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Executive Summary 
 

This report addresses the needs of Task 1.2 Survey on the needs regarding technical training. Such a task 

is an essential step in order to identify technical issues that should be addressed during the description 

and the finalization of the curricula along with the subject of the technical material to be used. 

In order to pinpoint the Technical challenges that an MSc like the one that MESfIA project addresses our 

research has been based on two axes: 

A) Extensive Literature Review 

B) Questionnaire on Technical Training needs addressed mainly to stakeholders in the South 

East Asia Region 

In our opinion axis B should be an on-going process with discussions with key experts in the area in 

order to identify the points and mainly technical problems that the graduate should be able to follow. 

This process may help in alteration of some of the characteristics of the Training procedure and 

approach if this is deemed necessary during the Implementation phase of the project. 

In order to identify the technical needs we should identify the typologies of power systems that are 

going to mainly addressed by the MSc program to be developed. In any case items of knowledge 

developed can be used to larger power systems as well. 

Therefore, according to our experience, share of opinion and the literature review, MESfIA project 

should address mainly: 

 Physical islands (usually operating autonomously or weakly interconnected with larger power 

systems) of various sized to Very Small Island ones (few kWs) up to Large Island Power Networks 

with installed capacity of a few hundreds of MWs and a variety of Energy Sources installed 

 Isolated Areas (e.g. mountainous areas, desserts, forests etc)  

 Resilient Power Systems-Temporarily Isolated areas due e.g.to Natural disasters  

The extensive Literature Review has identified that apart from technical skills there is significant need in 

Generic or as called soft-skills like, Communication, Practical Experience, Leadership and Management 

skills. Lack of these skills may undermine the capability of otherwise technically competent personnel to 

provide solutions to the issues that may emerge and has been pinpointed under the reports of various 

organizations. 
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Among the technical skills, effort was given to identify and justify the technical issues that are mostly in 

the aforementioned typology of power systems. Clearly focus should be given in RES and smart Grids 

but in emerging economies being thirsty for increased capacity of electricity, energy efficiency is an issue 

that should be also addressed. The latter is of paramount importance for isolated areas as the fuel cost 

is high, and the capacity installed is limited. 

 Shortage of local expertise in Operation & Maintenance has been identified as a pressing need for the 

further development of the energy sector in Developing Areas and a key-use for the success of Rural 

Electrification via off-grid systems. Surprisingly, such shortage has been identified in European, mostly 

creating awareness in the UK and Australian Utilities, due to the age pyramid of the well-trained 

personnel about to retire in the next few years. 

Understanding of the local needs and context, not as easy to be perceived by mainland urban students 

as initially thought, and capacity building of local training have been identified as success factors of 

Training programs. Bearing in mind the long distance and remoteness of the isolated areas, effective 

training of trainers, as scheduled to be provided in WP3 of this project, is the most appropriate 

procedure for improving the local capacity as illustrated from the literature review performed. 

Last but not least, understanding financing schemes or Business models, apart from being a "soft-Skill" 

should not be overlooked. The projects in isolated areas may not be as capital-intensive to attract more 

investors but local population may even struggle for some cash to buy a solar lantern. The literature 

review has pinpointed very interesting methods that have been applied, successfully or not, either for 

financing Rural Electrification projects or small-scale RES projects in islands regions. Perhaps this is a 

finding that should be taken into account in the design of the Curricula more than initially expected at 

the beginning of the MESfIA project.  
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Literature Review 
The most basic requirements for successful training are that the training: 

• reaches the most appropriate audience 

• at the right time 

and 

• delivers the most relevant content. 

If any of those three factors is absent, the training effort is unlikely to be effective. Such an example has 

been described from experience in Pacific Islands and Renewable Energy Sources training where either 

the training was not adapted to the local needs, or the training content was too technical for high-level 

decision making personnel. Additionally, the reason for limited sustainability of energy projects was 

often due to the lack of appropriate local ownership and involvement in management and technical 

backup. Failures were attributed to the inadequate attention given to the needs for local training and 

institutional involvement for project development and implementation.  

One key finding from projects related to management of Island Systems is that the networking and co-

operation of the insular Distribution System Operators facing similar technical challenges can bring 

about significant benefits on the effective management of these systems. This is the example of the 

Caribbean Electric Utility Service Corporation (CARILEC) and the Pacific Power Association (PPA). 

Keeping a capable local workforce, well-trained in the new energy technologies, able to install and 

maintain small renewable energy systems, is a major challenge in small markets with little demand and 

developing countries. Efforts are made in many places to build capacities, for example, community 

Mobilization Funds (CMFs) has been raised in Nepal in order to educate the operators of micro-hydro 

power stations showing clearly the linkage of technical training with the Rural Electrification. 

This is the reason of this Literature Review for the needs for Technical Training for scientists or 

engineers who would like to be granted an MSc Program after which they could claim they are experts 

in Managing or Developing Energy Supply in Isolated Areas.1 

Generic Skills and Training Methods 

Training methods suggested for technical training 

In general University Degree programs are recognized as one of the methods to improve the Systems 

capability in the workforce especially as more customized to the industry needs such a degree can be2.  
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For areas with low electrification rate, local training capacity should be developed with the aid of 

experienced trainers in the field of e.g. photovoltaic and small hydro. Advisory services to private 

enterprise and governments as well as development of local and sub-regional long term training 

programs for maintaining the capacity to implement and maintain rural energy systems can act as an 

additional aid.  

Readily available, external expertise that is independent from manufacturers, suppliers or other biased 

information sources is needed to assist in evaluating the many renewable energy products. Local 

trainers supported by external experts are reported to be more effective for local training than external 

experts brought in as trainers. Target training at postgraduate personnel can provide such skills. 

 Repetition and review is needed and should be spread over several training sessions; a single exposure 

to training in a new subject is not adequate for long term retention or confident use by participants. 

Additionally, research since 1977 has identified that educating on specific skills without clarifying their 

context and describing why it is important, will not succeed3. 

Two main sections of this document are provided-Generic Skills and Specific Skills for each one of the 

Training Sections suggested in the Proposal and any other Training sections required. 

Training the trainers’ needs. 

Reports from the Pacific Island Countries have declared that training the trainers for Renewable Energy 

Sources is an essential part of the training and the improvement of capacity building in isolated areas. 

This capacity building should not only be readily available, but also independent from manufacturers, 

suppliers or other biased information sources. The success in some of the states in the Pacific Ocean was 

due to the mix of resident experts able to provide independent advisory services and the provision of 

focused and well developed training services that fit the needs of the PIDS at that time. 

UNESCO with their ‘toolbox’ is aware that no single teacher education program can suit the needs of all 

potential users. That is why Teaching and Learning for a Sustainable Future has been designed so as to 

facilitate translation into other languages as well as adaptation (i.e. changing the program) to respond to 

regional, national, or local needs.4 Once an adaptation and/or translation of the program has been 

completed, the ‘open architecture’ used to create the files in Teaching and Learning for a Sustainable 

Future allows it to be reprogrammed with basic webpage creation and graphic design applications. 

Thus, a primary activity for the first year of any training program will have to be a detailed training 

needs assessment and forecast for each of the countries and for the region that is further developed 

into a comprehensive training plan. This plan is expected to be a “rolling” plan that is reviewed 

periodically and extended5. 
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Generic Skills: 

Skills can be distinguished into Personal skilles and Technical Skills. This paragraph focuses on Personal 

skills and presents also some common tehnical skills that should be available to the engineers/scientistic 

tackling with the energy sector6. 

Personal skills are defined as the skills needed to interact with others within an organization and 

accomplish tasks. 

In general, Science, Technology, Engineering and Mathematics (STEM) subjects are of particular 

importance because of the high technological content of at least some of the required occupations for 

Energy Supply in Isolated Areas. 

STEM skills are an important foundation for the technical skills, resource management skills and 

complex problem-solving skills that at least some of the jobs in energy efficiency (and other green jobs) 

require, and the most important impact of the transition (from the point of view of skills policy) is likely 

to be in exacerbating skills shortages in STEM subjects, rather than in stimulating demand for ‘new’ 

skills. 

The acquisition of organisation and coordination skills (optimisation of logistic chains, managers of 

major building projects) is recognized as another axis for training for energy efficiency7. The 

consortium’s opinion is that the needs are similar for RES,gen-sets deployment and Smart Grids.  

As an example to justify this, a potential limitation that may arise in Isolated Areas is how easy it is to 

access an isolated area as narrower trucks or smaller ships can access such areas compared to mainland. 

Use of large cranes may be also much more difficult than in other areas of a country not only in South 

East Asia but also in European islands. 

Generic personal skills, such as leadership, commercial understanding or management, and for generic 

green skills (e.g. ability to implement new environmental legislation, awareness of energy conservation 

measures) are required. Ability to direct and guide a group in completing tasks and attaining goals of 

energy efficiency assessment is recognized as a broader skill for project planning and management. 

 A recent IET Skills Survey via questionnaires has revealed that the young engineers lack to some extent 

Practical Experience, Leadership and management skills (33% of the responders) while ability to work on 

own initiative and communication skills is a gap revealed by 23% of the responders8. In terms of 

communication skills a persuasive and convincing person that can advocate well in media and face to 

face and presentation skills are few of the described additional qualifications by tenders for Work at 

high-level positions (Executive director) in Vietnam9 10.  

Other generic skills may include: 
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• Communication planning and implementation skills– Ability to exchange, engage, convey, even 

negotiate and express knowledge and ideas in an energy efficiency assessment context. This 

incorporates also adequate language skills good reading comprehension and writing skills for reports 

especially in the topic of resource efficiency and sustainable green growth.  

