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Abstract: Today's energy-demanding industrial and residential environment, in view of future 
challenges, requires more efficient energy production, distribution and network development methods 
than ever before. In relation to the area, it became necessary to develop new system models and 
optimization methods, by applying which the planning, installation, logistics, operation and 
maintenance efficiency of the examined systems can be significantly increased. The important 
objective of the publication is to analyze and summarize the scientific results found so far on the topic, 
as well as to identify the scientific gap based on the obtained results. 
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1. INTRODUCTION [1], [2], [3], [38] 

 

The solar market in recent years was characterized by significant growth and excess demand 

until October 2022. State subsidies and green energy initiatives in Hungary had an 

encouraging effect on the installation of solar systems. Subsequently, due to changes in the 

legal and economic environment, a significant decrease in demand was observed at the 

household level. In parallel, due to the increase in energy prices in recent years, there has 

been a significant demand in the industrial and small and medium-sized enterprise sectors 

for solutions for the partial or full production of the energy required for operation. 

In the case of an industrial facility, traditional energy consumption is significantly related 

to the time schedule of production planning, logistics, service, and further operational 

processes. Their organizational typology is fundamentally based on the continuity of energy 

supply, based on the use of an energy quantity contracted with the service provider per unit 

of time. 

Considering the high rate of energy price increase after 2020, after the development of 

its own energy production options, it will be worthwhile to flexibly coordinate the 

scheduling of the above-mentioned operational processes with the capacities of independent 

energy production. 

When examining a single-player unit equipped for partial or complete energy self-

sufficiency, several parameters can influence the possibilities of energy self-sufficiency. 

These can be physical, material, or other parameters that can be modified to a limited extent 

in the case of a single player. Therefore, to increase flexibility, it is worth examining multi-

player systems or system models, which, by cooperating in some kind of energy community, 

are able to strengthen each other's capabilities and, by coordinating their systems, optimize 

their energy capacities from both an energy production and consumption perspective. 

Thanks to the extremely large amount of data collected by organizations using Industry 

4.0 tools, it will be possible to plan not only with historical data, but also to make predictions 
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using machine learning methods and artificial intelligence, which will provide the basis for 

the creation of energy communities that are constantly learning and developing and can 

flexibly adapt to circumstances. 

A review of the available literature makes it obvious that in response to future energy 

challenges, the further development of solar systems in both the residential and industrial 

sectors, as well as the implementation of new alternative utilization of solar energy, is 

inevitable. 

 

2. SYSTEMATIC LITERATURE RESEARCH [1], [2], [3], [37] 

 

The systematic literature review methodology includes searching for relevant scientific 

publications on a given topic, their organization, and analysis according to a system of 

criteria. The aim of the literature analysis is the transparent scientific presentation of the 

examined topic while maintaining complete objectivity. Systematic literature research is a 

scientific investigation that requires prior planning and strict application of the method. The 

analysis also covers the search for specialist literature in English and Hungarian. In addition, 

I tried to use the most effective methods appropriate to the age, so I could not ignore the use 

of artificial intelligence. 

However, it is important to note that I used artificial intelligence solely to maximize 

research efficiency, so that scientific publications that I may not have found remained 

hidden. Thus, I used it as a secondary tool to strengthen objectivity even more. 

However, the summary of the research results, as well as the conclusions and further 

activities derived from them, were carried out based on my own thoughts. So I used artificial 

intelligence as a tool, not as a replacement for the work to be done. In the following, the 

steps of systematic literature research are described. 

 

2.1. Definition of motivation 

 

The current research aims to analyze the further possibilities of solar systems in the 

industrial and residential segments with appropriate professionalism and to explore new 

solutions to solve the energy challenges of the future.      

 

2.2. Formulation of research questions 

 

What scientific research has been published in this area since 2020? 

What research areas relevant to the topic are they investigating? 

Which areas have not been studied from a scientific point of view? 

What changes can occur as a result of the research results? 

 

2.3. Defining keywords 

 

The purpose of this part is to define the topics and define the keywords within them in 

Hungarian and English. The scientific theses were examined with the relationship between 

any keywords. The keywords are: 

• Energy communities from a logistical aspect: 

a) energy community - energy community 

b) logistics - logistics 
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c) optimization 

d) Industry 4.0 - Industry 4.0 

• Solar systems supply chain: 

a) logistics - logistics 

b) solar system - solar system 

c) supply chain - supply chain 

d) optimization 

e) industry 4.0 - industry 4.0 

 

The analysis of the available literature is based on the two databases available and the basis 

of the research: Scopus and Google Scholar. During the analysis, the period up to 2020-

2024 was reviewed. 

