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Executive Summary 
MESfIA project aims to develop or adapt existing curricula In order to prepare a curricula for a new MSc, 

the following steps are required: 

1. To identify what are the needs for the society on the topic of the MSc 

2. If the MSc tackles with technical issues then a review of the technical needs for the region of 

study is required. 

3. If there are similar MScs in the relevant content and take into account similarities or perhaps 

good practices 

4. What is the available equipment in the University, what is the available budget for buying new 

equipment and what is the procedure for obtaining new equipment especially in terms of time 

available. Besides it should be identified whether new techniques such as Distance Learning Tools 

can be applied in order to take advantage of installations of other partners. 

 

Deliverable D1.1 “Survey on the needs regarding Technical Training for the society” addresses Step 1, 

while Step 2 was addressed via the Deliverable D1.2 “Survey on the needs regarding Technical Training”. 

A thorough review of MScs with similarities with MESfIA entitled “Survey on Similar Msc Programs in 

Europe and Asia” was recently delivered. 

This document aims to provide answers to step 4. More precisely the structure of the document is as 

follows: 

 A review of Hardware Laboratory equipment, especially in terms of Hardware is performed. This 

will identify what is the potential for experimental part of the curricula. If similar exercises are 

currently performed then these can be adapted for meeting the needs of the new Curricula. Some 

potential vendors do exist from where items can be bought but in any case this should be timely 

performed this why a list of the necessary actions on item procurement are required. 

 A review on software tools is also required as such tools are more and more often such tools 

should be used. Many tools can be made available in either free ware editions or demo versions 

with slightly reduced capabilities who however may not be actually a significant obstacle for 

training the students. Additionally, for academic institutions quite a few vendors offer licenses for 

academic use or at lower prices.  

 The procurement of Hardware or software may take a long time for a variety of reasons, lack of 

interested vendors, timely consuming procedures, differences in the procedures for hardware, 

software depending also on the budget. Thus a specific section of this report is dedicated to these 

procedures with emphasis to partner countries 

 A subject that should be investigated is the use of Distance Learning Tools. Some equipment is 

very expensive and may require much land space in order to be developed increasing even more 
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the cost. A potential solution is the use of Distance Learning Tools. This will allow students of one 

institution attend experiments in another institution. Thus a review of the capabilities of such 

tools will identify to what extend such tools may be used for MESfIA project. A review of the 

capabilities of TALOS installation in Crete for the examination of insulators and other High Voltage 

material is investigated for the Distance learning tools capabilities. 
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Review of Laboratory Equipment 

Hardware Equipment 
Hardware equipment is an integral part of engineering education even though use of software tools 

becomes more and more widespread. Hardware laboratory equipment allows students to understand the 

way of connection of equipment in the filed or the use of measuring equipment in the field. The 

subsections refer to knowing in what type of experiments hardware equipment is used, what low cost 

ideas exist and what are some ideas for adaptation of existing equipment for uses in the MESfIA project. 

A list of potential vendors is provided while some practical issues to be addressed equally important with 

the available equipment. 

Knowing the available hardware equipment 

This is very important when designing the curricula as some experiments can be performed with the 

available equipment, some other experiments to be made would require buying of equipment within the 

budget while other experiments due to lack of equipment may be performed only via software tools. In 

the following there are some areas of interest among the partners of MESfIA. 

Table 1 Typical areas of education interest relevant to MESfIA supported by laboratory exercises 

Area of interest Laboratory Exercises Typical Software Use Hardware 
support 

Transformers Single-phase, three-phase transformers 
and autotransformers. No-load and 
short-circuit tests, and loading 
characteristics. 

Power World YES 

DC Motors Study of various excitation types and 
corresponding torque-speed curves. 
Methods for starting, braking and 
controlling the speed-torque. 

Matlab-Simulink YES 

DC Generators Study of various excitation types and 
corresponding loading characteristics., 
un-loaded generators 

Matlab-Simulink YES 

Synchronous Machines Study of loading characteristics, mainly 
as a generator. Methods for 
synchronization with the grid. 

Matlab-
Simulink/Power World 

YES 

Asynchronous machines Study of loading characteristics as a 
motor/generator. Methods for starting, 
braking and controlling the speed-
torque of single-phase and three-phase 
squirrel cage and wound rotor 
asynchronous machines. 

Matlab-Simulink YES 

Electrical Drives Principles for controlling electric 
machines (DC, asynchronous AC) and 

Matlab YES 
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their implementation using power 
electronic converters. 

Transmission Systems Lines of various lengths-Loading, no 
loading tests, Characteristics of 
transmission line 

Power World YES 

Building Efficiency Energy efficiency in building envelope 
and systems (thermal, lighting) 

Auditing software  

Lighting Simple Phototechnical excercizes Dialux YES-Not all 
partners 

Electrical economy Load demand analysis, Fuel 
consumption curves 

Homer Limited 
(only 
metering) 

Photovoltaics I-V characteristics, loading 
characteristics etc, Overview about 
Solar energy sources 

PV Syst YES 

Wind Power Wind potential analysis, Ways of 
measuring wind. 

Retscreen  

Power system modeling Dynamic characteristics of power 
systems, load flow analysis 

Power World  

Power Electronics Characteristics of Power electronic 
elements and structure-operation of 
power electronic converters (AC-DC, 
DC-DC, AC-AC, DC-AC). 

Matlab YES 

Electrical Installations Electrical panels, lighting and plug 
circuits, simple automations systems 
for various applications 

AUTOCAD YES 

High Voltage 1) Generation and measurement of AC 
high voltages, 2) Generation and 
measurement of DC high voltages,3) 
Generation and measurement of 
impulse (L.I/S.I) high voltages, 4) 
Dielectric strength of short air gaps.5) 
Dielectric strength of insulating 
materials. 

OPERA YES 

Refrigeration system The control system – safety for the 
industrial and civil refrigeration system 
Operation, errors and troubleshooting 
Procedures for installing and 
constructing the civil and industrial 
refrigeration system 
Further practical skills: copper pipe 
welding, durability testing, sealing 
testing, vacuuming, refrigeration 
system gas-charging 

 YES (mainly 
Asian 
Partners) 
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Vietnamese partners have also stated that they also study the characteristics of bio-fuel generations for 

DC.  

Low cost ideas 

Some-times self-construction may be of particular interest in order to save budget and improve student 

construction skills. In such a case the personnel should be more cautious with their use as these items do 

not have the certifications that most of the educational items vendors can provide. In the following, some 

constructions from former HMU students are shown. It should be noted that the level of degree of the 

students who construct these items is not required to be as high as the one of the postgraduate students. 

These ideas may include simple or more detailed maquettes (Figure 1) or working models of single-phase 

transformers like in Figure 2. A self-construction for testing fluorescent lamps is described in Figure 3. 

 

Figure 1 Typical experimental model for Long-Transmission line 
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Figure 2 Single phase Transformer constructed by students 

 

 

Figure 3 Fluorescent lamps panel constructed by laboratory staff of UPS 
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Ideas for easy adaptation of equipment to help in adapting for island Networks 

Underground or undersea cables 

Most of the training material available usually simulates overhead transmission lines of various lengths. 

Long-line models are very interesting to be used as experiments in order to understand effects of low 

loading, due to low demand of isolated areas, over long distances mainly terms of overvoltage. 

 

Figure 4Typical experimental model for Long-Transmission line 

 

In order to interconnect island regions with mainland or larger islands, undersea cables should be used. 

These cables have increased insulation to withstand sea pressure. This insulation is higher as the voltage 

level gets higher. This increases capacitance of the transmission line significantly. The typical structure of 

the educational simulation devices, quite often existing in Power System Laboratories, cannot simulate 

this effect. In order to simulate it, use of properly interconnected capacitors in the circuits can be made. 

This can be via a capacitance load already perhaps available. 

Thus the same equipment (a transmission line model) can be used to simulate a phenomenon useful for 

our project. 

Simulation/study of electrical machines 

Preparation of experimental setup for a Double Fed Induction Generator (DFIG).  

Doubly Fed Induction Generators (DFIGs) are widely used in wind power production nowadays. Their key 

advantages are the low power rating of the converter used for connecting to the network, and the ability 

to produce and feed the network with reactive power (Figure 5).  

A small laboratory DFIG machine will be studied, in both autonomous and grid-connected scenarios. A 

laboratory setup based on a low-cost commercial inverter, normally used for controlling a 1kW 3-phase 

induction motor will be used.  
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Instead of a wind turbine, a controlled DC motor or a 3-phase induction motor (driven by inverter) will 

rotate the rotor of a slip ring induction generator.  

An inverter or an ac-dc-ac back-to-back converter will feed the rotor of the generator.  

A suitable controller will configure the rotor frequency and voltage magnitude and phase, according to 

the rotor speed and desired active and reactive power respectively. 

Through above set up, students will be able to: 

 Test system efficiency,  

 To measure power losses,  

 To realize how DFIG power production can be controlled  

 To find out the limits of power production of such a production system in operation conditions 

(rotor speed) 

 

Figure 5 DFIG schematic model 

The typical configuration of power converters in a DFIG is illustrated in Figure 6. It consists of two 

IGBT-based inverters connected back-to-back, which allows bidirectional power flow, from the rotor 

of the machine to the grid and vice-versa. It is known that power flows from the rotor towards the 

grid when the rotor speed is higher than the synchronous speed (super-synchronous operation), and 

from the grid towards the rotor in the opposite case (sub-synchronous operation).  

 

Figure 6 Simulation model for DFIG (in matlab-simulink) 
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For this study, a commercial motor drive will be employed instead, with the simplified converter structure 

of Figure 7. This consists of a uni-directional AC-DC-AC converter, that is, a passive single-phase rectifier 

at the grid side and a three-phase inverter at the rotor side. Since power can only flow from the grid 

towards the rotor, the generator can only operate at sub-synchronous speeds. 

 

Figure 7 Simulation model for the experimental set-up 

The setup consisted of the following (Figure 8): 

• a 4-pole Consulab 0.3HP doubly-fed induction machine, used as a generator, 

• a 1.5HP motor drive, connected at the rotor (slip rings) of the above machine, 

• a 3HP DC motor, used to apply torque on the DFIG. 

  

Figure 8 -Laboratory Experimental set-up 
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Transient stability test for a laboratory 3-phase synchronous generator 

Power system stability involves the study of the dynamics of the power system under disturbances. Power 

system stability implies that its ability to return to normal or stable operation after having been subjected 

to some form of disturbances. 

Transient stability involves the response to large disturbances, which may cause rather large changes in 

rotor speeds, power angles and power transfers. Transient stability is a fast phenomenon usually evident 

within a few second. 

Power system stability mainly concerned with rotor stability analysis. For this various assumptions 

needed such as: 

 For stability analysis balanced three phase system and balanced disturbances are considered. 

 Deviations of machine frequencies from synchronous frequency are small. 

 During short circuit in generator, dc off set and high frequency current are present. But for 

analysis of stability, these are neglected. 

 Network and impedance loads are at steady state. Hence voltages, currents and powers can be 

computed from power flow equation. 

For the needs of this experimental setup (Figure 9 ): 

A controlled dc motor will rotate a synchronous generator’s rotor 

An ac three phase synchronous generator (alternator) will be loaded with R-L load (cosφ=0.8) 

 

Figure 9 Electrical connections diagram of the proposed setup 

Specific fault scenarios can be tested: 

 Rise of load 

 Load shedding 
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 Line loss (one wire)  

In all test scenarios, Voltages and Currents will have been calculated in order to ovoid short circuits and 

dangerous overcurrent. 

Through voltage and currents clamps in oscillators, the transient current and speed of the generator will 

be recorded (Figure 10). 

 

Figure 10 Frequency variation during short circuit fault (simulations on Powerwold software) 

 

 

Figure 11 Laboratory Setup equipment 
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Equipment required: 

• A DC motor for rotor moving, power: 1kW, Supply Voltage 220V, rpm: >1500, series or shunt 

field excitation 

• A three-phase synchronous generator, power 1kW, 4-pole, connection D/Y, Nominal Voltage 

230/400, excitation maximum current: 12 A 

• Three-phase loads (R-L, resistant and inductance), connection-Voltage: Y/D-400/230V  

• DC Supply sources (0-220V, max 12A) for DC motor and synchronous machine field coil 

(excitation).  

• Metering instruments: multi-meter (voltage, ampere, watt, rpm etc) 

• A Digital Oscilloscope, voltage and current clamps. 

Potential Vendors of Hardware Equipment 

 A survey could help in preparing the tenders of the equipment accordingly. It is suggested that the 

specifications for tenders should not be based only to one vendor only as its representative may finally 

not participate in the tendering process. There is a variety of vendors and this section provides a few 

indicative vendors for training material and for other materials that could be useful for MESfIA Project. 

Table 2 Potential vendors of hardware equipment 

Vendor Field of interest Web-site 

EDIBON 

POWER ENGINEERING (Power systems, 
T& D Systems, RES, Electrical 
installations, Electrical machines and 
drives),RES 

http://www.edibon.com/en/area/
4-electricity/4-3-electrical-
machines 

TERCO 

POWER ENGINEERING (Power systems, 
T& D Systems, RES, Electrical 
installations, Electrical machines and 
drives) https://www.tercosweden.com/ 

De Lorenzo 
Group 

Electrical Machines, T&D Systems, 
Smart Grids, Building automation 

https://www.google.com/url?sa=t
&rct=j&q=&esrc=s&source=web&
cd=1&cad=rja&uact=8&ved=2ahU
KEwjzmt7MlaLjAhVRPFAKHUuxDP
IQFjAAegQIBhAC&url=https%3A%
2F%2Fwww.delorenzoglobal.com
%2F&usg=AOvVaw2ILbILa17GpnJ
MjspCnikg 

Feedback  Electronic Wattmeters 
https://www.feedback-
instruments.com/ 

Yokogawa Power Factor Meters, controllers 
https://www.yokogawa.com/th/c
ontact/#find-a-yokogawa-office 

Electronica 
Veneta & 
IN.EL. S.p.A. 

ELECTRICAL ENGINEERING, 
REFRIGERATION & AIR 
CONDITIONING,RENEWABLE 

http://www.elettronicaveneta.co
m/education/index.php?lang=eng
lish 
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ENERGIES,ECOLOGY, ELECTRICAL 
POWER 

Lucas-nuelle 

ELECTRICAL ENGINEERING, 
REFRIGERATION & AIR CONDITIONING, 
ELECTRICAL POWER,BUILDING 
MANAGEMENT SYSTEMS, POWER 
ELECTRONICS and Machines, 
Renewable energy www.lucas-nuelle.com 

EXTECH 
Measuring and testing Equipment for 
various energy fields http://www.extech.com/ 

LEYBOLD 

Drive and power electronics, Power 
transmission and energy technology, 
Wiring installation and building 
management, Smart Grids 

https://www.ld-
didactic.de/en/products-
solutions/technology/electrical-
engineering.html 

ALECOP 
Electrical Engineering, Electrical 
Machines, RES, Energy efficiency 

https://www.alecop.com/en/dida
ctic-equipment/areas/ 

LANGLOIS 
Electrotechnics, Renewable Energy, 
electrical machines etc https://langlois-france.com/en/ 

Bitlismen 

Substation Automation, Renewable 
Energy systems, Smart Grid, Relay 
protection 

http://www.bitlismen.com/allpro
ducts/products/educational-labs/ 

Edlapequip Alternative Energy, Electrical energy http://www.edlabquip.com/ 

Hampden Electrical Machines, Transformers, RES, 
https://www.hampden.com/prod
ucts.html 

Labvolt 

Renewable Energy Systems, Small scale 
electrical Wind power, Fuel cells, Lead-
acid Batteries ,Electrical machines 

https://www.labvolt.com/solutio
ns/6_electricity_and_new_energy 

EdLabQuip Alternative Energy, Electrical energy 

http://www.edlabquip.com/categ
ory/catalogue/08-electrical-
electronic-eng/1-electrical-
engineering/ 

Fluke Test and measurement tools www.fluke.com 
National 
Instruments 

Test, measurement and data acquisition 
equipment http://www.ni.com 

Educational 
systems Ltd 

Power electronics and drives, electric 
machines, renewable energy, electrical 
installations 

http://www.eds.gr/products/elecen
g/producst_eleceng_labs.html 

 

 

Initial list of MESfIA Project 

 

Lab experimentations kits will include a combination of the following equipment up to budgeted costs, 

depending on their specific needs at the time of project initiation: 

1. PVs kit study in both autonomous and interconnected operation:  

http://www.lucas-nuelle.com/
https://www.labvolt.com/solutions/6_electricity_and_new_energy
https://www.labvolt.com/solutions/6_electricity_and_new_energy
http://www.fluke.com/
http://www.ni.com/
http://www.eds.gr/products/eleceng/producst_eleceng_labs.html
http://www.eds.gr/products/eleceng/producst_eleceng_labs.html
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• PVs panels (10-200W mono-crystalline, 10-200W polycrystalline, 10-200W thin film), 

• Inverters (200W),  

• DC Loads, 

• 1-axis PV tracking systems, 

• 2-axis PV tracking systems,  

• Several parts for electrical installations/measure. 