• Adaptability: flexible attitude towards changing circumstances (environmental, social, etc.) and 

acknowledgement of the constant need to learn new skills and new concepts in a changing 

environment. 

 Logical reasoning abilities: problem identification, creative search for solutions (both well-

known ones and new ones), ability to follow logical inferences and elaborate formal reasoning in 

issues related with resource efficiency and sustainable green growth. Problem solving and 

decision making skills including reactivity and ability to develop and assess business cases for the 

implementation of energy projects. The Pacific Utilities and the Energy officers thought that 

there is a lack in the project management skill in the region – utilities and Energy sector. 

This is reflected by nearly 76% of the votes11.  

 Time Management Based on the frequency of coding 

 Identifying potential opportunities – Ability to think strategically and creatively along with the 

Capacity to explore new markets 

  Team work skills as especially energy projects are multi-disciplinary projects involving Electrical 

Engineers with various subdivisions, Mechanical Engineers, Civil Engineers etc. 

  High technical & economic understanding. It is very important that for our case the graduates 

will have the ability to arrange and retrieve data, knowledge and ideas, research and 

investigation of specific technical and financial knowledge. 

 Ability to provide Specification and purchasing of the various components12 

 Innovative holistic thinking 

 Networking 

 Qualification and training of staff members 

Especially project-based learning, is considered one of the generic training needs for engineers and 

scientists working on Renewable energy and mostly Solar energy. According to Mills, project-based 

learning has a multi-disciplinary orientation13. The other characteristics of project-based learning are as 

follows: 

• Project tasks are closer to professional reality. 

• Project work is directed to the application of knowledge. 

• Project-based learning is fully supported by the courses taught in the relevant curriculum. 

• Management of time and resources by the students is of critical importance in project-based learning.  
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Results for training sections following such an approach in Solar Energy for Undergraduate engineering 

students enrolled in different educational institutions in France, USA, Ireland, Poland, Romania and 

Hungary co-operating to implement a common renewable energy system design project 14 have 

identified the following potential benefits: 

1. Students have gained valuable experience in multidisciplinary teamwork and project management. 

2. Participating engineering students have gained experience regarding the modern reality that many 

times one subsystem of a renewable energy application is developed in one country and the other one is 

developed in another country. 

3. The collaborative team-based design project can link multiple students’ teams over international 

borders. 

4. Students had developed a good understanding of solar energy systems in an international context. 

In Indonesia installation of total 73.3 kWp Photovoltaics in 307 sites: houses, public facilities, small 

medium enterprises and solar water pumps has been made via the participation of students of the 

postgraduate students in UGM Postgraduate programs15. Both these examples are concrete examples of 

justifcations for Intercultural awareness required in the field of Renewables16 

 

Figure 1 Students from UGM aiding to install PVs in remote settlement in Indonesia 

Specific Skills 

Exploitation of RES  

Renewable Energy Resources are a key issue in the Power industry and the scopes of the MESfIA project 

as a) are strongly related to the smart grids concept, b) are part of the Green economy with capacity 

rapidly increasing and c) have greatly helped in rural electrifications all over the world. 
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Based on our analysis, a key challenge to the renewable energy industry will be to align education and 

training to meet the emerging skill needs of both new and existing occupations and industries. Job 

creation and the subsequent skills implications associated with EU climate action rely on significant 

increases and shifts in investments. Market and policy uncertainties, as well as the potential for localized 

spikes in demand, can cause challenges for education and training systems. In particular, time-lags 

between initial training and the eventual work placement mean that decisions on the design of 

education and training often need to be made in advance of market needs to support renewable 

industries. A commitment to training is particularly important because the renewable energy sector is 

already experiencing shortages not only in technical occupations such as solar installers and geothermal 

engineers, but also in more general occupations, such as sales and finance specialists, inspectors, 

auditors and lawyers. This is not solely on Europe but a report from a Developing Country in another 

region than the one studied, Somalia, has identified that there is strong need for high-quality training 

programs to develop current and future employees. These skills in highest demand include Design, 

Management, Construction, Engineering and technical expertise in specific renewable energy 

technologies. Priority should be also given to Equipment maintenance experts. Thus a need for 

international experts to teach at universities and training programs to provide- on-the-job training for 

employees to encourage skills-transfer has been identified11. 

In any case, the budget of projects dedicated to Training in RES is significant. As an example budget of 

EUR 44.1 million for 2007-13, the green hiring program subsidises projects that train and improve the 

environmental abilities of the self-employed and SME workers. In Spain, The Biodiversity Foundation 

and the Telecommunications Installations Businessmen Association (FENIE) obtained a grant through 

this scheme to provide skills training in solar energy technologies for electric installers in the 

construction sector 

In the majority of cases, extensive reskilling is not required. Instead, the focus is on upgrading certain 

skills through structured education and training; especially science, technology, engineering and maths 

(STEM) skills and the broad range of technical and managerial skills needed to adapt to new 

technologies. In particular, ‘new’ and priority skills related to innovation may be needed, such as 

problem-solving, design and working with stakeholders. Renewable energy development requires supply 

of human resources capable in providing cross-cutting solutions. 

In some parts of the sector, an entire job role may be related to renewable energy. Here, the 

occupational profile may be shaped by particular technologies, requiring technical skills related to 

development, construction and operation. Although some of these skills may be new or unique, many 

will be similar to skills already existing outside the sector. In other areas, and across all countries, 

renewables may form an additional aspect to an existing job. In the construction sector, for example, 

the small-scale installation of renewable technologies is often carried out by those working in dual roles 

as roofers, electricians or plumbers, who also install renewable technologies. 
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The students should acquire basic knowledge on the way renewable energy technologies can be used 

for resource efficiency solutions (large scale applications, residential applications and energy saving), 

with special focus on photovoltaic and wind energy 

Key skills include the need to develop and maintain awareness of the regulatory environment, 

management and teamwork skills to engage with other trades; as well as communication and marketing 

skills to engage with customers and sell their services. 

The emerging occupations in the sector are related to the manufacture of renewable equipment (e.g. 

wind power design engineers), project development (e.g. wind resource assessment specialists), and 

production and operation (e.g. wind service mechatronics technicians; biomass production managers). 

Specialisms have emerged in the area of solar energy for small photovoltaic, large photovoltaic, solar 

thermal and concentrated solar installations. In terms of wind energy, there is a need for specialist small 

wind turbine installers. 

An issue for the further exploitation of RES in weak power grids as the ones of islands is to apply the 

most suitable standards. Standards for interconnections of Distributed Generations (including RES) used 

in mainland may vary compared to island power systems and specific review articles prove this 

need17.Grid utilities in Island Nations such as Mauritius18, Fiji and the rest of the Pacific Islands 19, 

Barbados20 and the Carribean Islands21 have tried to issue such standards. A lack of standards has been 

described as a barrier for the further development of RES. Thus there is a need for adding such material 

in the training section. 

For electrification of isolated areas 

A major barrier to the successful implementation of RE has been the capacity available on the islands for 

the technical support needed to operate and maintain RE systems. This is particularly a problem for off-

grid installations on rural islands22. The primary reason for not maintaining technical capacity has been 

the lack of technical training. Poor quality installations may lead to significant failure of initiatives for 

using RES such as the case of Biogas program in the early ‘80s in Myanmar23. 

 One solution appears to be to develop the necessary training skills in teachers at national trade schools 

and technical colleges, as well as providing the schools with the training equipment needed for 

instruction. The need for maintenance and training centers on the installation of rural systems has been 

identified in Bangladesh and Mongolia where such centers already operate. Training of key personnel 

for management of PV systems in rural clinics has been identified as a success reason of the relevant 

project 24. Solar-powered driven refrigeration especially for vaccines has been suggested as a very 

promising solution for the rural clinics25.  

The mostly used technology for rural electrification in South Asia has been via the use of PVs either in 

decentralized SHS and solar lanterns or more central installations such as solar min-grids, Solar DC 
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Micro-grids and solar charging stations26. Thus a clarification of the characteristics of each technology 

should be made.  

Furthermore, in the Concessions Program in Salta Argentina, solar panels that were poorly mounted 

were subject to theft 27  

 

As a Source 

Here the specific technical needs for the training of each type of the major renewable energy source are 

provided. In the sections below, technical needs for wind, PVs, Biomass and Hydro are identified in 

order to pinpoint the potential subject for training for the MSc students. 

 

Wind Power  

Wind Power is one of the dominant Renewable Energy source. The Wind potential in South East Asia is 

higher in Vietnam but not as high in the neighbouring countries. IRENA in a recent report has identified 

the following skills in various phases of wind power projects design, implementation, operation and 

maintenance.28 
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Table 1- Fields of training for wind energy 

Academic research, 
Design and R&D 

Loads and aerodynamics, Consultancy, Electrical/grid (incl. Software),Wind 
turbine technology 

Manufacturing 
Engineering 

Electrical/power engineering, Quality control, Diagnostics, Metal fabrication, 
Machining, Mechanical and electrical fitting, Testing 

VET (Vocational 
Education and Training) 

Service and maintenance, Installation and commissioning, Introduction to 
wind energy, On-site safety (e.g Global Wind Organization training platform), 
Fire fighting, Tower climbing, Rescue, First Aid. 

