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Abstract: In this paper a review of existing software tools for the evaluating and modeling of
renewable energy sources, which allow to determine various aspects, such as: the amount of incoming
energy for a particular area, the economic feasibility of involving an alternative source, the impact on
the environment, the cost of the projected system, the features of the terrain, etc. Programs for the
evaluation of solar and wind energy, as well as solutions allowing the evaluation of several different
types of renewable energy sources were considered. As a result, open-source software tools, such as:
QGIS, SAGA GIS, which can be integrated into the implementation of a comprehensive assessment
of renewable energy sources to perform certain functions, such as a preliminary assessment of the
gross renewable energy potential in specific geographical conditions and identifying topographical
features of the regions under consideration, were defined.
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1. Introduction

At present, energy conversion technologies, based on renewable sources, are increas-
ingly being developed around the world (Figure 1).

Figure 1. The trend of energy generation based on renewables.

In some developed countries, such as Germany, Norway, Sweden, New Zealand, the
share of generation from renewable energy currently reaches about 50% of the total amount
of energy produced (Figure 2) [Enerdata, 2009].

The use of energy systems based on renewable energy makes it possible to ensure high
energy security and independence of the overall energy system and significantly reduce the
amount of harmful emissions into the atmosphere arising from the use of traditional carbon
resources [Kotelenko and Ryabov, 2018], which is an extremely urgent task in recent years.
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To solve it, many states have developed and approved policies of energy transformation,
involving maximum decarbonization of the entire energy and industrial sector, for which
it is proposed to produce an active involvement of all types of renewable energy sources in
existing energy systems and reduce the share of traditional hydrocarbon fuels [Simankov
and Buchatskiy, 2019].

In this case, for the effective involvement of RES in the existing energy system or to
create an autonomous system based on “green” energy, it is necessary to determine the
theoretical values of the amount of energy produced and the gross potential of energy
sources in the area where the planned location of the energy system [Buchatskiy et al.,
2019a,b].

Figure 2. Percentage of renewable energy in electricity generation in different countries [Enerdata,
2009].

There is a large number of different mathematical models that allow calculating the
potential of incoming energy, but their use is very difficult, especially in the presence of a
large number of input data and a lot of points where it is necessary to perform modeling
and forecasting [Simankov et al., 2023]. For this reason, the development of automated tools
that allow the user to perform such an analysis in a simplified mode, some of which allow
a comprehensive assessment of the efficiency of the use of RES, not only the calculation of
gross values of incoming energy.

One class of such tools are geographic information systems (GIS), which allow to
analyze data on the location of solar panels, climate and other factors affecting energy
production. Using GIS, it is possible to implement various models to forecast solar energy,
taking into account the specific conditions of the region, as well as to integrate such solu-
tions as part of the forecasting system. As a result, the problem of preliminary estimation
of the theoretical values of renewable resources capacity can be solved.

In this connection, in this work, it is proposed to analyze the existing software tools
for estimating and modeling the amount of energy obtained and to determine what func-
tionality they can provide the user.

2. Materials and Methods

When implementing projects for the design and construction of energy systems
involving renewable energy sources, a preliminary assessment of the energy resource
potential of a particular area is of key importance [Buchatskiy et al., 2020; Simankov and
Buchatskiy, 2019], for which various software products are currently used. Since there
are a large number of such software products, this paper proposes to analyze the existing
software designed to assess renewable energy sources.

On the basis of this analysis, it is necessary to determine what functionality different
technical solutions offer, and which of the existing solutions have the most universal
application.

Thus, Table 1 presents various software products designed to assess the energy poten-
tial of solar energy and the design of solar power systems for private consumers.
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As you can see, most of the reviewed systems are paid systems with the ability to
provide trial access to the product to get acquainted with the features of its functionality.
Some of the software products have extensive capabilities. For example, the system Aurora
[Aurora Solar, 2023], is a universal tool for assessing and analyzing the effectiveness of the
implementation of energy systems based on the use of solar energy (Figure 3).

This system allows not only to estimate the energy input and output, but also to carry
out an economic analysis of the designed system and to select the most suitable composition
of such a system, and to carry out a complete design of the implemented system for a
particular consumer. The only disadvantage of this platform is that the system design can
only be carried out for private consumers who are non-industrial energy consumers.

Table 1. Software tools for solar energy evaluation.

Software Freeware (±) Main functions OS

Aurora
[aurorasolar.com]

−

Assessment of solar energy potential;
Economic analysis;
Report generation;
Data visualization;
Designing solar systems for the individual
consumer.

