaust gas
drop down 50% in the half load operating mode.

Conclusions
- At a given speed and engine loading mode, the optimal equivalence

ratio and the optimal advance ignition angle decrease when CH4

composition in biogas or/and H2 content in fuel mixture increases. The
optimal advance ignition angle decreases by 4CA as CH4

concentration increases from 60% to 80% or as adding 20%
hydrogen to biogas.

- With the optimal equivalence ratio and advance ignition angle, as
compared to neat biogas, the enrichment 20% hydrogen to biogas
can reduce the CO and HC emissions by 5 times with M8C2 and by
10 times with M6C4, but an increase in NOx emission about 10-15%
in average.

The University of Danang

281



Concentrated Solar 
Thermal Power; 

Potential of Application 
in Sri Lanka

G.A.S. Perera, Sri Lanka Institute of Advanced Technological Education

R.A. Attalage, Sri Lanka Institute of Information Technology

I. Mahakalanda, University of Moratuwa, Sri Lanka

Introduction
 Sri Lanka faces the challenge of increasing needs for electricity including

isolated areas of the country

 The country is planning to generate electricity through 100% renewable energy

sources by 2050 [1]

 There is a considerable interest on solar PV in Sri Lanka, the focus on CSP is

not even emerging

 Want to explore the idea of having a small scale CSP plant in Sri Lanka

 CSP captures thermal energy from solar radiation, converts it to mechanical

energy and then generates electricity

Objectives

1. Identify suitable CSP technology for Sri Lanka

2. Identify suitable location in Sri Lanka

3. Study the technical and financial performance of a 10 MW CSP plant

4. Find out the optimum plant parameters

5. Study the future financial performance of the plant

Literature Review
Comparison of CSP technologies [2],[3],[4]

Parameter
Parabolic 
Trough

Solar Tower Linear Fresnel Parabolic Dish

Capacity (MW) 10 - 200 10 - 200 10 - 200 0.01 – 0.04

Conversion efficiency (%) 10-15 25-30 8-10 25-30

Operating temperature (oC) 100 - 500 260 - 570 100 - 300 750

Capital cost ($/kW) 4600 - 9800 6300 - 10500 - 12600

O & M cost ($/kWh) 0.02 – 0.035 0.034 – 0.093
-

0.21

Unit cost ($/kWh) 0.14 – 0.36 0.17 – 0.29 - 0.16 – 0.22

Commercial experience 
(years)

> 20 < 4 - -

Technology risk Low Medium High Medium

Literature Review

 Suitable CSP Technology – Parabolic Trough Technology

 Suitable location – Hambanthota (DNI level 1646   kWh/m²/year: Source 

SWERA programme)

Methodology

1. Simulate 10 MW CSP plant using SAM software for the selected site

2. Obtain best combinations of plant parameters through parametric

simulations

3. Obtain the financial parameters of the plant for future cost
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Methodology - Inputs
 Weather Data: Hourly data for Hambanthota from SAM library

 PPA price : USD 10.2 ¢/kWh (1USD = LKR 180)

• PPA price for solar PV, “Sooryabala Sangramaya” project

 Discount rate: 15%

• 10% real discount rate for renewable energy projects in SL (generation plan 2015 -2034) & 

5% inflation rate

 Learning rate: 30%

 Degradation rate : 0.5% per year

• Rate suggested by SAM based on data of running plants

 Analysis period : 30 years

Methodology - Inputs
 System Costs

• SAM Library data

 Power block : SEGS 30MW
• Suitable for selected HTF type

• Suitable for design SCA reflective area

• Suitable for operating temperature 

 TES fluid : same HTF fluid
• No cost for heat exchangers ( HTF to TES fluid)

• No losses at heat exchangers

 HCE type : Schott PTR 70 vacuum
• New design with improved reliability

Results

 Solar Field - Optimum combination (for 

lowest LCOE) 

• Solar Multiple = 3.5

• Thermal Energy Storage = 7 hours

27.5

28.0

28.5

29.0

29.5

30.0

30.5

1.5 2 2.5 3 3.5 4 4.5

LC
O

E 
($

 c
en

ts
/k

W
h)

Solar Multiple 

0 hr 2 hr 6 hr 7 hr 8 hr

Results
Solar Field

Results
 Heat Transfer Fluid (HTF)

• Highest annual energy output & Lowest LCOE with Therminol 66

• Selected HTF type  - Therminol 66

• Suitable for Sri Lankan conditions (operating temp. range 0⁰C - 345⁰C)

Results
 Solar Collector Assembly (SCA)

• Highest annual energy output & Lowest LCOE with Solargenix SGX 1

• Selected SCA type – Solargenix SGX 1
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Final Results

 Annual energy generation = 45.8 GWh

 Plant capacity factor = 52.8% 

 LCOE = USD 27.60 ¢/kWh (1USD=LKR180)

 NPV = USD -50,732,552

 IRR = 2.45% 

 Net Capital Cost = USD 75,023,616

Results
 Financial performance prediction 

• NPV become positive in 15 years

• LCOE is 0.107 $/kWh in 15 years time 

• IRR is greater than 15% in 15 years time

Conclusion
 Generate 45.8 GWh/year with capacity factor 52.8% from a 10MW

PT CSP plant at Hambanthota

 Cost of energy is relatively high at present (LCOE is 0.276 $/kWh)

 Plant cost is high at present, not attractive for investors (NPV is

negative)

 Project will be financially feasible after 15 years (at 30% cost

reduction rate)
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Performance of household rice husk 
downdraft gasifier in Vietnam –

Modeling and experiment

INTRODUCTION
 Rice husk is one of the most popular biomass resources

 To displace petroleum and other fossil fuels 

 Thermal conversion: pyrolysis, gasification or combustion 

 Some remoted area … biomass gasification might be one of the 

best approaches to electricity generation system.

 A model uses to prediction the composition of gasification 

products has been developed. 

 The experimental investigation has also conducted by the 

manufactured gasifier to verify the model.

MATERIALS AND METHODS MATERIALS AND METHODS
Model development

The equilibrium model assumptions:

• Gasifier is in thermodynamic equilibrium.

• The rice husk chemical formula CHaOb.

• The agent is air at a temp. 25oC, mois. 75%, press. 101.13 kPa.

• The products CO, CO2, H2, CH4, H2O, N2 and Biochar.

• The gasifier is completely adiabatic.

MATERIALS AND METHODS
The global reaction

The set of equations 

RESULTS AND DISCUSSION
Analyzation of the model

Fig. 2. Syngas compositions at T2 = 750oC Fig. 3. Biochar and LHV at T2 = 750oC
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RESULTS AND DISCUSSION
Analyzation of the model

Fig. 4. Syngas compositions at T2 = 900oC Fig. 5. Biochar and LHV at T2 = 900oC

RESULTS AND DISCUSSION
Validation of the model

Fig. 6. Comparision biochar and 
syngas percentage between the 
model and Zhongqing Ma et al

Fig. 7. Comparison syngas 
heating value between the model 

and Zhongqing Ma et al and 
Chao Gai et al

Fig. 8. The biochar and syngas in 
variation of temperature

RESULTS AND DISCUSSION
Validation of the model

RESULTS AND DISCUSSION
Validation of the model

CONCLUSION

 An equilibrium model has been developed to simulate the 
gasification process in a downdraft gasifier

 The percentage of biochar and syngas components predicted 
from the own developed model and the experimental 
investigation is good agreement.

 RMSE value was 1.642; 1.882; 1.445 and 1.345 in T2 was 
750oC; 800oC; 850oC and 900oC, respectively. 

 The model is reliable for predicting the biochar and syngas 
compositions and it can be acceptable for further prediction.

Thank you!
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Influence of several variables on 
the estimation of Wind Turbine 
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Non-manageable resources:

Mainly Wind and Solar power: The renewable 
production depend directly on the variable 
renewable resource.

Challenge:

To manage the fluctuations of the renewable resource 
keeping the power stability of the electrical system.

Solutions:

1. Forecasting tools  Cheapest option.
2. Energy storage systems.
3. Advanced control units.
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Barriers in the integration of Renewable energy

Electric system

Barriers in the integration of Renewable Energy

Energy Planning Economic/Administrative issues

Grid stability 
analysis

Strategy for maximizing RES penetration

Forecasting of non-
manageable production

Demand Side 
Management

Energy Storage
Distributed 
generation

RO

TSO

DSM

TSO = REE

Security and reliability
Market – Risk planning
Scheduling
Planning

Strategy for maximizing RES penetration

Main characteristics:
 Models:

• One day-ahead (24h@1h)
• Intraday (12h@1h)
• Intraday (6h@1h)
• Short-Term (2h@10min)
• Now-casting (10-30min@1min)

 Techniques:
• Weather Research Forecast.
• Machine Learning (SVR, RF)

 Configurable resolutions according to 
system requirements.

 Forecasting platform:
• Automatic execution
• Communication system

Reliable wind and solar forecasting is possible through the development of climate models. An important tool for electrical generation scheduling
that would make a maximum use of available RES.

Forecasting model MAE SMAPE R2 BS
Wind power forecasting models

One day-ahead [Resolución horaria] 123301 12.33% 84.3% 0.188
One day-ahead [Total diario] 1514592 9.69% 82.4% -
Intraday day-ahead [Resolución horaria] 85995 13.38% 79.7% 0.195

6h@1h short-term 62437 12.67% 76.6% 0.221
2h@10min short-term 79587 8.83% 78.9% 0.151

10min@1min short-term 53133 6.32% 83.54% 0.092

NWP (Numerical Weather Prediction):
Modells WRF and post processing with
artificial intelligence techniques.

MSG Antenna
5 min Time Resolution
1,2 km Spatial Resolution

Real data of the platform deployed in Tilos [Greece]

Energy forecasting

Materials. Meteorological & Operational data

Data collected from the SCADA System:

• Active power  WTPO
• Wind speed at hub height.
• Wind direction.
• Wind farm set-points.  TSO real time.
• Nacelle orientation.
• Yaw error.
• Air temperature.
• Atmospheric pressure.
• Relative humidity

Target variable

Input variable

Wind-pumped hydro power station
Gorona del viento – El Hierro

Methodology
Model 1:

• Wind speed
• Wind direction

Model 2:
• Wind speed

Weather station

SCADA system

Model 3:
• Wind speed
• Wind direction

SCADA system

Model 4:
• Wind speed
• Wind direction
• Air temperature
• Relative humidity
• Atm. pressure

SCADA system

Weather station

Model 5:
• Wind speed
• Wind direction

• Air density

SCADA system

Estimation 
using weather 
station data

Model 6:
• Wind speed
• Wind direction

• Air density

• Turbulence 
intensity

SCADA system

Estimation 
using weather 
station data
Estimation using 
SCADA data

Model 7:
• Wind speed
• Wind direction

• Air density

• Turbulence intensity
• Stand. dev. of wind direction

SCADA system

Estimation using 
weather station data

Estimation using 
SCADA data

Model 8:
• Wind speed
• Wind direction
• Yaw error

• Air density

SCADA system

Estimation using 
weather station data

Model 9:
• Wind speed
• Wind direction
• Abs(Yaw error)

• Air density

SCADA system

Estimation using 
weather station data

Model 10:
• Wind speed
• Wind direction
• Abs(Yaw error)
• Set-point
• Air density

SCADA system

Estimation using 
weather station data
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Machine learning technique. Support Vector Regression

Support Vector Regression (SVR):

Main characteristic:

High potential for use in this field. Radial structure that
differentiates the RBF neural network in the loss function used
and its optimization algorithm.

Structure:

•Quadratic optimization problem with linear constraints.
•It has a unique solution and not local optimal like in the case
of ANN MLP.
•Solution vector w is a linear combination of a set of sample
points called support vectors.
•To achieve nonlinear problem solving, a kernel is used
(Gaussian in this work).

Where

Weight vector of SVR

Constant regularizing that can
the importance given to the adjustment of
data to avoid overfitting.

Regulation band within which
the loss function does not perceive error.

Slack variables that define Є – Insensitive
loss function.

The optimization problem can be only solved for linear problems. To
solve non-linear problems, the data should be projected in a high
dimension space using a kernel function:

Where
 Degree of complexity of Kernel Gaussiano.

Performance analysis

10 – Folds Cross Validation:

Mean Absolute Error (MAE) Mean Absolute Relative Error (MARE)

Where: 
• oi : Observed data,  
• Mean value of the observed data,   
• Predicted data
• n Number of data points in the set.

Determination coefficient

Results. Short-term forecasting model

 In contrast to the common solution in which the training of the learning
models is carried out with the wind speed and direction data measured in a
weather station, the use of the wind speed and direction data collected
in wind turbines improves the forecasting results in a statistically
significant way, being this proposal the one that has obtained the best
results of all evaluated options.

 Set-points which are sent by the electrical operator to keep the
electrical stability are extremely important for the prediction. When
this signal is introduced, the model produces a significant improvement (5%
of significance) in its predictive capacity for the three evaluated metrics.
Therefore, this factor is important in isolated island systems where
the increment of the installed wind power will suppose the imposition
of higher levels of set-points by the system operators.

Higher error

Lower error

Statistical significance analysis

If the reading is by rows (j) it is the 
best model if the cell is highlighted

This method check the null hypothesis (H0) in 
which the mean metric of model “i” (μi) is equal 

or less to the mean metric of model “j” (μj), 
against an alternative unilateral hypothesis in 

which it is accepted that μi is significantly higher 
than μj

Results. Short-term forecasting model

 The air density is of great importance to improve the result of the forecasting models.
There were also statistically significant improvements with this variable. The direct use of
air density provide better results to proposals in which this is indirectly estimated by
introducing the ambient temperature, atmospheric pressure and relative humidity.

 Other variables such as the hub orientation or the intensity of turbulence contribute to
improve the results of forecasting models. However, its impact is less than those achieved
for the rest of the variables.

 Data collected by the wind farm SCADA has been proved as an interesting alternative.
Additionally, the access to the information can be done in real time with standardized
communication protocols.

Results. Short-term forecasting model

11

Wind power forecasting models:

Short-term – 2 hours with 1 minute resolution:

Input data Output

Wind speed – SCADA System Wind 
power 
each

minute
(W)

Wind direction – SCADA system
Set-point – SCADA system (TSO)
Absolute values of Yaw error
Air density

Short-Term Wind power forecasting model

Resolution MAE MAPE R2 IA

10 minutes 408 kWh 3.9% 92,9% 98,1%

Period 15/10/2016 0:00 – 15/10/2016 24:00

This model can detect up and down 
ramps two hours in advance

Integration in a forecasting platform

SCADA Connection

Forecasting models

Integration with EMS

FORECASTING SYSTEM

Main components of the forecasting platform:
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Integration in a forecasting platform

Example of real application of 
Forecasting technologies:

HPS SCADA

ITC MMP

DSO control 
center

ENERCON 
RTU
Control

Photovoltai
c plant

Battery
Control

Weather 
data

Power 
meters

Forecasting platform

Energy Management 
System

Data manager

Supervisión y control
Funciones de control de 
potencia
Almacenamiento de datos

P
LC

Influence of several variables on 
the estimation of Wind Turbine 
Power Outputs using Support 
Vector Regression technique
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Playa de Pozo Izquierdo s/n, 35119 Santa Lucía – Las Palmas, Spain.
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INTRODUCTION
2

Isolated 
Power 

Systems

Low Inertia

RENEWABLESLimited 
Generation

Grid 
Studies

INTRODUCTION
The rotor angle stability and frequency stability are 
focused in this paper since these are directly affected 
by inertia.

It is aimed that at the end of the study, there will be a 
better understanding on the behaviour of an isolated 
system with low inertia which may be useful when 
designing appropriate controls in the future, especially 
in a system embedded with intermittent VREs.

3

CASE: SINGLE MACHINE INFINITE BUS
4

CASE: SINGLE MACHINE INFINITE BUS
5

Time Domain Simulation of the SMIB for 
Various Penetration Levels of VRE.

Eigenvalues of the SMIB for Various 
Penetration Levels of VRE.

Effect of Increased Penetration of Solar PV in the 
System

CASE: SINGLE MACHINE INFINITE BUS
6

Effect of Effect of Network Models

Time Domain Simulation of the SMIB Network for 
Different X/R Ratios.
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CASE: SINGLE MACHINE INFINITE BUS
7

Time Domain Simulation of the SMIB for Different 
X/R Ratios with High Penetration of VRE.

Effect of Effect of Network Models at 10MW Solar PV Penetration

CASE: THREE-BUS SYSTEM
8

CASE: THREE-BUS SYSTEM
9

Effect of Increased Penetration of Solar PV in the 
System

Frequency Response of the System for Increased 
PV Penetration.

CASE: THREE-BUS SYSTEM
10

Effect of Network Models

Transient Response of the 3-Bus System with 10MW Solar 
PV Power Plant installed in Bus 2 at Various X/R Ratios.

CONCLUSION
11

Four key points are highlighted in this undertaking:
1. The inclusion of the solar PV farm in a small isolated system does not contribute to the inertia of

system, as evidenced by larger frequency oscillations after it is installed in the system.
2. At 20% penetration level of VRE in the three-bus system, instability is observed in terms of small signal

stability and validated by the time domain simulations. This can be observed by the presence of
eigenvalues in the right-hand side of the argand plane. Its locus is also shown and it is clear that some
critical eigenvalues tend to move to the right when subjected to increased penetration of solar PV.

CONCLUSION
12

3. It is observed that when a larger system (three-bus system versus single machine infinite-bus system) is
studied, the system tends to be more stable. This is attributed to the larger number of rotating
components in the system contributing to its overall inertia.