Finance Wind energy finance, Project finance, Corporate finance 

Project management 
(construction and O&M) 

Electrical/power engineering, Civil engineering, Mechanical engineering, 
Commissioning, Maintenance  

Project management, 
(project development 
and multidisciplinary 
skills) 

Project management, Energy resource assessment, Spatial 
planning/consenting, Policy/regulatory analysis, Project Development and 
project management, Legal experts, Communications  

Business Development Direct sales,Marketing,Communications 

 

Additionally to the above there are some specific needs for wind power when referring to either islands 

or even more isolated areas to compensate for the intermittent nature of wind power. 

A) Knowledge on smaller wind turbines issues. 

The state-of-the-art wind turbines used for large wind power projects refers to few-MW class, however, 

this is difficult to be found on islands or much more difficult to use them in non-electrified or not fully 

electrified areas. This inherent difficulty makes more important to draw attention to small or very small 

wind-turbines which, for the increase of sustainability could be even manufactured locally 29. Vertical –

axis applications have been reported to be proposed for remote areas unlike large-grid installations 
30.Students should be able to investigate dedicated web-sites regarding small wind turbines such as 31,32. 

A special precaution for No-load conditions for small wind turbines should also be taken into account. 

Wind turbines should not remain without load connection otherwise this will lead in increasing rotation 

speed with adverse effect of on the stability of the wind turbine itself. 

B) Grid codes regarding Wind power. 

This piece of technical training needs can be combined with knowledge on Grids (please see the specific 

training needs). The extent of analysis on these issues depends on the background of the students 

following the MSc. 
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Wind power intermittency creates issues on Grid stability of weaker grids and problems of integration 

regarding distribution system depending on the interconnection technology needed. Thus, grid codes of 

island power systems or Distribution systems refer to the required stricter connection and operation 

rules for wind power. Issues that may be discussed in the Grid Codes of islands (mostly larger ones) may 

refer to the Low Voltage Ride Through Capability, Fault-Ride Through capability and Wind power 

Curtailment or limits of Wind power penetration (either on real-time or in terms of authorization 

procedure).Regarding distribution networks, generic guidelines on interconnection issues have been 

proposed 33, while CIGRE Study committee has issued reports on the guidelines to be used for evaluation 

the feeders interconnection capability of DG 34. 

C) Specific needs due to climate reasons. 

For wind power in very cold areas, some issues that the installations have to face have been pinpointed 

in 35. Additionally,3637 while there is at least one manufacturer that produces specific models for the artic 

regions38. Such areas in the context of our project refer to mountainous areas. In the greater area, small 

wind power project in cold area have been reported in Nepal. 

As some islands or isolated communities or even areas that should have increased resiliency after a 

physical disaster are in areas with frequent typhoon and cyclone areas, knowledge of technologies that 

could be used for cyclones is much more essential than in geographical areas like Mediterranean. 

 

PVs and solar energy  

It has been argued that in general the society should be educated on solar energy as it has become very 

widespread. Therefore, apart from postgraduate, undergraduate studies, seminars, K-12 school 

programs etc have already been developed or should be developed. A review of Solar energy Education 

programs at undergraduate and postgraduate education along with the key points of their curricula has 

been described in 39. An outline of school K-12 programs is also provided in the same report while EU 

efforts on training kids in schools is provided in 40. There are some workshop and seminars for General 

public from a variety organizations in the US. Technical educational programs, alike European Vocational 

Education Training VET lessons. A thoroughly report on the VET classes in some European Countries has 

been described in a deliverable of the GSS-VET project41. 

Lack of adequately skilled workforce for PV installation and maintenance was identified as a driving 

force for implementing PV TRIN project42. This fact may result in poorly installed systems with negative 

impact on the industry’s credibility and development. Thus and accreditation scheme for 

technicians/engineers focusing to the installation and maintenance of small scale PV systems was 

proposed with this project. 

As training needs identified from experts in solar energy can be summarized as follows: 
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 Solar energy fundamentals and solar geometry (sun elevation, azimuth and latitude). The 

ultimate goal is to identify optimal angle of panels’ gradient calculation. 

 Brief and coherent guide essential for technicians on the most important legislative measures 

influencing the market and, as regulation is quite dynamic. Greek technicians have stated that 

an update should be made twice per year. 

  A short manual with DOs & DON’Ts coupled with relevant photos and/or graphics would be of 

most help. Best practices in PV installation and O&M41 

 Insulation and sealing techniques. 

 Emphasis on Solar PV systems integrated in Buildings43 

Grid Codes and Photo-voltaics: Some restriction on PV penetration like Wind power still apply in 

island power systems. Some differences in the settings of PVs may exist in weaker distribution 

networks or islands. Due to the absence of moving parts and usually small capacity per PV park 

some connections constraints are relieved compared to Wind Power. 

Specific needs due to climate reasons refer to the need for understanding the reduction of PV 

output due to high temperature and dust. On the other hand, cold temperature with high solar 

radiation (that can be found during the winter time) constitute as threat for the inverter, if not 

properly addressed due to the increased open circuit voltage of PV panels44. 

Regarding Solar Thermal energy, that could be used as energy efficiency measure and reduction of 

further needs on Hot Water, the training needs identified in the GSSkills Project are summarized as 

follows 

Table 1- Summary of training needs for Solar Thermal Installers according to the GSSkills Project 

Competences of design of the 
installation 

Competences of execution of 
the installation 

Maintenance responsibilities of 
the installation 

1. Dimensioning and positioning 
for the heat exchanger. 
2. Thermal energy balance and 
calculation of total 
requirements. 
3. Optimal architecture selection 
(horizontal / vertical, closed / 
open circuit, direct /Indirect). 
4. Insulation and sealing 
techniques. 
5. Design of basic facilities. 
6. Work safety for the workers 
and the company that realizes 
the installations. 
7. Needs of machinery, tools and 

1. Installation techniques and 
handling of different types of 
pipes. 
2. Drilling techniques, reliable 
and effective restoration. 
3. Installation of building 
distribution systems (coils, fun, 
etc.). 
4. Connection of the ground heat 
exchanger with heat pump 
technologies. 
5. Efficient heat exchanger-heat 
pump-distribution assembly and 
coupling. 
6. Insulation and sealing 

1. Investigation of malfunction 
performed and repair. 
2. Elaborate and reliable 
maintenance. 
3. Supervision of pumps of 
electrical terms and important 
equipment. 
4. Insulation and sealing 
techniques. 
5. Knowledge about fluorinated 
gases 
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materials. techniques. 
7. Interpretation of schemes. 
8. Basic knowledge of 
refrigeration facilities. 
9. Selection and reception of 
materials. 
10. Mounting Techniques. 

 

Biomass 

. Biomass is a key energy source which can supplement other energy types in the isolated areas. Biomass 

can result into a number of other fuels through physical, chemical, biological and other processes and 

concept of bio-refineries are now spreading. If this comes from animal residues like examples in 

Bangladesh45 this is more than welcome as in such a case this is in favour of sustainability. However, in 

many countries the use of biomass is not sustainable as reported for Mangrove deforestation for 

Burma117. South East Asian countries such as Thailand, Vietnam and Indonesia are rich in biomass. 

Utilizing biomass is a key strategy for meeting renewable energy targets of the countries in the region. 

While there are no specific reports on training needs in biomass, our interaction with past research and 

engagement with various research and government agencies in the region provide us the key areas as 

follows:  

 Assessment of bioenergy potential 

 Selection of appropriate technologies to best utilize biomass that fit into the type and 

characteristics of biomass including sizing of biomass application technologies for multiple 

type of uses. 

 Improving of the design of stoves for cooking and design of locally appropriate technologies 

and adaptation. Examples from the success of Improved Cooking Stoves (ICS), shows this 

issue46. This is particularly interesting for woman empowerment as well. 

 Assessment of greenhouse gas (GHG) mitigation potential and cost of BETs. 

 Business model and policy framework for bio-briquette as decentralized energy solution for 

cooking.  

 

Small Hydro 

South East Asia in general is an area blessed with river and streams. This has helped in using 

hydroelectricity widely in the energy mix especially in VietNam. The total length of all rivers only in 

Vietnam, is 41,000 km with a total flow of nearly 300 billion m3 of water per year producing more than 

57 TWh of electricity (equivalent to whole Greece electricity consumption) 47. Even though the flow may 

be large the hydraulic head might not be very high to increase the potential. Despite this restriction, 

micro and Pico hydro have greatly helped contributed to rural electrification in China, Nepal, Vietnam 
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and many South American countries during the past 30 years48. Vietnam in a major shift in perspective, 

the Government is viewing small scale projects as the best, most sustainable way of tapping the nation’s 

hydropower potential49 

Pico hydro, since are usually in the order of few hundreds Watts are known also as “family Hydro” since 

they can make a family self-sufficient for electricity needs. In these plants, no dam or reservoir storage is 

involved and the discharge is made directly from the intake. Mutli-pole engines are used for this 

purpose for the best co-operation with the hydro-turbine. Larger hydro power installations use salient 

pole synchronous generators, much easier to directly maintain frequency than other RES, or 

asynchronous generators. Permanent magnet generators are also used especially for Pico-hydro 

applications.  

Despite all this progress in the area, the UNIDO’s World Small Hydropower Development Report 201650 

identifies as a major barrier the lack of technical capacity leading about 1GW of small Hydro projects 

into cancellation. 

As the building of a small hydro requires multi-disciplinary approach, which involves technical, 

environmental, financial, and other considerations. The Training needs can be summed up in the 

following  

 Collecting and analyzing Hydrological data. This is a capacity report to be lacking in Pacific 

Islands as well 11 

 Selection of the type, kind, configuration, (horizontal or vertical) size, and number of turbine 

units that best suits a project. The most inexpensive turbine may not be the best solution to the 

available head and flow. The selection procedure for a turbine is based on the techno economic 

consideration to permit rapid selection of proper turbine unit, estimation of its major 

dimensions and prediction of its performance. Based on the turbine’s technical data, which is 

selected, the engineer has to select the corresponding generator (type, kind, configuration, size, 

power etc). Long established guidelines51,52 should be combined with local existing capacity and 

experience for this purpose53,54. 