2. Wind Energy trainer that allows training on various issues of wind training such as type of blades, 

pitch angle of blades etc. 

3. Energy storage systems management and measurement some or all of the following packages: 

• Lithium Batteries up to 100Ah, 

• Lead–acid Batteries up to 100Ah,  

• REDOX Batteries up to 100Ah,  

• DC Loads 

4. Various experiments on Building automation can be set up. Some of them should aim at Lighting 

management, some others on electric machines etc.  

This may include some or all of the following equipment: 

• Power Supply with 120-230V input and 24V Nominal DC output 

• Various Push-Button Interfaces 

• Temperature controllers 

• Presence detector and brightness sensors 

• Dimmers 

• Shutter actuators 

• Infrared transmitter/receiver and decoder 

5. TEACHING PANEL FOR AN ENERGY FACILITY AT AN ISOLATED SITE including inverter and supporting up 

to 200W PVs at 48Vdc input 

6. Micro hydro pump system 

7. PHOTOVOLTAIC INSTALLATION ANALYZER 
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8. Charge controllers of 12-48V depending on the available equipment and 6A-20A. 

9. Hydroelectric trainer of up to 1000W with mano-metric controller and measurement of the flow. 

10. 3Phase Salient Pole Machine 415V AC 50Hz, Separate excitation 230VDC, Cylindrical rotor Armature 

type Salient pole stator with Field coils 

Some practical issues to be addressed 

Even though these may be simple and non-academic issues such issues can easily impede the 

implementation of the experiments. Moreover, these items may require additional expenses which may 

not be considered as eligible. For instance if one University wants to install a PV in a field that requires 

some earth-moving works then there may be two-options a)to be considered as a turn-key project 

according to the specifications and b) to require two separate tenders one for buying the equipment and 

one for earth-moving works. The evaluation procedure for these two separate tenders is also different. 

Insufficient Space 

Energy equipment requires some space in order for the students to be able to conduct the experiments 

with safety. This depends also on how many students will simultaneously conduct the same experiment. 

Portable equipment makes experiments much easier as for the same sitting positions as the equipment 

can change from experiment to experiment. 

Insufficient Open air space 

 Some of the laboratory items to be installed actually require to be installed in outer space. This is the case 

of PVs or even more Wind turbines. PVs are easier to be installed as they can be also included as part of 

Building Integrated PVs or on a terrace. Especially for wind turbines safety precautions should be taken 

into account regarding passing below the installation place or distance from overhead lines etc. 

In some cases, it is far more expensive to have specific equipment to simulate open air –conditions rather 

than finding a place for installation. In any case, the expenses for making the open air installations should 

be taken into account. 
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Figure 12 Typical installations for Wind Turbines installation in Buildings. 

 

Insufficient Height 

This is an issue for High Voltage Engineering Laboratories which require specific room and height for some 

of their devices1 and for thermal engines laboratory-each gen-sets requires specific dimensions in gen-

sets. If the equipment is to be installed in such existing infrastructures then no new construction works 

are required. 

Ventilation and other measures of safety 

Ventilation is particularly required for Batteries room in order to avoid hydrogen concentration. As 

presented in 2 a typical equation that describes the mechanical ventilation required is the following 

equation 

𝑄 = 0.05 ∙ 𝑛 ∙ 𝐼𝑔𝑎𝑠 ∙  𝐶𝑟𝑡 ∙  10−3[m3/h] where  

where n denotes the number of batteries, Crt = the capacity in Ah of the Batteries, the gassing current 

Ιgas [mA/Ah]-(float 1-5,boost 9-20) . The minimum cross-section for the intake should be A > 28 x Q [cm²]. 

More precautions should be taken in the case of using Li-ion batteries.3 

The electrical installations should take place according to the local standards with sufficient grounding. 

Especially for installations with voltage higher than Extra Low Voltage 42V4, even a simple insulation mat 

could be useful to improve safety against electricity passing from the student to the ground. 
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Weight considerations 

The electrical equipment is in general rather heavy due to iron and copper materials that are used to be 

constructed. This fact is more apparent in electrical machines, transformers and inverters that can be used 

for our experiments. This may lead the installation of this equipment to be made in ground-floors and for 

sure for some precautions for the personnel carrying them For instance a 4kVA inverter is of weight of 

30kg. 

Not sufficient electricity supply 

Many times equipment requires three-phase supply and this may need higher cross-section cables for 

supplying this equipment or a new feeder in the supply board. The upgrade cost may not be high 

compared to the obtained equipment but should be taken into account when trying to identify the 

corresponding costs. Moreover, for using a DC or AC supply device the current that can provide should be 

compared to the currents required by the experimental device. This may be of particular importance for 

the DC supply required for the excitation of a Synchronous generator. Additionally, it should be taken 

caution whether the existing measuring equipment can withstand the voltage or the current required for 

the new equipment. For instance, if the current in the equipment to be bought can reach 20A and the 

available multimeters can reach 10A, new multimeters should be bought. 

Required personnel 

Using equipment that requires voltage even up to 230V may require significant caution. More than one 

instructor may be required in order to identify potential faults in the connections the students make. This 

will reduce the risk in the laboratories to as little as possible along with the typical Electrical Hazard 

precautions applied to any country. 

Revision of Software Tools for Training in Engineering 
Software Tools are a very helpful element in engineering study as they can help in simulating conditions 

(like severe faults in a grid) without destruction of equipment. At the same time, many combinations can 

be run simultaneously allowing sensitivity analysis This section describes potential software tools for 

various end-uses relevant to MESfIA as well as a survey about the tools the various partners use for their 

educational activities.  

Review of Software tools 

Software tools may be categorized according to the license they receive and the end-uses. 

Categorization of software tools depending on the license 

Free of charge tools 

This category contains free-of-charge software tools without any limitations. In general, these tools are 

simpler than the commercial tools, but in many cases these applications are adequate for use by 

undergraduate and postgraduate students. A special subcategory of these tools is MATLAB based 

software: it includes MATLAB modules that their capabilities can be compared even to mature commercial 

software, but a MATLAB license is needed in order to operate. Many of them are free software tools 

provided by equipment vendors and are on-line tools usually via subscription. Such tools are the SMA 
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inverter dimensioning software tools that are currently on-line abut in the past could be downloaded and 

used as off-line tools.  

Free of charge software for educational use 

Some commercial software tools provide the ability of free-of-charge use for Academic Institutions. NGOs 

and not-for-profit government agencies in Tier 1 economies and for accredited students worldwide. 

Depending on the case, these academic versions may provide full capabilities or less capabilities (e.g., less 

options and/or smaller systems modeling) comparing to commercial software. Specific software tools 

provide free-of-charge use for low income countries, whereas other software tools provide one-year free 

license and after its expiration the software will run as a demo version (no saving option available). 

Existence of more simplified or older free versions 

This category includes popular software tools that started as a freeware and during their development 

they changed to commercial software (with the addition of more modeling capabilities and options, 

improved interface, etc). However, there is still possible the installation of older free-of-charge versions. 

In some cases these free versions can be used by an unlimited amount of users (e.g., in RETScreen), 

whereas in other cases a user have to be registered as an Academic student or Professor, and only one 

free license per registered user is allowed (e.g., in HOMER).  

Commercial software 

This category includes software tools that are commercial and cannot be run free-of-charge in Academic 

Institutions, although in some cases lower prices for Academic licenses are offered. In general, this 

category includes the most mature and complete applications, and it is usually used by companies, for 

real case-study applications, etc.  

There are quite a few low-cost software tools as will be revised in the following sub-sections. 

Categorization of software tools according to end-uses 

The software for educational activities foreseen in the MESfIA project can be further categorized into the 

following categories. 

 Renewable-Hybrid renewable systems modeling software  

 PV system design software 

 Hydro installations design software 

 Power System analysis software 

 Energy policy 

 LCA Analysis 

 Energy Efficiency software 

Renewable Energy Sources Modeling 

Some software tools help in generic modeling of Renewable Energy Sources, while some others are more 

specific on some of the PV sources or other RES sources. 
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HOMER 

This is a computer model developed by the U.S. National Renewable Energy Laboratory (NREL) to assist in 

the design of micropower systems and to facilitate the comparison of power generation technologies 

across a wide range of applications. HOMER models a power system’s physical behavior and its life-cycle 

cost, which is the total cost of installing and operating the system over its life span. HOMER allows the 

researcher to compare many different design options based on their technical and economic merits. It 

also assists in understanding and quantifying the effects of uncertainty or changes in the inputs. 

In HOMER, a micropower system is defined as a system that generates electricity, and possibly heat, to 

serve a nearby load. Such a system may employ any combination of electrical generation and storage 

technologies and may be grid-connected or autonomous, meaning separate from any transmission grid.. 

HOMER can model grid-connected and off-grid micropower systems serving electric and thermal loads, 

and comprising any combination of photovoltaic (PV) modules, wind turbines, small hydro, biomass 

power, reciprocating engine generators, microturbines, fuel cells, batteries, and hydrogen storage. 

HOMER performs three principal tasks: simulation, optimization, and sensitivity analysis. In the simulation 

process, HOMER models the performance of a particular micropower system configuration each selected 

time-step of the year (typically hourly) to determine its technical feasibility and life-cycle cost. In the 

optimization process, HOMER simulates many different system configurations in search of the one that 

satisfies the technical constraints at the lowest life-cycle cost. Optimization determines the optimal value 

of the variables over which the system designer has control such as the mix of components that make up 

the system and the size or quantity of each. Sensitivity analysis helps assess the effects of uncertainty or 

changes in the variables over which the designer has no control, such as the average wind speed or the 

future fuel price. In the sensitivity analysis process, HOMER performs multiple optimizations under a range 

of input assumptions to gauge the effects of uncertainty or changes in the model inputs. 

Latest versions of HOMER (named HOMER PRO) offer improved interface and modeling capabilities, as 

well as a MATLAB link option. These versions provide academic licenses (from 1 month to 3 years) and 

student licenses (from 1 month to 1 year). Depending of the installed modules, pricing for a single user 

begins from 21 $/month (academic license) and from 6 $/month (student license). However, there still 

exists a no-cost alternative: Version 2.68 (developed in 2011) needs free license update every 180 days. 

This software is available at: https://www.homerenergy.com/products/pro/index.html 

RetScreen 

This is a software tool specifically aimed at facilitating pre-feasibility and feasibility analysis of clean energy 

technologies. The core of the tool consists of a standardized and integrated project analysis software 

which can be used worldwide to evaluate the energy production, life-cycle costs and greenhouse gas 

emission reductions for various types of proposed energy efficient and renewable energy technologies. 

All clean energy technology models in the RETScreen software have a common appearance and follow a 

standard approach to facilitate decision-making with reliable results. Each model also includes integrated 

product, cost and weather databases and a detailed online user manual, all of which help to dramatically 

reduce the time and cost associated with preparing pre-feasibility studies. The RETScreen Software is a 

quick and easy tool for the estimation of the viability of a potential clean energy project.  

https://www.homerenergy.com/products/pro/index.html
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All clean energy technology models in the RETScreen software have a common look and follow a standard 

approach to facilitate decision-making with reliable results. Each model also includes integrated product, 

cost and weather databases and a detailed online user manual, all of which help to dramatically reduce 

the time and cost associated with preparing pre-feasibility studies. As a result, RETScreen is a quick and 

easy tool for the estimation of the viability of a potential clean energy project. 

RETScreen Software can be used to evaluate industrial, commercial, institutional, community, residential 

and utility applications. It includes the following technology models that are working independently (not 

linked):  

 Wind Energy Project Model for central-grid and isolated-grid connected projects, ranging in size 

from large-scale multi-turbine wind farms to small-scale single-turbine wind-diesel hybrid 

systems. 

 Small Hydro Project Model for central-grid and isolated-grid connected projects, ranging in size 

from multi-turbine small and mini hydro installations to single-turbine micro hydro systems. 

 Photovoltaic Project Model for on-grid (central-grid and isolated-grid PV systems); off-grid (stand-

alone (PV-battery) and hybrid (PV-battery-genset) systems; and water pumping applications (PV-

pump systems). 

 Biomass Heating Project Model for biomass and/or waste heat recovery (WHR) heating projects, 

from large-scale developments for clusters of buildings to individual building applications. The 

model can be used to evaluate three basic heating systems using: waste heat recovery; biomass; 

and biomass and waste heat recovery combined. 

 Solar Air Heating Project Model for ventilation air heating and process air heating applications of 

transpired-plate solar collectors, from small residential to larger commercial/industrial-scale 

ventilation systems, as well in the air-drying processes for various crops. 

 Solar Water Heating Project Model for domestic hot water, industrial process heat and swimming 

pools (indoor and outdoor), ranging in size from small residential systems to large scale 

commercial, institutional and industrial systems. 

 Passive Solar Heating Project Model for passive solar designs and/or energy efficient window use 

in low-rise residential and small commercial building applications, for either retrofit or new 

construction projects. 

 Ground-Source Heat Pump Project Model for heating and/or cooling of residential, commercial, 

institutional and industrial buildings, for both retrofit and new construction projects using either 

ground-coupled (horizontal and vertical closed loop) or groundwater heat pumps. 

 Combined Heat & Power (CHP) Project Model for any one or combination of the following 

applications: power; heating; cooling; single buildings or multiple buildings; industrial processes; 

communities; district heating and district cooling; with a wide range of renewable and non-

renewable fuels (which can be used in parallel), including landfill gas; biomass; bagasse; biodiesel; 

hydrogen; natural gas; oil/diesel; coal; municipal waste, etc.; and using multiple types of power, 

heating and/or cooling equipment, including reciprocating engines; gas turbines; gas turbine - 

combined cycle; steam turbines; geothermal systems; fuel cells; wind turbines; hydro turbines; 

photovoltaic modules; boilers; heat pumps; biomass systems; heaters; furnaces; compressors; 
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absorption chillers, etc., all working under various operating conditions (base load, intermediate 

load and/or peak load). 