 

2.4. Brief presentation of the literature research method [3] 

 

With the traditional method of literature research, due to the complexity of the topic, an 

extremely large number of hits was generated when one keyword was used in combination 

with "and", therefore, by further increasing the keywords, it was possible to narrow the list 

of hits. 

A total of 24 articles can be found between 2020 and 2024 using the search terms used 

(solar AND energy AND community AND logistics). 

To be thorough during the research I did not rely on a database. Therefore, with the 

previously defined keywords, I also performed a search in Google Scholar, among the 

17,200 results of which, based on a relevance-based search, I looked at the best 50 articles 

in Google Scholar, of which the analysis of 9 relevant articles is summarized in the table. 

The Scopus database by filling out the interface as intended. Based on the topics defined 

above and the keywords, I performed the searches in the Scopus database, the results of 

which are shown in the table below. 

Table I/a. 

Summary evaluation of relevant literature data 

S
o

u
rc

e 

The number of 

investigated 

energy 
communities 

The 

geographical 

area under 
investigation 

Software 

tracking 

Calculation 

methods 

Renewable 

energy 

sources and 
their ratio 

Energy 

policy and 

support 
system 

Consumption 

forecast 

[4] 

10 

households in 
Quaqtaq 

village 

Quaqtaq, 

Nunavik, 

Canada 

No 

software 

defined 

Not 
specified 

Solar 

irradiance 

analysis 

- - 

[5] - Netherlands 
No 
software 

defined 

Not 

specified 

Solar panel 

adoption 
Yes - 

[6] - 
Connecticut

, USA 

Logarithmi

c growth 
function 

Not 

specified 

Roof top 

solar 
Yes - 

[7] 
4 SWPS 

projects 
Indonesia 

No 
software 

defined 

Not 

specified 

Solar 
water-

pumping 

- - 
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Table I/b. 

Summary evaluation of relevant literature data 

S
o

u
rc

e 

The number of 
investigated 

energy 
communities 

The 
geographical 

area under 
investigation 

Software 

tracking 

Calculation 

methods 

Renewable 
energy 

sources and 
their ratio 

Energy 
policy and 

support 
system 

Consumption 

forecast 

[8] - Australia 
No software 

defined 

Not 

specified 

Roof top 

solar, service 

protection 

Yes - 

[9] - 

Temperate, 

boreal and 

arctic 
ecosystems 

No software 

defined 

Distance 

sampling 
- - - 

[10] - 
Kakoba , 

Uganda 

No software 

defined 

Not 

specified 
- - - 

[11] - India 
No software 

defined 

Not 

specified 

Solar energy, 

wind energy 
Yes - 

[12] - 
West Coast, 
USA and 

Canada 

No software 

defined 

Not 

specified 
Wave energy - - 

[13] 
649 residential 
area Ibadan 

Ibadan , 
Nigeria 

No software 
defined 

Not 
specified 

Solar panels Yes - 

[14] - 
Verkhoyansk,  
Russia 

No software 
defined 

Economic 
analysis 

Solar energy, 
diesel 

- Indirect 

[15] - 
Huntsville , 

USA 

No software 

defined 

Solar 

system 
design 

Solar energy Yes - 

[16] 
Island 

communities 

Island 

communities 

HOMER 

software 

Cost 

estimation 
methods 

Solar energy, 

wind energy 
- Indirect 

[17] - Pakistan 
No software 

defined 

Not 

specified 
Solar panels - - 

[18] 
Arctic 
communities 

Nunavut , 
Canada 

No software 
defined 

Energy and 

exergy 

analysis 

Solar energy, 

ocean thermal 

energy 

- - 

[19] - Moon 
No software 

defined 

Not 

specified 
- - - 

[20] - Not relevant 
Convolutional 
neural 

network 

Ensemble 

model 
- - - 

[21] - 

Oromia , 

Amhara and 
Southern 

Nations, 

Ethiopia 

Atlas.ti 

analysis 

No 
software 

defined 

- - - 

[22] - 
Connecticut, 

USA 

Logarithmic 
growth 

function 

Logarithmi
c growth 

function 

Roof top solar Yes - 

[23] - 
North Central 

Nigeria 

No software 

defined 

Not 

specified 
Solar energy Yes - 

[24] - Pakistan 
No software 

defined 

Not 

specified 
Solar panels Yes - 

[25] - Not specific 
No software 

defined 

Not 

specified 
Solar energy Not - 
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Table I/c. 