4. Network parameter modification has an effect on the power system stability. In general, eigenvalues
show minimal changes when the X/R ratio of the system is modified, however, when left uncontrolled,
this may lead to more serious problems when subjected to small disturbances. An effect on the
transient domain response of the system shows that the more resistive the system is, lesser it is resisting
to the disturbances in the system.

For further research, it is recommended to include other VRE sources in the system to have a better
overview of the system when subjected to more intermittent sources such as wind farm. Also, the
application of appropriate controls in the system, designed specifically for smaller isolated systems, may
have a significant effect in solving the stability problems observed in this study.
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Scenario Analysis of Generation 
Expansion Planning for 

Indonesian Archipelagic Islands: 
A Case Study of Halmahera Island

Tumiran*, Sarjiya*, Lesnanto Multa Putranto*, Ahmad Adhiim Muthahhari*, Abdan 

Hanifan Dharmasakya*, Edwin Nugraha Putra#

*Department of Electrical and Information Engineering, Universitas Gadjah Mada, 

Yogyakarta, Indonesia 

#Electricity System Planning Division, PT PLN, Jakarta, Indonesia

OUTLINE

• Introduction

• Generation Expansion Planning

• Methodology

• Results

• Conclusion

INTRODUCTION
• Indonesia is an archipelago with more than 17,000 large and small

islands, including Halmahera island.
• Halmahera island has high growth of nickel mining and processing

industries.
• Therefore, generation expansion planning is needed to meet demand

and provide minimal generation cost.
• In addition, this island has various local energy resources to support

renewable energy mix target.
• This study discuss about the generation expansion planning in

Halmahera system by considering the local energy resources.

GENERATION EXPANSION PLANNING
• GEP Model Equation

• Constraints
• Energy balance
• Generation capacity
• RE mix target

min 𝐶𝑜𝑠𝑡 =  𝐷𝐹𝐶𝑦

𝑦

× 𝐶𝑖𝑛𝑣
𝑡 × 𝑁𝐶𝑟 ,𝑡,𝑦

𝑡𝑟

 

+ 𝐷𝐹𝑦

𝑦

× 𝐶𝐹𝑂&𝑀
𝑡 × 𝑅𝐶𝑟,𝑡 ,𝑦 + 𝑁𝐶𝑟,𝑡,𝑦

𝑦𝑦

𝑦𝑡𝑟

 

+ 𝐷𝐹𝑦 × 𝑌𝑆𝑦 ,𝑙 ×

𝑓𝑙𝑟

𝑆𝑅𝑀𝐶 ×  𝑃𝑟 ,𝑙,𝑡,𝑦

𝑡

 

+ 𝐷𝐹𝐶𝑦 ×  𝐶𝐿  × 𝑁𝐶𝑇𝑡,𝑦,𝑙

Capital Cost

Fixed Operational and Maintenance Cost

Variable Operational and Maintenance Cost

METHODOLOGY
• First, the Halmahera Electricity system is

modelled based on the collected data
such as existing resources, electricity
demand, etc.

• There are two case used. The first one is
without RE mix consideration (Case A)
and the second one is with RE mix
consideration (Case B).

• Then, optimization for both scenarios is
performed by using the MILP method.

• After that, the results are compared and
analyzed, resulting in a power plant
development for the 2026-2050 planning
period.

RESULTS

Case A Case B

Power Plant Combination

The capacity of biomass power plant is higher in Case B. 
Furthermore, the capacity of coal power plant is lower in Case B. 
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RESULT AND DISCUSSION

Case A Case B

Energy Supply

The different power plant combination, results in different energy supply from each power plants
By considering RE mix target, the biomass supply is increased to 66.11%

Furthermore, the coal supply is decreased to 4.11%

RESULT AND DISCUSSION

Reserve Margin LOLP

Reliability

From these two figures, the Reserve Margin and LOLP index of both cases does not show different results.
This is because, the same total capacity and FOR for coal and biomass power plant

RESULT AND DISCUSSION

RE mix Cost

RE MIX and Cost

From the figure, the RE mix target is achieved in Case B but not in Case A.
The electricity cost does not show significant difference between both cases and resulting in average of  IDR1495/kWh

CONCLUSION
• To achieve RE mix target, the supply from biomass power plants needs

to be increased from 55.41% to 66.11% and reduce the coal power
plant supply from 14.53%to 4.11%.

• The additional supply from biomass power plant does not violate the
LOLP and Reserve Margin index.

• The average cost of electricity is IDR 1,495/kWh.
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Hybrid System (Solar Photovoltaic Power 
Plant + Diesel Power Plant)  as Technical 
Solution to Reduce Electricity Production 
Cost in Tourist Destination Isolated Island

Case Study Karimunjawa Island

Nurmela1,3, S.Sasmono2,3,  N.Hariyanto1, Deny Hamdani1, K.M. 

Banjarnahor1, T.Rachmilda1, Umar Khayam1

Introduction
Characteristics of electricity generation in the archipelago in

Indonesia is the use of Diesel Power Plants, such as

Karimunjawa Island. In addition to environmental factors, the

use of Diesel Power Plant on Karimunjawa Island causes the

Cost of Production is quite high.

One of the efforts to reduce the cost of production is to use a

hybrid method.

Introduction

All electricity production on Karimunjawa

Island is from two units of Diesel Power

Plants with a capacity of 2.7 MW. The

continuity of the supply of fuel is related to

the price of fuel and its transportation

which is quite expensive, resulting in the

cost of production being very high. This is

a consideration for PLN Karimunjawa to

try to reduce the cost of production

Site Location : Karimunjawa Island

Proposed Method

In this study, technical procedures will be discussed in an effort to optimize the
performance of the generation system on isolated islands such as Karimunjawa
Island before using the hybrid method and after using the hybrid method and
calculating LCOE (Levelized Cos of Electricity) and BPP (Cost of production)
with several levels of penetration, to obtain optimal generation values. The
value index is calculated to see the system performance, namely, loadflow
simulation to determine the voltage at each end of the feeder and losses,
simulation and short circuit ratio analysis to determine breaking short-circuit
current (Ib) or the limit of the current value that can be passed, then for
simulation frequency stability is to determine the value of frequency stability
when conditions are intermittent or loss of photovoltaic generators at low loads
or when the solar panels are covered by clouds.

Proposed Method

Data Collection 
and Survei

Start

Calculating LCOE and 
Cost of Production

Model Validation in 
software with real 

conditions

Modelling the Karimunjawa 
System on Digsilent 

software

Simulation and Analysis

Load Flow Short Circuit 

Validation 
Analysis of The 

Two Criteria

Stability Simulation

System Stability 
Analysis and 

Validation

Finish

YES

YES

NO

NO

Determining hybrid 
generator peenetration 

schenario 

1. Flowchart

Proposed Method
1. Flowchart

Bus 0.4 kV
PV+Batterai Control

CSU

Generator 
Control

Fe
ed

er
 1

Fe
ed

er
 2

Utility Meter

Legon Bajak Substation
20 kV

Legon Bajak Power Plant

PV Cluster 1 PV Cluster 2

0.4 kV
20 kV
Data Comunication

The Grid system works directly from solar panels
without using batteries, this system can be
directly distributed to the load. The electrical
energy generated from solar panels is DC
(Direct Current) electricity, which is then
converted into AC (Alternating Current)
electricity through an inverter. The DC current
that is converted into AC current can be used
directly for the load.
All electricity used during the day is supplied
from Solar Photovoltaic Farm power plant, and
at night electricity is supplied from Diesel power
plant.
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Simulation Result
1. Calculation of Land Area

From the calculation above, it takes an area of 1.13 ha to
build a solar power plant with a capacity of 0.99 MW.
PLTS penetration is assumed to occur in 2022. Based on the
load curve in December 2018, assuming an increase in
burden of 3.48% per year. In this development, the
Karimunjawa system reached a peak load of 1.4 MW.

Simulation Result
2. LCOE (Levelized Cost of Electricity) Hybrid Power Plant

3600

3700

3800

3900

4000

4100

4200

4300

4400

0 20 40 60 80 100 120

LCOE (Rp/kWh)

LCOE (Rp/kWh)

From the figure above, it can be concluded that the lowest LCOE is at 100% penetration
with an LCOE value of 3724,138 Rp/kWh.
cost of production or basic cost of generation is the average cost of generation in a power
system. In the Karimunjawa system, there is only one type of power plant, namely Hybrid
generators, therefore the cost of production is the same as the LCOE value.

Simulation Result
2. LCOE (Levelized Cost of Electricity) Hybrid Power Plant

Capacit
y 

Hybrid 
(MW)

Capacity Solar 
Photovoltaic power 

plant (MW)

Battery
(Mah)

Diesel Power 
Plants (MW)

LCOE 
(Rp/kWh)

1,4 0,99 3.3 2 x 2,7 3724,138

A hybrid power plant with a cost of production value is said to be feasible
when the hybrid power plant scenario has a lower cost of production than the
cost of production before the penetration of hybrid power plants. So the
solution for the Karimunjawa system hybrid power plant uses the scenario as
shown in Table

Simulation Result
3. Karimunjawa System Performance Before Solar Photovoltaic Power 
Plant Penetration

Karimunjawa Island System
Generation :0.99 MW
Load : 0.98 MW
Losses : 1.01% 

LEGON BAJAK SUBSTATION

20 kV
1 pu

LEGON BAJAK POWER PLANT

20 kV
1 pu

PLTD LEGON BAJAK 1
1X1.8 MW

AAAC 3X150 mm

2 x 0.49 MW
0.1 MVAR

0.1 Ka
3.4%

PLTD LEGON BAJAK 2
1X1.8 MW

F
E

E
D

E
R

 1
1

9
.8

7
 k

V

F
E

E
D

E
R

 2
1

9
.9

6
 k

V

0.49 MW
0.1 MVAR

0.49 MW
0.1 MVAR

0.387 MW
0.1 MVAR
0.02 Ka
2.7%

0.598 MW
0.1 MVAR

0.01 Ka
4.1%

Power Flow at Off-Peak Load 

At Off-Peak load conditions, no loading and
stress limits are exceeded. For the value of
losses from low load this system is 1.01%. In
this system the only generator that operates
is PLTD. From this power flow simulation, it is
known that the generating power is 0.99 MW
and the loading power is 0.98 MW.

The short circuit simulation results show the Ib value is
still below 12.5 kA so it is still safe to use CB with a
capacity of 12.5 kA.

Simulation Result
5. Karimunjawa System Performance After Solar Photovoltaic Power 
Plant Penetration

Karimunjawa Island System
Generation : 0.99 MW
Load : 0.98 MW
Losses : 1% MW

LEGON BAJAK SUBTATION

20 kV
1 pu

LEGON BAJAK POWER PLANT
20 kV
1 pu

PLTD LEGON BAJAK 1
1X1,8 MW

PLTD LEGON BAJAK 2
1X1,8 MW

PLTS
20.009  kV

1 pu

F
E

E
D

E
R

 1
19

.8
9
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V

F
E
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D

E
R
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19

.9
6
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V

0.99 MW

0.
5

9
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W
0.

1
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V
A

R
0.

0
 k

A
4.

1
%

0.99 MW
0,0 MVAR
0,0 kA
12.4%

0
.4

0 
M

W
-0

.1
 M

V
A

R
0

.0
 k

A
2

.9
%

PLTS
0.99 MW

0.4 MW
0,1 MVAR
0,01 kA
2.7%

0.4 MW
0,1 MVAR

0,01 kA
2.8%

Loadflow system after solar PV power plant penetration

With the penetration of PLTS of 0.99
MW in the Karimunjawa system, losses
are reduced from the condition before
PLTS penetration of 1.01% to 1%.

Substation Ib (kA) 
Legon Bajak 0.65173 
KRM1-21 0.64565 

 

Short Circuit Simulation Result :

Based on the data obtained after the short circuit 
simulation, the breaker short circuit current (Ib) 
is less than 12.5 kA, so it is still safe for the 
Karimunjawa system.

Simulation Result
5. Frequency Stability Analysis

In the case of Solar PV Power plant,
extreme radiation changes are
considered as Solar PV Power plant
discharges. So in this study there is a
condition to be analyzed, namely when
clouds cover the solar module suddenly
so that the Solar PV Power plant output
power drops from 100% to 25% within
4.47 seconds according to the
calculation results.Irradiation decreased by 75%

296



Simulation Result
5. Frequency Stability Analysis

In the Figure above, it can be seen that the
impact of the cloud event that covered the solar
module suddenly, so that the irradiance on the
photovoltaic module fell from 100% to 25%,
causing the photovoltaic active power to drop
from 0.99 MW to 0.14 MW.

PV active power when Irradiation decreased by 75%

Simulation Result
5. Frequency Stability Analysis

One of the efforts so that the frequency does not drop
beyond the maximum frequency limit is the battery
response. The battery can respond quickly by
discharging power to supply the load. It can be seen
from the figure that the battery responds by
increasing the power to 0.75 MW

Battery active power when Irradiation decreased by 75%

Simulation Result
5. Frequency Stability Analysis

From the frequency fluctuation data above, it
can be seen that the value of the frequency
swing does not exceed the Karimunjawa UFR
(Under Frequency Relay) limit. It can be seen
that the frequency touches 49.89 Hz then
swings up again and then returns to the steady
state with a frequency value of 49.91 Hz. This
means that the Karimunjawa system is still in a
stable condition

Frequency System when Irradiation decreased by 75%

Conclusion
In this study, the performance of the Karimunjawa electricity

system before the PLTS penetration was quite good with losses of
1.01%. However, because the basic cost of generation is quite
high, then the solution to reduce cost of production is done, by
penetrating Solar PV Farm power plant.

According to the research results, Solar photovoltaic
penetration can be carried out on Karimunjawa island, because the
simulation shows the system performance after PLTS penetration
is quite good, even losses decrease to 1.00%, besides that the
simulation results also show the feasibility of power flow, short
circuit ratio, and intermittency conditions when irradiation drops.
from 100% to 25% the frequency is still above the 49.5 Hz limit.

Thank You
The research is supported by Quadran Energy Rekayasa
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Solar and Wind Energy 
Resource Assessment for 

Bantayan Islands 

Paula Isabel G. Acebu1, Billriz E. Condor1, 
Tristan G. Magallones, Jr.1,2, and Harold O. 

Panganoron1

1 Energy Engineering Program, National Graduate School of Engineering, University 
of the Philippines Diliman, Quezon City, 1101, Philippines

2 Department of Electrical Engineering, Central Mindanao University, Musuan, 
Maramag, Bukidnon, 8710, Philippines

Introduction

The Philippines

- located in Southeast Asia 
region

- has a population of 108.1 
million

- an archipelago that consists of 
7,640 islands 

Introduction

Resources

No. of
Projects

Potential
Capacity MW

Installed
Capacity MW

Commercial Own-Use Commercial Own-Use Commercial Own-Use

Hydropower 405 2 11,284.95 1.56 1,105.02 -

Ocean Energy 6 - 24.00 - - -

Geothermal 34 - 814.20 - 1,928.07 -

Wind 83 1 5,760.28 - 442.90 0.01

Solar 273 37 11,892.31 8.35 1,187.91 6.43

Biomass 65 22 182.03 3.1 619.30 179.27

Sub-total 866 62 29,958.07 13.01 5,283.20 185.71

GRAND TTAL 928 29,971.08 5,468.91

Source: https://www.doe.gov.ph/national-renewable-energy-program?q=renewable-energy/summary-of-re-projects

Methodology

Methodology

Annual solar energy technical potential (kWh/year) 

E = A * r * H * Pr

where A is total solar panel area (m2);

r is solar panel efficiency (%); 

H is annual average solar radiation (Wh/m2/year); 

Pr is performance ratio

Methodology

Annual wind energy technical potential (kWh/year) 

𝐸𝑖 = 𝐷 ∗ 𝐴 ∗ 𝐶𝑝 ∗ 𝑛 ∗ ℎ𝑒

wherein, 𝐷 is wind power density (W/m2); 

𝐴 is the swept area of the wind turbine (m2); 

𝐶𝑝 is the Betz Limit; 

𝑛 is the number of wind turbines for every 1km2 grid; 

ℎ𝑒 is the effective hours the turbine works
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Methodology Methodology

Methodology Study Area

Bantayan Islands

- located at 11°12’02’’ N 
123°44’23’’ E

- has a population of ~120,000 

- total land area is 136.11 square 
kilometres

- agriculture and tourism are 
main sources of income

Study Area

Bantayan Islands

Location Total Area 
(km2)

1 Bantayan Island 108.77

2 Hilantagaan
Island

4.21

3 Kinatarkan Island 8.97

4 Botigues Island 1.06

5 Doong Island 3.68

6 Lipayran Island 1.48

1
2

3

4

5

6

Study Area

Physiography

- most elevations are <10m

- highest point at ~26m

- mostly covered by shrub lands 
and croplands 

- built-up areas located near 
coasts
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Study Area

Existing Energy Systems

- electrification by Bantayan
Island Electric Cooperative, Inc. 
(BANELCO)

- powered by diesel power plants 
from Bantayan Island Power 
Corporation (BIPCOR) and 
NPC - Small Power Utility 
Group (SPUG)

Solar Energy Resources

Annual Sum of Global Horizontal Irradiation (kWh/m2) Annual Sum of Direct Normal Irradiation (kWh/m2)

Solar Energy Resources Solar Energy Resources

1

2

3

4

5

6

2,370.55 GWh/year

94.89 GWh/year

213.52 GWh/year

12.67 GWh/year

54.16 GWh/year

29.86 GWh/ year

Location Total 
Area 
(km2)

Availabl
e Area 
(km2)

Annual 
Irradiation 

(kWh/m2/year)

Technical 
Potential 

(GWh/year)

1 Bantayan Island
108.77 94.23 1924.502 2,370.55

2 Hilantagaan Island
4.21 3.8 1910.258 94.89

3 Kinatarkan Island
8.97 8.52 1917.197 213.52

4 Botigues Island
1.06 0.51 1900.03 12.67

5 Doong Island
3.68 2.17 1909.162 54.16

6 Lipayran Island
1.48 1.2 1903.683 29.86

Solar Energy Technical Potential

Wind Energy Resources

Wind Speed Wind Power Density

Wind Energy Resources

Monthly Wind Speed Variability
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Wind Energy Resources

1

2

3

4

5

6

1,254 GWh/year

50.05 GWh/year

134.62 GWh/year

5.52  GWh/year

23.89 GWh/year

12.26 GWh/ year

Location Total 
Area 
(km2)

Availabl
e Area 
(km2)

Technical 
Potential 
Density 

(GWh/km2/year)

Technical 
Potential 

(GWh/year)

1 Bantayan Island 108.77 94.23 13.31 1,254.60

2 Hilantagaan Island 4.21 3.8 13.17 50.05

3 Kinatarkan Island 8.97 8.52 15.80 134.62

4 Botigues Island
1.06 0.51 10.81 5.52

5 Doong Island
3.68 2.17 11.00 23.89

6 Lipayran Island
1.48 1.2 10.21 12.26

Solar Energy Technical Potential

Site Suitability, Env’t & Social Impacts

Hazards

- most of the island has 0 to 8% 
steepness

- hilly regions show moderate 
susceptibility to landslides

Site Suitability, Env’t & Social Impacts

Environmental

- development of solar and wind 
energy projects will likely utilize 
crop land

Social

- continued public education on 
the benefits of renewables is 
necessary

Sensitivity Analysis

Area Factor Solar Irradiance

PV Efficiency

Sensitivity Analysis Conclusion

• Annual solar and wind energy technical potentials for the 
Bantayan Islands were quantified.