While a different RETScreen technology model is used for each of the above mentioned technologies 

covered by RETScreen, a standardized analysis procedure consisting of five steps is followed for each 

technology model. Each one of these steps is associated with one or more Excel worksheets. These steps 

are:  

1. Energy Model: In this worksheet, the user specifies parameters describing the location of the 

energy project, the type of system used in the base case, the technology for the proposed 

case, the loads (where applicable), and the renewable energy resource (f needed). In turn, 

the RETScreen Software calculates the annual energy production or energy savings. Often a 

resource worksheet (such as the “Solar Resource” or the “Hydrology and Load” worksheet) or 

an “Equipment Data” worksheet, or both, accompanies the Energy Model worksheet as sub-

worksheet(s). 

2. Cost Analysis: In this worksheet, the user enters the initial, annual, and periodic costs for the 

proposed case system as well as credits for any base case costs that are avoided in the 

proposed case (alternatively, the user can enter the incremental costs directly). The user has 

the choice between performing a pre-feasibility or a feasibility study. For a “Pre-feasibility 

analysis,” less detailed and less accurate information is typically required while for a 

“Feasibility analysis,” more detailed and more accurate information is usually required.  

3. Greenhouse Gas (GHG) Analysis (optional): This optional worksheet helps determine the 

annual reduction in the emission of greenhouse gases stemming from using the proposed 

technology in place of the base case technology. The user has the choice between performing 

a simplified, standard or custom analysis, and can also indicate if the project should be 

evaluated as a potential Clean Development Mechanism (CDM) project. RETScreen 

automatically assesses whether or not the project can be considered as a small-scale CDM 

project to take advantage of the simplified baseline methods and other rules and procedures 

for small-scale CDM projects. 

4. Financial Summary: in which the user specifies financial parameters related to the avoided 

cost of energy, production credits, GHG emission reduction credits, incentives, inflation, 

discount rate, debt, and taxes, while RETScreen calculates a variety of financial indicators (nt 

resent value-NPV, internal rate of return-IRR, etc.) to evaluate the viability of the project. A 

cumulative cash flow graph is also included in the financial summary worksheet. 

5. Sensitivity & Risk Analysis (optional): This optional worksheet assists the user in determining 

how uncertainty in the estimates of various key parameters may affect the financial viability 

of the project. The user can perform either a sensitivity analysis or a risk analysis, or both. 

Currently, its annual pricing is 869 $ (plus taxes), however, earlier versions of RETScreen based on MS 

Excel (macros enabling needed) are free-of-charge. 
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System Advisor Model (SAM): 

This is an Open source software that can be found at: https://sam.nrel.gov/ . This is a performance and 

financial model designed to facilitate decision making for people involved in the renewable energy 

industry, and can be used for performance predictions and cost of energy estimates for grid-connected 

power projects based on installation and operating costs and system design parameters that are specified 

by the user 

It can be used for Solar systems (flat-plate and concentrating), battery storage for PVs, a large variety for 

solar thermal electricity generation systems, conventional thermal systems, solar water heating for 

residential or commercial buildings, wind power (large and small), geothermal power and geothermal co-

production, and biomass power. 

 

HYBRID2: 

This software package is a user friendly tool to perform detailed long term performance and economic 

analysis on a wide variety of hybrid power systems. Hybrid2 is a probabilistic/time series computer model, 

using time series data for loads, wind speed, solar radiation, temperature and the power system designed 

or selected by the user, to predict the performance of the hybrid power system. Variations in wind speed 

and in load within each time step are factored into the performance predictions. The code does not 

consider short term system fluctuations caused by system dynamics or component transients. Hybrid2 

was developed until Windows XP (latest version: June 2004), however it can run up to Windows 10 with 

the addition of 2 files in its installation folder. 

URL: http://www.umass.edu/windenergy/research/topics/tools/software/hybrid2  

 

Improved Hybrid Optimization by Genetic Algorithms (iHOGA):  

It is a software tool developed by researchers of the University of Zaragoza (Spain) for the simulation and 

optimization of Hybrid Stand-alone Systems of electric power generation based on renewable energies. 

iHOGA can model systems with electrical energy consumption (DC and/or AC) and/or hydrogen, as well 

as consumption of water from tank or reservoir previously pumped. It can include photovoltaic generator, 

wind turbines, hydroelectric turbine, auxiliary generator (diesel, gasoline, etc), inverter or inverter-

charger, batteries (lead acid or lithium), charger and batteries charge controller as well as components of 

hydrogen (electrolyzer, hydrogen tank and fuel cell). iHOGA can simulate and optimize systems of any 

size. It can also simulate and optimize systems connected to the AC grid, with or without own load 

consumption, and can be defined different cases of Net Metering. The software performs multi-objective 

optimization of the total net present cost of the system using simulation in time steps of up to 1 minute, 

sensitivity analysis, probability analysis, etc. The annual license fee is 500 €, whereas the permanent 

license fee (never expires) is 2000 €. iHOGA offers a free-of-charge educational version, in which the 

average total load consumption is limited to 10 kWh/day (i.e. very small systems). 

https://sam.nrel.gov/
http://www.umass.edu/windenergy/research/topics/tools/software/hybrid2


Review of Laboratory Equipment-Task 1.3 

 28   
 

PV modeling 

Apart from generic Renewable Energy Modeling and dimensioning tools some tools are specific for PV 

dimensioning. Some information on these tools is provided below. 

PV*SOL online: It is a free tool for the calculation of PV systems, which was made by the developers of the 

full featured market PV simulation software PV*SOL. This online tool lets the user to input basic data 

(location of the system, load profile and annual energy consumption, inverter manufacturer and PV 

module data: manufacturer, model, orientation, quantity, etc). Then, PV*SOL online searches for the 

optimal connection of the PV modules and inverter that suits best. After the simulation of the system, a 

number of results are presented, including annual PV energy, performance ratio, own power 

consumption, solar fraction, etc. 

SMA Sunny Design: It is a free software web tool for planning and designing PV systems with and without 

self-consumption option, off-grid systems, PV hybrid systems as well as energy systems. Sunny Design 

provides design recommendations for a planned system, and it proposes a combination of PV array(s) and 

inverter(s) which meet, as closely as possible, requirements regarding power class, energy yield and 

efficiency. In addition, it provides the option of determining and optimizing your potential self-

consumption, sizing wires, evaluating efficiency and, in case of PV hybrid and off-grid systems, configuring 

gensets. 

PVGIS: It is a free web tool that provides information about solar radiation and PV system performance. 

PVGIS can calculate the amount of energy that a user can get from different kinds of PV systems at nearly 

any place in the world. PVGIS allows the user to get the results in a number of different ways, including: 

1) Numbers and graphs shown in the web browser (all graphs can also be saved to file); 2) Information in 

text (CSV) format; 3) PDF document, available after the user has clicked to show the results in the browser. 

PVWatts Calculator: It is developed by the U.S. National renewable Energy Laboratory (NREL) and it 

estimates the energy production and cost of energy of grid-connected photovoltaic (PV) energy systems 

throughout the world. It allows homeowners, small building owners, installers and manufacturers to easily 

develop estimates of the performance of potential PV installations. 

Hydro modeling 

Additionally to generic RES/Hybrid dimensioning tools, there are some tools that are dedicated to Hydro 

power systems. Mostly the ones that are free of charge are described here. 

YDROHELP 1.6 – TURBINE SELECTION  

Developed with the help of Natural Resources Canada’s Canmet ENERGY, the free HydroHelp 1.6 turbine 

selection program can be downloaded from the HydroHelp Web site http://hydrohelp.ca/eng/free-

software.htm. It runs on Microsoft Excel and uses 2 MB of memory. The program assesses the operating 

envelope of all commercially available turbines, discards unsuitable turbines and selects the most 

appropriate based on approximate cost and other parameters. If the user de-selects the program-selected 

turbine for whatever reason, the program will move on to the next most suitable turbine. The program 

also provides details on the selected turbine, such as an efficiency curve, runner size and setting. With 

http://hydrohelp.ca/eng/free-software.htm
http://hydrohelp.ca/eng/free-software.htm
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some added input on site conditions, it will calculate powerhouse data such as crane capacity and 

concrete quantity, along with the cost of ancillary equipment. 

Turbnpro  

TURBNPRO determines hydroturbine sizing and type selection based on actual site data entered by the 

User. Typical performance and dimensional data of the hydroturbine size/type selected are developed by 

the program including speed, runaway speed and cavitation characteristics. TURBNPRO includes 

extensive graphics showing turbine performance in various formats as well as identification of major 

turbine components and dimensions. 

 

Figure 13 Typical screens from TURBNPRO software 

 

TURBNPRO may be used to calculate the energy production, applying the turbine solution(s) created and 

the User’s site net head and flow data. In optimizing project energy potential study single or multiple 

turbine solutions. 

 With this software, Advantages, disadvantages and limitations of the various water turbine 

configurations/arrangements are discussed. The impact of cavitation on hydro-turbine sizing and type 

selection is also covered. This tool is available at: https://www.turbnpro.com/ 

Hpp-design  

Hpp-design is an application to identify the main parameters for your hydro power plant such as  

 Which turbine is the best choice for a HPP?  

https://www.turbnpro.com/
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 What is the fundamental dimension of hydro turbine, the weight, the efficiency?  

Thus this software helps in creating a new sizing and choose the turbine's configuration that best suits a 

hydro power plant. https://hpp-design.com/ 

Some characteristic forms from this software are shown below: 

 
 

New sizing Select the best configuration 

 
 

Turbine mechanical data Turbine efficiency 
Figure 14Typical Screens from HPP design software 

 

The user has to Sign up and insert net head and maximum discharge of his hydro power plant. With a click 

he can choose the turbine that fits his needs. The data, like main dimensions, efficiency, power and so on, 

are ready for calculations. 

SMART Mini-Idro 

 

SMART MINI-IDRO – SEE HYDROPOWER Project Customized Version is an EXCEL tool to evaluate the main 

hydropower project parameters of a given hydro project, considering the flow duration curve, the 

available heads and the types of turbines to be installed, the range of discharges to be used, etc. 

https://hpp-design.com/
https://hpp-design.com/account/registration/sign-up
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The tool considers the possibility to apply government incentives to the investment as the “green 

certificates” and finally is able to evaluate the cash-flow of the investment. 

The tool helps the user as a first approach to begin a preliminary project, leading to a first analysis of the 

economic and financial parameters of a new hydro project. SMART MINI-IDRO is freely distributed among 

users. The request and conditions of use form is downloadable from the present site, 

http://www.seehydropower.eu/download_tools/files/1/SMART_MINI_IDRO_-_User_Guide.pdf  

The solution flow is depicted in the graph below. The corresponding requirements are shown in 

the Table below 

 

Figure 15 Operation flow chart for SMART Mini-Idro software 

 

Table 3 Summary of required inputs/outputs for SMART Mini-Idro 
INPUT DATA: OUTCOMES: HARDWARE/SOFTWARE 

REQUIREMENTS 
flow duration curve at the 
analyzed site 
- the available head at the 
analyzed site 
- the types of turbines to be 
installed 
- hydropower efficiency 
coefficients 
- price of the energy 
- price of the green certificates 

For a given plant: 
- Turbine flow duration curves 
- Penstock looses calculation 
- Automatic turbine type selection 
- Plant energy and power calculation 
- Initial investment parametric 
calculation 
- Financial cash-flow calculation, 
considering green certificates 

SMART MINI-IDRO is written in 
Microsoft Excel macro language. 
Hardware: a normal Windows PC 
Software: Microsoft Excel 2003 

 

Summary of tools in Renewable energy sources modeling 

Table 4 summarizes the common characteristics of software relevant to various RES or single RES. 

Table 4 Summary of the characteristics of Renewable Energy Sources modeling software 

Software 
Name 

Link Research Area Type of License 

http://www.seehydropower.eu/download_tools/files/1/SMART_MINI_IDRO_-_User_Guide.pdf
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Hybrid2 

http://www.umass.e
du/windenergy/resea
rch/topics/tools/soft
ware/hybrid2  

Renewable-Hybrid renewable systems 
modeling 

Free of charge 

System 
Advisor 
Model 
(SAM) 

https://sam.nrel.gov/  

Renewable-Hybrid renewable systems 
modeling 

Free of charge 

HOMER 
https://www.homere
nergy.com/products/
pro/index.html  

Renewable-Hybrid renewable systems 
modeling 

Existence of more 
simplified or older 
free versions 

IHOGA 
https://ihoga.unizar.
es/en/  

Renewable-Hybrid renewable systems 
modeling 

Existence of more 
simplified or older 
free versions 

RETScreen 
https://www.nrcan.g
c.ca/energy/software
-tools/7465  

Renewable-Hybrid renewable systems 
modeling 

Existence of more 
simplified or older 
free versions 

PSIM’s 
Renewable 
Energy 

https://powersimtec
h.com/products/psi
m/renewable-
energy/ 

Renewable-Hybrid renewable systems 
modeling 

Commercial 
software 

Biogas 
World 
calculations 
online tool 

https://www.biogas
world.com/biogas-
calculations/ 

Biomass systems design Free of charge 

Alab 
http://alab.no/Alab-
Hydropower-
Software  

Hydro system design 
Commercial 
software 

HPP-design 
https://hpp-
design.com/  

Hydro system design 
Commercial 
software 

TURBNPRO 
https://www.turbnpr
o.com/  

Hydro system design 
Commercial 
software 

HYDROHELP 
http://hydrohelp.ca/
eng/free-
software.htm  

Hydro system design Free of charge 

http://www.umass.edu/windenergy/research/topics/tools/software/hybrid2
http://www.umass.edu/windenergy/research/topics/tools/software/hybrid2
http://www.umass.edu/windenergy/research/topics/tools/software/hybrid2
http://www.umass.edu/windenergy/research/topics/tools/software/hybrid2
https://sam.nrel.gov/
https://www.homerenergy.com/products/pro/index.html
https://www.homerenergy.com/products/pro/index.html
https://www.homerenergy.com/products/pro/index.html
https://ihoga.unizar.es/en/
https://ihoga.unizar.es/en/
https://www.nrcan.gc.ca/energy/software-tools/7465
https://www.nrcan.gc.ca/energy/software-tools/7465
https://www.nrcan.gc.ca/energy/software-tools/7465
https://powersimtech.com/products/psim/renewable-energy/
https://powersimtech.com/products/psim/renewable-energy/
https://powersimtech.com/products/psim/renewable-energy/
https://powersimtech.com/products/psim/renewable-energy/
https://www.biogasworld.com/biogas-calculations/
https://www.biogasworld.com/biogas-calculations/
https://www.biogasworld.com/biogas-calculations/
http://alab.no/Alab-Hydropower-Software
http://alab.no/Alab-Hydropower-Software
http://alab.no/Alab-Hydropower-Software
https://hpp-design.com/
https://hpp-design.com/
https://www.turbnpro.com/
https://www.turbnpro.com/
http://hydrohelp.ca/eng/free-software.htm
http://hydrohelp.ca/eng/free-software.htm
http://hydrohelp.ca/eng/free-software.htm


Review of Laboratory Equipment-Task 1.3 

 33   
 

SMART 
Mini-Idro 

http://www.seehydr
opower.eu/downloa
d_tools/files/1/SMAR
T_MINI_IDRO_-
_User_Guide.pdf 

