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SMART GRID PROJECTS IN THE PAN-EUROPEAN ENERGY SYSTEM

Purpose. To provide a comparative and comprehensive analysis of the smart grid projects funded by the H2020 ENERGY and
FP7-ENERGY programs.

Methodology. As part of the text analysis, the authors evaluated smart grid projects’ results in a sample using text mining meth-
ods. Based on statistical analysis and concept-based method, the most significant outcomes of smart grid projects were identified.

Findings. A detailed review of the results shows that project teams of the H2020 ENERGY and FP7-ENERGY programs
mostly relied on the existing experience which helped to form further development for standardization of tools, conduct planning,
or derive specific management actions aimed at smart energy consumption. The majority of these solutions were applied for digi-
talizing small commercial consumers and for integrating isolated renewable sources in the most effective way. The projects consid-
ered the possibilities of electric vehicles used to solve environmental problems and balancing unstable electricity production from
renewable sources with Li-ion stationary batteries, tools for effective interaction of users of smart grids, and integration of isolated
renewable sources in centralized energy networks.

Originality. Based on statistical and machine analysis, the most significant results of smart grid projects were identified.
N-grams of expressed keywords used in the texts of project results were used to present and visualize the textual description of
smart grid projects.

Practical value. The results might be helpful for the European policymakers and scientific advisers seeking to further promote

and ameliorate the pan-European energy system.
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Introduction. Today, deploying smart energy networks re-
mains a crucial issue of the pan-European energy system. The
essential need to improve information and communication
technologies of the energy network, as well as energy storage
systems, intelligent sensors, measurements, and intelligent
control technologies, is mainly achieved by the European
Union member states through financing priority energy reform
projects.

It has been long acknowledged that the economic develop-
ment leads to dynamic changes in the world thanks to the in-
ternationalization and expansion of commercial production.
However, it is vital to find a balance between economic, eco-
logical, political, and social trajectories of economic transfor-
mation in order to achieve the Sustainable Development
Goals (SDGs) [1, 2].

Within this context, the smart grid concept represents an
essential element of the future European energy system. There
is a necessity for the existing power grid modernization and the
smart grid deployment in Europe. Funding for new energy
projects can, as a rule, speed up the integration and interoper-
ability of networks [3, 4]. With all that, the modernization of
energy grid information and communication technologies [5,
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6], energy storage, smart sensing, metering, and intelligent
management technologies are becoming essential for achiev-
ing energy efficiency and security, especially in the current tur-
bulent times with the surging prices of oil and gas and geopo-
litical instability in Europe and around the world [7, 8].

Itis predicted that in the future, European grids will evolve
to become more environmentally and user-friendly, flexible,
and cost-effective, will be more adaptive to low-carbon tech-
nologies and renewable energy resources use [9, 10]. The Eu-
ropean Union widely supports such changes under the Euro-
pean Network of Transmission System Operators for Electric-
ity thematic areas [11].

Literature review. The socio-ecological modifications in
the energy sector change the local energy infrastructure. De-
centralized energy systems are coming to the fore, capable of
responding to an increase in the number of agents in the en-
ergy market, providing the possibility of flexible balancing of
electricity, including renewable resources [12]. The share of
renewable energy in gross final energy consumption is increas-
ing from year to year. Therefore, multivariate analysis of car-
bon finance remains relevant as a tool for predicting and max-
imally mitigating negative influences. Since increased con-
sumption of renewable sources is far from straightforward and
has a mixed impact on security issues, new, more reliable en-
ergy policies are required [13].
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The concept of green energy may help to achieve the high-
est environmental benefit. But it needs more effective cooper-
ation between state and energy market players, implementa-
tion of infrastructure grid projects under the public-private
partnership [14], local development financing determined to
institutional changes in territorial communities, and flexible
taxation.

The assessment of smart grids during their deployment
and project scaling plays a significant role in today’s energy
sector. Lyulyov, et al. (2021) emphasize the importance of a
systematic approach to evaluating smart grids and identifying
their performance in different aspects, from economic to tech-
nical ones. This approach shows all the benefits of implement-
ing smart grid projects, including those lost during the project
evaluation, without considering its specificity and direct and
indirect effects for various stakeholders. In an environment
where the implementation of smart grids still faces many ob-
stacles, it is extremely important to highlight all the current
and long-term benefits of the project. This motivates project
participants and stakeholders to invest in it and expand the
smart energy grid.