• Suitability of site for solar and wind energy projects was 
evaluated with the potential environmental and social impacts.

• Overall, the preliminary energy resource assessment was able 
to determine the viability of renewable energy implementation 
for the Bantayan Islands.
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Recommendations

1. Conduct of fieldwork to validate the preliminary investigation.

2. Application of methodology in other islands in the country.

3. Addition of other renewable energy sources in future efforts.

END
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Optimal Small Wind Turbines 
for Small Isolated Island's 

Energy Resilience Considering 
Wind Uncertainty: A Case of 

Komodo Island

Rizki Firmansyah Setya Budi*, Sarjiya*, and Sasongko Pramono Hadi*

*Department of Electrical and Information Engineering, Universitas Gadjah Mada, 
Bulak Sumur, Sleman, Yogyakarta, Indonesia.

Research Background
• Fulfilling electricity demand in small isolated islands is challenging

• Small isolated islands, especially Komodo Island, require a clean, 
economical, and based energy supply based on local energy sources

• Reduce dependence, CO2 emissions and low costs

• Wind energy = potential to be 
developed on Komodo island

• Wind speed uncertainty is a problem in 
the development of wind energy and the 
optimal selection of small wind turbines

Research Background

• These previous studies have one thing in common, i.e., there 
is no uncertainty analysis of the wind speed, and the data 
range used is one year  these simplified assumptions on 
wind speed data produce an inaccurate wind turbine 
generation profile and inaccurate economic analysis. 

• Therefore, this research conducts the economic analysis and 
optimization to obtain the optimal small wind turbine for the 
Komodo island by considering wind speed uncertainty to 
support its energy resilience.

Research Method

Data and Assumptions

• The electricity demand in Komodo island is entirely supplied 
using diesel power plants with a total capacity of 300 kW with 
generation cost of 0.236 USD/kWh. 

Data and Assumptions

The hourly wind speed 
data at 10 m above the 
ground level from 2009-
2020 is shown in Fig. 5.
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Data and Assumptions

• To obtain the optimal small wind 
turbine as the alternative power 
plant to replace the diesel power 
plant, this research uses 16 small 
wind turbine types from various 
brands with varying capacities, 
cut-in wind speed, rated wind 
speed, cut out wind speed, and 
investment cost, as shown in 
TABLE 1

Results and Discussions

• Using average wind 
speed produces 
capacity factor that 
does not match with 
the actual condition

• The highest capacity 
factor is the SWT 3 
kW.

• The lowest capacity 
factor is Vergnet 20 
kW

Results and Discussions
 Considering the 

uncertainty, only 
the SWT 3 kW 
that is 
economically 
feasible

 Using average 
scenario: Proven 
15 kW, 
Fuhrlander 30 
kW, and SWT 3 
kW are 
economically 
feasible

 Ignoring the 
uncertainty 
causes 
result inaccuracy

Results and Discussions

Results and Discussions Results and Discussions
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Results and Discussions Conclusions

• The proposed model is successfully implemented on Komodo 
Island. 

• By considering the wind speed values of Komodo island and their 
uncertainty, the SWT 3 kW is the optimal small wind turbine with a 
total capacity of 66 kW with average capacity factor of 14.7% with 
an average LCOE of 0.135 USD/kWh. 

• Using the SWT 66 kW provides an average potential saving of 
85,917 USD during its lifetime and an average CO2 emission 
reduction of 66.76 tons per year and provides an average IRR of 
22.7%.

• Using the SWT 66 kW decreases the HSD consumption in Komodo 
island. The total reduction of HSD consumption is 65.18 litres per 
day or 23,791.48 litres per year and provides a fuel dependency 
reduction ratio of 12.2%  increases the energy resilience of 
Komodo island by decreasing its fuel dependency by 12.2%. 

Thank you
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Methods for the Integration 
of Solar PV into UC Scheme 
in Isolated Microgrid System

Ignatius Rendroyoko*, Ngapuli I Sinisuka*, Vincent Debusshcere+, and 
Deddy P Koesrindartoto#

*School of Electrical and of Electrical and Informatics, Engineering, 
Institute Technology of Bandung, Bandung, Indonesia. 

+G2Elab, Univ. Grenoble Alpes, CNRS, Grenoble INP, Grenoble, France. 
#School of Business and Management, Institute Technology of Bandung, 

Bandung, Indonesia

May ADD 
LOGOS HERE

Smart electricity system for Islands

Parumaan Solar PVMessa Solar PV

Kojadoi Solar PV

Islanded power systems 
face unique challenges in 
environmental, economic 
and social sustainability. 
Their high reliance on oil-
fired generation leads to a 
carbon intensive power 
generation profile and 
consequently high costs to 
electricity consumers.

Background problems
 In the development of electricity supply systems for islands and isolated areas, there are

currently many intermittent NRE plants being built and integratedly operated intermittent
renewable energy generators integrated with existing diesel generators.

 In the integration of intermittent (photovoltaic) RES plants in the electric power system,
the Unit Commitment (UC) method can be used to regulate the scheduling of the
operation of generating units in a deterministic manner to meet the load requirement.

 To get the best scheduling, optimization techniques should be used for the application of
the UC method in electric power systems with intermittent RES plant so that the electric
power system can ben operated stable, continuously and reliable with low operating
costs.

 There are numbers of optimization techniques: linear programming (LP), priority list
(PL), dynamic programming (DP) and genetic algorithm (GA). We have to find out the
most suitable optimization technique to be applied to the UC scheme in a power system
with intermittent RES generation .

Priority List

Unit 
Commitment

Optimasi 
Genetic 

Algprithm

Figure 1
Microgrid Electricity 
Power System

Microgrid power system with RES

Research problems

1. Research is needed to get the best and suitable optimization technique to

ensure Unit Commitment implementation solutions.

2. How to arrange the operation scheduling of the generating unit where there

are intermittent RES generators on the microgrid system with the UC

method with the best optimization techniques, to meet the needs of the

electrical load and keep the electrical system stable, continuous, and keep

costs low.

3. The optimization technique used is the genetic algorithm (GA) optimization

technique combined with the Priority List (PL) technique.

Unit commitment in electric power system

Optimization of the UC implementation is 
subject to several global constraints such 
as power balance, spinning reserves, and 
several individual constraints such as unit 
output limits, maximum ramp rates, 
minimum up/down hours, must run unit 
and frequency and voltage.
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Smart electricity system for Islands

Objective functions :

Total Operation Cost

Fuel Cost

Start-Up Cost

In general, the UC problem in electricity system is how to minimize the total cost, which consists of 
fuel costs and start-up costs. In an archipelago electricity system with variable RES generators, 
the UC implementation will have the following objective functions:

𝑇𝑂𝐶 =  𝑈 . 𝐹 (𝑃 + 𝑈 𝑆

𝐹 (𝑃 ) = 𝑐 + 𝑏 . 𝑃 + 𝑎 ∗ 𝑃

𝑆 = 𝑆𝑈 1 − 𝑆 , 𝑠 + 𝑆𝐷 1 −  𝑥 𝑥 ,

𝑥 = 0 ; 𝑥 , = 1

𝐹 = (𝑎 . 𝑃 , + 𝑏 . 𝑃 , + 𝑐 )

UC in microgrid system : constraints

1. System Power Balance (𝑈 . 𝑃 ) = 𝐿𝑜𝑎𝑑  ,    1 ≤ 𝑡 ≤ 𝑇

2. Spinning Reserve 𝑈 . 𝑃 ≥ 𝐿𝑜𝑎𝑑 + 𝑆𝑅 ,    1 ≤ 𝑡 ≤ 𝑇

3. Power generating limit 𝑃 ≤ 𝑃 ≤ 𝑃  ,    𝑃 ∈ 𝑅

4. Minimum up/down time
𝑇 𝑖, 𝑡 ≥ 𝑀𝑈𝑇 𝑖 𝑖𝑓 𝑈 𝑖, 𝑡 + 1  𝑚𝑢𝑠𝑡 𝑡𝑢𝑟𝑛 𝑜𝑓𝑓

𝑇 𝑖, 𝑡 ≥ 𝑀𝐷𝑇 𝑖 𝑖𝑓 𝑈 𝑖, 𝑡 + 1  𝑚𝑢𝑠𝑡 𝑡𝑢𝑟𝑛 𝑜𝑛

5. Ramp up/down
𝑃 , − 𝑃 , ≤ 𝑈𝑅        𝑖𝑓 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒

  𝑃 , −𝑃 , ≤ 𝐷𝑅           𝑖𝑓 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒

6. Must run units PRE t  = Poutput t    0 ≤ t ≤ 24

7. Frequency and Voltage Vmin ≤ V ≤ Vmax and       Fmin  ≤ F ≤ Fmax

In a microgrid system with variable RES generators, the implementation of UC has the following
constraints:

Timor electricity system Proposed optimization algorithm
The algorithm begins with UC and the ED stage using the priority list.
Then, it further optimized the economic dispatch using a GA with the
objective to minimize TOC. For the GA dispatch problem, the UC
schedule is fixed based on the solution of the previous stage. The GA
dispatch utilizes PL-based dispatch as the basis by initializing one
chromosome using a priority-based dispatch (inheritance) solution,
while the other populations are collected randomly.

In the final stage, the offspring population made through selection, 
recombination, and mutation replaces the original parent population. 
The steps are repeated in an iterative process until stopping conditions 
are reached. During the evaluation process, the best individuals are 
saved from being reintroduced to the next generation. Thus, 
convergence is accelerated, and the best individuals' information is 
preserved to get the string with the lowest value of TOC.

Load profile and generations Simulation results and findings
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Conclusions

Method
Total fuel 
cost ($)

Total 
operational 

cost ($)

Elapsed 
time (s)

Real TOC [16] 125,916.12 179,880.17 -

GA-LR-GA [18] 109,493.08 113,378.48 630.05

PL [7, 17] 119,854.82 124,346.38 2,70

PL+GA 109,643.00 114,017.84 50,63

Comparison of total operating cost

1. The PL-GA method turns out to have effective
performance, can provide optimal solutions, with
fast enough computation time.

2. Compared to the GA-LR-GA method, the
calculation results of the proposed algorithm are
slightly larger, but much shorter time. The GA-LR-
GA method does have the capability to provide
optimal results but requires a longer elapsed time.

3. The PL-GA algorithm gives better results than PL 
method. PL method is fast, but the results are not 
optimal. The use of the PL-GA algorithms provides 
least average operational costs, even the time is 
quite longer. 

4. The PL-GA results also be validated by 
comparation with the Total operation cost 
realization (obtained from the LCOE of the Timor 
power system). The proposed optimization 
algorithm can provide significant operating cost-
efficiency benefits.

Results of TOC and PV penetration

Pic shows that the penetration of RES reaches its optimal
percentage at 15%, where the minimum total operating costs are
achieved.

Pic shows that spinning reserve (SR) comes at a cost. However, due 
to the PL algorithm, the exact value of SR can reduce the total cost 
(because it forces the PL to turn on the unit which normally shuts 
down based on the PL).

Conclusions
1. For microgrid electrical systems, with many machines, such as microgrid systems, in

order to get optimal results from the implementation of unit commitments, PL and
GA algorithms are applied. The solutions using the PL-GA algorithm have shown
good optimization results, accurate, with sufficient computation time

2. The accuracy of the calculation results of TOC and time has been compared with
other optimization methods: the GA-LR-GA and PL methods. The PL-GA algorithm
shows fairly good performance at fairly low TOC and short computation time than
others. The combination of PL-GA optimization algorithms can be feasible and
suitable to be applied to a microgrid system with a RES generator.

3. Utility companies may apply this method to the microgrid control system to integrate
the RES generator into the existing microgrid system. The penetration of RES can
help alleviate the cost of supplying electricity and stringent reserve requirements.

THANK YOU FOR YOUR ATTENTION
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Introduction

 Low voltage distribution networks are expanded year by year 
due to load demand increase:
• Population growth
• Economic condition

 Low voltage distribution networks in Cambodia:
• Radial operation/structure
• Practically unbalanced systems

• Unequal sharing of loads in each phase
• Three-phase and single-phase loads
• Load profile uncertainty

Design an appropriate low voltage network topology

3

Research Objective

4

 To develop algorithms of low voltage distribution network 
topology
• Power losses minimization
• Load balancing improvement

 To compare the different proposed algorithms under load 
profile uncertainty in an urban area
• Repeated Phase ABC (RPABC)
• Genetic Algorithm (GA)

Methodology

Method 1: Repeated Phase ABC ( RPABC)

5

Objective: min

nbr
abcn
lossi
P

i1
nbr : number of branches in the system

Pabcn : loss of each phase in branch ilossi

Constraints: Voltage constraint: 0.9 pu ≤ Vlimit ≤ 1.06 pu 
Current constraint: Ibranches ≤ Imax

Method 1: Genetic Algorithm

Methodology

 A Case Study: An Urban Area in Cambodia
• The low voltage network in an urban area is located in Borey Veal

Sbov, Phnom Penh city, Cambodia, supplied from the 22-kV/0.4-kV
transformer at bus 1 to 45 buses

• The total active power is about 200kW with power factor of 0.95

Distribution Network [11o32’04” N, 104o58’06” E].

6
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Methodology

 Normalized Load Curves and its Uncertainty
• Since there is no available information for all households , normalized 

load curve based on local measurement is used for simulation
• Daily normalized load curve uncertainty (hypothesis): +/-20% with  

uniform distribution

7

Results and Discussion

 Radial low voltage distribution network topologies

Repeated Phase ABC (RPABC)

Genetic Algorithm (GA)

Contributionof total active power at each phase.

Algorithms RPABC-A1 GA-A2

Phase A 71.20 80.53

Phase B 64.60 58.89

Phase C 65.07 65.07
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8

Results and Discussion

Several performances by different algorithms

Indicators RPABC GA Choice

Annual energy 
purchased (MWh) 820.80 820.78 A2

MV/LV Transformer 
required (kVA)

224.33 224.30 A2

Conductor Use (m) 3440 3440 A2

Maximum active power 
losses (kW) 6.11 6.10 A2

Maximum current (A) 98.74 94.68 A2

Minimum voltage (pu) 0.9644 0.9684 A2

Voltage unbalance 
factor (%) 0.62 0.29 A2
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Conclusion and Future Work

10

 Conclusion
• Tool of low voltage distribution network topologies have been developed

• Power losses minimization
• Load balancing improvement

• Different proposed algorithms with load profile uncertainty have been 
compared
• Heuristic  Repeated Phase Sequence ABC (RPABC)
• Artificial Intelligence  Genetic Algorithm (GA)

 Future Work
• Novel algorithms for load balancing improvement
• Integration of PV and storage into the optimal system
• Economic Analysis

Thank you for your attention

Institute of Technology of Cambodia

Research and Innovation Center
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Introduction
• The Indonesian electrical system has a different 

type of power grid.  
• Indonesia Government pledges the 

commitment to deploy renewable energy.
• One of its strategies is using Solar PV power 

plants (PV) in the microgrid system
• One of the solar PV microgrid that has already 

been implemented is in Karampuang Island
• In this study, two proposed microgrid schemes 

examined based on the current capacity in the 
original scheme

• The reliability of both schemes is analyzed. 

3

Karampuang Island Microgrid
• Karampuang Island is a 6 km2 island, 

located in Mamuju Regency, West 
Sulawesi Province with a population of 
800 householders 

• Their electricity needs supply by four 
Solar PV microgrid which are 
separated and not connected yet.

• This microgrid was built in 2017 by 
Sky Energy Solar under MCA-
Indonesia Program and operated by 
PT Karampuang Multi Daya

• The total daily load is around 1200 
kWh. 

PV Capacity 
(kW)

BESS Capacity 
(kWh)

Solar PV Plant 1 201.6 1152

Solar PV Plant 2 115.2 576

Solar PV Plant 3 147.2 864

Solar PV Plant 4 134.4 768

4

Reliability Analysis for Microgrid (1)

• Various reliability study was already done in renewable 
energy, distributed generation, and or microgrid field.