Hydro system design Free of charge 

archelios 

https://www.trace-
software.com/archeli
os/photovoltaic-pv-
software/  

PV system design 
Commercial 
software 

BLUESOL 
http://www.bluesolp
v.com/dnnsite/defaul
t.aspx 

PV system design 
Commercial 
software 

PV*SOL 
premium 

https://www.valentin
-
software.com/en/pro
ducts/photovoltaics/
57/pvsol-premium  

PV system design 
Commercial 
software 

Pvsyst 
https://www.pvsyst.c
om/  

PV system design 
Commercial 
software 

PV*SOL 
online 

http://pvsol-
online.valentin-
software.com/#/  

PV system design Free of charge 

PVGIS 

New version: 
https://re.jrc.ec.euro
pa.eu/pvg_tools/en/t
ools.html#PVP ,Old 
version (until 31 July 
2019),https://re.jrc.e
c.europa.eu/pvgis/ap
ps4/pvest.php# 

PV system design Free of charge 

PVWatts 
Calculator 

https://pvwatts.nrel.
gov/ 

PV system design Free of charge 

SMA Sunny 
Design 

https://www.sma.de
/en/products/plannin
g-software/sunny-
design.html  

PV system design Free of charge 

http://www.seehydropower.eu/download_tools/files/1/SMART_MINI_IDRO_-_User_Guide.pdf
http://www.seehydropower.eu/download_tools/files/1/SMART_MINI_IDRO_-_User_Guide.pdf
http://www.seehydropower.eu/download_tools/files/1/SMART_MINI_IDRO_-_User_Guide.pdf
http://www.seehydropower.eu/download_tools/files/1/SMART_MINI_IDRO_-_User_Guide.pdf
http://www.seehydropower.eu/download_tools/files/1/SMART_MINI_IDRO_-_User_Guide.pdf
https://www.trace-software.com/archelios/photovoltaic-pv-software/
https://www.trace-software.com/archelios/photovoltaic-pv-software/
https://www.trace-software.com/archelios/photovoltaic-pv-software/
https://www.trace-software.com/archelios/photovoltaic-pv-software/
http://www.bluesolpv.com/dnnsite/default.aspx
http://www.bluesolpv.com/dnnsite/default.aspx
http://www.bluesolpv.com/dnnsite/default.aspx
https://www.valentin-software.com/en/products/photovoltaics/57/pvsol-premium
https://www.valentin-software.com/en/products/photovoltaics/57/pvsol-premium
https://www.valentin-software.com/en/products/photovoltaics/57/pvsol-premium
https://www.valentin-software.com/en/products/photovoltaics/57/pvsol-premium
https://www.valentin-software.com/en/products/photovoltaics/57/pvsol-premium
https://www.pvsyst.com/
https://www.pvsyst.com/
http://pvsol-online.valentin-software.com/#/
http://pvsol-online.valentin-software.com/#/
http://pvsol-online.valentin-software.com/#/
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html#PVP ,Old version (until 31 July 2019),https://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php#
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html#PVP ,Old version (until 31 July 2019),https://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php#
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html#PVP ,Old version (until 31 July 2019),https://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php#
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html#PVP ,Old version (until 31 July 2019),https://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php#
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html#PVP ,Old version (until 31 July 2019),https://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php#
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html#PVP ,Old version (until 31 July 2019),https://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php#
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html#PVP ,Old version (until 31 July 2019),https://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php#
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html#PVP ,Old version (until 31 July 2019),https://re.jrc.ec.europa.eu/pvgis/apps4/pvest.php#
https://pvwatts.nrel.gov/
https://pvwatts.nrel.gov/
https://www.sma.de/en/products/planning-software/sunny-design.html
https://www.sma.de/en/products/planning-software/sunny-design.html
https://www.sma.de/en/products/planning-software/sunny-design.html
https://www.sma.de/en/products/planning-software/sunny-design.html
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PV.MY 

https://www.researc
hgate.net/publicatio
n/258389216_A_Soft
ware_Tool_for_Opti
mal_Sizing_of_PV_Sy
stems_in_Malaysia/fi
gures?lo=1  

PV system design 
MATLAB based 
software 

WAsP 
https://www.wasp.d
k/products 

Wind systems 
Commercial 
software 

windPRO 
https://www.emd.dk
/windpro/ 

Wind systems 
Commercial 
software 

 

Power System Analysis Software 

This is a very useful family of software tools as will allow the analysis of Power Systems. For MESfIA, there 

is not so much need for the analysis of large power systems with complex interconnections thus simplified 

editions of such software tools can be used. 

PowerWorld Simulator 

PowerWorld Simulator is an interactive power system simulation package designed to simulate high 

voltage power system operation on a time frame ranging from several minutes to several days and is 

available at URL: https://www.powerworld.com/  

The software contains a highly effective power flow analysis package capable of efficiently solving systems 

of up to 250,000 buses. Simulator Base Package pricing: 1300 US$ + 50% maintenance fee of new cost 

each year after the first year. Add-ons pricing (PV-QV, OPF, TS, etc): from 650-1300 US$ per add-on + 50% 

maintenance fee. 

PowerWorld Simulator Demo Version  

This demo version is licensed for educational use and evaluation purposes only. It includes most of the 

available PowerWorld Simulator add-ons (Available Transfer Capability (ATC), Optimal Power Flow (OPF), 

Security Constrained OPF (SCOPF), OPF Reserves, PV/QV Curve Tool, Transient Stability, Geomagnetically 

Induced Current (GIC)), and can handle small cases containing up to 13 buses.  

PowerWorld Simulator Educational Version 

Moreover, students that purchase the textbook Glover, Overbye and Sarma entitled “Power Systems 

Analysis and Design”, they can download the software from the link provided in the book, which provides 

a 40 bus version. 

DigSilent PowerFactory: 

This is a powerful software tool for power system analysis and smart grids. It can be used for analysis of 

generation, transmission, distribution, industrial systems, and it can cover applications including wind 

Power, distributed generation, real-time simulation and performance monitoring for system testing and 

supervision. 

https://www.researchgate.net/publication/258389216_A_Software_Tool_for_Optimal_Sizing_of_PV_Systems_in_Malaysia/figures?lo=1
https://www.researchgate.net/publication/258389216_A_Software_Tool_for_Optimal_Sizing_of_PV_Systems_in_Malaysia/figures?lo=1
https://www.researchgate.net/publication/258389216_A_Software_Tool_for_Optimal_Sizing_of_PV_Systems_in_Malaysia/figures?lo=1
https://www.researchgate.net/publication/258389216_A_Software_Tool_for_Optimal_Sizing_of_PV_Systems_in_Malaysia/figures?lo=1
https://www.researchgate.net/publication/258389216_A_Software_Tool_for_Optimal_Sizing_of_PV_Systems_in_Malaysia/figures?lo=1
https://www.researchgate.net/publication/258389216_A_Software_Tool_for_Optimal_Sizing_of_PV_Systems_in_Malaysia/figures?lo=1
https://www.researchgate.net/publication/258389216_A_Software_Tool_for_Optimal_Sizing_of_PV_Systems_in_Malaysia/figures?lo=1
https://www.wasp.dk/products
https://www.wasp.dk/products
https://www.emd.dk/windpro/
https://www.emd.dk/windpro/
https://www.powerworld.com/
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Price for educational research package (unlimited number of busbars and max. 1 simultaneous user): 

10,000 € (+1000 €/add. user). The URL is: https://www.digsilent.de/en/powerfactory.html  

 

NEPLAN: 

Powerful software for power system analysis that is available as cloud, intranet or desktop solution. It is 

very useful for Distribution Network Systems. The Annual pricing for cloud version is 1150 € (50 nodes), 

1950 € (100 nodes) and the optional Annual support cost is 500 €. The link is 

https://www.neplan.ch/neplanproduct/en-electricity/ 

PSCAD (free version) 

PSCAD enables the user to schematically construct a circuit, run a simulation, analyse the results, and 

manage the data in a completely integrated, graphical environment. PSCAD comes complete with a library 

of pre-programmed and tested simulation models, ranging from simple passive elements and control 

functions, to more complex models, such as electric machines, full-on FACTS devices, transmission lines 

and cables. This free version is a fully featured edition, limited only by network size and a few other non-

essential features. It can run up to 4 simultaneous parallel simulations, 1 electrical sub-system, up to 15 

electrical nodes, up to 5 modules, up to 1024 components and up to 256 output channels.  

PSSE-Siemens  

This is a commercially available software tool. A limited edition of this tool up to 50 bus networks can be 

free-of charge is the PSSE-Siemens Xplore which includes the following components: Power Flow, 

Advanced Contingency Analysis, Steady-state Voltage Stability, Short Circuit Analysis (Balanced and 

Unbalanced), Transient Stability Simulation, Optimal Power Flow, Geomagnetic Induced Current 

Calculation, Node-breaker Modeling, Transfer Limit Analysis, and Network Reduction. 

20-sim free viewer:  

20-sim is modeling and simulation software package for mechatronic systems. With 20-sim the user can 

enter models graphically, similar to drawing an engineering scheme. With these models the user can 

simulate and analyze the behavior of multi-domain dynamic systems and create control systems. 20-sim 

includes electric, hydraulics, mechanical and thermal libraries. The free 20-sim viewer allows an Academic 

user to use all the tools and libraries of the software, but it is not permitting to save the developed models. 

PSIM SimCoupler (demo version) 

It combines PSIM with Matlab/Simulink by providing an interface for co-simulation. Part of a system can 

be implemented and simulated in PSIM and the rest in Matlab/Simulink. PSIM SimCoupler enables 

Matlab/Simulink users to implement and simulate power circuits in their original circuit form, thus greatly 

shortening the time to set up and simulate a system that includes electric circuits and motor drives. Demo 

version is free-of-charge and is limited to a circuit size limit of 34 elements. 

 

https://www.neplan.ch/neplanproduct/en-electricity/
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MATLAB based software 

Software tools co-operating with MATLAB Simulink are getting more and more common in eng8ineering 

studies. Once an Academic institution has license for MATLAB, most of these tools are add-ons or function-

scripts that can be added in the same MATLAB folder. 

MATPOWER: 

MATPOWER is a package of free, open-source MATLAB-language m-files for solving steady-state power 

system simulation and optimization problems, including power flow, continuation power flow, and 

extensible optimal power flow. It is intended as a simulation tool for researchers and educators that is 

easy to use and modify. MATPOWER is designed to give the best performance possible while keeping the 

code simple to understand and modify. In its latest versions, MATPOWER includes a framework for solving 

generalized steady-state electric power scheduling problems. This framework is known as MOST, named 

from MATPOWER Optimal Scheduling Tool. MOST can be used to solve problems as simple as a 

deterministic, single period economic dispatch problem with no transmission constraints or as complex 

as a stochastic, security-constrained, combined unit-commitment and multi-period optimal power flow 

problem with locational contingency and load-following reserves, ramping costs and constraints, 

deferrable demands, lossy storage resources and uncertain renewable generation. This is available at URL: 

http://www.pserc.cornell.edu/matpower/  

 

MATDYN: 

This is a free Matlab based open source program to perform dynamic analysis of electric power systems. 

Requires the installation of MATPOWER and is not fully developed. It can be downloaded at the URL: 

https://www.esat.kuleuven.be/electa/teaching/matdyn  

MATACDC 

MATACDC is a free MATLAB based open source program for AC/DC power flow analysis. The program uses 

a sequential AC/DC power flow algorithm and can be used to simulate interconnected AC systems and 

Multi-terminal Voltage Source Converter High Voltage Direct Current (VSC HVDC) systems. The AC/DC 

power flow problem is solved sequentially, meaning that the program solves the AC/DC power flow by 

iterating between the AC systems and the DC systems. With respect to the AC system power flow, the 

program completely relies on MATPOWER. The package has been fully integrated with the existing AC 

power flow routines developed in MATPOWER, while keeping the MATPOWER original source code 

unaltered. MATACDC shares the same philosophy as MATPOWER and MATDYN. The source code of 

MATACDC is available. 

PSAT 

The Power System Analysis Toolbox (PSAT) is a free MATLAB toolbox for electric power system analysis 

and simulation. The command line version of PSAT is also GNU Octave compatible. All operations can be 

assessed by means of graphical user interfaces (GUIs) and a SIMULINK-based library provides an user-

friendly tool for network design. The main features of PSAT are: Power Flow; Continuation Power Flow; 

Optimal Power Flow; Small Signal Stability Analysis; Time Domain Simulation; Complete Graphical User 

Interface; User Defined Models; FACTS Models; Wind Turbine Models; Conversion of Data Files from 

http://www.pserc.cornell.edu/matpower/
https://www.esat.kuleuven.be/electa/teaching/matdyn
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several Formats; Export results to EPS, plain text, MS Excel and LaTeX files; Interfaces to GAMS and 

UWPFLOW Programs; Command Line Usage; and GNU Octave Compatibility. 

Open Source Distribution System Simulator (OpenDSS): 

OpenDSS (Distribution System Simulator) is an free open‐source code software application originally 

developed by Electrotek Concepts in 1997. One of the reasons behind the development of this tool was 

the calculation of harmonics and interharmonics on the electrical distribution network. Different modules 

where later added, such as Monte Carlo analysis and annual simulations. In 2004, the software was 

purchased by EPRI in order to have a tool to simulate the advanced automation and modernization of the 

power grids. OpenDSS works by command line with its own console. It is also designed to be used with 

MATLAB or MS Excel. It can be downloaded for free online and does not require installation. It is 

programmed in Delphi language. Based on how it was designed, it can be integrated into different 

software application through a COM interface. The software does frequency‐based rather than time‐

based analysis. It is therefore not a transient state analysis tool. OpenDSS is also not traditional load-flow 

software in the sense that it does not use any non‐linear system resolution algorithm such as the Newton‐

Raphson algorithm. In fact, the software solves the circuit by using an impedance matrix, according to 

EMTP software tool, and with a particular current injection method, which enables it to find the voltage 

and current at every circuit node with very few iterations. However, unlike traditional load-flow tools, 

with OpenDSS, it is the load that has a node, and not a node that has a load. A node can therefore have 

several types of loads connected to it. OpenDSS makes it possible to define the different elements of the 

electrical distribution network: lines, cable, capacitors, voltage regulators, transformers and loads. It can 

solve imbalanced three‐phase circuits and do simulations taking into account the impedance of the 

distribution transformers. Even if the software works by command line, an interface was developed from 

the program for the graphs. Moreover, if geographical data are integrated, the software can draw the 

shape of the electrical distribution network. 

URL: http://smartgrid.epri.com/SimulationTool.aspx  

Energy efficiency Software 

The scope of this family of Software tools may include 

 Analysis of the Building Envelope and Heating Ventilation and Air Conditioning (HVAC) Systems. 

This is typically used by Energy Auditors for Energy Auditing systems. 

 Lighting design software 

 Motor efficiency and dimensioning tools. 

Building Energy Efficiency 

As buildings consume significant part of energy resources, especially electricity in isolated areas, 

improvement of the Building Energy efficiency is of significant interest. The impact of applying various 

materials on building envelope can be investigated either from simple Excel Spreadsheet to more complex 

software. This need is also implied by the compulsory energy auditing procedures especially in European 

Countries as the table below shows: 

Table 5 Energy Building Performance Software 

http://smartgrid.epri.com/SimulationTool.aspx
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Software 
Name 

Link Research Area Type of License 

TEE KENAK http://portal.tee.gr/p

ortal/page/portal/SCI

ENTIFIC_WORK/GR_E

NERGEIAS/kenak/tee

_kenak 

Energy Performance of Buildings 

Auditing software based on Greek 

Regulation 

Relatively low cost 

Commercial 

software –ore 

expensive 

integrated tools 

exist 

C3X  Energy Performance of Buildings 

Auditing software based on Spanish 

Regulation 

Free of charge –  

HULK  Energy Performance of Buildings 

Auditing software based on Spanish 

Regulation 

Free of charge  

 

 Such software tools may also include energy efficient actions in the “Systems” of a building such as HVAC 

systems, Hot water systems and replacement with solar thermal water heaters or replacement with more 

efficient lighting fixtures (without making lighting design studies). 