Summary evaluation of relevant literature data 

S
o

u
rc

e 

The number of 
investigated 

energy 

communities 

The 
geographical 

area under 

investigation 

Software 

tracking 

Calculation 

methods 

Renewable 
energy 

sources and 

their ratio 

Energy 
policy and 

support 

system 

Consumption 

forecast 

[26] - 
Remote 

locations 

No software 

defined 

Areal 
power 

density 

Solar energy - - 

[27] - Ghana 
No software 

defined 

Not 

specified 
Solar energy - - 

[28] - Australia 
No software 

defined 

Not 

specified 
Solar energy - - 

[29] - 

Cochrane, 

Ontario 
Canada 

PVSyst - 

Solar system 

design 
software 

System 

Advisor 
Model (SAM) 

- For wind 

energy 
system 

analysis 

Thermo-

dynamic 

analysis, 
time-

dependent 

simulation, 
economic 

analysis 

Solar energy, 

wind energy 
- Yes 

[30] - Ukraine 
No software 

defined 

Economic 
analysis, 

Energy 

logistics 

Solar energy, 

biomass 
Yes - 

[31] - USA 
No software 

defined 

Social 
acceptance 

analysis, 

interview-
based 

research 

Solar energy 
(agrivoltaic 

system) 

Yes - 

[32] 1 Indonesia HOMER 

Technical-

economic 
evaluation, 

Sensitivity 
analysis 

Solar energy, 
wind energy, 

biomass 

Yes Yes 

[33] - Malawi 
No software 
defined 

Sustain-

ability 

framework 

Solar energy - - 

[34] 1 Columbia 
No software 

defined 

Green 
logistics 

analysis 

Solar energy, 

wind energy 
Yes Yes 

[35] 1 
Canada, 

Ontario 

System 
Advisor 

Model (SAM) 

Energy and 
exergy 

analysis 

Wind energy, 
concentrated 

solar energy 

- - 

[36] - Not specified 
No software 

defined 

Mathemati-

cal 
modeling, 

Optimiza-
tion 

algorithms 

Solar energy, 

wind energy, 

biomass, 
sector 

connection 

Yes Yes 

 

 

 

https://scholar.google.com/
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2.5. Systematic literature analysis [4], [5], [6] 

 

After selecting and reading relevant publications according to the criteria defined earlier, 

the focus is on defining the main research direction. During the systematic literature 

research, the areas of expertise are narrowed down based on the research area and the 

language. During the current research publications were selected that corresponded to the 

following areas: research article, review article, literature article, book chapter, mini-review. 

In the case of a topic or question that arose during the analysis of some literature, new 

sources were found by searching for additional sources. e.g.: [38]. 

During the study of the abstracts of the articles, the following aspects were taken into 

account: 

• The number of energy communities investigated 

• The geographical area under investigation 

• Software tracking  

• Calculation methods 

• Community Energy System Planning (CESP) 

• Renewable energy sources and their ratio 

• Energy storage solutions 

• Energy policy and support system 

• Consumption forecast 

 

More important findings: 

• To cover or supplement local energy needs with different renewable energy sources 

or their combination. 

• Research on this has been carried out in several countries of the world, including 

the United States, Nigeria, Pakistan, and Hungary. There is an article that does not 

examine the method of energy production, but the aspects of energy consumption 

related to consumer habits (Cavalerie et al.) [4]. 

• Another study in [16] Lopez-Castrill at al. deals with the analysis of an island 

community model operating in an isolated system in the Chilean archipelago, 

where the traditional electrical network built using deep-sea cables common in 

other parts of the world is inaccessible to a small number of users. 

• Little data was found in terms of software monitoring. One of the articles: [16] 

Lopez-Castrill at al. examines the Huichas - island community, which with its 840 

inhabitants is a relatively manageable size energy community. This community 

currently supplies its energy from a diesel-based energy source with a so-called 

renewable hybrid energy system. Hybrid Renewable Energy System (HRES) At 

several points, the study mentions the models made using the HOMER software, 

which investigates the possibility of integrating different energy sources, such as 

diesel, solar energy, wind energy, and energy storage solutions, such as lithium-

ion batteries. In another article [36] Temiz etal. mention PVSyst - software, as well 

as the System Advisor Model (SAM), which was used for similar analyses in 

several cases. 

• In the examined literature, I did not find a clear description of calculation methods 

that could be specifically adapted for the purpose of planning and operating energy 

communities in Hungary. However, based on the information learned, it can 
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generally be said that certain factors are important to keep in mind when creating 

such a method. 