• Reliability analysis in Microgrids is implemented in several 
methods such as failure modes, effect and criticality 
analysis (FMECA or FMEA), bayesian belief networks 
(BBN's), event tree analysis (ETA), fault tree analysis 
(FTA), Markov chain Monte Carlo simulation, and 
reliability block diagram.

• Reliability analysis of solar-PV systems is carried out 
using reliability block diagram (RBD) and fault tree 
analysis (FTA).

• A study use the Markov Chain Analytic using FOR in 
analysis the reliability of BESS 

5

Reliability Analysis for Microgrid (2)
• The Result of reliability evaluation is shown in indices namely 

LOLP, LOLE, and LOEE which are obtained from the COPT.
• In this study, reliability of both schemes is analyzed by 

comparing two indices which are LOLE and LOEE. 
• The LOLE and LOEE are calculated by following the flowchart.
• The first step is to construct the system model 
• The RBD is modelled by interpreted the component either 

sequential or parallel blocks.
• When constructing the COPT system, the generation capacity 

divides into daytime and nighttime. 
• In daytime, the “Capacity In” is the PV generation. 
• The “Capacity In” in the nighttime follow bellow equation

𝐶𝑎𝑝 𝐼𝑛

=  
𝑃  − 𝐿𝑜𝑎𝑑   − 𝐿𝑜𝑎𝑑   

3 ℎ

6
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Calculation (1)

• Two proposed Karampuang microgrid is 
considered as schemes 1 and 2.

• The total capacity of Solar PV and Battery for 
both schemes are equal. Both schemes also 
use the same type of component

Component type Amount

Solar PV 0.3 kWp 1995
PV Inverter 25 kW 24

Battery
48V/
1000Ah

70

Batt 
Converter

6 kW 100

Component type Amount

Solar PV 1 0.3 kWp 672
PV Inverter 1 25 kW 8
Solar PV 2 0.3 kWp 384
PV Inverter 2 25 kW 5
Solar PV 3 0.3 kWp 491
PV Inverter 3 25 kW 6
Solar PV 4 0.3 kWp 448
PV Inverter 4 25 kW 6
Battery 48V/1000Ah 70
Batt 
Converter

6 kW 100

7

Calculation (2)

• In RBD, the subsystem is in working condition 
only if all component is working satisfactorily.

• The parallel structures showed the number of 
components in the subsystem.

• Then each subsystem is compiled to each 
connection line in a series configuration. 

• The subsystem work if only the connection is 
work. 

• In scheme 2, each subsystem connected in LV 
connection. The system in scheme 2 work if the 
LV connection line works properly. 

8

Calculation (3)

• The A and FOR of each sub-component that used in 
this calculation are obtained from several study 
shown in Table 3.

• The COPT of each subsystem is calculated as per 
RBD and A-FOR table.

• Solar PV A value assumed for one string which 
connects to one PV Inverter.

• In Scheme 1, there are 24 string Solar PV, 24 PV 
Inverter, and 24 BOS so that COPT of the PV 
subsystem has 25 states.

• The PV subsystem availability is APV x A Inverter x Abos
which is 98.01%.

• The Bess component availability is ABattery x A converter 
equal to 98.73%. The BESS subsystem’s COPT 
divide into 22 states.

Component A FOR

Solar PV (@25kw) 99.966% 0.034%

PV Inverter (@25kw) 98.131% 1.869%

Battery 

System(@6kw) 99.784% 0.216%

Charge Controller / 

Converter (@6kw) 98.945% 1.055%

BOS (@PV Plant) 99.915% 0.085%

Connection-Line 98.216% 1.784%

9

Calculation (4)
• The daily load curve and PV production curve of 

microgrid and Solar PV plant is considered in 
calculate the Cap In of COPT system.

• The daily load already considered the 
distribution and connection losses.

• The energy production of Solar PV value is 
provided by solcast.com.au

• The COPT system of scheme 1 from calculation 
have 130 state.
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Charging
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State
Cap In (kW)

P ind
Daytime Nighttime

129 350.0 411.22 0.596121
128 350.0 390.00 1.2285E-40
127 350.0 360 5.3927E-49

… … … …
115 350.0 0.00 0.01082
114 336.3 383.08 0.289816

State
Cap In (kW)

P ind
Daytime Nighttime

… … … …
64 277.8 262.85 8.6426E-05
63 277.8 240 1.177E-90
… … … …
55 277.8 0.00 1.5697E-06
… … … …

State
Cap In (kW)

P ind
Daytime Nighttime

9 131.6 0.00 3.1456E-20
8 117.0 0.00 9.21E-22

… … … …
2 29.2 0.00 9.3051E-36
1 14.6 0.00 9.3222E-36
0 0.0 0.00 0.017838

10

Calculation (5)

• The load in previous figure is daily load 
for weekday. In the weekend assumed 
there is declining consumption of energy 
15% from weekdays.

• The weekly hourly load assumed the 
same throughout the year for 52 weeks.

• The load duration curve is arranged in 
descending order to form a cumulative 
load.

• From calculation using COPT and Load 
Duration Curve found that the LOLE of 
scheme 1 is 2.8580% or 249.68 h/year, 
and LOEE is 11502.02 kWh/year
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Calculation (6)
• The same step was also applied for scheme 2 to 

construct the COPT system. 
• The difference is the total daily energy production of 

PV. 
• The total daily energy production of  PV from 4 

different locations in scheme 2 is 2155 kWh
• While daily energy production of scheme 1 is 2158.3 

kWh 
• LOLE Scheme 2 is 2.8912% or 252.58 h/year, and 

LOEE is 11602.14 kWh/year. 
State

Cap In (kW)
P ind

Daytime Nighttime
144 350.00 410.10 0.54369546
143 350.00 390.00 1.1205E-40
142 350.00 360.00 4.9184E-49

… … … …
130 350.00 0.00 0.00987512
129 347.66 405.30 0.27534213

State
Cap In (kW)

P ind
Daytime Nighttime

… … … …
87 307.07 321.99 0.00115812
… … … …
76 307.07 0.00 2.10349-05
75 292.45 291.98 0.01101529
… … … …

State
Cap In (kW)

P ind
Daytime Nighttime

10 146.22 0.00 0.000114
9 131.60 0.00 1.1379E-05

… … … …
2 29.24 0.00 4.3630E-10
1 14.62 0.00 4.3694E-12
0 0.0 0.00 0.017839
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Conclusion and Discussion 
• The one large PV microgrid 

scheme has better Reliability 
compared to the 4 distributed PV 
microgrid schemes.

• LOLE scheme 2 only higher 
0.033% than scheme 1. LOEE 
scheme 2 only higher 75 kWh/year 
or 0.657%

Indices Scheme 1 Scheme 2

Daily PV
Production (kWh)

2158.3 2155.0

LOLE (%) 2.8580 2.8912
(h/year) 249.68 252.58

LOEE (kwh/year) 11502.02 11577.54

• The difference result might happen if the distributed Solar PV plant is located in the 
long-range distance or different connection topologies of Solar PV and BESS

• The calculation method that developed in this study might need adjustment while 
studying the reliability of microgrids located not in an equatorial area

• Future work plan might consider calculating the reliability and economic index in 
implemented distributed PV microgrid

13
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INTRODUCTION
Why microgrid?
Lower carbon emission
Comparing with the conventional 
power plants

Higher efficiency
Lower transmission losses

Higher reliability
Shorter transmission line, lower 
risk of fault

Two modes of operation
Grid-connected mode1

Islanded mode2

- Bi-directional power flow
- Main grid can compensates for the insufficient power.
- High fault current

- The available sources are only from DGs.
- Need control schemes to balance power
- Low fault current

A proper protection scheme is needed to ensure 
safe and reliable operation in both modes.

PROTECTION ISSUES IN MICROGRID

False Tripping
occurs when an overcurrent relay on a DG-connecting feeder 

triggers due to a problem on a non-DG-connecting feeder. If DG 
capacity is adequate, the current contribution from DG may be 

sufficient to exceed the feeder protection pickup. 

Blinding of Protection
The fault occurs at the lower end of the feeder in grid-
connected mode, the Thevenin’s impedance will be increased 
and this results in lower fault current contributed from the main 
grid which does not reach the pick up current of the relay.

Selectivity Problem

Single-phase DG Connection

Discrimination of Protection Device
is an abnormal condition from increasing short circuit current 
due to DG fault current contribution. This also be known as 
“overreach” which refers to a relay's tendency to detect further 
away faults than it is supposed to trip.

Reverse Power Flow

Loss of Main

Insufficient Fault Contribution

04

05

06

07

08

In the case of integrated DG, the power and current are 
bidirectional in nature, leading to unnecessary tripping. This 

problem also be known as the protection coordination problem.

The current or voltage in the three phases becomes unbalanced 
condition, which can lead to an increase in neutral current. This 
will lead the protective system to malfunction.

occurs when a DG is connected to a distribution feeder from 
both sides of feeder, causing the power and fault current flow in 

opposite direction in the feeder. 

occurs a portion of the network is electrified and the islanding is 
undetected. This will results in abnormal voltage, frequency, and 
unsynchronized reclosers, all of which result in damage of 
customer equipment and system instruments.In islanded mode, if the DGs are inverter-based, the limited short-

circuit current produced during a fault will not be enough to 
reach the pickup current setting of the relay.

03

02

01

REVIEW OF APPLIED METHOD
Microgrid Protection

Method

Current-Based ProtectionDifferential Protection

Distance Protection

Voltage-Based Protection

Deployment of External 
Devices

Energy Storage DeviceFault Current Limiter

Adaptive Protection

1) Current-based Method

“How does protection system detect the low fault 
current when operates in islanded mode?“
In islanded inverter-based microgrid, the limited low fault 
current flows to short-circuit point which becomes more 
challenge to protect the microgrid system.

This current-based reviewed solution has been 
proposed by Zhi C. et al. 
This solution is primarily based on current measurement and 
analysis. Thus, the method aims to increase the performance of 
traditional over-current protection while also providing a 
reliable system of protection 
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01

which includes 1) the fault 
identification and 
2) operation time 

setting

Setting of MBR

there are 4 states of 
inverter control. (normal, 

hysteresis, current 
limiting and 
recovery   

Inverter Control

Objective
- to keep the fault current 
within acceptable limits.

- to make it easier for 
MBR to identify the fault 
current based on 
harmonic components 
and Fault current droop 
control.

02

1) Current-based Method

Objective
- to identify the fault 
current by using FFT to 
detect ratio of I5/I1

- to be coordinated with 
conventional inverse-
time principle.

Fault Identification 
(facilitate by Inverter Control)

Operation Time Setting
(facilitate by Inverter Control)

Co = I5/I1

Cr = I3+I7+I9+I11+I13+I15/I1

State 1
Normal State

State 2
Hysteresis 

Controlled State

State 3
Current Limiting
Controlled State

State 4
Recovery State

Fault 
Occurrence

Fault 
Clearance

𝑡 =
( / )

+ B

injects fifth 
harmonic 

component

1) Current-based Method

Inverter Control

Inverter Control

Setting of MBR

Setting of MBR

1) Current-based Method

Experimental result of current limiting with fifth harmonic 

injection in case of three-phase short-circuit fault

Result of FFT analysis with and without fifth-harmonic 

injection in MBR to indentify fault event

2) Differential Protection

Differential protection compares the currents entering and 
exiting the protected zone and activates when the 
difference between them exceeds a certain threshold

This reviewed differential protection has been 
proposed by Chen Y. et al. 

This reviewed protection focuses on the transmission line of 
an islanded MVDC microgrid at remote mine locations. To 
protect the transmission line, communication-based current 
differential protection associated with solid-state relay (SSR) 
is utilized as primary protection. Additionally, as a backup, 
dc overcurrent protection is implemented.

2) Differential Protection
Simplified schematic of 
a mine site's islanded 

MVDC microgrid

2) Differential Protection

which has 2500/1 turn ration in order to 
send real-time data to the microprocessor-

based relay.

DC Current Transducer The current flowing in the line should be 
equal to the current flowing out of the line 
under normal condition. When a fault 
occurs, the sum of currents equals the fault 
current.

Differential Protection 
(Primary Protection)

03

04

02

01

If a primary protection device failure or 
communication failure occurred in any line, 
this proposed method add dc overcurrent 

protection to all transmission lines.

DC Overcurrent Protection 
(Backup Protection)

which is received the trip signal from relay
DC Circuit Breaker

87L
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2) Differential Protection

Simulation Results 
(MATLAB/Simulink )

Results of currents through SSR1 and 
SSR2 during Fault 1

Results of differential currents in Line 
1 and other lines when Fault 1 

occurred

FAULT 1

FAULT 2

Results of currents through SSR13 
and SSR14 during Fault 2

Results of differential currents in 
Line 7 and other lines when Fault 2 

occurred

3) Voltage Current-based Method

This method captures both voltage and current signals to 
process for identifying and locating the fault.

This protection scheme has been proposed by 
Syed B. A. B. et al.

Electrical 
Variables

A

B

+

Normal Operating Component

Superimposed Component
- Fault
- Unbalance
- etc.

3) Voltage Current-based Method
Fault detecting process
Need to separate fault from unbalance event

Fault ratio calculation1
Superimposed current

Pre-fault currentFr =
Fr > 0 when:
- Fault
- Unbalance

System imbalance ratio2
| i0Pre |  + | i2Pre |

| i1Pre |
Rn = Rn < 20% in normal 

condition

Fault detection3
Fr

Rn
RFD = RFD <= 1 in normal and unbalance

RFD >> 1 in case of fault

Fault locating process 
The directional characteristics of SRE to identify 
the fault location

Superimposed voltage

Hilbert transform

Superimposed current

Superimposed
Reactive Energy (SRE)

-ve SRE : forwarding fault
+ve SRE : reversing fault

With aiding of communication between relays, 
the location of fault can be identified.

3) Voltage Current-based Method

This proposed method can detect and isolate all fault types in all 

locations in both grid-connected mode and islanded mode of 
operation.

- Single-line-to-ground fault

- Line-to-line fault

- Double-line-to-ground fault

- Three-phase fault
- High-impedance fault

Simulation result 

4) Deployment of an External Device

A communication system plays an important part in letting 
the relays know about the present microgrid condition to 
make the adaptive protection technique successful.

But Many factors can cause a communication 
failure.

There is a solution by using energy storage as a 
contingency to contribute fault current in a microgrid.

This protection scheme has been proposed by 
Hany F. H. et al.

4) Deployment of an External Device
Single source solution

Multiple sources solution

Availability of all sources

OR

+

- High power density
- Very fast response time
- Require large FW or SC 
to produce 5 – 10 pu fault 
current

First period of fault, fast 
response is required. Since 
FW is cheaper than SC, 
FW is selected as a 
solution. In addition, LI has 
the highest energy density. 
Then, a combination of 
FW-LI can form the 
required fault current.
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4) Deployment of an External Device

The result found that the fault level can be reached, 

and the relays can operate correctly to isolate the 
fault from the system.

Experimental verification

Fault contribution 
from supercapacitor 
in the network.

Comparative Study 
Advantage Disadvantage

The current-based method
(proposed by Zhi C. et al.)

o fast response
o no need for communication
o adaptive method with conventional 

time-current graded protection

o complex setting
o more study requires
o costly from the microprocessor-

based relay

The differential protection 
(proposed by Chen Y. et al.)

o simpler in design
o not sensitive to reduction of fault 

level
o can detect HIF

o communication requirements
o high cost for establishing 

communication infrastructure
o not suitable for the system which has 

lateral line

The voltage current-based method 
(proposed by Syed B. A. B. et al. )

o suitable for both radial and loop 
systems with all types of fault 
detection 

o has a separate trip signal for each 
phase

o reliance on communication 
o need high-performance relay to 

monitor real-time data

The deployment of external device 
(energy storage)

(proposed by Hany F. H. et al.)

o no need for communication
o not sensitive to reduction of fault 

level

o costly from installment cost and 
maintenance cost 

o requirement of the proper size of 
energy storage to energize the high 
fault current

Conclusion

The microgrid has been designed to meet the reliability and power quality needs 
of customers.1

In a microgrid, the fault current characteristic differs in islanded and grid-connected 
modes due to differences in power network topology, making the microgrid 
protection approach more difficult.

2

Microgrid protection should be able to handle both utility grid and microgrid faults 
and there are various method used in microgrid protection.3

The current-based, differential, voltage current-based and deployment of energy 
storage are reviewed in this presentation.4

There is no the best microgrid protection, but only suitable one that fits the design, 
configuration, budget and other constraints in microgrid network.5

Thank You

317



Islanding Operation among 
Solar Hybrid System and 
Grid-tied PV System in 

Buildings

Piyadanai pachanapan*, Phisut Apichayakul,

Akaraphunt Vongkunghae and Sarintip Tantanee

Faculty of Engineering

Naresuan University, Thailand
Centre of Excellence on Energy 
Technology and Environment

1

Content

1. Hybrid PV vs. Grid-tied PV

2. On and Off grid operation

3. P curtailment controller

4. Case study

5. Conclusion

2

Hybrid PV-Battery system

PV panels

Battery AC Loads

Utility

3

Hybrid PV-Battery     vs.         Grid-tied PV

DC

AC
PCC

Grid

Hybrid On/Off grid inverter

DC
DC

DC
DCPhotovoltaic 

Battery

PHYBRID

QHYBRID

PPV

PBATT

Load

Boost & MPPT

Dual Active

On-grid : Grid following inverter

Off-grid : Grid forming inverter 

Grid following inverter only !

DC

AC
PCC

Grid

Grid-tied inverter

DC
DC

Photovoltaic PGRID-TIED

Q = 0

PPV

Boost & 
MPPT

Load

4

Grid connected operation

3 phase 50 Hz 416 V

Main Grid

PCC S1

PLOAD   

QLOAD

PHYBRID   

QHYBRID

PGRID-TIED   

• Both are grid-following inverters.