Web

BlueSol [bluesolpv.com]
−

Trial version
available

Economic analysis;
Systems modeling;
Writing documentation;
Designing a photovoltaic system.

Windows

Helioscope
[helioscope.com]

−
Trial version

available

Assessment of renewable energy potential;
Assessment of technical potential;
Systems modeling;
Report generation;
Data visualization.

Web

PV Sol Free & Premium
[pvsol.software/en]

Trial version
available

Systems Modeling;
Data visualization.

Windows

PVGIS [joint-research-
centre.ec.europa.eu]

+

Assessment of renewable energy potential;
Assessment of technical potential;
Economic analysis;
Environmental impact assessment;
Support for autonomous, networked systems;
Data visualization.

Web

PVsyst [pvsyst.com] −

Assessment of technical potential;
Economic analysis;
Systems modeling;
Systems optimization;
Data visualization.

Windows

Pylon Solar Design &
CRM Software
[getpylon.com]

−
Trial version

available

Economic analysis;
Systems Modeling;
Customer relationship management.

Web

An interesting solution is the PVGIS platform [EU Science Hub, 2023], which is open-
source, making it possible to integrate this solution into some more universal system for
assessing renewable energy potential. This platform makes it possible to assess theoretical
and technical potential, assess economic aspects, and, unlike the other products considered,
it also allows environmental interaction factors to be taken into account, as shown in
Figure 4.

Both of these solutions allow a qualitative assessment of the amount of solar energy
and an economic analysis, but the Aurora complex also allows the system to be designed
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Figure 3. Solar power plant design feature in the Aurora app.

Figure 4. Functionality of the PVGIS application.

for the individual consumer. A similar solution to the PVGIS complex is PVsyst [Photo-
voltaic Software, 2023], which has similar functionality, but it is commercial and not freely
available. Other software products such as BlueSol [CadWare S.r.L. P.I., 2013], Helioscope
[HelioScope, an Aurora Inc. Company, 2022], PV Sol Free & Premium [Valentin Software,
2023] have only some of the features of the AURORA and PVGIS tools.

Let us now look at some of the existing solutions for wind energy assessment and
modeling. Table 2 presents a list of software products for wind energy assessment, with a
description of the main functionalities.

Similarly, software solutions for the evaluation of solar energy, some of the presented
are not available for free use. However, of the commercial solutions it is worth noting the
system WindPRO [EMD International A/S, 2023], which allows a comprehensive assessment
of the effectiveness of the implementation of wind power plants (Figure 5).

The presence of a large number of modules in this solution allows you to implement
the following functionality:

• analysis of wind data;
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Table 2. Software tools for wind energy assessment.

Software Freeware (±) Main functions OS

Openwind [ul.com]
−

On order only

Assessment of renewable energy potential;
Assessment of technical potential;
Economic analysis;
Systems Modeling;
Systems Optimization.

Web

Small Wind Economic
Model Microsoft Excel

[windex-
change.energy.gov]

+
Assessment of technical potential;
Economic analysis.

Cross-platform

AQUA [umass.edu] +
Evaluation of energy potential;
Report generation.

Windows;
Linux;
MacOS

WAsP [epa.gov] +
Assessment of technical potential;
Economic analysis;
Systems Optimization.

Windows;
Linux;
MacOS

WindPRO [emd-
international.com]

−
Trial version

available

Assessment of renewable energy potential;
Assessment of technical potential;
Economic analysis;
Systems Optimization;
Environmental Impact Assessment;
Data Visualization.

Cross-platform

WInDS [umass.edu] +
Data visualization;
Simulation of wave-induced dynamics;
Simulation of an offshore floating wind turbine.

• mapping the location of wind resources;
• evaluation of energy production;
• power plant design and optimization;
• calculation of environmental impacts;
• visualization of results;
• implementation of calculations of electrical and economic indicators.

The main distinguishing feature from complex solutions aimed at evaluating the
energy potential is the ability to assess the effectiveness of the implementation of the power
plant not only at the level of the individual user, but also at the level of districts and
regional entities.

At the same time, freely distributed solutions for the assessment of wind energy are
not comprehensive, and are usually aimed at assessing a single indicator: determination
of the energy potential [University of Massachusetts Amherst, 2016], economic analysis [U.
S. Department of Energy, 2023], simulation of wave dynamics [University of Massachusetts
Amherst, 2016].

Let's consider the complex solutions that allow evaluating several types of RES at once,
in the table presented in Table 3.