Energy efficiency actions (as percentage of consumption reduction) are included both in HOMER and 

mostly in RETscreen tools.  

Software tools that can help in detail simulation of Buildings are also included in this short survey. 

Home Energy Saver 

It is a government-funded website developed by Lawrence Berkeley National Lab. It includes 5 steps to 

home energy savings and sustainability. In these steps the user enters his zip code to see a typical home's 

baseline energy use and potential savings. Then he provides more information to estimate energy cost, 

consumption, and greenhouse-gas emissions for a specific home and receives a detailed list of savings 

recommendations. Finally, the user can visit the Learn area for information to help implement the 

recommendations. 

TRNSYS 

TRaNsient SYStem (TRNSYS) simulation tool (http://www.trnsys.com/) is a flexible graphically based 

software environment used to simulate the behavior of transient systems. It is a complete and extensible 

simulation environment deals mainly the problems associated with systems having transient behavior 

such as solar energy applications, buildings thermal analysis, electrical systems, HVAC etc. The basic 

philosophy of TRNSYS is modeling the individual components of an energy system as an individual black 

box. It was originally developed for solar thermal systems, which was further extended for variety of 

transient systems. 
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TRNSYS is made up of two parts. The first is an engine (called the kernel) that reads and processes the 

input file, iteratively solves the system, determines convergence, and plots system variables. The kernel 

also provides utilities that (among other things) determine thermophysical properties, invert matrices, 

perform linear regressions, and interpolate external data files. The second part of TRNSYS is an extensive 

library of components, each of which models the performance of one part of the system. The standard 

library includes approximately 150 models ranging from pumps to multi-zone buildings, wind turbines to 

electrolyzers, weather data processors to economics routines, and basic HVAC equipment to cutting edge 

emerging technologies. Models are constructed in such a way that users can modify existing components 

or write their own, extending the capabilities of the environment. 

 

TRNSYS demo 

The TRNSYS free demo version (http://www.trnsys.com/demo/ )has over 40 examples and allows users 

to create a simulation with up to 5 components and buildings with up to 2 thermal zones. The demo 

version expires annually in September; users are encouraged to download the new demo each year so 

that they have access to the most up-to-date features. 

Passive House Planning Package (PHPP) 

The PHPP is based on a MS Excel workbook in the xlsx/xlsm format. Microsoft Windows XP (or higher) and 

Microsoft Excel 2007 (or higher) are system requirements. On Macintosh, PHPP works with Excel for Mac 

2011 (or higher). As far as the authors are aware, the PHPP can also be used with current versions of 

OpenOffice or LibreOffice. However, depending on the platforms used and their programming, there may 

be limited functionality of the calculation tool or the implemented macro tools. 

PHPP is only provided as single-user license, including a detailed manual. With the license the PHPP user 

obtains a registration code which is used to register the PHPP license. Based on this registration, the user 

will receive updates of the calculation tool, or upgrade discounts for new versions of PHPP or designPH. 

The Passive House Planning Package provides reliable results for the following: 

 

 Heating demand per year [kWh/(m²a)] and maximum heating load [W/m²] 

 Cooling demand per year [kWh/(m²a)] and maximum cooling load [W/m²] (in case of active 

cooling) 

 Summer comfort in case of passive cooling: frequency of overheating [%] 

 Demand for renewable primary energy (PER) per year and primary energy demand (PE) of all 

energy services in the entire building [kWh/(m²a)] 

 Assessment of the annual renewable energy gains [kWh/(m²ground a) 

 Verification for Passive House buildings and EnerPHit retrofits 

 Detailed manual with tips for energy efficiency 

http://www.trnsys.com/demo/
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Lighting Design 

Efficient lighting is also a point of particular interest when trying to reduce energy consumption for a 

variety of end-uses. Such Lighting design software that could be of interest for lighting studies are: RELUX5 

and Dialux6 that are among the ones more widespread when conducting lighting studies. 

Motor Selection and Energy efficiency 

One of the categories with significant penetration for end-uses are motors. Increasing efficiency of motors 

or selecting correctly the motor applications would provide substantial aid to sustainability of motor end-

uses. Typical end-uses are pumps and refrigeration. 

Pumps 

Pumps are widely used in buildings in order to support pressure in the water systems. Many vendors 

provide software or on-line tools for sizing pumps. This is the case of Lowara (namely Xylem7), Wilo, DAB 

pump or circulators. These tools provide access to the Data bases of the vendors and are not generic ones. 

Oversizing of a pump is one of the main reasons for low pump efficiency. There are also spreadsheets and 

generic software tools described below 

INDAR 

INDAR has a comprehensive pump selection program. It is a special guide that contains real and updated 

data of more than 100 models of pumps and motors available. In this way the users can access to all the 

technical documentation on our solutions. In this software you can select:  

1) Water density: 1 by default. Possibility to insert another value between a lower limit of 0,995 and an 

upper limit of 1,05. Powers are affected by the density,  

2) Voltage.  

3) Starting type: Each of the starting types will have an effect on: Number of power cable leads: Direct 

Online Starter (DOL), Soft Starter and Voltage-Frequency Drive (VFD) shall consider 3 cable leads. If it is 

not possible due to motor design, the program will suggest 6 cable leads. Star-Delta: Always 6 cable leads. 

Whenever VFD is selected.  

4) Configuration: two different options for adapting the pump motor set to installation conditions.  

5) Material of construction: Different combinations available for both pump and motor. Finally, you can 

choose the Unit System: metric or English.  

This tool can be found in : https://www.ingeteam.com/indar/en-us/submersible-motor-and-pump-

set/water-engineering/c35_42_e27/selection-program.aspx  

Electrical Software - Spreadsheet For Calculating Size Of Motor Pump 

Many software tools are based on spreadsheets and Macro tools. In the following URL such an example 

exists: https://electrical-engineering-portal.com/download-center/electrical-software/calculating-size-

of-motor-pump  

 

https://www.ingeteam.com/indar/en-us/submersible-motor-and-pump-set/water-engineering/c35_42_e27/selection-program.aspx
https://www.ingeteam.com/indar/en-us/submersible-motor-and-pump-set/water-engineering/c35_42_e27/selection-program.aspx
https://electrical-engineering-portal.com/download-center/electrical-software
https://electrical-engineering-portal.com/download-center/electrical-software/calculating-size-of-motor-pump
https://electrical-engineering-portal.com/download-center/electrical-software/calculating-size-of-motor-pump
https://electrical-engineering-portal.com/download-center/electrical-software/calculating-size-of-motor-pump
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This spreadsheet calculates: 

Pump hydraulic power,motor-pump shaft power, Pump size and Motor size 

Based on the following inputs: 

Static Suction Head: (h1), Static Discharge Head: (h2) 

Pump Inlet Diameter,Pump Outlet Diameter 

Density of Liquid: (D) 

Required Amount of Liquid at perticular Height 

Required Time for getting Liquid at perticular Height 

Frction Loass in Pipe 

Pump Efficiency: (nP) 

Motor Efficiency: (nM) 

Safety Margin (As per Americal Petroleum Institute (API)) 

Applied Flow Technology 
 

Applied Flow Technology provides a complete selection of pipe flow software tools that enable customers 

in a variety of industries to design more efficient and productive piping systems. Its main product lines 

include AFT Fathom, AFT Arrow, AFT Impulse, AFT Mercury, and AFT Titan. 

AFT Fathom offers incompressible pipe flow analysis and system modeling and includes heat transfer, 

time simulation, automatic goal seeking, cost calculations, and built-in tools for piping system 

components. AFT Mercury offers all these capabilities in addition to an advanced optimization engine that 

automatically selects the best possible pipe and component sizes. 

AFT Arrow offers compressible pipe flow analysis and system modeling for steam, compressed gas, 

chemical and petrochemical process gases, and natural gas transport. This program includes adiabatic, 

isothermal, heat transfer, sonic choking, automatic goal-seeking, and cost calculations. AFT Titan offers 

all these capabilities in addition to an advanced optimization engine that automatically selects the best 

possible pipe and component sizes. 

AFT Impulse is a fluid dynamic simulation tool that measures pressure transients in piping system caused 

by water hammer. The company also offers several other software packages and services that enable 

customers to create safer and more efficient piping systems. This is available at 

http://www.pumpscout.com/pump-related-services/  

http://www.pumpscout.com/pump-related-services/
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Refrigeration/ compressors selection. 

Refrigeration for storing goods (especially sea-foods) is another type of load that may be apparent in 

island power systems. Tools for the efficient selection of Refrigeration components are summarized in 

the Table below: 

Table 6 Useful software tools for Refrigeration 

Software Name Link Type of License 

REFIPRO https://www.refripro.eu/en/03-know-

how/04-software.html 

Free of charge 

Emerson Select 8 (for 

compressors selection) 

https://climate.emerson.com/en-

gb/tools-resources/copeland-select-

software 

Commercial 

software 

Ariel Performance 

Program (Ariel7) 

https://www.arielcorp.com/performa

nce-program/ 

Commercial 

software 

 

Efficient selection of Motor- Electrical Drives is a very effective way to reduce electricity consumption for 

various Motor Applications. The following table provides a summary of the tools for the selection of 

Electrical Drives.  

Table 7 Electrical Drives software selection 

Software 
Name 

Link Research Area Type of License 

Power 

Electronics 

Simulation 

https://www.mathworks.com

/solutions/power-electronics-

control/power-electronics-

simulation.html 

Design digital controllers for power 

electronics using simulation 

Commercial 

software 

PSIM- SPICE https://powersimtech.com/p

roducts/psim/spice-module/ 

System-level and control simulation Commercial 

software 

PSIM’s 

Motor Drive 

https://powersimtech.com/p

roducts/psim/motor-drive/ 

Drive complex power electronics-

based motor control systems 

Commercial 

software 

SemiSel https://www.semikron.com/s

ervice-support/semisel-

simulation.html 

Online calculation and simulation 

tool for losses, temperatures and 

optimal choice of power electronic 

components. 

Online tool 
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Energy policy/Energy Systems Analysis 

Such tools may help in the long term analysis of the impact of a variety of various planning actions. 

LEAP 

Long-range Energy Alternatives Planning (LEAP) System is a widely-used software tool for energy policy 

analysis and climate change mitigation assessment developed at the Stockholm Environment Institute. 

LEAP is an integrated, scenario-based modeling tool that can be used to track energy consumption, 

production and resource extraction in all sectors of an economy. It can be used to account for both energy 

sector and non-energy sector greenhouse gas (GHG) emission sources and sinks. In addition to tracking 

GHGs, LEAP can also be used to analyze emissions of local and regional air pollutants, and short-lived 

climate pollutants making it well-suited to studies of the climate co-benefits of local air pollution 

reduction. 

OSeMOSYS 

Open source Energy Modeling System (OSeMOSYS) is an open source modeling system for long-run 

integrated assessment and energy planning. It has been employed to develop energy systems models 

from the scale of continents (African Power Pools, South America, EU28+2) down to the scale of countries, 

regions and villages. Designed to require no upfront financial investment, a fast learning curve and little 

time commitment to operate, it is fit for use by communities of developers, modelers, academics up to 

policy makers. Thanks to its transparency, it is broadly employed as a training and dissemination tool. 

EnergyPLAN 

EnergyPLAN is a freeware that simulates the operation of national energy systems on an hourly basis, 

including the electricity, heating, cooling, industry, and transport sectors. It is developed and maintained 

by the Sustainable Energy Planning Research Group at Aalborg University, Denmark. The model is used by 

many researchers, consultancies, and policymakers worldwide. The EnergyPLAN model has been used in 

hundreds of scientific publications and reports. 

 

Various Software Tools 

A variety of Software tools can be also used as supporting tools for implementing the curricula of 

MESfIA. More precisely, these include 

 Life Cycle Assessment Analysis 

 Optimization software 

 Technical analysis tools 

Life Cycle Assessment (LCA) analysis 

Life Cycle Assessment is an integral plan for energy planning especially when sustainability is sought. 

GaBi Education 

GaBi is a software tool with a powerful Life Cycle Assessment engine to support the following business 

applications: 1) Life Cycle Assessment (LCA), which includes Design for Environment, Eco-efficiency, Eco-

design, and Efficient Value Chains; 2) Life Cycle Costing, which includes Cost Reduction; 3) Life Cycle 
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Reporting, which includes Sustainable Product Marketing, Sustainability Reporting, and LCA Knowledge 

Sharing; and 4) Life Cycle Working Environment, which includes Responsible Manufacturing. GaBi 

Education is free-of-charge for students and professors for classroom teaching. 

SimaPro Faculty 

SimaPro Faculty is a basic version of SimaPro for education, which is one of the most widely used life cycle 

assessment (LCA) software packages. SimaPro Faculty comes as a single-user version (only one person can 

access a database or project at a time), but it can be installed on all Windows computers of department’s 

students and staff. SimaPro Faculty is only available as a one-year licence. After it expires, the software 

will run as a demo version: the user can still access your data and make calculations, but cannot make any 

changes. 

openLCA  

It is an open source and free software for Sustainability and Life Cycle Assessment (LCA), which includes 

the following characteristics: Fast and reliable calculation of a Sustainability Assessment and/or Life Cycle 

Assessment, very detailed insights into calculation and analysis results, very good import and export 

capabilities, smooth integration of Life Cycle Costing and social assessment in the life cycle model, as well 

as continuous improvement and implementation of new features. 

Optimization Software Tools 

Such tools may be very helpful in the optimal scheduling of resources and expansion planning of the grid. 

Most of the power system analysis tools incorporate functions such as Optimal Power flow, nevertheless 

optimization software tools, like the ones shown in the Table below 

Table 8 Interesting software tools for optimization 

Software Name Link Type of License 

CPLEX 
https://www.ibm.com/analytics/cp

lex-optimizer 
Free of charge for educational use 

Python https://www.python.org/ Free of charge 

PLEXOS 
https://energyexemplar.com/prod

ucts/plexos-simulation-software/ 
Commercial software 

GAMS https://www.gams.com/ Commercial software 

MATLAB 
https://www.mathworks.com/prod

ucts/matlab.html 
Commercial software 

LINDO https://www.lindo.com/ Commercial software 

https://www.ibm.com/analytics/cplex-optimizer
https://www.ibm.com/analytics/cplex-optimizer
https://www.python.org/
https://energyexemplar.com/products/plexos-simulation-software/
https://energyexemplar.com/products/plexos-simulation-software/
https://www.gams.com/
https://www.mathworks.com/products/matlab.html
https://www.mathworks.com/products/matlab.html
https://www.lindo.com/
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Mathematica 
http://www.wolfram.com/mathem

atica/ 
Commercial software 

 

Other useful tools 

Tools for Geographical Information Systems (GIS) and statistical analysis. PowerWorld Simulator includes 

some type of connection with GIS systems. ArcGIS8 is a famous commercial tool for this purpose, while 

QGIS15 is a user friendly Open Source (GIS) tool licensed under the GNU General Public License. QGIS is an 

official project of the Open Source Geospatial Foundation (OSGeo). It runs on Linux, Unix, Mac OSX, 

Windows and Android and supports numerous vector, raster, and database formats and functionalities. 

Statistical tools like R or SPSS could be useful for the analysis of collected social data. 

Questionnaire to partners 

 

Presentation of the questionnaire 

The following questionnaire was developed for the purposes of the study of this section. 