• Q is normally 0.

• Battery is for energy management.

5

Islanding operation

• Grid-tied PV is firstly disconnected

• Hybrid PV-battery switches to Grid-
forming generator

• Power balancing is required

3 phase 50 Hz 416 V

Main Grid

PCC S1

PLOAD   

QLOAD

PHYBRID   

QHYBRID

PGRID-TIED   

6
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Main Grid

PCC S1

PLOAD   

QLOAD

PHYBRID   

QHYBRID

𝑃𝑃

𝐼𝐹 𝑃 < 𝑃 𝑇𝐻𝐸𝑁    𝑃 = 𝑃

𝐼𝐹 𝑃 > 𝑃 𝑇𝐻𝐸𝑁    𝑃 = 𝑃 + 𝑃

Main Grid

PCC S1

PLOAD   

QLOAD

PHYBRID   

QHYBRID

Battery cannot receive charging from loads 
or other sources

V2G

7

Low SoC

Is it possible to integrate 
Grid-tie PV systems ?

Yes , if

Otherwise, The P limitation of 
grid-tied PV system is then 
required

3 phase 50 Hz 416 V

Main Grid

PCC S1

PLOAD   

QLOAD

PHYBRID   

QHYBRID

PGRID-TIED   

𝑃𝑃𝑃

𝑃 + 𝑃 ≤   𝑃  

8

9

P curtailment controller

𝐈𝐟 𝑃 > 𝑃  , 𝐭𝐡𝐞𝐧

Max. 𝑃 = 𝑃 - 𝑃

   𝑃 = k * Max. 𝑃

where k < 1.0

Else,    𝑃 = 0

3 phase 50 Hz 416 V

Main Grid

PCC S1

PLOAD   

QLOAD

PHYBRID   

QHYBRID

PGRID-TIED   

C
om

m
un

ic
at

io
n 

li
nk

P curtailment 
controller

Meter

𝑃

10

3 solutions to know PV power 
of Hybrid PV-battery system

1. Using data of solar irradiance

2. Getting data from Hybrid 
inverter 

3. Getting data from digital meter

𝑃
predict

𝑡 = 𝜂 ⋅
𝐼 𝑡

1000
⋅ 𝑃

3 phase 50 Hz 416 V

Main Grid

PCC S1

PLOAD   

QLOAD

PHYBRID   

QHYBRID

PGRID-TIED   

P curtailment 
controller

Meter

(1) Pyranometer

(2)

(3)

𝑃

11

5 kW 5 kW/5 kWh

Open 9:00 – 17:00

PV x 2

LOAD

20 % < SoC < 80 %

12
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Case 01 : Without grid-tied PV

PV x 2

LOAD

Islanding period

Grid-tied: PV

Hybrid: PV

Hybrid: Batt

13

Case 01 : Without grid-tied PV

PV x 2

LOAD

Islanding period

Batt : % SoC

PCC voltage

Supplied load

14

Case 02 : Integrating grid-tied PV

PV x 2

LOAD

Islanding period

Grid-tied: PV

Hybrid: PV

Hybrid: Batt

15

Case 02 : Integrating grid-tied PV

PV x 2

LOAD

Islanding period

Batt : % SoC

PCC voltage

Supplied load

16

Conclusion

• Include Grid-tied PV system can 
reduce the support of battery 
extend the continued electricity 
supply 

• Smart meter and ICT system are 
necessary

• Fast fluctuation of PV generation is 
a big challenge

17
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• What is Microgrid?
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• Mae Sariang District, Mae Hongson, Thailand

• Results and Discussions

• Recommendations

• Conclusion

Typical Power System Structure in Thailand

1

2

3

4

5

6

EGAT  MEA  PEA 69, 115, 230, 500 kV

MEA PEA customer

Customer 400/230 V (PEA) and 416/240 V (MEA)

MEA (BKK,Nontaburi,Samutprakarn), PEA

Customer 69,115 kV from MEA and PEA

Customer 22,33 kV (PEA) and 12,24 kV (MEA)

What is Microgrid?

Institute of Electrical and Electronics Engineers (IEEE):

• a group of interconnected loads and Distributed 
Energy Resources (DER) with clearly defined 
electrical boundaries that acts as a single 
controllable entity with respect to the grid. It can 
connect and disconnect from the grid to enable 
operation in both grid-connected or island modes.

International Electro technical Commission (IEC): 

• a group of interconnected loads and distributed 
energy resources with defined electrical 
boundaries that acts as a single controllable entity 
and is able to operate in both grid-connected and 
island mode. 

Objectives

• To study the microgrid management system in remote areas 
for generating and distributing the electric power.

• To study the driving factors in microgrid projects.

• To obtain and discuss the results from proposed microgrid 
projects. Scope and LimitationsScope and Limitations

Scope and Limitations

The microgrid development projects have been studied as 
following.

1) Khun Pae Village, Chom Thong, Chiang Mai, Thailand

2) Mae Sariang District, Mae Hongson, Thailand

The studies on operating system are as following.

 Power supply system

 Demand of electricity use

 Effects to community
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Khun Pae Village
Chom Thong, Chiang Mai, Thailand

Mae Sariang District, Mae Hongson, Thailand

Conceptual Framework

• To obtain the prototype of microgrid system and power system distribution for supplying 

electricity in remote areas efficiently and stability.

• To understand and enhance skills in generating electricity by using microgrid system. 

• To supply electricity into power distribution system  in efficiency and increasing power 

quality in that area.

• To enable learning the electricity generation from renewable energy called “microgrid” 

for formulating the energy planning, operation and strategy and then supporting the 

electrical system in the future.  

Status: Past

Location Stability Community

• Remote Areas

• No electricity and not 

to meet the demand

• e.g. Mountain, 

wildfire in dry season, 

mudslide in rainy 

season, or islanding

• Stability and consistency 

problem in power system.

• Voltage level problem 

because of distance which will 

be caused voltage drop. 

• Transmission and Distribution 

Problem – ROW, 

conservation forest etc.  

• Misunderstand in 

community power plant. 

• Equipment maintenance

or power system in 

sustainability and  on 

and self-reliant. 

Status: Present

Consistency Community

• Power distribution system has 

stability and consistency – less 

power interruption.

• Development and creative 

innovations in microgrid system 

broader in wide areas.

• Water management and tourism

development.

• Transfer knowledge to local people for 

understanding in microgrid system

• Continuous electricity uses.

• Develop well-being of villagers.

• Live with society and enable learning 

tourist attraction.

Policy Framework
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Results and Discussions

After
Diesel Gen   1 MW x 3
ESS 1.5 MWh/3.0 MW 

Mae Sariang

After
PV Farm 100 kW
ESS 100 kW

Khun Pae
Invest 265 MB
Before
PEA Grid 
Diesel Gen 1.6 MW 
PV Farm 4 MW 
Hydro 1.25 MW

Invest 20 MB
Before
PEA Grid 
Hydro 90 kW

Results and Discussions: Mae Sariang

Problem Existing Problem Future Development

• Energy sources are far away from 
each other.

• Power failure because of mountain 
and mudslide areas.

• Transmission & Distribution line 
losses because of distances.

• Need to reduce diesel for electricity 
generation.

• Conservation forest and right of way.

• Power generation is still not 
meet the demand because of 
needs of community.

• High electricity generation cost 
from diesel generation.

• Improved system is not stable
distribution yet.

• Unable forecast electricity use. 

1. Improve microgrid system by energy 
sources management 
- Increase ESS 3.0 MWh / 6.0 MW

    - Increase substation and improve 
transmission line 115 kV by using smart 
device for controlling.
2. Adjust the electricity generation cost 
(As of now, the cost is more than BAU 4-
5 Baht per kWh)
3. Manage electricity demand forecast in
accuracy.

After
Diesel Gen 1 MW x 3
ESS 1.5 MWh / 3.0 MW 

Before
PEA Grid : HOT       Diesel Gen    1.6 MW  
PV Farm   4 MW     Hydro      1.25 MW

Electricity Demand 8-10 MW (Residential + Tourism + Hospital)
Investment Cost 265 Million Baht

Results and Discussions: Khun Pae Village

Problem Existing Problem Future Development

• Small hydro power plant cannot 
generate in summer season 
because of no water.

• Power failure because of mountain 
and mudslide areas.

• Transmission & Distribution line 
losses because of distances.

• Villagers use water from upstream 
to generate electricity. 

• Limited water resources for 
power generation.

1. Develop water management system
• Educate by using water shelters to 

villagers for power generation
2. In case, the electricity demand is 
increased, it should be added more ESS 
and PV farm for supporting electricity 
use in 8 hours. 

Electricity Demand 100 kW (Residential + Agriculture)
Investment Cost 20 Million Baht

After
PV Farm 100 kW
ESS 100 kW

Before
PEA Grid Chom Thong
Hydro 90 kW

Recommendations

 Geographical feature and selecting optimal
energy resources should be studied before
applying microgrid.

 The system size should be designed to meet the
demand.

 The microgrid systems in many area should be
integrated to be “Smart Grid” for enhancing
stability and efficiency.

 Providing knowledge and community
development in operation and plant management
are very important for enhancing well-being life
quality in community.

Conclusion

What do the villagers get after microgrid?

 Consistency of power system and self-reliant.

 Awareness of value of energy resources.

 Promoting and increasing professional skills
to villagers.

 Development the basic infrastructure of
quality of life in community.

 Enabling development of community to be
“Green community” or “Ecotourism”.

Acknowledgement

Thank you for your attention!
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I.  Introduction

- According to statistics and forecasts, the
population growth rate in Vietnam from 2010 to
2030 is more than 1%/year.

- The electricity and energy production system for
supplying to the national grid is developed in a
sustainable way based on supportive policies and
strategic decisions in Vietnam.

- The power system in Vietnam is divided into 3
regions and the power link is 500 KV and the
average capacity is more than 26,000 KW.

- Various types of electricity generation include
hydroelectricity, gas power, coal-fired power, oil-
fired power, including imports.

1st September 2021

I.  Introduction
- The replacement and development of new energy to support and supply

electricity to meet the needs of development is the strategy that scientists are
trying hard to pursue.

- One of the key strategies being implemented and planned for the national
power system to use and develop is: wind power, solar power, electrification,
bioelectricity, waste power, or a combination of storage (EVN).

1st September 2021

- A number of programs and forecasts recently launched
in the master plan show the orientation of rural
electricity development and supply electricity to
isolated areas

- In 2020, Vietnam's electricity demand according to
GDP will reach more than 20,000 GWh, and it is
forecasted that by 2030 it will reach 327,000 GWh and
a shortage of more than 20% must use renewable
energy to produce electricity (especially energy wind).

I.  Introduction
- The research team surveys and identifies

problems related to the supply and connection of
electricity for/to difficult and isolated regions in
Vietnam. Our team tries to implement step by
step and raise issues such as: the existence and
handling direction of relevant agencies for the
power system and energy supply to the difficult
and isolated regions where there is a shortage of
electricity or unstable electricity.

- Based on the results from the survey and on the
analysis of the local reality, we propose the use
of an integrated renewable energy system
including three sources: solar energy, wind
energy and wave energy to generate electricity
for the transportation system in an isolated island
in Central Vietnam.

1st September 2021

II. Overview of electricity supply in Vietnam 

- Electricity consumption in the last 10 years has grown by nearly
10%. As of 2020, : coal-fired power (30%), hydroelectricity (30%),
oil-fired thermal power & gas turbine (13%), solar power (24%),
wind power (1%), and biomass power (1%).

- The average growth rate of electricity consumption and supply in 10
years is more than 11% per year.

1st September 2021

- The electrical use for households and services gradually
replaces firewood, coal, and gas through the use of electricity
consuming equipment and electric energy based on the access
and development of material technology, transmission,
connection and storage into electricity supplied in Vietnam.

- The electricity supply is developed under programs aimed at
saving electricity, developing electricity sustainably, using
renewable energy and aiming to reduce climate change.
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II. Overview of electricity supply in Vietnam 

There are some difficulties and obstacles in connecting and developing power sources to
rural, isolated areas, islands such as:

 Investment capital is lacking, operation and exploitation are not synchronized when
accessing and connecting remote areas is very difficult.

 The infrastructure system and electricity connection, energy management are still limited.
The process of supply and load has not developed evenly.

 The planning, investment costs, order and procedures for adjustment for regions are not
reasonable. Electricity price from the national grid is still high, difficulties in
compensation, site clearance and project location agreement.

 Mechanisms, procedures and policies are not synchronized, leading to low private
investment and low awareness of efficient and economical use of electricity

1st September 2021

III. Power supply to isolated regions

3.1 Regions without national electricity grid
- According to statistics from Ministry of Industry and

Trade, from 2005 to 2013, there were more than 1.5 million
households in need of electricity supply in Vietnam.

- The development of electricity, electricity supply and
electricity connection for mountainous areas, remote areas,
border areas, islands, ethnic minority areas, areas with
extremely difficult socio-economic conditions is very
necessary.

- The situation of power grid supply to rural areas, areas with
special difficulties, islands of provinces and cities across
the country, including 44 provinces and cities without
electricity, with the total number of rural households also
being surveyed in each province to see the number of
households without electricity as the Figure 1

Figure 1: Survey on the number of households in rural and extremely difficult areas to access the national 
electricity source in the provinces of Vietnam

0
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18000

21000

THE NUMBER OF HOUSEHOLDS IN RURAL AND EXTREMELY DIFFICULT 
AREAS TO ACCESS THE NATIONAL ELECTRICITY SOURCE IN THE 

PROVINCES OF VIETNAM

The number of household  access the national non-electricity source
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III. Power supply to isolated regions

3.2 Power supply to areas without national grid

- The implementation of electricity supply from the grid, from new and renewable energy sources for
the number of 17 communes, 9,890 hamlets, nearly 1.1 million households and prioritize the complete
development of 2 island districts and 3 communes island.

- The stages are divided and implemented as follows: 2013-2016 and 2016-2020 can be considered as
the stage to realize the goal of supplying from the national grid to 17 completed communes; electricity
supply for about 204,737/1,055,000 households in the area of   9,890 villages.

- January 2021, the proposed program will continue to be implemented in the 2021-2025 period,
supplying electricity to about 871,263 households (of which, about 153,911 households, accounting for
0.74% have no electricity; 717,352 households have electricity but no electricity supply. stable,
continuous) of 6,811 villages in the area of 2,197 communes;

- For rural and mountainous areas that cannot be pulled by the electricity grid, local electricity should be
developed in the direction of small hydroelectricity, battery storage, wind turbines and generators.

1st September 2021

III. Power supply to isolated regions

3.3 Analyze solutions

- In Vietnam, the combination
of many renewable energy
sources from wind energy, solar
energy, geothermal energy,
ocean waves energy to store
and supply energy for rural
areas is being researched and
deployed in a sustainable way.

- Specifically, a number of
policies in Vietnam are
summarized over the past 10
years in Figure 2.

1st September 2021

III. Power supply to isolated regions

3.3 Analyze solutions

- Wind power is being promoted strongly with an expected capacity of
3,000 MW. There more than 15,000 MW by 2030. Solar power by 2020
has been more than 9,000 MW.

- Biomass power, geothermal power, waste power in the direction of
heat-power cogeneration are also interested in the Mekong Delta
provinces such as rice husk electricity, sawdust pellets, wood power,
bagasse power, or hydroelectricity small is also taken into consideration
synchronously.

- Prioritizing the exploitation, thorough and efficient use of new energy
sources, renewable energy, clean energy, more than 30% by 2030-2045.

1st September 2021

III. Power supply to isolated regions

3.4 Propose solutions

The first priority is wind power, solar energy, biomass energy and combined storage.
Moreover, our team also made some recommendations as follows:

1- Mechanisms, policies and supports must be strengthened to promote sustainable development;
helping households to change their structure, size and habits; increase the use of machinery, and build
an electrical supply system to meet the needs of people in particularly difficult areas is essential.

2- In order to promote new industries and strategic products of the locality, to meet international
integration, it is necessary to have a plan to effectively exploit small hydroelectricity, new, renewable
and combined energy sources to meet the for areas where the grid cannot be pulled but households
still have enough light to use.

3- Make transparent electricity prices and implement a systematic and automatic management of 
electric energy, both suppliers and consumers are monitored and trusted about electricity prices.

1st September 2021
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III. Power supply to isolated regions

3.4 Propose solutions

To develop and be specific, the research
team also gives some examples and solutions to
support when using renewable energy with storage
batteries for an island area that is not connected to
the national grid as shown in Table 1.

According to the hypothetical scenario of
gradually switching power supply by renewable
energy shown in the table above, it is perfectly
reasonable to combine a diesel-powered generator
with a battery or with solar energy in the future for
areas that are not connected to the grid.

No

POWER 
SUPPLY 
SOURCE

DIESEL
(M Litres
/Year/kW) 

[IRENA,2012]

PV 
Solar 
(kW)

PIN (kW)

1
Internal 
Combusion
Engine (ICE)

4/1/3500 0 0

2 ICE - Battery 3/1/3500 0
500 

KW/2h

3
ICE – PV 
(Photovoltaics)

3,9/1/3500 500 0

4
ICE - PV -
Battery

2/1/3500 2000
1000kW/

2h

5 PV - Battery 0 7000
3000kW/

4h

Table 1: Hypothesis powering an island in 
need with renewable energy sources

III. Power supply to isolated regions

3.4 Propose solutions

Figure 3 shows the
development and orientiation
of renewable energy (wind
energy and solar energy) and
projections until 2050 based
on the data from QHD7-ĐC.
The use of solar and wind
energy is forecast to increase
gradually in 2030 and 2050.