 A good command of knowledge on electrical machines and their control is very important as 

even solutions of converting electrical machines into turbines can be applied55,56,57,58. As micro-

hydro generator are quite often based on Axial flux permanent magnet (AFPM) generators this 

specific piece of knowledge seems much more important for the type of systems than in 

mainland areas  

 Ensuring quality and safety control. The working team has to take into account the generator’s 

characteristics (starting currents, dynamic performance, efficiency etc) as far the control and the 

protection schemes, for the specific project are concerned. 

Other deficiencies that have been identified focus,as in other RES, on: 
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o How to make strong institutional and regulatory framework? 

o Lack Managing high environmental and social risks; 

o Addressing low return on investment; 

o Developing efficient micro-grid system 

 

Managing of Energy resources with emphasis on energy security and isolated areas  

Managing of Renewable Energy Sources 

Reports from 59 introduced a review of solar forecasting methods specifically to aid insular power system 

operations was introduced while very early the needs for Dynamic Security Assessment and forecasting 

especially for island power systems were pinpointed60. The value of the use of forecasting Tools was 

early reviewed61. The MSc students should be aware of the capabilities and the obligations regarding 

RES forecasting by the Grid Codes62.  

Energy Planning and Grid Extension 

In some countries in the greater South East Asia region the grid has been extended to reach villages but 

not all the households have been interconnected. E.g in India 97.4% of the villages had been connected 

to the distribution grid but only 74% of the households have been connected63.This can be attributed to 

the perception of poor quality of supply and perception of untimely repair.Sometimes, the grid 

reliability indexes are very low and there are areas electrified only for few hours per day64. The decision 

on what is the best solution a) Development of isolated grids b) Development of grid extension only 

including even submarine cabling and c) Development of combining existing mini-grids and grid 

extension. Which method can be applied varies.  

Some ideas have been suggested in Morocco65 utilizing Geographical Information Systems (GIS) and by 

World bank with significant application in Thailand by PEA 66 67where prioritization in the electrification 

of village has been given mainly to places where there is some proximity to good roods, there is some 

kind of economic growth along with proximity to the distribution network. Generally, design of electrical 

power distribution based on spatial load forecasting can be a piece of knowledge very important for the 

power engineer. 

We believe that creating the capabilities to apply the best possible solution can be a capacity for the 

MESfIA MSc graduate. 

Smart Grids  

In effect, the introduction of new smart grid technology and operational strategies will change the 

electricity grid from a system of centralized control to a system where coordinated communication 

through price maintains system reliability with fewer emissions at a lower cost. In effect, the availability 

of usage data in real time will transform the system from a grid that stops at the meter and rewards 
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supply increases into a system that motivates and includes the customers’ decision-making skills beyond 

the meter. 

Increased penetration of Distributed Generation (DG) in the Grid, especially in weaker networks can also 

lead to some difficulties in the management of such Grids. For instance, since DG output variations can 

occur more quickly than the delay time of load tap changers (LTCs), line voltage regulators, and voltage-

controlled capacitor banks, it is quite probable for the feeder voltage violations to occur before these 

devices can begin operation. Proper investigation of such types of fluctuations requires using an 

intermittent DG profile (time-series output) and computational tools that can keep track of different 

delay times of voltage regulation and control devices and interactions among them while conducting 

time-series dynamic or quasi-static analyses. Therefore, such capacities should be apparent when 

speaking about Intelligent Systems training.68  

In order to analyze the implementation of a variety of equipment in the smart grids such flexible ac 

distribution systems (FACDS) models such as static VAR compensators (SVCs) and distribution static 

synchronous compensators (STATCOMs), dynamic models of DG, stochastic reliability models, and 

models of complex ADA schemes such as FLISR are required. For this purpose, it is necessary to use 

complex software and modeling and simulation approaches that may not be available to all distribution 

planners. This type of analysis is difficult to conduct using conventional distribution system software. 

Unfortunately, several of the conventional distribution analysis software programs do not have this type 

of capability, and those that do require specialized skills and rather complex and time-consuming script 

language programming work to implement it. This is a critical aspect of modeling and simulating of the 

benefits and challenges introduced by smart grid technologies is the fact that the computational models 

of some of these technologies are still not available in commercial tools (or simplified models are 

used).69 

The students should be able to identify that large scale introduction of DGs cannot follow the ‘fit and 

forget’ approach70. A co-ordination of DGs is essential in order to fully benefit from the introduction of 

DGs. Business models for DGs may include Virtual Power Plants and Microgrids 71. Such models should 

be known to the students.  

An additional reason for further investigation of Microgrids is the fact that they can be used efficiently in 

isolated areas as proven in various areas. A Standard option is to operate like smart microgrid with 

required sources and load control. Load control has significant impact on energy storage requirement as 

well as avoiding redundancy (~25%) in various capacity investments ranging from generation to 

distribution. Such examples are Kythnos island72, Huatacondo village in Chile73 or Nepal74. Especially in 

the latter case the possible configuration of mini-grids in terms of DC-AC buses with a combination of 

various sources should be known to the students in order to propose the most efficient solutions.  
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Hence, smart microgrid would be good option because may be easy to convey the message, among 

customers due to small area, about benefits of load control by shifting some applications based upon 

dynamic pricing of electricity. 

In order to prepare the next generation of power engineering professionals to meet the challenges 

ahead in the electric power sector, a new or updated curriculum should be developed that includes core 

power engineering principals coupled with emerging aspects of smart grid technologies and clean 

energy integration. Such curriculum also need to consider not only the end-use side of the power system 

within the smart grid definition, such as smart metering, communications and demand response 

aspects, but also other key enabling technologies throughout the whole transmission and distribution 

system and the entire energy supply chain. Upon successful completion of such curriculums in Intelligent 

Energy Systems the graduate should be able to7576: 

 Apply the principles of mathematics, electricity, and control systems to identify, analyze, 

troubleshoot, and solve routine technical problems related to intelligent energy systems used in 

the power generation, transmission, distribution of energy 

 Exhibit and practice appropriate safety, health, personal protection, and equipment safety 

procedures applicable to workplaces related to the power industry 

 Accomplish power industry job responsibilities in accordance with relevant law, policies, 

procedures, standards, regulations, and ethical principles 

 Demonstrate understanding of the structure and operation of intelligent energy systems and 

their relationship to power generation, transmission, and distribution systems and their impact 

on society and environment 

 Operate, calibrate, and maintain test equipment, instrumentation, and control systems related 

to the power utility industry 

 Analyze grid systems power flow, including distributed generation sources and loads, and apply 

power flow analysis results to solve simple planning problems related to the implementation of 

intelligent energy systems 

 Monitoring and Investigation – Ability to install appropriate monitoring equipment and develop 

analysis systems. 

Metering systems 

In ordinary power systems ordinary metering can be applied and as the time goes by this gives its 

position to smart metering. In isolated areas, it is difficult and costly for the personnel to visit the place 

regularly. Therefore, alternative ways of metering such as pre-payment metering (pay-as-you-go) or 

smart metering with all the additional potential other uses of such devices in society terms should be 

known to the MSc graduates. Additionally, the poorer consumers will prefer flexible tariff arrangements 

with low standing charges66. In any case this requires experience personnel, as accidents in 

interconnecting metering devices are the most frequent ones among the Utilities' personnel77.  
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Project Design and Management 

A concise review of the delivery models for rural electrification has been provided in 78. These models 

may be categorized based on the grand79, on the ownership, or mixed. In any case whether an isolated 

area, electrified or not will be connected should be matter where the graduates of the MESfIA project 

should be able to improve their capacity. In any case the fees or bills collection has been recorded as an 

issue for such projects. In 80 a recommendation made is that there should be some incentive for off-grid 

installations to receive remuneration when they become on-grid in order to be able to recover the 

investment. 

Energy Storage Management  

Even in RES-hybrid systems with Internal Combustion Engines (ICE), storage may be required to smooth 

the operation of the ICE or even help in avoiding its operation. Efficient storage management can help in 

avoiding excessive start-ups81. Therefore, efficient management of storage devices is an important 

parameter for the success of RES-based autonomous power systems. Reversible hydro-power stations 

with pumping, but these stations cannot handle by themselves the rapid network load fluctuations that 

are inherent to intermittent renewable energy sources. The use of other more effective stability 

providers (e.g., flywheels and batteries) is essential and thus some focus should be provided on these 

sources 82. 

Initial surveys for non-operating PV-battery systems in Kiribati had shown that 43% of the systems had 

replaced the original deep discharge batteries with automobile batteries having inadequate capacity and 

a short life expectancy. In the same survey it was stressed that without charge controller, battery life 

time is reduced. Significant caution should be taken for the self-discharging of the batteries especially in 

applications where the periods of consumption are much later than periods of 

production83,84.Moreover, the rating of capacity, the charge time the final content and the depth of 

discharge is another issue that should be taken into account when designing such systems85. Faulty 

batteries may lead to decreased efficiency and even failure of a Rural Electrification program. Effective 

maintenance of batteries can be a major issue for prolonging the life-time and improving the 

depreciation time of such investments. An idea on that can be provided by following standards such as 

the one of IEEE 86. 