 

MESfIA Project – Software Tools for training in Engineering 

Mastering Energy Supply focusing on Isolated Areas – MESfIA is an ERASMUS+ EU funded project, is 

implemented by highly experienced partners in Greece, France, United Kingdom, Spain, Thailand, Vietnam 

and Indonesia and will run from November 2018 to November 2021. MESfIA aims to provide, via existing 

or new MSc programs of the partner countries, the capability to apply specific skills to help in the more 

efficient energy supply of isolated areas in South East Asian Countries. The project targets 

engineers/scientists at Post-Graduate level, Higher Education Institutions, and current or future 

employees of the global and local energy industry. 

This survey aims to assess the knowledge and needs of Higher Education Institutions’ staff (including 

Professors, undergraduate and postgraduate students, research associates, etc) regarding the usage of 

software tools that are mainly focused on isolated power systems operation and/or hybrid power 

systems. The final outcome of this survey will help us to understand better the training needs of MSc 

programs in partners’ countries. It will take no more than 10 minutes to answer this questionnaire. 

If you have any question about your participation in this study, you can contact the project’s Coordinator: 

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

and Ass. Prof. Yiannis Katsigiannis (katsigiannis@staff.teicrete.gr) - Hellenic Mediterranean University, 

Greece. 

A. General information 

 

1. Country of organization: 

http://www.wolfram.com/mathematica/
http://www.wolfram.com/mathematica/
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 Indonesia 

 Thailand 

 Vietnam 

 Other Southeast Asian countries 

 European countries 

 Other countries – please specify continent: ……………  

 

2. Field of highest degree: 

 Electrical engineering 

 Mechanical engineering 

 Electronic engineering 

 Chemical engineering 

 Environmental engineering 

 Economics 

 Other – please specify: …………… 

 

 

B. Fields of interest 

 

3. Your fields of interest are related to (at least two answers are possible): 

 Wind turbines 

 Photovoltaics 

 Solar thermal electricity generation 

 Solar thermal collectors 

 Hydro systems 

 Biomass – please specify biomass type: …………… 

 Geothermal heat pumps 

 Other renewable technologies – please specify: …………… 

 Energy storage 

 Thermal storage 

 Hybrid power systems without storage 

 Hybrid power systems with storage 

 Isolated power systems 

 Interconnected power systems  

 Microgrids and/or smart grids 

 Power systems with capacity less than 1 MW 

 Power systems with capacity more than 1 MW 

 Energy saving 

 Other(s) – please specify: …………… 
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4. Are you related to power systems analysis? 

 Yes 

 No 

 

5. If yes, what are your fields related to power systems analysis? (more than one answer is possible) 

 Generation 

 Transmission 

 Distribution 

 Control 

 Power system planning 

 Demand side management 

 Electric machines 

 Power flow – Optimal power flow 

 Stability 

 Fault analysis 

 State estimation 

 Other(s) – please specify: …………… 

 

C. (Optimal) sizing tools for renewable/hybrid power systems 

 

6. Are you using (optimal) sizing tools for renewable/hybrid power systems (examples are shown in the 

Table below) in your education procedure? 

 Yes 

 No 

 

7. If the answer is no, what is the reason that you are not using such software tools? 

 Their cost is high 

 They are non-relevant to my areas of interest  

 I don’t think that they are useful for training purposes 

 Other – please specify: …………… 

 

8. Regarding (optimal) sizing tools for renewable/hybrid power systems, please fill the following Table 

(more than one answer selection is possible): 

Software I am using it I am interested in 
using it 

I have never heard 
of it 

HOMER    

Hybrid2    

IHOGA    

System Advisor Model 
(SAM) 

   

RETScreen    
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Other(s) – please specify: ………………… …………………  

 

D. Power system analysis software 

 

9. Are you using power system analysis software (examples are shown in the Table below) in your 

education procedure? 

 Yes 

 No 

 

10. If the answer is no, what is the reason that you are not using such software tools? 

 Their cost is high 

 They are non-relevant to my areas of interest  

 I don’t think that they are useful for training purposes 

 Other – please specify: …………… 

 

11. Regarding power system analysis software, please fill the following Table (more than one answer 

selection is possible): 

Software I am using it I am interested in 
using it 

I have never 
heard of it 

PowerWorld (demo version)    

PowerWorld (full version)    

NEPLAN    

Digsilent    

PS CAD    

Other commercial software(s) – 
please specify: 

………………… …………………  

Custom-made software(s) – 
please specify: 

………………… …………………  

 

12. Are you using power system simulators (such as OPAL-RT and RTDS) that combine hardware and 

software? 

 Yes 

 No 

 

13. If the answer is no, what is the reason that you are not using such equipment? 

 We don’t know it 

 The cost is high – please specify maximum allowable cost: ……………  

 There is no personnel that can use it 

 

E. MATLAB based software 
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14. Are you using MATLAB based software (examples are shown in the Table below) in your education 

procedure? 

 Yes 

 No 

 

15. If the answer is no, what is the reason that you are not using such software tools? 

 I have no access to a MATLAB-licensed computer  

 They are non-relevant to my areas of interest  

 I don’t think that they are useful for training purposes 

 Other – please specify: …………… 

 

16. Regarding MATLAB based software, please fill the following Table (more than one answer selection is 

possible): 

Module I am using it I am interested in 
using it 

I have never heard 
of it 

Pure MATLAB    

SIMULINK – Simscape Power 
Systems 

   

MATPOWER    

MATDYN    

MATACDC    

PSAT    

OpenDSS    

Other(s) – please specify: ………………… …………………  

 

F. PV system design software 

 

17. Are you using PV system design software (examples are shown in the Table below) in your education 

procedure? 

 Yes 

 No 

 

18. If the answer is no, what is the reason that you are not using such software tools? 

 Their cost is high 

 They are non-relevant to my areas of interest  

 I don’t think that they are useful for training purposes 

 Other – please specify: …………… 

 

19. Regarding PV system design software, please fill the following Table (more than one answer selection 

is possible): 

Software I am using it I am interested in 
using it 

I have never 
heard of it 
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Pvsyst    

PV*SOL premium    

PV*SOL online    

archelios    

PV.MY    

BLUESOL    

SMA Sunny Design    

System Advisor Model (SAM)    

RETScreen    

HOMER    

Hybrid2    

Other commercial software(s) – 
please specify: 

………………… …………………  

Custom-made software(s) – 
please specify: 

………………… …………………  

 

G. Hydro system design software 

 

20. Are you using Hydro system design software (examples are shown in the Table below) in your 

education procedure? 

 Yes 

 No 

 

21. If the answer is no, what is the reason that you are not using such software tools? 

 Their cost is high 

 They are non-relevant to my areas of interest  

 I don’t think that they are useful for training purposes 

 Other – please specify: …………… 

 

22. Regarding Hydro system design software, please fill the following Table (more than one answer 

selection is possible): 

Software I am using it I am interested in 
using it 

I have never 
heard of it 

Alab    

TURBNPRO    

HYDROHELP    

HPP-design    

RETScreen (Hydro module)    

Other commercial software(s) – 
please specify: 

………………… …………………  

Custom-made software(s) – 
please specify: 

………………… …………………  
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H. Biomass systems design software 

 

23. Are you using Biomass systems design software (examples are shown in the Table below) in your 

education procedure? 

 Yes 

 No 

 

24. If the answer is no, what is the reason that you are not using such software tools? 

 Their cost is high 

 They are non-relevant to my areas of interest  

 I don’t think that they are useful for training purposes 

 Other – please specify: …………… 

 

25. Regarding Biomass systems design software, please fill the following Table (more than one answer 

selection is possible): 

Software I am using it I am interested in 
using it 

I have never 
heard of it 

RETScreen (Biomass module)    

HOMER    

Biogas World calculations online tool 
(https://www.biogasworld.com/biogas-
calculations/) 

   

Other commercial software(s) – please 
specify: 

………………… …………………  

Custom-made software(s) – please 
specify: 

………………… …………………  

 

 

 

I. Energy saving/Energy audit software 

 

26. Are you using Energy saving/Energy audit software (examples are shown in the Table below) in your 

education procedure? 

 Yes 

 No 

 

27. If the answer is no, what is the reason that you are not using such software tools? 

 Their cost is high 

 They are non-relevant to my areas of interest  

 I don’t think that they are useful for training purposes 
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 Other – please specify: …………… 

 

28. Regarding Energy saving/Energy audit software, please fill the following Table (more than one 

answer selection is possible): 

Software I am using it I am interested in 
using it 

I have never 
heard of it 

TRNSYS    

PHPP    

Home Energy Saver    

RETScreen (Energy efficiency 
measures tool) 

   

Other commercial software(s) – 
please specify: 

………………… …………………  

Custom-made software(s) – 
please specify: 

………………… …………………  

 

 

J. Optimization software 

 

29. Are you using optimization software (examples are shown in the Table below) in your education 

procedure? 

 Yes 

 No 

 

30. If the answer is no, what is the reason that you are not using such software tools? 

 Their cost is high 

 They are non-relevant to my areas of interest  

 I don’t think that they are useful for training purposes 

 Other – please specify: …………… 

 

31. Regarding optimization software, please fill the following Table (more than one answer selection is 

possible): 

Software I am using it I am interested in 
using it 

I have never 
heard of it 

PLEXOS    

GAMS    

MATLAB modules    

Python    

CPLEX    

LINDO    

Mathematica    

Other commercial software(s) – 
please specify: 

………………… …………………  
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Custom-made software(s) – 
please specify: 

………………… …………………  

 

K. Other software (non mentioned) 

 

32. Are you using other related software that wasn’t mentioned above in your education procedure? 

 Yes 

 No 

 

33. If the answer is no, what is the reason that you are not using such software tools? 

 Their cost is high 

 They are non-relevant to my areas of interest  

 I don’t think that they are useful for training purposes 

 Other – please specify: …………… 

 

34. Regarding other related software that wasn’t mentioned above, please fill the following Table (more 

than one answer selection is possible): 

Software Related field I am using it I am interested 
in using it 

I have never 
heard of it 

LEAP Energy policy    

Gabi LCA analysis    

WAsP Wind systems    

Other commercial 
software(s) – please 
specify: 

………………… ………………… …………………  

Custom-made software(s) 
– please specify: 

………………… ………………… …………………  

 

Thank you for your cooperation! 

 

Analysis of the questionnaire responses 

The questionnaire had 13 answers from partners in Greece, France, Spain, Vietnam, Thailand and 

Indonesia. 7 of the answers come from Asia. All the participants organizations have engineering 

background with the vast majority (75%) electrical engineering and 25% mechanical engineering. The 

specific fields of interest are summarized in the following chart. Notably response for Hydro power 

systems come from Asian partners while only Vietnamese partners state that they have as field of interest 

wind power systems. The most popular research interests were storage and microgrids/smart grids. More 

than half of the answers included energy saving, whereas popular choices were the PVs and isolated 

power systems.  
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Figure 16 Analysis of research interests of the responders 

 

All but one partners have stated that their research interests include power system Analysis. The subfields 

of Power systems analysis are summarized below. 

 

Figure 17 Research interest relevant to Power Systems 

 

Results on Software analysis 

 

Generic use of Software in the various fields 

In this section the extent that the various responders use software tools on their activities is shown. Not 

all partners use software tools for every category under study.  
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The examined categories of software tools in this study were: 

 Optimal sizing tools for renewable/hybrid power systems 

 Power system analysis software 

 MATLAB based software 

 PV system design software 

 Hydro system design software 

 Biomass systems design software 

 Energy saving/Energy audit software 

 Optimization software 

 Other categories 

 

The number of responders with negative answers on the use of various software tools per category is 

shown below. All partners for at least one educational field have stated that they use some kind of 

software while only one partner from Vietnam has stated that uses software for all the specified fields. Is 

should be noted that all partners who do not use software for PV, Energy audit and optimization software 

come from Asia. Most of the end-users do not use Hydro modeling Software. 

 

 

Figure 18 Number of responders that do not use software tools in education per research field. 

The questionnaire investigated also the reasons for not using software tools. The reason may be high cost 

combined with irrelevance to the field of study. At least 2 partners from Asia would use Sizing tools for 

renewable/hybrid power systems or Biomass sizing software in case the cost would have been lower. 

Thus, freeware or demo editions would make these partners more willing to use such software in 
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educational procedures. However, the most common reason is the lack of relevance of the software with 

the research interest of the responders.  

Especially for power system simulators (such as OPAL-RT and RTDS) that combine hardware and software 

negative answers was the rule. For the remaining 69.2% (10 participants), 6 of them answered that they 

are not using them due to their high cost, 5 of them answered that there is no personnel that can use 

them, and 2 of them answered there they didn’t know the existence of such tools.  

For the various software tools of the above mentioned categories a list of popular software tools was 

listed. The available answers for each tool were: 

 We are using it 

 We are interested in using it 

 We are not considering it useful for training purposes 

 We have never heard of it 

 

Various Renewable Energy Software tools 

The tools reviewed are 

 Generic Renewable Energy sources tools 

 PV System Design 

 Hydro System Design 

 Biomass Systems Design 

 

Regarding optimal sizing tools for renewable/hybrid power systems, 69.2% of the participants were using 

them. For the remaining 30.8%, the main reason for non-usage was the non-relevance to Institution fields. 

3 of the partners do not consider such software tools as useful for their activities while 2 of them consider 

them as expensive for their budget. 

Figure 19  shows the distribution of answers for the proposed tools. HOMER and RETScreen are the most 

popular, whereas many participants consider as interesting alternatives the free-of-charge SAM and 

Hybrid2. 
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Figure 19 Answers regarding optimal sizing tools for renewable/hybrid power systems. 

 

Figure 20 Answers regarding PV system design software. 

PVwatts Calculator 9 has been stated by Thai partners as a potential tool. 
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Figure 21 Answers regarding hydro system design software. 

 

Figure 22 Answers regarding biomass systems design software. 

 

Power System analysis 

Most of the partners do not consider as solution RTDS as they consider high. Thus it will be difficult to be 

considered in the training process. The questionnaire also included the option of declaring the maximum 

cost for such tools. Four answers were collected that incuded 25,000 Euros, 50,000 Euros, 200 millions 
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IDR (approximately 13,000 Euros), whereas for one participant this upper limit depends on its annual 

budget. 

Regarding power system analysis software, 76.9% of the participants were using them. For the remaining 

23.1%, the main reasons for non-usage were the high software costs and the non-relevance to Institution 

fields. Figure 23 shows the distribution of answers for the proposed tools. The free-of-charge demo 

version of PowerWorld was the most popular option,however 3 Partners have never heard of Power 

World (either in Demo or full version).Two participants mentioned 20-Sim10 software and one perticipant 

mentioned PSSE-Siemens. 

 

Figure 23 Reponses on the uses of Power System Analysis Tools 

 

Regarding MATLAB based software, all participants state that they are using it but not all of them for 

Power systems analysis. Figure 24  shows the distribution of answers for the proposed tools. Apart from 

pure MATLAB, popular answers were SIMULINK (Simscape Power Systems) and MATPOWER, whereas all 

proposed tools (MATDYN, MATACDC, PSAT, OpenDSS) seem to be an interesting option for a large portion 

of participants. One participant mentioned PSIM SimCoupler, which provides an interface for co-

simulation with MATLAB/ SIMULINK) and one participant mentioned Control Systems Toolbox of MATLAB. 
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Figure 24 Answers regarding MATLAB based software. 

 

Energy Audit Software 

4 of the partners do not use energy efficiency tools all of them in Asian countries. Spain and Greece use 

local auditing software. The most famous generic software used is TRNSYS. The other software 

investigation is shown in the Figure below.  

 

Figure 25 Use of Energy Saving Tools 

Other tools 

Two partners from Vietnam do not use optimization software. The tool mostly used is MATLAB and 

Python.  
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Figure 26 Answers regarding optimization software. 