Figure 3: Forecast of electricity use from wind and solar 
energy for extremely difficult areas in Vietnam.

1st September 2021

III. Power supply to isolated regions

The experimental process depicted in
Figure 4 shows the combination of three
power sources with two generators using
gyroscopes and wind turbines with solar
cells to main power supply for Li-ion
batteries with rated voltage of 24V (recycled
in series with many small batteries).

Research results have clearly shown a
certain efficiency when using these three
types of energy alone or in combination to
provide and store it to provide a highly
efficient traffic signal system in extreme
difficult areas to not be able to connect to
the grid.

Figure 4: Diagram of integrated renewable energy system for 
traffic lights in Ly Son island area, Quang Ngai

1st September 2021

IV. CONCLUSION

The research team has proposed several solutions and suggestions and a typical
model of using an integrated renewable energy system in an island in Central Vietnam.
More specifically, in the paper:

(1) We have highlighted several mechanisms, policies and programs for developing and
connecting the electricity grid and using renewable energy in isolated areas in Vietnam from
2013 to 2025.

(2) We have also surveyed and analyzed the survey results on integrated energy and
renewable energy (solar energy, wind energy and wave energy) according to the policies by
the Vietnamese government.

(3) Finally, the research team has formed some hypotheses to evaluate and compare the
combination of solar power and engines that use alternative fuels like biogas or ethanol.

(4) Propose a typical model that has been studied when combining renewable energy for
traffic lights on islands in coastal areas in Vietnam as an immediate solution.

1st September 2021
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Postgraduate Programs relevant 
to Sustainable Development and 

Energy Access organized by 
Universities in Islands or Isolated 

Areas.

Danai Papadimitriou, Katerina Kostakou, 
Tsikalakis Antonis and Salvador Suarez Garcia

MESfIA Project

Mastering Energy Supply focusing on Isolated Areas 
(MESfIA) aims to Provide high quality postgraduate
education on energy supply systems for engineers and 
graduates from science departments, aiming to have activity
or to be employed in projects in countries with many isolated
areas and insular systems

2

Typology of Power systems addressed 
under MESfIA Curricula

• Physical islands
• Large Island Power Networks
• Medium Power Systems
• Small Power Systems
• Very Small Island Power Systems

• Isolated Areas (not only Physical Islands) in desert, cold 
areas, mountains

• Resilient Power Systems-Temporarily Isolated areas

ICUE 2020-Section B 3

Scope of this paper

• When a new curricula is to be proposed, like in our project, there should be a 

review of similar Curricula elsewhere

• As Our project aims to prepare engineers to improve energy supply in isolated 

areas, it is of particular interest to investigate whether isolated areas of the planet 

give the opportunity for resident students to study such topics

• Our paper focuses on review of MScs in 

A) Island Countries of the world

B) Countries with many groups of islands

C) Countries which face harsh weather conditions and isolation

Topics of Education Required-Review of MSc 
programs

• We reviewed MSc in the aforementioned  areas which provided courses in some 
of the following topics:

• Renewable Energy Sources (RES) especially in Small scale

• Energy Storage

• Smart Grids

• Energy Efficiency

• Financing schemes or Business models especially for small scale applications

• Operation & Maintenance issues

• Any reference to off-grid systems

RELEVANT PROGRAMS IN ISLAND 
COUNTRIES OF PACIFIC OCEAN

The University of the South Pacific
The Faculty of Science, Technology and Environment, under the School of Engineering & Physics (SEP), offers 
courses on Masters in Science on Engineering Technology, Renewable Energy and Electrical Engineering

Guam

It offers two (2) Msc in Sustainable Agriculture, Food and Natural Resources and Environmental Science 
which can be considered relevant to Sustainable Development but not as much for Energy

New Zealand

• MSc in Electrical and Electronic Engineering of the Universities of Canterbury and Waikato provide courses on 
Power Systems

• The University of Canterbury offers also an MSc on Engineering Aspects of Renewable Energy of one year. 
Renewable Energy Sources are also addressed in Universities of Auckland and Otago
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RELEVANT PROGRAMS IN CHINESE SEA

Taiwan
• Four universities offering MSc in Electrical Engineering 

• Chung Yuan Christian University

• Southern Taiwan University of Science and Technology

• National Taiwan University of Science and Technology

• National Taiwan Normal University (NTNU)

• There is also an International Master Program in Sustainability, Environment and Energy offering the 
English courses supported by 5 departments in the College of Engineering of the Chung Yuan Christian 
University. 

University of Philippines, Diliman, The Philippines

University of the Philippines College of Engineering offers an Energy Engineering Program

RELEVANT PROGRAMS IN INDONESIA

• Good examples of rural electrification have been noted in many Indonesian Islands.

• One of the Indonesian Utilities, PLN, has strong collaboration with two Indonesian Partners of 
MESfIA project, Institut Technology Bandung (ITB) and Universitas Gadjah Mada (UGM). A 
common characteristic is the fact that the MSc Programs may have independent tracks allowing 
the selection of more elective courses
• Electrical power engineering is an optional track in the Electrical Engineering Master Study Program of 

School of Electrical Engineering and Informatics in ITB

• Other faculties of ITB also offer some renewable energy related program. 

• The Faculty of Mechanical and Aerospace Engineering offers an option under Mechanical Engineering 
MSc program, i.e. New and Renewable Energy, which emphasizes on solar energy conversion 
technology. 

• The Faculty of Industrial Technology offers an option under Chemical Engineering MSc program, i.e. 
Bioenergy technology, which emphasizes on energy conversion from biomass. 

• The Faculty of Mining and Petroleum Engineering offers an option under Geothermal Technology MSc 
program, which emphasizes on energy conversion from geothermal reservoir

• UGM students participate in social activities in the Energy field.

RELEVANT PROGRAMS IN ISLAND 
COUNTRIES OF INDIAN OCEAN

Sri Lanka
Relevant MSc programs in the University of Moratuwa in the Faculty 
of Engineering

Sustainable Process Design
Building Services Engineering
Electrical Installation
Electrical Engineering and Energy Technology

Mauritius
University of Mauritius, the Faculty of Engineering offers two relevant 
MSc programs:
• Sustainable Energy Engineering and Environmental 

Management
• MSc in Renewable Energy and Smart Electrical Systems

RELEVANT PROGRAMS IN ISLAND 
COUNTRIES OF ATLANTIC OCEAN

Iceland

Dedicated school of Energy in the Reykjavík University

There is a strategic Co-operation of this University with the Icelandic Utilities 

Significant emphasis on  Geothermal energy which is abundant there

Ireland

The University College in the capital Dublin offers three (3) MScs with Relevance to the Energy 

access, namely Electrical Power Engineering, Energy Systems and Sustainable Energy and 

Green Technologies. Specific program on Sustainable Energy exists also in the Trinity College in 

the same city. 

Two (2) MScs address Renewable Energy in the Dundalk Institute of Technology and the 

University of College in Dublin at the Michael Smurfit Graduate Business School . The latter one 

aims also to prepare graduates with additional specific knowledge on Environmental Finance

Barbados

• Renewable Energy Management and Building and Construction Management are 
provided in the University of West Indies Some more focus to relieve against  
natural Hazards.

Virgin Islands
Renewable Energy Management and Building and 
Construction Management focuses on ecological 
point of view

RELEVANT PROGRAMS IN ISLAND 
COUNTRIES OF MEDITERRANEAN SEA

Malta
University of Malta is the dominant provider of Postgraduate studies in the field of 
engineering in Malta offering Typical Masters Degrees in Electrical and 
Mechanical Engineering
Cyprus

• The sole country in EU not interconnected with European Grids
• More interested in Oil and Gas Msc due to reservoirs identified
• Fredericks University, University of Cyprus and Cyprus University of 

Technology  organize MSc programs on Electrical Engineering with specific 
focus on Power Systems and Renewable Energy.

• There are courses preparing engineers building either based on Sustainable 
Material or Sustainable Architecture

RELEVANT PROGRAMS IN COUNTRIES WITH 
MANY ISLANDS

• Many Universities, especially in southern Europe, offer Master’s programs of 

Renewable Energies and Energy Efficiency.

• Few focus on specific needs of non-interconnected islands also hosted by 

Universities in their island territories 

The curricula makes emphasis on
• Strong technical knowledge on electrical power  systems, RES 

all and complementary technologies, especially energy storage 
as a key enabler  for maximizing RES penetration.

• RES, hybrid systems and microgrids for grid and off-grid 
operation.

• Optimization of RES system design giving students a good 
perspective of economic relevant issues.

• Regulation and codes affecting RES.
• Environmental issues.

RES Penetration
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RELEVANT PROGRAMS IN COUNTRIES WITH 
MANY ISLANDS-Greece

Around 30 non-interconnected islands in the following groups

Aegean Islands (Mostly non-interconnected)-One University

Crete (recently weakly interconnected)-Three Universities

Ionian Islands (interconnected, apart from two tiny ones)-One 

University

MScs on Crete
• Technical University of Crete-MSc in Environmental Engineering of the Technical University of Crete
• Hellenic Mediterranean University- MSc in Energy Systems which emphasizes on  Renewable Energy 

Sources and Energy efficiency. Additional items of interest are relevant to Energy storage for Hybrid Power 
Systems, Microgrids and Smart Buildings. Many of the examples delivered are strongly related to the autonomous 
power system of Crete such as the lectures dedicated to the Non-Interconnected Islands Grid Code

MScs In University of Aegean
• Focus on Environmental studies
• MESPOM (Master of Science in Environmental Sciences, Policy and Management) is an example of ERASMUS 

+ project with emphasis in the use of specific software tools such as GIS or LEAP

RELEVANT PROGRAMS IN COUNTRIES WITH 
MANY ISLANDS-Iberian Countries

Ambitious plans for increasing RES open excellent perspectives for green jobs

Spain

94 university related Master programs have been identified in 51 public and private universities. Most universities 

offer at least one related program

• Canary islands with 6 autonomous power systems and 16% RES penetration and 3 out of 5 Universities offer 

relevant courses a)Universidad de La Laguna – ULL, b) Universidad Europea de Canarias, c) Universidad de Las 

Palmas de Gran Canaria.

• Specific reference to Energy Service COmpanies, areas with low electrification, Integration of Renewable Energy

Portugal

21 Masters related to RES and EE have been identified. These MSc programs are offered by 11 universities. 

However none of them actually in island regions .The most relevant one is the MSc organized by the University of 

the Azores named Engineering and Management of Water Systems.

RELEVANT PROGRAMS IN COUNTRIES WITH 
MANY ISLANDS-France & Italy
France
• Many overseas areas, Islands in the oceans operate as autonomous 

power systems
• In all 22 relevant MScs exist all over the country
• One big island, Corsica is interconnected to mainland and Sardinia
• The Universita di Corsica offers one (1) master in Environmental 

Management 

Italy
21 Masters related to RES and EE have been identified. MSc in Electrical 
Engineering exist also in 
o University of Catania (Sicily) 
o University of Cagliari (Sardinia)

ISOLATED AREAS

Deserts

Albert Katz International School for Desert Studies of the Ben-Gurion University of the Negev in Israel 

offers study programs in Environmental Physics and Solar Energy especially focusing on deserts.

Polar areas
Nordic Master in Cold Climate Engineering organized by DTU in co-operation with NTNU and Aalto, 

gives the students a unique possibility to do field work and projects in Greenland or Svalbard.

Some construction principles could apply to energy infrastructure as well 

MOUNTAINOUS AREAS

Environment and Development of Mountain Regions (NTUA)-Greece

“Environment and Development of Mountain Regions Division is taught in Mountainous areas with 

courses such as:

• Geographic Information Systems and Mountain Environment

• Spatial, Economic and Legal Dimensions of Development and Environment of Mountain Areas

• Introduction to the Mountain Regions’ Environment and Society

• Environmental Economics: Applications in Mountain Regions’ Development Issues

Environmental Management of Mountain Areas (EMMA) –Innsbruck University-Austria

Reference to Biology rather than Engineering

Partners of the project

Partner Name Country

Asian Institute of Technology AIT Thailand
Dedicated course on for Rural Electrification 

and Distributed Generation 
Naresuan University, Engineering department NU Thailand

Modified Curricula to facilitate  courses and 
examples focusing on Isolated Areas  (All the 

Asian Partners)

NONG LAM UNIVERSITY HOCHIMINH CITY NLU
Vietnam

University of Technology and Education-
UNIVERSITY OF DANANG

UD Vietnam

Institute of Technology of Bandung ITB Indonesia

Universitas Gadjah-Mada UGM Indonesia

18
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CONCLUSIONS

• It is interesting to know that there are such programs for local potential students. 
Additionally such postgraduate programs may use the local isolated systems as 
living labs or even to encourage social participation of the students such as the 
examples of Indonesian,Iceland Universities, and the MSc described for deserts, 
mountainous or cold areas of the planet 

• Such efforts should be encouraged so as to reinforce project-based learning

• Moreover, this will allow collaboration of Universities from areas with similar 
problems, not only in the field of Sustainable development but also in any issues. 
Besides, common problems require common solutions.

• It is therefore highly recommended that the formulation of a curricula focusing on 
Energy Issues should take into account the local peculiarities focusing on local 
examples and the linkage among various disciplines and skills

• Deliverable 1.4 for some more 
details

• Available on www.mesfia.eu

Thank you!
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A Review of Software 
Tools for Technical 
Training Needs in 

Isolated Areas 

Y. Katsigiannis, A. Paspatis, K. Fiorentzis
D. Giaourakis, J. Syllignakis, A. Tsikalakis

Dept. of Electrical and Computer Engineering
Hellenic Mediterranean University (HMU)

Heraklion, Crete Island, Greece

Introduction
• In terms of power system operation, a large number of 

countries include areas that operate autonomously or they 
are weakly interconnected with larger power systems

• In most of cases, these areas present significant renewable 
energy potential

• In order to provide proper technical training, Higher 
Educational Institutions have to provide proper information to 
their staff for a variety of topics (renewable energy 
technologies, hybrid power systems, power systems 
analysis, energy efficiency measures, etc)

• This paper presents a review of software tools that can be 
used for the fulfillment of training needs in isolated areas

Outline
Software categories:
1. Study of autonomous and/or grid connected systems that 

contain renewable energy technologies and possibly energy 
storage

2. Implementation of detailed power system analysis
3. Other applications that are related to technical training needs 

in isolated areas

The analysis will be focused mainly on tools for electrical and 
mechanical engineers that are free of charge or include low-cost 
alternatives

Category 1: Software tools for renewable 
energy technologies

It can be divided in two sub-categories: 
1. Tools that can be used for modelling a number of renewable 

energy technologies (RETs) that can be included in a hybrid 
system

2. Tools focused on a specific renewable technology (e.g., 
photovoltaics (PVs))

Hybrid power systems softwares
HOMER
• It is one of the most mature tools in this category and it can 

be used for hybrid power system’s modelling of physical 
behavior and calculation of life-cycle cost

• HOMER performs three principal tasks: simulation (typically 
on an hourly basis), optimization (through complete 
enumeration of alternatives), and sensitivity analysis

• It is available in four alternative versions: 
1. HOMER Legacy (free-of-charge individual educational license)
2. HOMER Pro (commercial tool, evolution of HOMER Legacy) 
3. HOMER Grid (commercial tool, focused to modern grid operation) 
4. HOMER QuickStart (simplified online free-of-charge tool)

Hybrid power systems softwares
RETScreen
• It is a software tool specifically aimed at facilitating pre-

feasibility and feasibility analysis of clean energy 
technologies

• RETScreen evaluates the energy production, life-cycle costs 
and greenhouse gas emission reductions for various types of 
proposed energy efficient and RETs

• RETs include wind energy, small hydro, PVs, biomass 
heating, solar air heating, solar water heating, passive solar 
heating, ground-source heat, and combined heat & power

• Its annual pricing is 869$, however, earlier versions of 
RETScreen based on MS-Excel are free-of-charge
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Hybrid power systems softwares
iHOGA/MHOGA
• iHOGA is used for systems from few Watts up to 5 MW 

power, whereas MHOGA is for MW power systems, without 
any limit

• These tools perform multi-objective optimization of the total 
net present cost of the system using simulation in time steps 
of up to 1 minute, sensitivity analysis, probability analysis, etc

• Lisence costs:
• iHOGA: Annual license 600€, permanent license 2000€
• MHOGA: Annual license 1600€, permanent license 5000€

• iHOGA offers a free-of-charge educational version, in which 
the average total load consumption is limited to 10kWh/day

Hybrid power systems softwares
Hybrid2
• It performs detailed long-term performance and economic 

analysis on a wide variety of hybrid power systems
• It was developed until Windows XP (latest version: June 

2004)

System Advisor Model (SAM)
• It is an open-source software developed by NREL
• It can be used for solar systems, battery storage for PVs, a 

large variety for solar thermal electricity generation systems, 
solar water heating, conventional thermal systems, wind 
power (large and small), geothermal systems and biomass 
power

Tools focused on a specific RET
PV*SOL online
• It is a free tool for the calculation of PV systems, which was 

made by the developers of the full featured market PV 
simulation software PV*SOL

• Results include calculation of annual PV energy, 
performance ratio, own power consumption, solar fraction

SMA Sunny Design
• It is a free software web tool for planning and designing PV 

systems with and without self-consumption option, off-grid 
systems, PV hybrid systems as well as energy systems

• Additionally it provides wire sizing, efficiency evaluation and 
gensets configuration (for PV hybrid and off-grid systems)