• One of these factors is the LCOE (Levelized Cost of Energy) which shows the 

average cost of producing a unit of energy over the entire life cycle, taking into 

account the total costs (investment, maintenance, maintenance, and other costs). 

Another such factor is NPC (Net Present Cost), which measures the total costs of 

the long-term project. Cost optimization models are another such aspect, which 

helps to determine the most optimal cost structure, taking into account investment, 

operating and other costs. 

• Several of the studied studies deal with the planning of energy communities based 

on the production and use of renewable energy, [11]-[36] but the relevant literature 

tries to establish sustainability with the possibility of combining different 

renewable energy sources and tries to realize their combined production calculation 

according to some criteria system, with which they try to determine the size of a 

system capable of partial or full coverage of all energy requirements. 

• A specific planning methodology can be transferred to other energy communities, 

which is based on a procedure that deeply analyzes and evaluates the consumption 

profile of individual participants in the energy communities. 

• Based on the examined abstracts, it cannot be stated that a list of the optimal 

combination of different renewable energy sources was established in a 

geographically specified manner. In general, however, it can be stated that solar 

energy appears as a dominant energy source in those regions where the number of 

hours of sunshine is high on an annual basis. Where wind energy can be used with 

variable intensity, but the number of daylight hours is fewer, the joint use of these 

two energy sources can be a solution. Wave energy cannot be left out of the list of 

renewable energy sources either, which can be obtained by using the kinetic energy 

of waves generated on the surface of oceans and seas. There are several solutions 

for this energy production method, but these can be used in places where wave 

energy is constantly present, e.g.: Japan, Australia, or the coastal regions of 

Northern Europe. From the point of view of Hungarian energy communities, this 

energy source is not important. However, what should be included in the list as an 

alternative worthy of mention are biogas power plants [38]. This represents a 

solution for energy production that can be used with good efficiency in 

agriculturally active areas and in industries that generate a lot of organic waste. 

One advantage of biogas power plants is that they provide continuous, stable 

energy production, which complements the variability of solar or wind power 

plants. As the last element of the list of renewable energy sources in this article, I 

mention geothermal energy, which is also a reliable energy source. Hungary's 

geothermal properties are favorable, there is a significant amount of heat in the 

deeper layers of the Carpathian Basin. However, to produce electricity, geothermal 

energy can be a significant player in an energy community based on combined 

energy sources in the case of high-temperature geothermal sources. Thus, its 

possibilities of use are relatively limited geographically even within the country 

• From the point of view of energy storage solutions the analyzed articles contain 

several approaches to the energy storage possibilities of energy communities. In 

general, however, it can be said that when focusing on one renewable energy 

source, such as solar energy, the variability of energy production cannot be ignored. 
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The effective use of this can be improved by a certain level of reorganization of 

usage habits, but it is not practical to follow it completely. Therefore, it is worth 

looking for an opportunity to regroup the energy produced but not used in a given 

period in some way, for which the use of energy storage can be a solution. 

• Energy policy and support solutions play a prominent role in the spread of 

renewable energy sources and in stimulating the willingness to invest. But all 

international sources of information discussing this topic point to the fact that social 

sensitivity to the topic, as well as political support for the given technical solution, 

greatly influence the spread of these technologies. 

• Consumption forecasting, as a basis for planning energy communities, is still an 

immature field. There are many attempts, experiments, and simulations [36], which 

prepare consumption profile-based analyses taking into account the characteristics 

of a given geographical area. The results of these will be worth taking into account 

in the future, in the case of planning local systems with a small number of 

employees. Since the determination of the energy consumption profile for the 

found articles [32] is made using general consumption profiles and local 

parameters, it is worthwhile to think about these further and implement the 

development of a procedure that can be applied in Hungary. 

 

3. SUMMARY - DEFINING THE RESEARCH "GAP" 
 

Currently, one can be found among the research literature that deals with energy 

communities, but there is no one in which the designation of actors of energy communities 

is determined based on the analysis of their consumption habits. In all cases, the scientific 

theses discuss the design and operation of an energy production system or systems created 

for alternative satisfaction of the energy needs of a previously existing community. No 

literature has been uncovered in which, based on some kind of consumption forecast or 

consumption planning, actors are selected from a given area, even from different market 

segments, to create a system operating as a small local energy community based on a solar 

panel system and energy storage. In the future, after processing the literature analysis, we 

plan to develop the topic of a specific scientific niche, as well as to implement it in practice. 
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