Regarding other relevant tools few have heard about Life Cycle Assessment tools but another option for 

such a tool is SIMAPRO (LCA Analysis)11. Regarding Wind Power, WindPRO12 has been also tested by one 

partner. 

 

 

Figure 27 Answers regarding software tools of other categories. 

 

Open Source Energy Modeling System (OSeMOSYS)13 has been also stated as a software for energy 

modeling and planning from Indonesian partners and Spanish partners have stated that they use 

EnergyPlan14 in their studies and educational process. As a tool that could be of interest is the QGIS15 tool 

A Free and Open Source Geographic Information System that is used by Spanish Partners. 

Equipment Procurement procedure in the participant organizations of 

MESfIA  
 

The available budget per Asian partner is 20,000€. In order to timely have the equipment it is required to 

have an idea of the different procedures per partner as this may vary among institutions of the same 

country. These procedures may be time-consuming even for relatively low budget. Some of the questions 

arisen are: 

• What is the procedure for obtaining equipment up to 20,000€? 
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 • What is the procedure with VAT, if you have and if you can recover it. 

• How much it takes from the moment that you ask for the equipment (giving the specifications) till the 

tendering date? 

• How much will it take to finalize the tendering process if required? 

• How much does it usually take for the equipment to enter the institution after all of this procedure? 

• Is there any differentiation between software and hardware equipment procurement procedures? 

In the following sub-sections, the equipment procurement in various partner organizations are 

described. 

Thai Partners 

Asian Institute of technology (AIT) 

At the Asian Institute of technology (AIT), the Office of Procurement, Inventory and Assets (OPIA) is 

responsible for purchasing of goods and services for the institute and its projects. AIT has four types of 

procurement methods as described below: 

1) Price agreeing (negotiating) method is used for the purchasing goods/services not exceeding THB 

100,000 (I.e. about 2800€) in a single contract 

2) Price inquiry (selective tendering) method is used for procurement of goods/services in the range 

of THB 100,000 and THB 2,000,000 (i.e about 57500€), with a minimum of two quotations. 

3) Competitive bidding (open tendering) method is used for obtaining all goods/services above THB 

2,000,000.  

4) Special (limited tendering) method is used only under specific circumstances when the 

goods/services are offered by government agencies/international agencies/foreign enterprise, need to be 

procured urgently, the goods/services are very specific and need expertise for maintenance by the 

manufactures.  

Once the method for procurement is decided, the following steps must be followed for the final purchase 

of the goods for 1), 2), and 4) methods of purchasing.  

 

Step 1 Conduct a survey of sellers who are selling the desired product and request quotations 
from them. Compare quotations and select the cheapest one but the one that delivers the 
desired quality of goods/services/maintenance help. 

Step 2 Prepare the purchase request form and attach the quotation/quotations and submit to 
OPIA after approval from the unit heads for further processing. 
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Step 3 The purchase request will then be forwarded to the Office of Finance (OFIN) to check for 
sufficient funds in the project account. If sufficient funds are available, OFIN will re-forward 
the purchase request to OPIA.  

Step 4  OPIA will contact the seller and issue the purchase order. It will also find out the payment 
procedure from the seller and process the payment accordingly (cheque/bank transfer) after 
receiving the invoice. 

Step 5 The goods will be delivered to the project staff/unit that had placed the purchase request.  

 

Naresuan University 

The steps to be followed are as follows 
1.  Each Item must be approved by Dean and select the equipment specification and acceptance 

committee  
2.  Specification of each item be approved by Dean. 
3.  Payment process 
4. Receive the equipment, approved by acceptance committee. 
 
There is a difference however in the procedure for obtaining equipment  
If the price of the equipment is below 14,200€ (less than 500,000 Baht) then the procedure may be 
finalized within two months. However, if the price exceeds this value then the process is an open 
competitive bidding process, take very long time, at least 6 months, to be finalized. Additionally to these 
6 months a three-month period may be required for required to issuing the tender. Thus the usual period 
for the equipment to enter the institution after all of this procedure may in general last up to six - eight 
months. 
This buying equipment at blocks of prices that each one is less than 14,200€ to build up a whole system is 
an easier procedure. 
 

Vietnamese Partners 
The Equipment Procurement documents The documents package of the equipment procurement are as 

seven steps as below: 

Step 1: Submit the Statement to the university to get permission of buying the equipment. 

Step 2: University issues the Decision on approving the equipment cost estimate 

Step 3: University issues the Decision on approving the bidding plan 

Step 4: University issues the Decision to approve contractor selection results 

Step 5: Signing the Contract 

Step 6: Minutes of acceptance and liquidation 

Step 7: Equipment handover minutes 

Indonesia Partners 
• What is the procedure for obtaining equipment up to 20,000€? 
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 If the equipment to be purchased is in the form of a single item, tender must be carried out and it takes 

30-40 days until a contract is formed and added time until the equipment are delivered. 

If the equipment consists of hardware and software and different vendor, and one of the hardware or 

software values is not more than IDR 200, 000,000 ((approximately in Euro 12500) then the hardware and 

software can be purchased separately. The time required is only the time of delivery plus preparation for 

1 week purchase. 

 • What is the procedure with VAT, if you have and if you can recover it. 

All equipment prices must include applicable taxes in Indonesia, and partners must be able to pay and 

report taxes. 

 • How much it takes from the moment that you ask for the equipment (giving the specifications) till the 

tendering date? 

If the budget has been recorded at UGM and vendors / distributors in Indonesia are there for the 

equipment, the preparation process until the tender and the contract approximetely takes 40 days. 

The next time until the goods arrive depends on the delivery time. 

 • How much will it take to finalize the tendering process if required? 

The preparation process until the tender and the contract approximately takes 40 days 

 • How much does it usually take for the equipment to enter the institution after all of this procedure? 

Only depending on delivery time and delivery deadline must be in the contract. 

 • Is there any differentiation between software and hardware equipment procurement procedures? 

If the hardware and software are different vendors, the purchase / auction can be done separately. If 

the hardware and software is a unit of equipment / systems and one vendor, the purchase must be at 

the same time. 

Common characteristics 
The above mentioned procedures share in common the following characteristics 

For obtaining equipment approval of the Dean or a specialized office is required. The process varies with 

the cost of the equipment. More precisely, for Naresuan University the limit is 14,200€ and for UGM this 

limit is 12,500€. The time required may range from 30-40 days and may easily reach up to 6 months.  

There is not significant difference when buying hardware equipment or software equipment. 



Review of Laboratory Equipment-Task 1.3 

 65   
 

Distance Learning Tools 
The aim of this section is to provide information on Distance Learning tools and their capabilities. The 

literature review following along with responses from questionnaire sent to the partners will help us 

identify: 

 Potential tools for Distance learning (e.g. Zoom, Moodle etc). Which one of them are for free 

end-uses, which of them can be granted academic license, which one of them should be paid? 

 Description of the key characteristics of these tools. 

 What are the minimum requirements in terms of (Software equipment, Internet connection, 

sound and camera analysis?) 

 Partners and Distance learning Tools.  

o What are the tools that the partners of MESfIA use?  

o Are they familiar to using such tools?  

o In what extent and at what context do they use such tools? 

 Any suggestions? 

Review of Distance Learning Tools 
The Distance Learning Tools reviewed fall in the following categories: 

Teleconference Tools are tools that facilitate the meeting of people in different locations using 

telecommunications. Depending on the tools used, users can exchange information through audio, video 

and data sharing, via the implementation of telephone conferences, videoconferences and web meetings 

Distance Learning Tools are programs, applications or technologies that can be accessed via the internet 

and enhance teachers’ ability to present training material and students’ ability to access it. They can 

provide autonomy to both teachers and students, while at the same time facilitate communication 

between them. 

 

Learning Management Systems are software applications for the administration, documentation 

tracking, reporting, and delivery of educational courses, training programs or learning and developing 

programs 16.  

 

Teleconference Tools 

Some of the most commonly used teleconference tools are described here: 

 Skype: Skype is a Microsoft product available for free to users. It provides features such as audio 

and HD video calling, smart messaging, screen sharing, file sharing, call recordings, voicemail, etc. 

 Skype for Business (replaced by Microsoft Teams): Microsoft Teams is available to universities 

and schools through the integrated packages of “Microsoft Office 365 – Education” (one available 

free version and two versions for a fee, according to products provided). 
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 Zoom: Zoom is a cloud platform for video and audio conferencing, collaboration, chat, and 

webinars across mobile devices, desktops, telephones, and room systems. Its main features are 

available for free, while there are also available packages with additional features for a standard 

fee (Pro Package for Small Teams, Business Package for Small and Medium Businesses, and 

Enterprise Package for Large Enterprises). “Zoom for Education” (paid service) is available for 

universities and schools that wish to improve student outcomes with secure video communication 

services for hybrid classrooms, office hours, administrative meetings, and more. 

 GoToMeeting: The user can host an on-line meeting after downloading the relevant software for 

free. GoToMeeting offers extra services (paid) through various packages (Starter, Pro, Plus, 

Enterprise). An additional GoToWebinar extension can be used for training providers (7 days free 

trial and then for a specific fee). 

 TrueConf: The main features of TrueConf are provided to users for free (Video Call FullHD, 

Collaboration Tools, Secure Communcation). For extra features such as video lecture and video 

meetings, the customer has to choose one of the products offered at a fixed price. 

 ClickMeeting: ClickMeeting offers various webinar options for enterprises and organizations. For 

academic purposes, it provides the option of Moodle integration for the creation of virtual classes, 

scheduling lectures, communicating with participants, sharing educational material, etc. Three 

paid solutions providing different features according to customers’ needs are available to users 

(MyWebinars, MyWebinars Pro, Enterprise), while a one-month trial period is offered too. 

 

Distance Learning Tools 

Here are some widely used Distance Learning Tools: 

 WeVideo: WeVideo is the online video editor that makes it easy to capture, create, view and share 

movies and videos at up to 4K resolution. It offers different plans for a standards fee according to 

users’ needs, particularly for individuals/businesses and schools/districts. 

 Scrible: Scrible offers paid individual plans according to users’ needs and activities (students, 

educators, administrators). The basic features are offered for free. 

 Moodle: Moodle is a learning platform designed to provide educators, administrators and 

learners with a single robust, secure and integrated system to create personalized learning 

environments. There are three ways a customer can use Moodle: install on their server (self-

hosted, free), run it on Moodle’s server (MoodleCloud, free trial, paid Plans), get it set up with the 

help of a certified Moodle partner.  

 Zoom: Zoom is a cloud platform for video and audio conferencing, collaboration, chat, and 

webinars across mobile devices, desktops, telephones, and room systems. Its main features are 

available for free, while there are also available packages with additional features for a standard 

fee (Pro Package for Small Teams, Business Package for Small and Medium Businesses, and 

Enterprise Package for Large Enterprises). “Zoom for Education” (paid service) is available for 

universities and schools that wish to improve student outcomes with secure video communication 

services for hybrid classrooms, office hours, administrative meetings, and more. 
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Learning Management Systems 

Here are some of the most well-known systems: 

 Canvas: The Canvas Learning Management Platform allows schools to build the digital learning 

environment that meets the needs of both the institution and the students. The cost to implement 

Canvas varies based on size, training, support and other localized factor, but in general, it includes 

a one-time implementation fee and an annual subscription fee based on total number of users. 

 Articulate: Articulate 360 provides all the relevant resources for the effective development of an 

e-learning project, including award winning authoring apps such as Storyline 360 and Rise 360, 

templates, characters, photos, videos, etc. for the enrichment of courses, live online training 

options and other. It offers different paid alternatives for freelancers, companies and academic 

institutions. 

 Blackboard: Blackboard is a web-based server software that offers the opportunity to add online 

elements to face-to-face course or even deliver a course exclusively online. It contains various 

applications and platforms to fit the needs of the user, for example Blackboard Learn for the 

development a fully responsive interface and Blackboard Collaborate for a full virtual classroom 

experience. Most of Blackboard’s services are provided for a standard fee, while a free trial period 

is available in specific cases. 

 Edmodo: Edmodo is a global education network that helps connect all learners with the people 

and resources needed to reach their full potential. Educators can share training content, assign 

tasks to learners and directly communicate with them, while learners can only access Edmodo if 

invited to do so by an educator. Edmodo’s services are provided for free, but if a user needs to 

integrate Edmodo with an existing Student Information System (SIS), Edmodo Sync will have to be 

purchased for a one-time fixed cost. 

 Docebo: Docebo’s Learning Platform is powered by artificial intelligence, and is equipped with 

innovative apps and features to meet the current and future needs of users. It supports 

integration of authoring tools like Elucidat and Lectora, web conferencing apps like GoToMeeting 

and Zoom, social media apps like Facebook and LinkedIn, as well as other every-day apps like 

Gmail, Google Drive, and GSuite. It offers different paid plans based on the number of learners, 

features needed and services provided (free trial available). 

 

Most of the above-mentioned tools do not require any specific software or hardware equipment. For 

applications that are not cloud-based only, the user might have to download and install the relevant 

software. Hardware equipment is usually not an issue for this kind of applications, even though very low 

requirement equipment can affect the quality of the provided services. For satisfying results during 

interactive activities through these tools (calls, video calls, share screening, etc.), the following bandwidth 

requirements are recommended by developing companies:  

 

Table 9 Bandwidth requirements for a variety of distance learning tools and activities undertaken 

 Call type Bandwidth requirements 

Skype  Calling 30kbps/30kbps 
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Video calling / 
Screen sharing 

128kbps/128kbps 

Video calling 
(high-quality) 

400kbps/400kbps 

Video calling 
(HD) 

1.2Mbps/1.2Mbps 

Group video 
(3 people) 

512kbps/128kbps 

Group video 
(5 people) 

2Mbps/128kbps 

Group video 
(7+ people) 

4Mbps/128kbps 

Skype for Business 
(now Microsoft 
Teams) 

Peer-to-peer audio calling 30 kbps 

Peer-to-peer audio calling and screen 
sharing 

130 kbps 

Peer-to-peer quality video calling 360p 
at 30fps 

500 kbps 

Peer-to-peer HD quality video calling 
with resolution of HD 720p at 30fps 

1.2 Mbps 

Peer-to-peer HD quality video calling 
with resolution of HD 1080p at 30fps 

1.5 Mbps 

Group Video calling 500kbps/1Mbps 

HD Group video calling (540p videos 
on 1080p screen) 

1Mbps/2Mbps 

Zoom 

Single screen 2.0 Mbps 

Dual screen 2.0 Mbps/4.0 Mbps 

Triple screen 2.0 Mbps/6.0 Mbps 

Screen sharing only 150-300kbps 

Audio VoIP 60-80kbps 

GoToMeeting 

Webcam sharing (HDFaces) 0.7 Mbps 

Screen sharing 0.04 Mbps 

Computer audio (VoIP) 0.04 Mbps 

TrueConf 
Video Call HD 1.24 Mbps/1.24 Mbps 

Video Call FullHD 2.48 Mbps/2.48 Mbps 

ClickMeeting 

 Attendee Presenter 

Audio 256 kbps 512 kbps 

Audio + video 512 kbps 512 kbps 

Audio + video + screen sharing 1024 kbps 2048 kbps 

3 camera feeds 2048 kbps 3072 kbps 

4 camera feeds 3072 kbps 4096 kbps 

5 camera feeds 4096 kbps 5120 kbps 

6 camera feeds 5120 kbps 6144 kbps 

7 camera feeds 6144 kbps 7168 kbps 
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Distance Learning tools used by the partners of MESfIA 
This questionnaire was prepared in order to identify with which distance tools, MESfIA partners are 

familiar with. This will allow the consortium to select the most appropriate such tool.  