Tools focused on a specific RET
PVGIS
• It is a free web tool that provides information about solar 

radiation and PV system performance
• Results are provided tables and graphs, CSV format, PDF 

file

PVWatts Calculator
• It is developed by NREL and it estimates the energy 

production and cost of energy of grid-connected PV systems

PV.MY
• It is a MATLAB based software tool for optimal sizing of PV 

systems

Tools focused on a specific RET
SMART Mini-Idro
• It is implemented in MS-Excel and evaluates the main 

hydropower project parameters of a given hydroproject, 
considering the flow duration curve, the available heads and 
the types of turbines to be installed, etc

HPP-design
• It provides all the information needed for the preliminary 

design of an hydro power plant (size, performance, 
specifications of hydroelectric turbines)

Biogas World calculations online tool
• Free-of-charge simple anaerobic digestion calculator

Category 2: Software tools for power 
systems analysis

It can be divided in two sub-categories: 
1. Independent software tools
2. Tools that are based on MATLAB or Python software
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Independent software tools
PowerWorld Simulator
• It is an interactive power system simulation package designed to 

simulate high voltage power system operation on a time frame 
ranging from several minutes to several days, for power systems 
up to 250,000 buses

• It provides two other versions with limited capabilities and no cost:
• PowerWorld Simulator Demo Version, which includes most of the 

available PowerWorld Simulator add-ons (Available Transfer Capability 
(ATC), Optimal Power Flow (OPF), Security Constrained OPF (SCOPF), 
OPF Reserves, PV/QV Curve Tool, Transient Stability, Geomagnetically 
Induced Current (GIC)), and can handle small cases containing up to 13 
buses

• PowerWorld Simulator Educational Version, which is available for use at 
universities by faculty, staff, and students; it includes similar add-ons with 
the Demo Version, and can handle cases containing up to 40 buses

Independent software tools
NEPLAN
• It is a powerful software for power system analysis that is available as 

cloud, intranet or desktop solution
• Cloud version annual price:1150€ (50 nodes),1950€ (100 nodes)

PSCAD
• It enables the user to schematically construct a circuit, run a 

simulation, analyze the results, and manage the data
• It also provides a free version which is fully featured, limited only by 

network size 

PSIM
• It is available in demo version that is free-of-charge and is limited to a 

circuit size limit of 34 elements
• It also includes the SimCoupler Module, which enables connection 

with Matlab/Simulink 

MATLAB-based software
MATPOWER
• It is a package of free, open-source MATLAB-language m-files for 

solving steady-state power system simulation and optimization 
problems, including power flow, continuation power flow, and 
extensible optimal power flow

• It includes a framework named MOST, which can be used to solve 
problems as simple as a deterministic, single period economic 
dispatch problem with no transmission constraints or as complex 
as a stochastic, security-constrained, combined unit-commitment 
and multi-period optimal power flow problem

MATDYN
• It performs dynamic analysis of electric power systems, it  requires 

the installation of MATPOWER and is not fully developed yet

MATLAB-based software
Power System Analysis Toolbox (PSAT)
• PSAT is a free MATLAB toolbox for electric power system 

analysis and simulation
• The main features of PSAT are: Power Flow, Continuation Power 

Flow, Optimal Power Flow, Small Signal Stability Analysis, Time 
Domain Simulation, Complete Graphical User Interface, User 
Defined Models, FACTS Models, Wind Turbine Models

Open-Source Distribution System Simulator (OpenDSS)
• It is a free software and its modules include calculation of 

harmonics and interharmonics on the electrical distribution 
network, Monte Carlo analysis and annual simulations

• It can solve imbalanced three‐phase circuits and do simulations 
taking into account the impedance of the distribution transformers

• It is designed to be used with MATLAB or MS-Excel

Python-based software
Python for Power System Analysis (PyPSA)
• PyPSA is a free software toolbox for simulating and 

optimizing modern power systems that include features such 
as conventional generators with unit commitment, variable 
wind and solar generation, storage units, coupling to other 
energy sectors, and mixed alternating and direct current 
networks

• PyPSA can calculate: 
1. Static power flow
2. Linear optimal power flow
3. Security-constrained linear optimal power flow
4. Total electricity/energy system least-cost investment optimization

Category 3: Other applications related to 
technical training needs in isolated areas
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Conclusions
• In this paper, a review of the available software tools for 

technical training in isolated areas is presented, according to 
the objectives and needs of MESfIA project

• This study covered a wide range of research fields that 
belong to the area of electrical and mechanical engineers, in 
undergraduate and postgraduate level

• The analysis was focused mainly on softwares with low cost 
or no cost

• The implemented survey showed the availability of a large 
number of excellent software tools that fulfill all the above-
mentioned requirements

• As a result, the directors of similar programs have a large 
flexibility to achieve high standards of technical training

Thank you for your attention!
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Outline of Presentation
• Introduction and Objectives

• Methodology

• Results of study

• Energy use status (lighting)

• Energy use status (cooking)

• Resources for Renewable Energy Deployment

• Barriers for Renewable Energy Deployment

• Conclusion

Introduction
• Ony 58 % Households (HH) in Myanmar have 

access to electricity (lowest in the ASEAN).

• Tanintharyi - Only region without a national grid 
out of 7 states and 7 regions

• Cities rely on private companies

• Villages depend on solar PV and candles and 
firewood

• It is not clear 
• what is the current energy use pattern in the 

region, and 
• what are the challenges to provide modern 

energy access
Figure: Tanintharyi Region Location in Myanmar

Objective

(a) What is the current status of energy use in rural communities/ 
villages? 

(b) what are the potentials and barriers for renewable energy 
development in these villages?

This was planned to be done by conducting a household survey 
and assessing the resource potential and challenges for 
renewable energy development

• Household survey was carried out in three 
villages in three townships in Tanintharyi 
region.

• All villages are remote, and where grid 
electricity will not arrive in the next 15 years 
(Department of Rural Development, 2019)

Village Name Township 
Name

Number of 
Households

Man Ma Htu Dawei 90

Pephyar Tha Yet 
Chaung

100

Thar Myaing Pyin Palaw 80

Methodology (1) Methodology (2)

• Household survey was carried out as part of micro-hydro 
assessment as there were waterfalls near the villages.

• Survey was carried in 10 households in each village with 
minimum of 10% of total households. 

• Households were randomly selected from different locations,
since households were sparsely located.

• Prefeasibility study for micro hydro was done by measuring flow 
using velocity area method and head of the stream. 

• The study was carried out in December 2019 where water level 
was low. 
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Methodology (3)
Some sample questionnaire for estimating the energy use included:
 General information about the respondents

• How many people resided in each household?
• What was the average monthly household income?

 Electricity access and use
• What percentage of households had access to electricity?
• How did people get access to electricity?
• What are the types of appliances used and ownership rate of appliances?

 Energy use for lighting and cooking
• What is the primary source of lighting (solar home system, candles, 

kerosene lamps, etc.)?
• How many hours of lighting per day did people get from that source?
• What did people use as a primary source of energy for cooking?

Results of survey: General information
Average Household(HH) size: 

• 5 persons/HH (Man Ma Htu village and 
Thar Myaing Pyin village), 

• 6 persons/HH (Pephyar village)

Average household income per year:
• 1,655 USD in Thar Myaing Pyin village
• 1,924 USD in Pephyar village and
• 2,188 USD in Man Ma Htu village. 

• Average of three villages (1,922 USD) is lower 
than Myanmar average household income 
(2,297 USD) but higher than average rural 
household income (1,794 USD). Fig. 1. Annual income per household 

(1 USD = 1,511 MMK (November, 2019)
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Results of survey: Energy use status (1)

Access to Electricity

• Have electricity access with the 
use of Solar Home System (SHS)

• This was different compared to a 
study in two villages in Mon state,
where 60% was from diesel 
generator mini-grid; 13% from 
solar home system and 22% did 
not have electricity access.  0%
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Fig. 2. Access to electricity in the three villages

SHS system Ownership

• SHS configuration used in the villages varied from 
• 10 W solar PV and a 12 V 5 Ah dry cell to
• 130 W solar PV system with flooded lead-acid battery 

and a controller.

• Majority used solar PV with small flooded lead acid batteries 
or small dry cell/batteries. 

• Cost ranged from nearly 19 USD to 265 USD with an 
average of about 99 USD.  

• The batteries needed to be replaced once a year in most 
households; Replacement costs were varied from about 10 
USD to 46 USD. 

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

Man Ma Htu Pephyar Thar Myaing
Pyin

H
ou

se
ho

ld

SHS system ownership

Fig. 3.  SHS system ownership rate

Results of survey: Energy use status (2)

• Higher ownership rate than electricity access rate because the batteries were not working and 
candles had been used.

• The batteries were not working well in nearly half of the surveyed households ; Shortage of 
electricity from 2 days per month to 7 days per month during the rainy season. 

Primary Source of Energy for Lighting
• SHS system and candles were primary 

sources for lighting.

• All surveyed households in Man Ma Htoo 
used solar home system for lighting

• 10 % and 30 % of households in Pephyar 
and Thar Myaing Pyin used candles.

• Around 64 to 240 candles per month 
were consumed with monthly cost varying 
from 0.8 USD (80 cents) to 3 USD. 
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Fig. 4. Primary source of energy for lighting in 
the surveyed villages

Results of survey: Energy use status (3)
• Average Hours of Lighting from SHS ranged 

from 4 to 4.8 hours per day

Average number of lightings
• Two LED lights (LED bulbs/small LED strips) 

per households
• Ranged from 1 to 5 lightings

Other Appliance Use
• Use of TV or EVD player was found in:

o 40 % HH in Man Ma Htoo
o 10 % HH in Pephyar and  Thar Myaing 

Pyin village
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Fig. 5. Average hours of lighting per day from 
using SHS systems

Results of survey: Energy use status (4)
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Secondary Source of Energy for 
lighting

• 40 % of HH in Thar Myaing Pyin and 
10% of HH in Man Ma Htu and Pephyar 
used candles as a secondary source

• One to three candles per day were used 
per household.

• Monthly cost varied from 0.53 USD to 
1.6 USD per houseold. 

• Most used for providing lighting to the 
Buddharupa (Buddha Statue)

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

Man Ma
Htu

Pephyar Thar
Myaing

Pyin

Secondary source of energy for lighting

Candle

Fig. 6. Secondary source of energy for lighting

Results of survey: Energy use status (5)
Primary source of energy for cooking

• “Firewood” is used in 100% of HH. Majority used 3-stone 
cookstoves or iron frame cookstove indoor for cooking with firewood 

• Majority of households collect firewood one to two times per year 
and store it for year-round use. 

• LPG (Liquified Natural Gas) was used in one household in Man Ma 
Htu village; it was only used secondarily few times per month. 

• 100 % of HH in Man Ma Htoo village and Thar Myaing Pyin village 
and 90% of households in Pephyar village were interested to use 
natural gas for cooking, but the major issues were the affordability 
and the transportation to refill the gas cylinders regularly.

• Only 30% of households in Man Ma Htu used portable improved 
cookstoves; the use is different compared to the study in Mon state 
where the majority used the uncertified manufactured cookstoves 
but the choice of fuel, firewood was similar .

• No health problems related to indoor air since the houses were well 
ventilated.
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Fig. 7. Types of cookstoves used

Results of survey: Energy use status (6)

Potential for Renewable Energy Deployment

• Good potential for utilizing solar energy
• 1705.1 kWh/m2/year in Man Ma Htoo village, 
• 1739.8 kWh/m2/year in Pephyar village. 
• 1769.6 kWh/m2/year in Thar Myaing Pyin

• Good potential for micro-hydro development 
• 75 kW system in Man Ma Htu village,
• 225 kW system in Pephyar village and 
• 80 kW system in Thar Myaing Pyin village

Barriers for Renewable Energy Deployment (1)

Barriers for minigrid development
• Long distance between households

• Minimum of 20 minute-walk from one house 
to another 

• Higher cost for distribution lines 

• Lack of demand for productive use 
• Only 10 % of HH in Man Ma Htu and 

Pephyar would like to use it for productive 
use such as water pumping

• Estimated future electricity demand varied 
from 14 kWh/month/HH to 16 
kWh/month/HH
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Fig.8. Future demand for electricity
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Fig. 9. Estimated future electricity demand per household

Barriers for Renewable Energy Deployment (2)

• Financial Barrier
• Households were willing to spend 

o an average of 5.5 USD per month for using 
electricity for their desired appliance, ranging 
between 4.8 to 5.7 USD

o around 2 USD to over 4 USD for public facility 
(e.g. religious buildings, schools) and

o approximately 1.1 USD to 2.8 USD for 
streetlighting. 

It would not be financially feasible for the developers to 
invest unless there could be 

 productive uses of energy or 
 a base load such as telecommunication towers; or
 subsidies or support from the government. 
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Fig. 10. Monthly fee willing to pay for 
electricity access

Other main barriers with the current use of solar home systems 
 Technical and Awareness barriers related to the configuration and use of the 

systems.
 In majority of the households, the batteries were charged directly by the cable 

from the solar PV without the use of any charge controller.
 Batteries were connected to the load directly without the use of any charge 

controller. 
 Therefore, the batteries do not last long and had to be replaced every six 

months or a year. 

• Users are not aware about the operational procedure of solar PV 
systems for long durability. 

Barriers for Renewable Energy Deployment (3)
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Conclusion
• Surveyed villages had about 5 to 6 persons per family, and average income lower than the national average.

• Energy use status

• Lighting
• Users use SHS (10 – 130 W) or candles for lighting extensively. Use 4 – 5 hours daily. Also for TV and EVD 

player.
• Users spend about 0.8 to 3 USD per month for lighting

• Cooking

• All used firewood and collection is only once or twice a year
• Some used LPG, but issues with cost and refill

• Renewable resources
• for  producing electricity from either solar or micro-hdyro is available and quantified

• Barriers
• Financial, technical and awareness barriers exist

• Productive use will help increase electricity demand and promote electricity development
• User awareness should be raised by educating users about systematic use of solar PV systems 
• Support from the government and private sector are required in order to assist people in getting access to modern 

energy services. 

Thank You
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A Novel Optically Transparent 
Array Antenna Using Conductive 
ITO Film and Integrated in OLED 
for mm-Wave 5G Applications.
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*Optics and Photonics Team, Faculty of Sciences,
Abdelmalek Essaadi University, Tetouan, Morocco.
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118 route de Narbonne 31062 Toulouse, France.

Outline
I. Introduction

II. Optically transparent antenna design.
1. Material characteristic.

2. ITO patch antenna design.

3. Array antenna design

III. Integration of transparent array antenna in OLEDs.
1. Array antenna integration 

2. Results and discussion

IV. Conclusion

2

Mobile devices

Smart 
cities 

Introduction
Electrical networks

Smart buildings

Smart home

Smart lighting

Smart Heath

3 4

Introduction

Smart
lighting
Smart

lighting

In offices

In home

In street light 

Reduces energy consumption
Reduces light pollution
The use of efficient light sources
The use of OLEDs 
Antenna integration in OLEDs

5

Introduction

Design of an optically 
transparent antenna.  

This antenna operates in the mm-wave 
frequency bands (26 GHz) for 5G

The use the array antenna 
technique, to increase the 

antenna gain

The integration of the proposed antenna 
in the OLEDs without affecting their 

performances
Objectives

6

Optically transparent antenna design.
1. Material characteristic

Sheet resistance

Optical transparency (%)

𝝈 =
𝟏

𝑹𝒔 × 𝒕

Measured optical transparency in the visible spectrum.

𝑅 =8 ⁄  𝑎𝑛𝑑 𝑡 = 370𝑛𝑚
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7

Optically transparent antenna design.
2. ITO patch antenna design

Optically transparent antenna geometry

8

Optically transparent antenna design.
2. ITO patch antenna design

The simulated return loss of the antenna with ITO films 
(transparent) and copper films (non-transparent)

The radiation patterns of the ITO and copper antennas at 27.33 
GHz and 26.97 GHz respectively; (a) in the XZ-plane and (b) in 

the YZ-plane.

Optically transparent antenna design.
3. Array antenna design

The geometry of the optically transparent array antenna; (a) top view, (b) 3-D view.

9

Optically transparent antenna design.
3. Array antenna design

The comparison between the return loss of the single and 
array antenna. 

The comparison between the radiation patterns of the single and array 
antenna at 27.33 GHz; (a) in the XZ-plane and (b) in the YZ-plane.

The gain of the antenna is improved from 5.94 dB for a single element to 8.4dB for the 
array antenna. 

10

1. Array antenna integration 

Integration of transparent array antenna in 
OLEDs.

11

 Low power consumption

 Low voltage

 Light weight and thin

 Flexible, foldable and transparent

 No glare

 Color tunable

 No UV radiation

1. Array antenna integration 

Integration of transparent array antenna in 
OLEDs.

12

The transparent array antenna integration in OLED light source; (a) 3-D view (b) top view.
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2. Results and discussion

Integration of transparent array antenna in 
OLEDs.

13

The Comparison between return loss of the transparent 
array antenna with and without OLED

The comparison between the radiation patterns of the transparent array antenna with 
and without OLED layers at 27.33 GHz; (a) in the XZ-plane, (b) in the YZ-plane.

2. Results and discussion

Integration of transparent array antenna in 
OLEDs.

14

The spectral power distribution of the OLED with and without antenna 
integration.

Photometric and 
colorimetric 
parameters

OLED without 
antenna

OLED with 
antenna

Luminance 
[cd/m²]

4155 ± 2.6 2737 ± 0.8

CCT [K] 3052 ± 0.5 3000 ± 0.5

The measured luminance and CCT through the Minolta CS-1000.

Conclusion

15

 A new optically transparent antenna for the future fifth generation (5G) mobile networks
have been presented

 The measured optical transparency of the radiating element obtained is approximately 75%.

 The 5G antenna is working in the 26 GHz mm-wave band

 This antenna is integrated into the structure of an OLED light source

 The integration into OLED doesn’t significantly affect the electrical and radiation
characteristics of the antenna.