Additional ideas for energy storage could include hydrogen that can be used apart from electricity 

generation as a transportation fuel 87. It is not a surprise that the major Hydrogen installations have 

been proposed for island power systems88 or even remote areas89 90. 

In terms of Thermal Energy Storage (TES), issues like design, modeling and optimization of thermal 

energy systems have been identified via questionnaires as needs of the industry involved in TES 

Technologies91 incorporated in the INPATH-TES project for PhD studies on Thermal Storage92. In terms of 

the consortium needs, Thermal Storage could be incorporated if more detailed studies on Concentrated 

Solar Power Plants are to be taught (but this refers to much larger islands like Crete and Cyprus) but 
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mainly as a means of increasing the efficiency of Solar Water Heaters (SWH) or as a means for Demand 

Side Management93.All of these are issues that should be addressed in a relevant MSc. 

Demand Side Management  

The benefits of DSM programs and integrated resource planning (IRP) are substantial, especially given 

the rapidly growing demand for electricity by all sectors of the economy in many developing countries 

and the rising capital and environmental costs of meeting the demand. The search for mechanisms to 

reduce global CO2 emissions makes DSM an even more attractive policy for governments and utilities in 

developing countries. 

 Briefly, the benefits of DSM may be: 

 It enables utilities to operate at the lowest possible cost of production avoiding at the same time 

investments in generation or transmission system expansion to meet increased demand for 

short time. Duration curve is a means to reflect this issue in island power systems as shown in 

the following diagram. 

 

 

Figure 2 Typical Duration curve of the demand from the island of Crete focusing on few hours94  

 • Integrated resource planning reduces social conflict over natural resource utilization because fewer 

power plants of any type have to be sited. 

 • Demand side management reduces the uncertainty in projecting future electricity demand because a 

portion of the expected load growth is managed through efficiency programs. 

 Foreign debt obligations for power plant construction can be reduced also leaving additional 

funds for other infrastructure development priorities. 

Potential methods identified, and thus to be discussed in the educational material may include: 

 Demand Limiters in order to protect the rest of the equipment? 
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 Time-diversity for high load end-uses 

 Heat Storage (e.g. in low power cookers that store energy in hot rocks or water) 

 Should some loads whose operation could be deferred added to the system? Such an example is 

the use of pumps and filling a water tank. 

 Use of desalination loads as many islands have scarcity of water resources as well. For example, 

excess of wind power generation that would be in other case curtailed, can be used to 

desalinate sea water95,96. Specific suggested courses on desalination loads have been described 

for Canary islands in 97. 

 

Grid infrastructure design  

Although the southern island countries of the Pacific Ocean mostly use the Australian/New Zealand 

electricity system standards, their standards for grid connection are not geared to small grids, nor do 

they consider the environmental and technical capacity problems of the Pacific. One practical example 

of this lack of capacity resulting in deficiencies is the lack of clear, uniform standards and guidelines are 

needed to safely connect private solar and wind generation to the small utilities of the Pacific.  

In Vietnam adaptation of technical standards for rural electrification has led to significant reduction of 

non-technical losses. Therefore, the need for low cost technical standards for such networks has been 

pinpointed by Mr. Tien Hung 98. Actually not many island systems have a dedicated Grid Code 99.  

In more developed areas, there is the anxiety for lacking the experience of the utilities’ skilled personnel 

being retired in relatively near future. This has been pinpointed in both UK and Australia100 and also as a 

need for both engineers and technicians in the Global Energy Talent Index (GETI) report 2019 a pressing 

need for blue-collar talent, with a real shortage of individual technical contributors101 

On the other hand questionnaires in Fiji, identify that close to 45% of the votes of utilities’ 

representatives says that utilities and energy industries have very limited or unskilled people in working 

in the energy sector, including the utilities. The Utilities and the energy official are the people that are 

working and managing the energy sector so this reflection could be a general trend in the region. 

Based on the above, a well-trained person to act as a utilities expert would be responsible for providing 

utilities of all sizes with technical advice, management advice and operational advice in the integration 

of renewable energy into utility operations.  

 

Protection and automation Systems 

Island Network systems are weaker, compared to Mainland Interconnected Power Systems. Therefore, 

the Short Circuit levels determined for a mainland system do not usually comply with the Short Circuit 

power for an Island. A short circuit at a substation (for larger islands) will cause frequency deviations at 
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much broader extent than on mainland. Failure of the protection schemes to isolated the faulty 

equipment will eventually lead to more extended equipment failure that taking into account the 

transportation issues may make prolong the equipment replacement. Moreover, a simple short circuit 

may be even the cause of black-outs especially when high impedance faults are identified102. Issues like 

single-phase faults can be discussed as well with the corresponding references to Grid Codes 20. The 

students should be able to understand the Grid Codes requirements, either of the countries or countries 

with isolated areas in order to apply short-circuit studies, earthing, insulating equipment and isolation 

procedures.103 

Under-frequency Relay Schemes  

Autonomous power systems present significant fluctuation in frequency due to change in the demand-

supply balance. The smaller the power system the wider the fluctuations are expected to be. To 

minimize black-outs selected feeders are disconnected when either the frequency drops below a specific 

value (Under Frequency Relay Scheme (81U) or when Rate of Change of Frequency (RoCoF) exceeds a 

pre-specified value. These weapons for maintaining stability minimize the black-out events giving time 

to the units of the power system to face frequency excursions104. The philosophy for giving these 

settings can be found in various Grid Codes105. We believe that knowledge of this philosophy is far more 

important for Engineers willing to have activity on isolated areas. Under-frequency relays help in 

maintaining a balance between spinning reserve and increased cost and Crete has been used as a case 

study for protection co-ordination and spinning reserve requirements via Monte-Carlo Techniques 106 

An additional feature related to frequency settings is the frequency settings of the Distributed 

Generation especially PVs. It is not uncommon to have difference settings between mainland and island 

power systems. Failure to comply with these regulations has as impact increased disconnection of 

customers in case of frequency drop following a machine trip107. 

Even if the island power system gets interconnected, concerns on these uses still hold108,109. 

 

Materials to be used  

In isolated areas it takes time to repair a fault in the distribution or transmission system due to long 

distances from the centre of operations. One of the reasons for fault may be the selection of materials in 

the distribution or Transmission System underestimating the local service environment. Supply reliability 

is strongly correlated to the insulation efficiency. The selection of the appropriate insulation features, 

including the material type and geometrical features, depends on both the system specifications and the 

service environment. Especially in the case of coastal systems, typical case of islands, the influence of 

the sea is dominant on the number of insulation faults110,111 and therefore its environment influence 

should be taken into consideration. In densely populated areas of Vietnam, could be a major town on an 

island, concern on the cooling material of transformers has been reported.112 
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Therefore, it is very important for an engineer designing or operating such a system to be able to 

recognize and evaluate the environmental influence on the various components of a grid and further 

include the relevant information to the system design or operation.  

Investment environment  

A large body of literature assessing Solar Home Systems for rural electrification has found that success 

of these systems has been dependent not only on the quality of hardware but the technical and 

institutional capacity to finance, install, maintain and use the systems effectively113.114. In any case, 

technical needs should focus on: 

 to understand the successful models of investment to isolated areas, including needed policy 

frameworks 

 opportunities provided by climate financing mechanism through preferential treatment to the 

renewable energy systems 

 business aspects of renewable energy including but not limited to rural marketing of energy 

technology and services 

 operations management of Energy Service Company (ESCO) type businesses 

 business plan development and financial management for ESCO type businesses 

 new type of pricing mechanism that are suitable to support investment 

Business Skills for renewable energy implementation and energy efficiency 

It has been highlighted that in order to have success in the rural electrification, there should be raise of 

awareness of what a RES electrification system can offer. Additionally there should be some feedback on 

the needs of the recipients of the systems and the peculiarities. Actually people in un-electrified areas 

want electricity to light their houses and power their radios. Customers’ dissatisfaction can have an 

adverse effect on any further try115. In already electrified areas ordinary business skills may apply 

however if there is the need to attract people in remote areas with very limited access to information, 

more direct selling practices may need to apply. More specifically, distribution of sales catalogs for 

renewable energy technologies, Display of sample systems, Sponsoring door-to-door promotional 

efforts, demonstrations are some of the techniques that may be used. Additionally to the above, 

following the local habits of the people, like visiting souks in Morocco116 are some of the business 

models to which the MSc students should be aware of in order to adapt their sales approach (if such a 

background is required). 

Finance of renewable energy systems and energy efficiency 

For countries with mature financing environment and competitive energy markets financing renewable 

energy or other energy efficiency measures follow more or less well-established rules. 

These rules cannot apply merely as such for the projects of rural electrifications as many people residing 

in these areas do not have access to credit or even worse there is struggle for credit in the country 
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itself117. This may be also a reason for lacking the capacity to finance rural energy program. This could be 

also a solution to other sector development plans such as transportation, communication etc118. More 

precisely, ideas like micro-credit, public private partnerships, Clean Development Mechanism (CDM) 

should be addressed as they have been already used in a variety of Rural electrification programs. Pro-

poor-public-private-partnerships known as 5P is a particularly innovative model. The roles of each 

participant of such an approach along with the corresponding benefits have been described in a United 

Nations Development Program report 119. Similar approach has been described in Laos120. 

Ideas like energy access programs coupled with Community Mobilization Funds (CMFs) should be 

further analysed within the frame of an MSc program as has been successful used in Nepal or other 

microcredit schemes in Bangladesh, India or Morocco. In general, this piece of knowledge will provide 

aid to the inherent lack of resources identified as one of the parameters hindering rural electrification. 