Questionnaire 

The following questionnaire was administered to all partners of the MESfIA Project in order to identify the 

distance learning tools and learning management systems they use. 

Survey on Distance Learning Tools and Learning Management Systems 

This questionnaire will provide the necessary feedback on the distance learning and teleconference tools 

and systems that are currently being used by the partners of the Project. The questionnaire, also, 

examines various characteristics of these tools and systems, as well as the level of familiarity on behalf of 

responding partners. The results of this survey will be analysed and incorporated to the Report developed 

under D1.3: Survey on Lab Infrastructures and Distance Learning. 

Partner Organization: …………………………………………………………………………………… 

 

Teleconference Tools 

Teleconference enables users to hold on-line meetings with people situated in different places. It may 

provide options of video calling, screen sharing, document sharing, etc. 

1. How frequently do you use teleconference tools? 

□ Every day 

□ Once a week 

□ Once a month 

□ Other: 

 

2. Which of the following teleconference tool do you use? 

 Paid Free of Charge Not used 

Skype (and/or Skype 
for Business) 

   

Zoom    

GoToMeeting    

TrueConf    

ClickMeeting    

MeetingBurner    

 

3. Do you use any other teleconference tool? Is it free of charge? 

…………………………………………………………………………………………………………… 

 

4. Is it a cloud-based tool or do you have to download and install specific software? 

□ Cloud-based 
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□ Software needed 

 

5. With which of the following operating systems is it compatible? 

□ Microsoft Windows 

□ macOS 

□ Linux 

 

6. Is there a relevant Mobile Application available? 

□ No, there is not 

□ Yes, for iOS devices 

□ Yes, for Android devices 

□ Yes, for both iOS and Android devices 

 

7. Is there a limit of participants for the teleconference? 

□ No, there is not 

□ Yes, up to 5 people 

□ Yes, up to 10 people 

□ Other: 

 

8. Is there a limit of duration for the teleconference? 

□ No, there is not a limit in duration 

□ Yes, up to half an hour 

□ Other: 

 

9. Additional features: 

□ Video calling 

□ Document sharing 

□ Screen sharing 

□ Other: 

 

Distance Learning Tools 

Distance Learning Tools are necessary for the effective implementation of distance learning, which a way 

of learning remotely, without being in regular face-to-face contact with a teacher in a classroom. 

Nowadays, distance learning is usually provided through internet-based tools. 

 

10. Which of the following Distance Learning Tool do you use? 

□ WeVideo 

□ Scrible 

□ Speek 

□ Moodle 

□ Zoom 
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□ None: 

 

11. Is it free of charge? 

□ Yes 

□ No 

 

12. With which of the following operating systems is it compatible? 

□ Microsoft Windows 

□ macOS 

□ Linux 

 

13. Please briefly describe the main features of the Tool you use (what does it offer) 

…………………………………………………………………………………………………………… 

 

Learning Management Systems 

A Learning Management System is a software application for the administration, documentation, tracking, 

reporting and delivery of educational courses, training programmes and/or learning and development 

programmes. 

 

14. Which of the following Learning Management System do you use? 

□ Moodle 

□ Canvas 

□ Articulate 

□ Blackboard 

□ Edmodo 

□ Docebo 

□ None: 

 

15. Is it free of charge? 

□ Yes 

□ No 

 

16. With which of the following operating systems is it compatible? 

□ Microsoft Windows 

□ macOS 

□ Linux 

 

17. Please briefly describe the main features of the System you use (what does it offer) 

…………………………………………………………………………………………………………… 
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Review of the responses 

A survey on the distance learning and teleconference tools and systems used was carried out among the 

MESfIA partnership, based on the questionnaire developed by Eurotraining Educational Organization. All 

partners responded to the questionnaire, providing useful input for the types and frequency of use of 

such tools. This valuable input will be utilized for the selection of the most appropriate methodology for 

distance learning for the MESfIA Project. 

The survey’s results indicate that even though most partners frequently use teleconference tools, there 

are also partners who do not include them in their every-day routines and may not use them for months. 

Most partners responses on which tool they use when needed were gathered among three tools: Skype, 

Zoom and GoToMeeting, while WEBEX and Webinar from CISCO were also mentioned. The majority of 

these tools is cloud- based, provided for free (when a fee is required, it is paid by the university), and 

compatible with the most common operating systems. 

For distance learning tools, Moodle was the most “famous” option among partners. Zoom was, also, 

mentioned as a useful learning tool, while a partner responded that their University has developed its 

own distance learning tool, called “eLOK”. Moodle was selected by most partners as the Learning 

Management System they mostly use, too. One partner picked out Blackboard, two partners mentioned 

that their Universities use their own Learning Management Systems, while three partners that they do 

not use any. 

 

Conclusions and Recommendations 

It seems that most partners’ habits coincide in two tools: Skype as a teleconference tool and Moodle as a 

distance learning tools and Learning Management System. 

As already mentioned, Skype is a Microsoft’s application for video chat and voice calls between 

computers, tablets, mobile devices, and smartwatches via the internet. The application supports Audio 

and HD video calling, smart messaging, screen sharing, phone calls, call recordings, and private 

conversations. It, also, offers low cost packages for international calls on mobiles and landlines. It is 

available for Windows, iOS, Android, Mac and Linux, thus ensuring accessibility for all. Taking into 

consideration partners’ familiarity with the application as well as the services offered free of charge, Skype 

could be a valuable and probably the most appropriate teleconference tool for the MESfIA partenrhsip. 

Moodle is a free and open – source learning management system distributed under the GNU General 

Public License, a free software license which allows end users to run, study, share and modify the 

software. Moodle is designed to provide educators, administrators and learners with an integrated system 

to create personalized learning environments. The software can be downloaded to users’ web servers. It 

can run on Windows, macOS, Linux, Unix, FreeBSD, NetWare, and other operating systems that support 

PHP. The main features of Moodle include: responsive and accessible interface, personalized dashboard, 

collaborative tools and activities, all-in-one calendar, file management, simple text editor, track progress 

and notification tools, and others. Administrators can manage user roles and permissions, secure 

authentication and mass enrolment, proceed to bulk actions (e.g. e-mails), generate reports on activity 

file:///C:/ISlandES/1.3/Lab%20infrastructure_1.3V1_Eurotraining.docx%23_Questionnaire
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and participation, etc. In general, Moodle offers a fully integrated package of open-source Learning 

Management Systems services and is widely considered as a valuable e-learning tool. Given the fact that 

most partners already use Moodle in combination with the provided services for free, Moodle can be 

identified as the most appropriate choice for the MESfIA Project. 

 

TALOS INFRASTRUCTURE 
Scope of the Test station and Description of the site 

The Talos HV Insulator Test Station is located in Heraklion of Crete (Figure 28). This outdoor 

insulator test station is a result of a long term investment and development by Hellenic Electricity 

Distribution Network Operator S.A, engineers of Public Power Corporation and local specialists. The name 

Talos came from the Greek mythology. Talos was a mythic giant, made of bronze, guarded the island of 

Crete against intruders coming from the sea. 

The scope of the tests, conducted in Talos, is to assess the performance of insulators in heavily 

polluted conditions as affected by the type, the geometry and also the material composition of insulator. 

The results of the tests significantly contribute to improve the reliability and the availability of high voltage 

transmission network through the selection of the most suitable insulator designs. Also the assessment 

of the aged insulators can help in better understanding of the relevant ageing mechanisms. The latter is 

required for improving the risk assessment of external insulation problems before these evolve into 

unplanned outages 

 
 

Figure 28 The island of Crete. The red lines show the 150 kV overhead transmission lines. 

 

Equipment description and experiments that can be performed 

The test station is in close distance to the Cretan Sea and it has three testing bays (Figure 29): 

1. 20 kV testing bay for post and suspension insulators 

2. 150 kV testing bay for post insulators  

3. 150 kV testing bay for suspension insulators  

The testing bays are located between the shore and the chimneys of the neighboring Linoperamata 

Power Plant (Figure 30).  
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Figure 29 Three testing bays of Talos insulator test station, (b) Location of Talos insulator test station. 

 

 

Figure 30 Location of Talos insulator test station 

 

At the testing bays, a variety of 21 kV and 150 kV suspension and post insulators are continuously 

stressed by high voltages in combination with the heavy marine and industrial pollution. Each insulator is 

connected to a leakage current monitoring system (Figure 31) in order to detect surface discharge activity. 

Also the test station is equipped with an on-site weather station so as to record the local meteorological 

data such as humidity, temperature, UV, rainfall and wind speed (Figure 32). A high current generator at 
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the site is used for clamp testing. Leakage current is indicative of discharge activity on the surfaces of 

contaminated insulators and is used as indicator of insulator flashover procedure. 

 

 
Figure 31  Leakage current monitoring system of insulator. 

 
Figure 32 Meteorological station 

 

More than 60 different insulator specimens have been under testing in Talos test station. The 

samples are new as well as naturally aged non-ceramic or ceramic insulators. Indicatively the test 

insulators are composite insulators and RTV SIR coated or uncoated ceramic discs of standard or anti-fog 

profile as well as coated and uncoated ceramic insulators. The 21 kV ceramic and composite insulators 

are installed in a vertical orientation to the ground in order to simulate the real service conditions (Figure 

33  ).  
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Figure 33  21 kV post and suspension insulators 

In addition to leakage currents measurement conducted in the three testing bays, the Talos Test 

Station is also equipped with a power-driven gantry structure (Figure 34). Different types and geometries 

of non-energized insulators are installed on this structure. At certain time intervals ESDD and NSDD tests 

are conducted in order to assess the severity of pollution accumulation. The automatic control of the 

structure allows the easily rise up and down of insulators, thus the insulators can be easily inspected. 

 
Figure 34 Power-driven gantry structure for pollution measurements. 

Also, video cameras have been installed around the test station. This allows continuously 

monitoring of the surface discharges on insulators (Figure 35).  

The facility is also equipped with water spraying equipment (Figure 36), offering the advantage of 

adjustable levels of water salinity. By adding salt in the water, the salinity of the water is increased thus 

the discharge activity on the surface of insulator is accelerated. This allows to understand the performance 

of insulator in severe polluted conditions. The results from this test can be used to detect any hidden 
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defects, poor design or premature ageing of insulators, especially in the case of composite insulators and 

RTV-coated insulators.” 

 
Figure 35 Flashover of a post insulator. White arrow shows the spray equipment. 

Additionally a high current generator at the site is used for clamp testing (Figure 36). 

 
Figure 36 Clamp testing. 

 

Further information for the Talos Insulator Test Station can be provided by the link: 

http://talos-ts.com/ 

Remote Education Capabilities 

The main testing facilities are summarized as follows: 
 Insulator Testing: 21 kV and 150 kV post and suspension insulators, 
 Long term leakage current monitoring of multiple specimens 
 Synchronized meteorological and voltage measurements 
 Monitoring statistical parameters (min/max values, RMS, surface charge, etc) 
 Monitoring leakage current waveforms 
 Signal processing, denoising & classification 

http://talos-ts.com/
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 Correlation to meteorological parameters 
 Measuring: ESDD, NSDD, UV, humidity, temperature, wind speed & direction, precipitation 
 Clamp testing: 1060A maximum continuous supply capability 

 

 The TALOS test station is in fact a fully functional high voltage substation, in the grid and in the same 
time available for operation without influencing grid operation or stability. Therefore, it is possible to 
demonstrate various issues regarding grid operation, such as: 
o Electrical safety  
o Switching operations  
o High voltage equipment as transformers, circuit breakers, isolators, CTs, VTs etc. 
o Protection systems such as differential protection, overcurrent protection etc 
 Leakage current measurement is a technique suitable for remote monitoring, provided the 

appropriate equipment. Currently the test station bays are equipped with Labview based DAQ 
platforms, capable of simultaneous measurements of different insulators and long-term 
measurements. This setup allows simultaneous testing of different insulators (material, geometry 
etc) or insulation systems (cable terminations) and in the same time the ability of applying 
efficient user developed data acquisition techniques, to detect features or parameters that 
indicate the system performance. Specimen from other countries can be used as well for this 
purpose. 

 Testing or demonstrating the operation of equipment, such as offshore substations etc it is 

possible due to the proximity of the sea coast.  

 Further it is possible to run parallel tests in the field and in a laboratory using the same test setups 
 New efficient monitoring techniques, such as drones, FRA measurements etc can be 

demonstrated.  

 Environmental measurements are also possible with the already installed equipment 

(meteorological station) or equipment that will be installed (UV sensors). Such data can be used 

as actual data for sizing RES. 

 
All the above education items can be organized or correlated in lectures and can be available through 

internet to remote sites .It is also possible to see a test in progress or acquire information such as leakage 

current measurements, weather measurements etc and include this information in lectures.  

These lectures and especially the specific experiments can be recorded and streamed accordingly during 

the lectures. Of particular interest for the project are experiments for coastal conditions, usually found in 

Islands. This requires cameras but not so quick internet connection at TALOS site. 

Another idea is parallel testing where similar tests can be held in field and laboratory sites. This is more 

expensive as it would require more sophisticated IT equipment (cameras, servers etc) and an internet 

connection according to the specifications of Table 9. 
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Conclusions 
This survey has identified what hardware experiments are usually performed by the partners of MESfIA. 

This will help greatly in the Development Phase and in selecting equipment to be bought. Low cost and 

adaptation ideas for existing equipment were presented in order to maximize the value of equipment to 

be bought.  

Software tools can greatly help in the educational procedures. The review of software tools helps in 

identifying the software exercises to be developed within the framework of MESfIA curricula with tools 

either available in the premises of the consortium but mostly with tools the partners are familiar with or 

with tools that can be downloaded in free editions available especially for academic institutions. 

Distance learning tools can significantly help in the Development phase of the Curricula and could help in 

sharing resources with other institutions. A review of these tools is very useful to identify the most 

appropriate Distance Learning Tools, with which the partners are familiar with. 

This is the case of TALOS High Voltage Engineering Test Station in Crete which can be used for performing 

tests especially on insulator materials that can be shown in remote locations. 

  



Review of Laboratory Equipment-Task 1.3 

 80   
 

 

Bibliography 

1 Kind, D. (1978). Layout and Operation of High-Voltage Laboratories. In An Introduction to High-Voltage 
Experimental Technique (pp. 65-91). Vieweg+ Teubner Verlag. 
2 Photovoltaics, D. G., & Storage, E. (2007). IEEE Recommended Practice for Installation and Maintenance of Lead-
Acid Batteries for Photovoltaic (PV) Systems. 
3 Lisbona, D., & Snee, T. (2011). A review of hazards associated with primary lithium and lithium-ion batteries. 
Process Safety and Environmental Protection, 89(6), 434-442. 
4 http://www.electrical-installation.org/enwiki/Extra_Low_Voltage_(ELV) 
5 RELUX software https://reluxnet.relux.com/en/ 
6 https://www.dial.de/en/dialux/ 
7 https://www.xylem.com/en-us/products--services/ 
8 https://www.arcgis.com/home/index.html 
9 https://pvwatts.nrel.gov/pvwatts.php 
10 https://www.20sim.com/pricing/ 
11 https://simapro.com/ 
12 https://www.emd.dk/windpro/downloads/ 
13Open Source Energy Modeling System http://www.osemosys.org/ 
14 https://www.energyplan.eu/ 
15 https://qgis.org/en/site/ 
16 Ellis, Ryan K. (2009), Field Guide to Learning Management Systems, ASTD Learning Circuits. 

                                                           