 The SPD (spectral power distribution) of the OLED with and without antenna is measured, to
study the effect of this integration on the colorimetric characteristics of the OLED.

Futureresearch
 Validation of the results obtained by experimental studies

 Improve the colorimetric performances of the OLED and increase the
optical transparency by the use of the mesh technique

16
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Introduction
Isolated Microgrids, like on remote islands, often face problems because of

their geographical isolation. Some of these problems include limited

installed capacity, limited energy supply resulting in high fuel costs and

high greenhouse gas emissions. This has caused many industrialized

countries to change their focus to create generation systems that are

environmentally friendly and can reduce production costs. Related to these

problems, hybrid renewable energy combined with the composition of

solar energy generators, wind energy generators and batteries can be a

solution to electrify remote areas.

Introduction
In the operation of renewable energy plants (wind energy plants and

solar energy plants) off the grid, the problem of system stability is

very important because considering that wind and solar energy

generators are generators whose output cannot be controlled, so

they cannot respond to disturbances quickly when intermittent

occurs. Thus, the optimal combination of installed capacity of

variable renewable energy power plants on remote islands must take

into account the dynamics of the off-grid system during intermittency.

Introduction

Since all the sources is variable renewable energy, then the optimal

installed capacity doesn’t enough yet to fixed hybrid composition. The

stability analysis should be carrying out to making it fixed. The stability

simulation is using Digsilent Power Factory. The stability analysis contains

load flow analysis and frequency stability analysis. The load flow analysis is

needed to make sure during the static condition, all the grid parameter is

meet the grid code rules. Once the parameter is in the range of allowable

values then the dynamic analysis can be carrying out.

Proposed Method

Stage 1

• Determination of optimal installed
capacity based on the economic
approach. The criteria of optimal
installed capacity are COE, where
the objective function is following:

Stage 2

• Determination the stability of the
installed capacity which is found in
the stage 1. The criteria of optimal
installed capacity are the
fluctuation of frequency during
intermittency should meet to the
allowable frequency range due to
the grid code. The objective
function is based on stability
function as following:

𝐶OE =  
∑ Ci + Oi + Mi

N
i=1

∑ Ep
N
i=1

 

2H

𝑓0
.

𝑑𝑓

𝑑𝑡
= ∆𝑝  

Introduction

Riam Batu is isolated rural village located on the

extreme mountain in Tempunak District, Sintang

Regency, West Kalimantan Province, Indonesia as

shown in Fig.1. The electricity network does not

reach yet the village due to the extreme location in

the mountain surrounding by forest

Site Location : Riam Batu Village
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Load Profile

There are 80 houses and public facility in Riam Batu. By

assumption that 50% of the houses will connected through

450 VA, 35% will connected through 900 VA and the rest

will connected through 1300 VA then the peak load

assumption will be 91.20 kW which 20% of load is motor

load or dynamic load.

Simulation Result
1. Optimal Install Capacity

The simulation is running in HOMER. The simulation is

following the criteria of equation (1) and equation (2). The

optimal composition is Solar PV 272 kW (340 kWp), Wind

Turbine 43 kW and storage batteries 580 kW (2C/116

kWh/day). The COE of the composition is cUSD 0.91/kWh.

It is lowest COE, since the other option is Solar PV 288 kW

(360 kWp) and storage batteries 74 kWh/day with the COE

cUSD 0.958 kWh.

Simulation Result
2. Loadflow Analysis

Load Flow during Peak Load
The results of load flow

simulation are shown in Figure at
peak load time. As shown in Figure,
the lowest voltage level in the
feeder is 0.94 p.u. Whilst, there isn’t
violation in the loading limit at the
conductor. Loading per feeder is
quite similar in both active power
and reactive power. The losses are
only 3.72%. The generation is 91.20
kW to serve 87.81 kW distributed
load.

Simulation Result
2. Loadflow Analysis

Load Flow during Off-Peak Load

To make it sure the grid is stable
during static condition, the load
flow is carrying out in off peak load,
too. The results are shown in Figure
As shown in Figure, the lowest
voltage level in the feeder is 0.96
p.u. Whilst, there isn’t violation in
the loading limit at the conductor.
Loading per feeder is quite similar
in both active power and reactive
power. The losses are only 2.30%.
The generation is 54.72 kW to serve
53.43 kW distributed load.

Simulation Result
3. Dynamic Stability Analysis

Since the off-grid system is stable during static condition, then the stability of
the off-grid system during dynamic condition should be checked in the next stage.
The worst condition in grid stability will occur in peak load time. Since the peak
load time will occur in the night when the Solar PV is not in operation mode then
only fluctuation of wind velocity scenarios defined in the simulation.

Simulation Result
3. Dynamic Stability Analysis

Dynamic of off-grid frequency during intermittency of wind velocity

According to the site data, the extreme
fluctuation of wind velocity in Riam
Batu is 2.650 m/s to 1.120 m/s in 180 s.
During such extreme fluctuation, the
active power from wind turbine will
fluctuate from 41.280 kW to 5.124 kW
in 180 s. The off-grid frequency will
fluctuate following the intermittency as
shown in Figure

Wind turbine active power

343



Simulation Result
3. Dynamic Stability Analysis

Dynamic of off-grid frequency during intermittency of wind velocity

As shown in Figure, the off-grid
frequency will be decreasing to 49.955
Hz or 0.99 p.u. Since the nadir
frequency still in allowable range
during intermittency condition then the
configuration of the off grid is stable.

Frequency system

Simulation Result
3. Dynamic Stability Analysis

Dynamic of off-grid frequency during intermittency of wind velocity

The storage batteries are important in
this design, since the storage batteries
raising its dispatch to support grid
supply during intermittency as shown in
Fig 6. The batteries dispatch will be
raising up from 0 kW to 43.33 kW at
236 s to support the grid. The time to
dispatch and time of intermittency is
quite similar.

Battery active power

Simulation Result
3. Dynamic Stability Analysis

Dynamic of off-grid frequency during intermittency of solar 
irradiation and wind velocity, simultaneously

Frequency

During off-peak load, the worst condition in grid stability will
occur during the day when solar irradiation and wind velocity
fluctuate, simultaneously. According to the site data, the
extreme fluctuation of solar irradiation in Riam Batu is 100% to
45% in 180 s. During such extreme fluctuation, the active power
from solar PV will fluctuate from 27.360 kW to 10.952 kW in
180 s. If this intermittency occurs in simultaneously then the
off-grid frequency will fluctuate following the intermittency as
shown in Figure.
As shown in Figure, the off-grid frequency will be decreasing to 
49.828 Hz or 0.996 p.u. Since the nadir frequency still in 
allowable range during intermittency condition then the 
configuration of the off grid is stable

Simulation Result
3. Dynamic Stability Analysis

Dynamic of off-grid frequency during intermittency of solar 
irradiation and wind velocity, simultaneously

Battery Active Power

The storage batteries raising its dispatch to
support grid supply during intermittency as shown
in Fig 8. The batteries dispatch will be raising up
from 0 kW to 202.972 kW at 239 s to support the
grid. The time to dispatch and time of
intermittency is quite similar

Conclusion
The robust installed capacity design of hybrid power plant

which is containing variable renewable energy source, i.e. solar
energy, and wind energy, should meet both economic criteria and
stability criteria. The economic criteria are least COE
(cUSD/kWh) running at the first stage. Then, stability criteria are
allowable frequency due to the grid code running at the next stage.
If the installed capacity only meets the economic criteria, then the
design is not robust. So, the stability criteria for the second COE
option should be carrying out until the robust installed capacity
found.

Thank You
The research is supported by Quadran Energy Rekayasa
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Introduce Myself

• Postgraduate student of Department of Electrical Engineering, UGM.

• Has an interest in electrical power system and automation programming.

• Has experienced for 5 years in PLC, smart relay, and microcontroller.

Introduction

As the largest archipelago country globally, Indonesia has more than 
17,000 islands of which about 6000 are inhabited

Introduction

The electricity generated in remote
areas is obtained by utilizing the
potential energy available in the
location.

By carrying out the monitoring
process on used equipment,
electrical energy efficiency can be
increased by up to 12%.

Introduction

NILM
Non Intrusive Load 

Monitoring

ILM
Intrusive 

Load Monitoring

Introduction
Data Flow Programming

SynthMaker
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Introduction
The idea of this project:

• Proposes a monitoring method for electricity in remote 

areas

• Develops DFP based NILM by employing a bagging 

decision tree algorithmdecision tree algorithm. 

• Uses the LabVIEW software to create a GUI connected to 

the ADE9153A power sensor on the Arduino UNO via 

serial communication

Methodology

Methodology
Bagging Decisions Tree

Implementation Detail

Implementation Detail Experiments

Original Active Power Data Binarization of Active Power Data
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Experiments

Original Active Power Data Binarization of Active Power Data

Experiments

Original Active Power Data Binarization of Active Power Data

Experiments

Original Active Power Data Binarization of Active Power Data

Experiments

Original Active Power Data Binarization of Active Power Data

Experiments
Graphical User Interface (GUI)

Experiments
Graphical User Interface (GUI)
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Experiments
Graphical User Interface (GUI)

Experiments

Confusion Matrix (CM)
30 trials for TV
50 trials for FAN, RIC, and LMP
For FGD, the authors connected the sensor for 10 hours and got 10 events

Conclusion
• The use of the NILM technique in remote area electricity was proposed in this study.

• The bagging technique is applied in the classification step by implementing the decision 

tree algorithm.

• By utilizing data flow programming in the LabVIEW, the algorithm and GUI can be built.

• The study resulted in the NILM process, which has a good performance accuracy value 

of 0 9617 precision 0 9737 recall 0 9720 and F1 score 0 9728of 0.9617, precision 0.9737, recall 0.9720, and F1-score 0.9728.

• Device with similar parameters, devices with low power, and simultaneously active 

devices is still a challenge in NILM.

• NILM technique can improve the efficiency of electrical energy in remote areas. By 

knowing which device is ON or OFF, the operator can determine the priority of the load 

or electrical device that should be ON or OFF at a particular time as needed. 

Future Work

• Developing the NILM technique and adjusting the parameters of electricity 

generation in remote areas precisely.

• Integrating load forecasting in the NILM. 

Thank You…

348



Assessment of Renewable 
Energy Power Generation in 

Tegal Regency, Indonesia 
Using HOMER Simulation

Rizky Ajie Aprilianto1

Rizki Mendung Ariefianto2

1Department of Electrical Engineering and Information Technology, Universitas 
Gadjah Mada, Indonesia

2Department of Electrical Engineering, Universitas Brawijaya, Indonesia

Outline Presentation

1. Background
2. Problem Statement and Purpose
3. Existing Conditions
4. Systems Design
5. Result and Discussion
6. Conclusion
7. Recommendation

Background

Tegal Regency

NRE
23%

Gas
22%

Oil
25%

Coal
30%

Indonesia’s Primary Energy Mix by 2025 
as set in KEN, Gov. Reg. No. 79/2014

As a consequence, the first wind farm in
Java Island will be located in Tegal Regency.

Problem Statement and Purpose

The project of Tegal Regency government will just rely on wind energy
through the construction of a wind farm. In fact, at the same location,
there is a large enough solar energy potential up to 4.66
kWh/m2/day.

This study aims to design a wind turbine system that will be developed in
Tegal Regency, Indonesia by combining PV systems as an optimizing
design.

Existing Conditions

a. Tegal Regency Electricity Overview

The installed power 
capacity is 563.46 MW 

The total electricity 
production is 

83.28 MWh/year

The electricity sold to 
the public is 74.04 

MWh/year

The total power lost is 
67.16 MWh/year

Existing Conditions

b. Renewable Energy Potency

Month Wind Speed (m/s)
January 3.31
February 3.26
March 2.82
April 2.68
May 3.11
June 3.58
July 4.10
August 4.53
September 4.51
October 3.96
November 3.42
December 3.24

Month Clearness Index Daily Radiation (kWh/m2/day)
January 0.403 4.33
February 0.419 4.52
March 0.436 4.58
April 0.475 4.65
May 0.515 4.61
June 0.522 4.43
July 0.537 4.65
August 0.526 4.94
September 0.510 5.19
October 0.467 4.96
November 0.417 4.46
December 0.431 4.60

Monthly average wind speed Monthly average solar Global Solar Irradiation

Source: NASA Prediction of Worldwide Energy Resources (POWER) database
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Systems Design

The original project in Tegal
Regency as a base case

The proposed configurations

+ +
+

+ + +

Systems Design

𝑛𝑤𝑡 =
𝑃𝑐

𝑃𝑤𝑡

=
67.5 𝑀𝑊

1.5 𝑀𝑊
= 45 turbines

The real policy of wind turbine power plant in Tegal Regency
has a capacity of 67.2 MW but the capacity in this study is
rounded to 67.5 MW. Also, it is assumed for the turbine
module has a 1.5 MW capacity related to the maximum
value of each turbine provided by HOMER.

where nwt is the number of wind turbine modules, Pc is capacity power, and Pwt is turbine maximum capacity by HOMER

For all configurations, it is assumed that 
the wind turbine has the same capacity.

Systems Design

Meanwhile for optimization proposed, PV module,
converter and battery configurations are generated based
on HOMER recommendations.

Systems Design
Wind Turbine

Parameter Specification
Rated power 1.5 kW/turbine
Lifetime 20 years
Hub height 80 meters
Capital cost IDR 28.1B
Replacement cost IDR 28.1B
O&M/year 10% of capital cost

Converter
Parameter Specification
Model name Bluesuness BSMG2-30K-EX
Rated power 50 kW/unit
Lifetime 15 years
Inverter efficiency 98.5%
MPPT efficiency 98.5%
Capital cost IDR 1.580M /kW
Replacement cost IDR 1.580M /kW
O&M/year 10% of capital cost
Estimated total 40 units

Battery
Parameter Specification
Model name Generic Lithium-Ion
Capacity 100 kWh
Lifetime 15 years
Roundtrip Efficiency 90%
Capital cost IDR 997.2M /unit
Replacement cost IDR 997.2M /unit
O&M/year 1.4% of capital cost

PV Module
Parameter Specification
Model name Yangtze YS250P-60
Rated power 0.25 kW/module
Lifetime 25 years
Efficiency 15.40%
Derating factor 80%
Capital cost IDR 2.716M/kW
Replacement cost IDR 2.716M/kW
O&M/year 0.4% of capital cost

Systems Design

The load that assumes consists of community load and
industrial load. These are generated by HOMER database.
Meanwhile, the economic factor that is used in this study
discount refers to Indonesia's condition. It is related to the
load growth, and the optimization of configuration results as
long as the project lifetime.

Parameter Value
Discount Rate 5.6%
Inflation Rate 2.5%
Annual Capacity Shortage 0%
Project Lifetime 25 years

Result and Discussion

(A) (B)

Proposed configuration (A) without a battery (B) with a batteryBase case configuration

Configuration Wind Turbine PV Converter Battery
Wind Turbine + Grid 67.5 MW - - -
PV + Wind Turbine + Converter + Grid 67.5 MW 2 MW 1.5 MW -
PV + Wind Turbine + Converter + Battery + Grid 67.5 MW 1.996 MW 1.633 MW 100 kWh
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Result and Discussion

Configurations Components
NPC 
(IDR)

COE 
(IDR/kWh)

Op. Cost 
(IDR/year)

Initial 
Cost 
(IDR)

Ren. 
Frac 
(%)

Excess 
Electricity 

(kWh)
A PV + Wind Turbine + Converter + Grid 1,888B 1,278K 35.4B 1,272B 96.2 22,278
B PV + Wind Turbine + Converter + Battery + Grid 1,890B 1,279K 35,5B 1,274B 96.2 5,293

Base Case Wind Turbine + Grid 1,942B 1,344K 39.0B 1,265B 95,2 0

• The optimization of a base case using PV systems capacity generally has a better result. NPC and operational
cost decreased while the level cost of energy (COE) is cheaper than the base case. Also, this COE is more
economical than PLN electricity prices about Rp1,445/kWh. Renewable energy fraction certainly increases by
1% because the configuration utilizes two sources.

• Proposed optimization without battery purchases 3,217,351 kWh/year of energy from the grid system and is
capable of sell back around 76,268,824 kWh/year. However, there is enough high of excess electricity around
0.026% or 22,278 kWh/year.

• The other configuration is proposed that using battery wherein the initial cost is certainly more expensive. Hence,
the excess electricity reduction can be carried out become 0.00622% or 5,293 kWh/year. Furthermore, either
energy purchased or sold increase by 3,218,221 kWh and 76,280,736 kWh respectively.

Result and Discussion

Payback period of proposed configurations 
against base case

These two proposed configurations
have similar cumulative case flow
compared to the base case so that it
will take three years to restore the
investment’s cost.

Conclusion

• Integrating PV systems to a wind farm will be developed in Tegal Regency more effectively.

• Economic aspects such as net present cost (NPC) are lower than the base case and produce

cheaper cost of energy (COE).

• The proposed optimization using PV systems provides two configurations options that are with

battery or without it. These have a similar cumulative case flow compared to the base case so

that it will take three years of payback period.

• The significant difference between them is located in excess electricity produced by the systems.

The first option without a battery produces around 0.026% or 22,278 kWh/year meanwhile the

other option produces 0.00622% or 5,293 kWh/year.

• The number of components is also different wherein imply initial and operational cost. Therefore,

this study can be a reference for the government to build power generation systems using

optimally renewable energy potential owned.

Recommendation

Based on two proposed optimization configurations
still produces excess electricity. Conformity between
renewable energy source potency and load capacity
become important factors affecting it. Therefore,
future work is needed to result in better
configuration. It is certainly expected to help the
government make a proper policy about the
utilization of renewable energy potential.

Thank You
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