Vice-versa, training of personnel in local credit mechanisms organizations about energy technology 

issues has been identified among one of the potential solutions for diffusing rural electricity in 

Myanmar. Thus, such organizations might be willing to employee graduates from the Msc program. 

Quite often special agencies or funds have been created for this purpose, receiving funds from the 

government, banking sector, international co-operation and from the partial participation of the 

beneficiaries themselves. Some of these fund or organisations are part of a greater sustainable 

development organisation either for the whole country or for some specific isolated areas as e.g. for 

Jordan. 

 A generic idea for financing such projects is described in the following diagram. 
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Figure 3 Various funding sources for a Rural Electrification project 35 

An idea for financing such projects could be the rental of equipment which would make more affordable 

the use of electricity in periods when the residents have more money available. Such a description has 

been made for renting Solar lanterns via a sub-centralized charging station and there are ideas for 

maximizing profits for such renting agents121.  

Technology skills for energy efficiency 

Generic issues on Energy Efficiency 

In this section the technological skills relevant to energy efficiency are described. Generally, the 

technical skills related to energy efficiency are mainly high-skilled jobs related to: diagnosis, auditing and 

consulting; new technologies (measurement, metrology). Analysis of the gaps between current levels of 

efficiency of energy use and the technical potential suggests that the opportunities are greater in 

transport and buildings, and to a lesser extent in industry. 

Energy efficiency is highly relevant to developing countries goals. Some of the benefits of applying 

Demand Side Management are:  

 • End-use efficiency reduces customers' bills. This leaves everyone with more money which can be 

spent in other parts of the economy.  

 • Investments in efficiency can be made in smaller amounts and adjusted more quickly to meet changes 

in demand. Therefore, the risk of underbuilding or overbuilding new power plants is reduced. The use of 

expensive capital is optimized. 

An example of application of Energy Efficiency measures in Asian developing countries is the one of 

Tenaga Nasional Berhad (TNB), the private power utility that serves Malaysia, which had about 3,650 

MW peak demand and was expected to grow to around 5,500 MW in 1995. The efficiency project 

proposed by TNB, which began in 1992, aimed to conduct a small scale test of commercial building 

retrofits. Several buildings will undergo 'super retrofits' after the retrofits, the project team would 

monitor the end uses of electricity in these buildings and compare these results to monitored use in a 

group of control buildings. The purpose of the test will be to document the capacity and energy savings 

acquired by replacing standard ventilation and air conditioning equipment, inefficient lighting systems, 

and other end uses with more efficient technology. A second objective is to expose the TNB staff to the 

analysis, development, and monitoring of such projects122. Among the technical skills required, use of 

new materials and technologies should be included in training session. Sustainable construction 

processes and energy efficiency adapted technical solutions, planning and management skills, including 

client counseling and advice to meet new market demands, design evaluation and calculation of carbon 

footprint should be included as well. 

Therefore, a trainee on energy efficiency should: 
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 Acquire the knowledge of basic concepts on resource efficiency, sustainable growth and 

green technologies, with special focus on the energy, tourist, transport and industry sector 

123 

 Learn the EU’s resource efficiency roadmap in connection with the EU Horizon 2020, 

particularizing for the case of EU islands as an example that could be potentially replicated. 

 Ability to interpret resource efficiency indicators. 

 Adoption of unique countrywide definitions may result in solutions that do not adapt to the 

isolated area needs. There is the technical needs that graduates of the MSc should be able 

to propose adaptation or implementation of Energy efficiency regulations in Buildings so as 

to adapt to fit the local socio-economic and geographical/climatic constraints.  

As per various sectors of energy efficiency, a variety of additional technical skills is described in the 

following sub-sections. For the following energy efficient technologies, the potential impact on island 

power systems and more precisely the potential impact according to various typologies of the island 

power systems are outlined. Additionally, some ideas for diversification of the educational material 

when comparing ordinary systems and island power networks are identified. 

Improved lighting performance -Emphasis on the energy efficiency 

Today artificial light production absorbs 15% of the world’s electricity annual production. Electrically 

powered lighting is used daily throughout the world, in fact, approximately 30 to 40 billion electric lamps 

operate every day. This corresponds roughly to 134,7 peta-lumen-hour (Plm.h) of electrical light 124. 

In the past century, there had been remarkable increase in the amount of light used all over the world. 

The annual growth of artificial lighting demand in IEA countries was 1,8% in last decade, which was 

lower than during the previous decades125. This might be an indication of the start of demand 

saturation. However, the growth of lighting demand in the developing countries is increasing due to the 

rising average luminance levels in those countries and also due to new construction of buildings. The 

consumption of light in developing countries is expected to increase more in the future due to 

increasing electrification rate in the regions with no access to electricity at the moment. For this reason, 

harnessing the electrical lighting consumption, without degrading life quality, is a cornerstone element 

for any national energy saving strategy.  

Furthermore, we are now witnessing a transition from the conventional “analogue” lighting 

technologies to “digital” lighting. More efficient control techniques may be even more efficient than 

changing lamps into a more efficient technology 126.Intelligent lighting will become the backbone for 

smart homes and smart cities. This way, lighting will become the heart of the “Internet of Things”.127 
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Items to be considered for isolated networks 

In usual power systems, the engineers are mainly interested in energy efficiency from the customer’s 

point of view, the selection of the most efficient lighting device or aesthetic lighting device, use of 

lighting automation devices and issues like ENI, Life Cycle Assessment of the lamps etc. Rather little 

caution has been taken on the relevance between Power Systems and lighting.  

As the power system has increased RES capacity or becomes weaker, some interesting issues may arise. 

One of them, that may be also important for power systems in larger islands, is the increase of the 

demand during the first evening hours. Then the lights at homes, usually turn on and the residents in 

sub-urban areas return at homes. This is also the period when street lighting starts up. This is even more 

apparent in Utilities where large PV capacity has been installed. Then the demand the other installed 

Units of the power system have to meet looks like a “duck” curve. This requires units with fast response 

in terms of production increase. In the following picture an idea of what a duck curve looks like is shown. 

 

Figure 4: Summer day load of Cretan power grid128 

 

Power quality may be an issue in distribution systems with high penetration of inferior quality CFL lamps 

or electronic ballasts as such devices may lead to excessive harmonic distortion 129,130.Flickering lights, 

poor illumination, or frequent burn-outs whilst interference had caused problems listening to the radio, 

as a report on rural electrification from Argentina identified. These problems, even though, technical 

assistance had been called, by around 30% the end-users declared that they were not actually 

resolved131.  

Apart from the various technologies, knowledge on specific voltage132 and current characteristics of the 

Lamps are of higher interest on weak networks. 
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Figure 5 Characteristics of Various DC loads when input power changes 1pu=12V133 

Mastering such aspects can be an important issue especially when, in isolated poor areas, electric 

lighting can be the only electrical appliance present. 

Generally speaking in under-development areas, included in the scopes of this project, even today more 

than 1 billion people use kerosene for lighting (luminous efficacy of a kerosene lamp is in the order of 

0.03 lm/W). There are responsible for more than 400 million tons of greenhouse gas emissions every 

year.  

Unfortunately, the poorer people have to spend about 10-25% of their annual income to by kerosene 

for lighting. If they use electricity for lighting, they may use it very inefficiently. As they cannot afford the 

higher cost of fluorescent lights, most of their lighting is provided by incandescent bulbs that consume 

four times the kWh per lumen than do fluorescent lamps. In fact, 46% of electrified rural households in 

Peru report only incandescent lights 134. So an additional $8 to $9 (or even lower according to current 

prices) for three CFLs per household would have little impact on rural electrification project budgets. In 

Malawi135, LED lamps are offered as part of the fee for service approach.  

Specific lighting products for use in small Solar Houses Systems should be known to the graduates of the 

MSc. As Solar Lanterns are very widespread in various initiatives136,137,138,139 a special review on their 

characteristics should be part of the training procedures. 

Skills for identifying new suitable products for use in weaker networks should be developed. For 

instance. At least one manufacturer has designed CFL suitable for use in Solar Homes140 and DC lamps 

able also to be dimmed depending on the battery state of charge. Other manufacturer has developed 

dedicated solar solutions for Africa 141 

Street lighting increases the feeling of safety and security for the residents of the area. Efficient, street 

lighting perhaps combined with automation systems could be an item that should be added in the 

training section. 
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 A such rudimentary lighting system allows people leaving better during night period, prolong lucrative 

activities later in the evening, reduce fire hazards due to kerosene lamps and allow children to study in 

the evening. A headmaster in Mubarak Village (Pakistan) said: “In the few months we have had the 

white LED-lamps the improvement in the children’s academic performance has been absolutely 

remarkable”. Rural development passes through efficient lighting.142 

Electrical machines and Control drives  

Design and replacement of electric machines and similar devices in different operational 

environments, with operational parameters evaluation is a key item for educating on issues regarding 

energy supply143. So, local electrical engineers should be prepared to solve them suggesting the use of 

new electrical machines or special designed machines or grid protection structures or new control 

schemes etc. Additionally, the energy efficiency due to improved controlled drives or standards for the 

energy efficiency of various motors (Eff1,2,3) 144 are important for energy efficiency lessons especially 

when the electricity cost is very high as in the case of island power systems running on diesel fuel oil. 

Regarding Electronics Switches without commutation (AC-Controllers), Line - Commutated Circuits -

AC/DC Controllers, Self-Commutated Circuits -DC/AC Inverters (Step Down converter, Step up Converter, 

Fly-back converter, etc. are typical items of knowledge for electronic circuits. 