The Table 3 presents solutions, the distinctive feature of which is the ability to work
with several types of energy resources. The most interesting solution is HOMER Energy
[HOMER Software, 2021], which consists of three large modules: the distributed grid
optimizer, the energy system designer and the module for economic analysis. This product
allows to design not only the energy system based on RES, but also to organize hybrid
energy systems that combine traditional and alternative energy sources.
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Figure 5. Mapping of wind resources in WindPRO software.

A distinctive feature of such solutions is their focus on the design of systems and
optimization of existing energy complexes, in contrast to software tools aimed at assessing
a particular energy resource.

Of the considered software products it should be noted the following solutions: SAGA
GIS [Institute of Geography Göttingen, 2001] and QGIS [QGIS, 2023], which are modern
geographic information systems, aimed at working with different spatial data and providing
the ability to analyze the features of the topography of a particular area. These solutions
are open source, which suggests the possibility of their integration in the development of
more comprehensive solutions aimed at assessing renewable energy sources.

Thus, the QGIS software tool allows viewing data in different views (e. g., in the form
of spatial tables in vector format, data in raster and graphical representation), as well as
providing the ability to analyze the parameters required by the user. Consideration of relief
features, which can be implemented through the use of this platform, is an important factor
necessary for the implementation of RES forecasts, as it has a direct impact on the amount
of incoming energy, and as a consequence on the power generated by power complexes
used based on alternative energies. Figure 6 shows the result of the QGIS program, which
resulted in a relief map for the city of Maykop and the coast near the city of Sochi.

Using the terrain map data, it is possible to determine the landscape profile, which
is extremely useful for determining the existing altitude difference, which can have a
significant impact on the efficiency of the operation of solar and wind energy converters.

(a) (b)
Figure 6. Relief display in the program QGIS: a) the outskirts of the city of Maykop, b) the coast near
the city of Sochi.
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Table 3. Software tools for wind energy assessment.

Software
Freeware

(±)
Main functions OS

Type of energy
resource

EnergyPLAN
[energyplan.eu]

+

Assessment of technical potential;
Economic analysis;
Systems optimization;
Systems Modeling

Web;
PC

Hydroresources;
Petroleum fuels;
Geothermal energy;
Solar energy

Global Atlas IRENA
[irena.org]

+

Assessing the potential of renewable
sources;
Demand forecasting;
Data visualization

Web

The main types of
RES;
Traditional energy
resources

HOMER Energy
[homerenergy.com]

−
Trial

version
available

Assessment of technical potential;
Economic analysis;
Systems modeling;
Support for hybrid systems;
Systems optimization;
Data visualization

Windows;
Web

Hydropower;
Biomass;
Traditional energy
sources

RETscreen
[retscreen.net]

−
Trial

version
available

Assessment of technical potential;
Economic analysis;
Systems modeling;
Benchmarking;
Data visualization

Windows Main types of RES

TRNSYS [trnsys.com] − Data visualization;
Simulation of transient systems

Windows
Biomass;
Solar energy;
Hydrogen energy

The SAGA GIS [Institute of Geography Göttingen, 2001] software tool is a free GIS
that contains a specialized module for the evaluation of solar power production, which
allows the evaluation of the theoretical values of the incoming solar radiation. Like the
QGIS software environment, this solution also has the source code, which allows you to
talk about the possibility of integrating this tool to implement a system for assessing and
modeling the efficiency of solar power plant involvement. The results of this program are
presented in Figure 7.

The results obtained in this tool allow to generate data arrays containing theoretical
values of solar insolation for a specified period, which is one of the necessary parameters
when building evaluation and forecasting models of the amount of incoming energy or
forecasting models of power generation.

Figure 7. The arrival of solar insolation in the period for May 2023 near the city of Maykop.
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3. Results

In this paper a review of some software tools for the assessment and modeling of
renewable energy sources was conducted. Both commercial solutions and freely distributed
products designed to evaluate wind and solar energy, as well as software that allows you to
explore several types of energy resources were considered.

At the same time it was found that at the moment there are no comprehensive tools for
assessing the main types of renewable energy that would not only evaluate the theoretical
potential of energy, but also to determine the economic efficiency of the introduction of
RES in the energy system and perform optimal energy system design, since each of the
products performs only part of such functions for certain types of energy.

It was also determined that there are a number of open-source solutions, which allows
the integration of such solutions when creating a more universal system for assessing
renewable energy sources. The most suitable for integration are two software tools QGIS
and SAGA GIS, which can be used to organize the modeling and forecasting subsystem.

The availability of such solutions allows us to talk about the possibility of creating
on their basis a more advanced system for assessing the efficiency of renewable energy
sources involvement, and the solutions themselves can be used when implementing one of
its subsystems, namely the subsystem of forecasting and modeling of renewable energy
sources.
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