When electricity becomes the major source for mechanical power, electric Motors of all sizes can be 

available for a variety of equipment and they can run either on DC or, more often on AC. Increased 

motor loads may be the main cause of selecting 3 phase configuration of the loads. Additionally when 

such loads are available there should be special precautions for the starting current reaches up to 5-6 

times the nominal current. If the system is heavily based on batteries, such a characteristic creates 

significant stress to batteries, especially when RES production is very low, since batteries should be able 

to provide this current even for this short time. This is taken into account for the IEEE Standard 85 for 

Batteries and Autonomous power systems, an item that should be also taught to the students of the MSc 

and is already taught at least at the MSc of Energy Systems in the Hellenic Mediterranean University145. 

Additionally, both batteries life-time and capacity are reduced when high current is drawn from them. 

Even more for weak networks the direct start-up of motors can have much more significant voltage 

drops than ordinary networks in mainland. Therefore, techniques for reducing the start-up current 

should be known to students especially those like in MESfIA tackling with isolated areas. 

Pumping is one of the major required activities to improve the access to potable water instead of 

carrying it over long distances. Therefore, pumping can become one of the major machines uses after 

electrification. Generally, training needs for electric water pumps and relevant equipment supervision 

has been identified as a training needs for plumbers and electricians 146. Before the electricity becomes a 

reality, wind pumps were rather common in various areas all over the world. There is still need for such 

equipment, sometimes met by local manufacturers like Kijito power 147. How widespread such 

equipment can be in Africa can be found in148. Now PVs can be used as well to produce electricity to be 

used with solar pumps as described in149. 
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Electric vehicles have become an important option for sustainable mobility. Research efforts on electric 

mobility are growing worldwide. Future research and industrial development will require experts on 

electric vehicles and electric dives. Adequate activities in teaching concern all levels from undergraduate 

studies up to PhD thesis150,151. Electric mobility research certainly includes battery and drive design, but 

opening the total frame renders a wider view. It should be noted that in many islands the distances 

between the settlements may be close enough that could match with the autonomy of electric vehicles 

(EV)152. 

 

Building Automation & Intelligent buildings  

Building Automation gains support throughout the power systems. This context mainly refers to island 

communities with sufficient electricity capacity, resembling mostly to mainland power systems and not 

under electrification. However, as this is a major way for implementing energy efficiency153. 

Despite the Building information Modeling (BIM) is spreading in Architecture, Engineering and 

Construction (AEC) industries worldwide154, the need for qualified personnel remains a bottleneck of 

BIM implementation in new buildings 155 156,157which could increase intelligence of existing buildings. 

Proposals of such implementation have been described in 158. 

More efficient Devices  

Preservation of food but more importantly of vaccines and medicine in rural clinics159,160 is one of the 

major needs. Refrigeration improves also the duration of food autonomy and may help in importing 

food from other regions. In Kenya island communities reliant on fishing ‘have expressed an interest in 

the running of cold storage facilities’161 and already communities in Mexico use them 162. Therefore, 

emphasis on such type of loads and alternative methods for refrigeration should be sought for. In 

general reduced energy consumption means reduced operating cost especially if diesel-oil is to be used 

for larger island power systems. Use of fuel wood in cooking may be very widespread but this eventually 

may lead to increased deforestation163. Thus alternative or hybrid (devices that may use more than one 

fuel) methods for cooking should be made known to the MSc students of the MESfIA actions. Other 

loads reported to be used in rural households include radio, mobile phones and TV.  

 In more developed isolated areas, especially touristic ones, air-conditioning constitute a significant part 

of the demand. Therefore, efficient techniques for managing such type of devices, along with the 

potential methods of reducing energy consumption in air-conditioning systems or even utilizing RES for 

this purpose, seem rather useful as piece of knowledge for the energy efficiency in island power systems 

with significant air-conditioning penetration.164 Use of ceiling fans is much widespread in these areas for 

cooling, mainly during afternoon hours,165 and should be combined with natural ventilation techniques 

to increase thermal comfort. Such an experience already exists in the area and should not be neglected. 
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Retailers Training Program is an initiative to reach out to a large consumer audience to spread 

awareness on the saving from star rated appliances. BEE have partnered with National Power Training 

Institute to disseminate knowledge among the retailers to briefly explain and convince customers to 

choose an energy efficient appliance. This program will not only increase the penetration of star rated 

products, but it will also bring remarkable improvement in energy efficiency rates in India166. Training of 

retails on stand-by energy of local appliances has been developed via the EU co-funded project 

SELINA167. The need for energy efficient devices has been met via the partial financing of the project 

Promotion -3e168 

More intelligent Materials  

In general such materials are expected to be used in the building envelope reducing the energy 

consumption for heating, and mainly in South East Asia for cooling. More traditional energy efficiency 

materials such as Double glazing, Tinted glass, Heat absorbing glass, Reflective metallic coating, Low 

emission Glass, Glass wool aluminum foil, and Air bubble PE with aluminum foil have started to replace 

the traditional style of wooden house with grass or thatched or zinc roof not only in urban areas but also 

in rural areas of South East Asian countries, especially Thailand depending on the budget availability. 

Thermal energy storage (TES) through phase change materials (PCM) is considered as a promising 

solution for the energy efficiency in buildings for either hot water thermal storage 169 or building 

envelope170. For such materials there is vivid interest in Thailand, with cheapest one been concrete 171, 

which is locally available, concrete wall incorporated with paraffin-type (PCM)172, Metal Sheet Building 

Envelope Incorporated with Phase Change Material (PCM)173, and Fly Ash Composite PCMs174 etc. 

Thermal Storage has been identified as a need in the specific PhD and masters’ program INPATH-TES 175 

but can also provide aid to increasing energy efficiency in buildings if provided in review, especially for 

building structures that are similar in mainland or island power systems. Cool roof materials have 

started being widespread in hotter areas like California176. In any case, realization of the materials 

usually used in the building envelope of each area is an essential part for adapting the training material 

accordingly. 

Energy losses through windows account for approximately 50% of the total energy consumption in 

buildings, especially in hot areas. Their role is to control both sunlight and control the heat transfer in 

the building177. The variety of glasses and their characteristics should be known to the students if the 

building sector consumes significant proportion of energy compared to other sectors in the area. Such 

examples may be a)Low-E glass with thin coating of a highly reflective material such as silver, which is 

thin enough to allow the light to pass through but controls the direction of the heat transfer-a static 

window b) more intelligent or dynamic windows such as Chromogenic178179, Suspended Particle Displays 

(SPD), and Liquid Crystal Displays (LCDs).  

The pros and cons of each technology, the limitations of use for cold or hot climates should be part of a 

training session on Energy Building efficiency. The training should be focused on both the optimum 
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choice of system as well as its modeling of the system, so that this can be optimized for a particular 

application. Especially, if the windows can change peak demand or expensively produced electricity in 

Air-conditioning based systems. 
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Questionnaire Presentation 
 

QUESTIONNAIRE ABOUT NEEDS REGARDING TECHNICAL TRAINING 

 

DATA PROTECTION NOTICES AND INFORMED CONSENT 
 

I have read all information below and I understand them completely. All of my questions regarding this 

study have been answered to my complete satisfaction. 

I agree to participate in this research. 

 

YES    NO  

 

Purpose of the Study 

The following questionnaire is developed under the work programme of the European project MESfIA 

(Mastering Energy Supply focusing on Isolated Areas) co-financed in the context of the ERASMUS+ 

programme. The project objective is 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. The purpose of this 

survey is the collection of additional data for analysing needs regarding Technical Training (concerning 

academic education and training on Energy Supply). 

Please, respond from the company point of view. 

 

Procedures, confidentiality and duration 

In the course of this study, you will be asked to complete the survey online expressing your opinion from 

the perspective of company you represent. Your responses will be kept completely confidential and 

anonymous.  

The data you are providing will be kept by the Consortium until the end of the project. 

Potential Risks/Discomforts 

No risks or discomforts are anticipated from taking part in this study. If you decide to quit at any time 

before you have finished the questionnaire, your answers will NOT be recorded. 

Potential Benefits and Use of Results 
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The MESfIA project will start from results of previous projects, supplement them with further input from 

the company network of the involved partners in order to identify the needs that a Master Degree on 

Energy Supply should be able to meet in terms of technical training especially for engineers willing to be 

active mainly in isolated regions. In this way the curricula that will be developed will be as relevant as 

possible to the needs of the society of Island or isolated regions not only in South Asia but also other 

areas of the world as well. 

Data Handling, Processing and Uses 

Questionnaire/survey and respondent will be identified by specific codes to keep participant 

confidentiality. The personal data, will be accessed only by the person who will process them during the 

course of the project and are optional. Separate files will be made with the results of the 

questionnaire/survey and the email addresses of senders such that a respondent's specific responses 

cannot be linked back to his/her e-mail address. The personal data will be kept inside the European 

Economic Area; only the results produced by the processed data will be transferred outside the European 

Economic Area. The Working Package coordinator is responsible for protecting the personal and survey 

against unauthorised access. 

 

Right to refuse and to withdraw 

I understand that my participation is voluntary and I may refuse to participate, or may contact the 

consortium to remove my personal data from kept records at any time. 

 

Individuals to contact 

If I have a question about my participation in this study, I can contact the projects Coordinator: Ass.Prof. 

Antonios Tsikalakis (tsikalant@staff.teicrete.gr)- Hellenic Mediterranean University, Greece, and Ass.Prof. 

Markos Kourgiantakis (mkourg@staff.teicrete.gr) - Hellenic Mediterranean University, Greece. 

 

 

 

 

 

  



Questionnaire Presentation–Task 1.2 

 39   
 

 

QUANTITATIVE QUESTIONNARIE 
FOR WP 1.2. 

 

Final Version 

 

A. DEMOGRAPHICS 

A1. Country 

___________________ 

 

A2. Gender 

a. Male 

b. Female 

 

A3. Age 

a. <30 years’ old 

b. 31-40 years’ old 

c. 41-50 years’ old 

d. 51-60 years’ old 

e. >61 years’ old 

 

A4. Living in 

a. Large city 

b. Small city 

c. Village 

d. Other ________ 

 

A5. Do you consider your living location as isolated (e.g. island, mountainous, remoted area) 

a. Yes 

b. No 

c. Somehow 
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A6. The organization you work for is in which of the following 

a. Local authorities (local / regional governments) 
b. Ministry 
c. National authorities in Energy 
d. Industry / Professional accusations 
e. SMEs in Energy Sector 
f. NGO 
g. Other _________________ 

 

A7. Position in Organization (e.g. Top Manager, Technical Manager, Staff) 

___________________________________  

 

A8. If you are working in a Small Medium Enterprise (SME), please indicate your SME’s sector 

__________________________________ 

 

A9. Name (optional) 

__________________________________ 

 

A10. Email address (optional) 

__________________________________ 

 

B. WORKING ENVIRONMENT OF ENGINEERS IN ENERGY SECTOR 

B1 Mostly, what are the issues faced in the isolated areas (e.g. mountainous, islands, forests) of your 
country? (name the 2 most relevant ones) 

a. Low Electrification Rate  

b. Electricity is not available 24 hours/day 

c. High generation cost 

d. Long duration electricity cuts due to component failure 

e. Low share of Renewable Energy 

f. Poor quality of supply  

g. Lack of financial capacity for investments 

h. Other (specify) ___________________________ 
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B2. How easy is for an organization/company in energy sector in your country to find suitable trained 
staff? 

a) Very difficult 

b) Difficult 

c) Neither difficult / neither easy 

d) Easy 

e) Very easy 

 

B3. If you have answered difficult or very difficult in B.2 question, which do you consider as the most 
important reason for the difficulty? 

a. Few engineers available 

b. Very low unemployment in engineers 

c. Lack of the required skills 

d. Increased Salaries 

e. Other (specify)_________________________ 

 

B4. Which of the following skill problems (gaps) are most often found in graduates that want to work 
in the energy sector in your country? (select only 3). 

a. Shortage of engineering or technical skills at technician or skilled craft level 

b. Problem with candidates who have academic knowledge but lack workplace skills 

c. Supply or quality of young people entering or seeking to enter the industry to pursue engineering or 
technical careers 

d. Shortage of engineering or technical skills at a professional level 

e. Shortage of engineering or technical skills at operative or semi-skilled craft level 

f. Shortage of non-technical skills (e.g. financial, management, sales or other types) 

g. Lack of proper computer skills for designing and modelling RES systems 

h. Lack of knowledge on existing energy sector regulation 
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B5. In which of the following sub-sectors of energy market in your country, do you estimate that will 
be a great demand for trained staff in the next 5 years (one answer for each energy sub-section, e.g. 
one for energy efficiency) 

 Energy Efficiency Grid Development / 
Management 

Renewable Energy 

a) Manufacturing     

b) Installations    

c) Operations and 
Maintenance 

   

d) Policy and regulatory 
framework design  

   

e) Consultant    

f) Energy Service 
Company 

   

g) Project engineer    

h) Researcher     

i) Other (specify) _______________ ______________ ______________ 

 

 

C. ENGINNERS’ SKILLS AND MASTER PROGRAMME 

C1. Please indicate the three (3) most crucial sections of training for a master program in the energy 
sector: 

a. Managing of Energy Resources 

b. Energy Security 

c. RES for electrification 

d. Energy Storage Management 

e. Demand Side Management 

f. Grid Infrastructure 

g. Protection and automation systems 

h. Investment environment 

i. Energy Efficiency 

j. Energy policy, regulation, incentives and planning 

k. RES generation forecasting (Climate models/statistical models) 

l. Electrical grid studies for integration of RES 
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m. Other (specify)________________________ 

 

C2. Concerning only energy efficiency module, please indicate the three (3) most important sub-
sections of training for a master program in the energy sector: 

a. Lighting performance 

b. Electrical machines and control drives 

c. Building automation and intelligent buildings 

d. More efficient devices (e.g Energy labelling of domestic devices etc) 

e. Intelligent materials mainly for Building envelope. 

f. Advance energy metering systems  

g. Energy efficiency enhancement policies, regulation and incentive system 

h. Investment and funding model for energy efficiency actions 

i. End-user’s response to energy efficiency measures 

j. Thermal (including cooling) energy devices and equipment  

k.Net Zero Energy Building 

l. Bioclimatic architecture solutions 

 

C3. In which type of Renewable Energy, a Master Program should focus mostly in order to satisfy the 
needs of isolated areas of your country? (two answers) 

a. Wind energy 

b. Solar energy 

c. Hydropower 

d. Geothermal 

e. Biomass 

f. Biogas 

g. Municipal solid waste 

 

C4. Please indicate from the following list, at least six (6) main key competences acquired upon 
completion of the proposed Master’s Program on Energy Supply: 

a. Ability to apply knowledge to practice  

b. Ability to work in a team 

c. Policy development for supply and efficiency  

d. Planning and management abilities  

e. Information management competences  
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f. Capacity to adapt to new situations 

g. Ability to solve problems 

h. Analysis and synthesis capacity 

i. Capacity to manage own time 

j. Capacity to generate ideas  

k. Concern for quality 

l. Capacity to conduct research 

m. Decision making competences 

n. Interpersonal competences 

o. Ability to design a system, component, structure or process to meet desired needs 

p. Understanding of professional and ethical responsibility 

q. Understanding of role of private organizations in resources efficiency 

r. Communication skills  

s. Entrepreneur spirit and capacity for business project creation 

t. Computer skills (Python, Matlab, Autocad, GAMS, Labview, etc) 

u. Other:......................................................................................................................... 

 

 

C4. Please indicate the three (3) most important Core Skills that a master graduate in energy sector, 
should have 

a. Strategic, business and leadership skills 

b. Environmental awareness and attitude/willingness to learn about sustainable development 

c. Management and business skills 

d. Risk analysis skills 

e. Innovation skills  

f. Energy system installation skills  

g. Interpersonal communication and negotiation  

h. Marketing skills  

i. Foreign language skills  

j. Interdisciplinary skills  

k. Advocacy skills 

l. IT skills 

m. Willingness to carry-out work at remote locations in foreign countries 
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C5. Please select the three (3) most important pedagogical approaches within lectures, for a new 
Master Program in Energy. (select only 3). 

a. Case study 

b. Extra-curricula / volunteer learning 

c. Field work 

d. Group / peer learning 

e. Guest speakers 

f. Interdisciplinary / multidisciplinary 

g. Outdoor / experimental learning 

h. Participatory / active learning 

i. Project-based learning 

j. Role play 

k. Work-based learning 

l. Problem based learning 

m. Internship 

n. Other (specify)________________________ 

 

C6. Which are the most important obstacles for your country’s tertiary education system, in order to 
supply the energy sector with appropriately trained staff? 

a. Education system under-resourced to keep pace with new technologies and industries 

b. Too few suitably qualified technical institutions 

c. Lack of R&D/research funding 

d. Recruits obtaining skills not applicable to the energy industry 

e. Lack of specific departments or programs 

f. Lack of experienced academic personnel 

g. Lack of enough working positions in private companies for trained engineers 

h. Other _____________________________ 

 

C7. How much willing would you be to advise members of your staff to attend a Postgraduate 
program in the field of Energy Supply?  

 Not at all  Slightly  Moderately  Very  Extremely 
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C8. Would your organization be able to financially support members of your staff to attend a 
Postgraduate program in the field of Energy Supply?  

 Not at all   Partially   Fully 

 

C9. If your answer to the above is “not at all” or “partial”, could you suggest which organization in 
your country or elsewhere would be able to financially support your staff and others to staff to attend 
a Postgraduate program in the field of Energy Supply? Please suggest up to 3 names with contact 
details) 

 

 

 

 

Some initial results on the questionnaire 
Based on some answers on the questionnaires it is apparent that: 

1. The initial answers among mostly members of the consortium has identified that increased 

generation cost and lack of financial investments are the issues in isolated areas of the country. 

2. The fact that there are few engineers and mostly they lack the required skills is the one that 

leads to difficulty in organizations to employee people 

3. Some of the engineers may be considered as very academic, with lack of engineering skills. 

4. Energy efficiency is expected to have greater demand in manufacturing sector while Operation 

and Maintenance are mainly for Grid and Renewable Energy installations. 

5. Renewable Energy Resources mostly for electrification should be addressed along with their 

efficient management. 

6. Interesting in Building Automation as a means of increasing energy efficiency is the dominant 

element suggested to be included in the Curricula followed by lighting and electrical machines. 

7. The Master program should focus mainly on Solar and less on wind power. 

8. 87.5% if the responders considered knowledge to practice the major competence of an 

engineer. 

9. Core skills in the energy sector is how to install RES and in general have environmental attitude. 

10. Case study and project-based learning are considered as the most appropriate pedagogical 

approaches for a new MSc 

11. Funding of the academic institutions is the major obstacle for the appropriate training of 

engineering  
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