The authors performed a comparative analysis of smart
grid evaluation systems developed by leading energy agencies,
relevant ministries, and companies involved in developing
technologies for the energy sector. The authors identified sev-
en areas of evaluation of smart grids that should be considered
for a comprehensive assessment of their efficiency. These di-
rections are The Stability of the Grid, Information Efficiency,
Economic Efficiency, Technical Efficiency, Environmental
Friendliness, Communication Efficiency, and Availability of
Electric Transport Infrastructure.

Evaluating the smart energy grid project in each of these
areas allows for an alternative assessment that differs from the
one obtained due to the classical approach to assessing invest-
ment projects, where the project’s economic efficiency comes
first. It is considered the main motivator for the investor and
determines the project’s prospects.

The proposed approach by Lyulyov, et al. (2021) promotes
a broader view of stakeholders with a vested interest in the
project. In particular, providing a project assessment under the
direction of Environmental Friendliness reveals the project’s
significance for the final consumer, households, and business-
es through the mechanism of social responsibility. As a result
of their interest, the project’s importance increases for the au-
thorities’ representatives, who must meet the expectations of
the voters who elect the authorities and the businesses on
whose support it relies.

Such a motivation mechanism expands the possibilities of
implementing projects for the development or modernization
of the energy grids because it allows consideration of new
schemes of co-financing or providing support to projects with
an important social significance. This facilitates the construc-
tion of business models during the development of smart grids,
which is one of the biggest challenges holding back the devel-
opment of smart grids. However, despite the importance of
this issue, in many cases, it does not find a solution during the
preparation of smart grid projects. It is not reflected in most
smart grid efficiency evaluation systems.

Evaluating the smart grid project in the direction of Infor-
mation Efficiency pursues two tasks. First, the progressivity of
the applied technologies, transforming the power grid into a
smart grid, is evaluated. Secondly, such an assessment allows
identifying gaps in modern information technologies and
helps accelerate the development of information technologies
needed in the energy market [5].

Lyulyov, et al. (2021) reviewed eight smart grid evaluation
systems that are considered comprehensive and are used dur-
ing the development of smart grid projects and monitoring
their progress. The study highlights the lack of a universal
evaluation system that perfectly considers all aspects of smart
grids. In addition, the benchmarking showed that none of the

existing evaluation systems follow sufficient indicators to as-
sess the potential of smart grids for development and integra-
tion through business model creation. An exception may be
the IBM Smart Grid Maturity Model, which recognizes the
key role of a well-defined business model in driving the energy
sector’s growth through smart technologies.

However, the creation of such a business model involves
the coordination of interests of interested parties. Therefore,
forming a business model is an important factor in developing
smart grids, and this aspect cannot be ignored in smart grid
performance evaluation systems.

The integral assessment task is not to evaluate a separate
smart grid project. Instead, this approach determines how suc-
cessfully or not smart energy technologies are deployed in a
certain region. Assessing the level of development of smart
grids in a region or locality has several important goals and
advantages:

1. Effective use of resources because smart grids allow op-
timizing energy production, distribution, and consumption.
This helps to reduce energy losses, improve efficiency, and re-
duce energy supply costs, which positively impacts the region’s
economy.

2. Reducing energy consumption because smart grids min-
imize energy consumption by optimizing the operation of de-
vices and systems in real-time. This helps reduce greenhouse
gas emissions and improve the environmental situation.

3. Improvement of reliability through automatic detection
and correction of malfunctions in the system.

4. Supporting renewable energy by integrating renewable
energy sources, such as solar panels and wind turbines, into
the electricity supply system, which contributes to the transi-
tion to more sustainable and environmentally friendly energy.

5. Improving the quality of service by providing users with
more information and control over their energy consumption,
which contributes to customer satisfaction.

6. Support for innovation, because smart grids require the
development of new technologies and infrastructure, which
can contribute to the development of the innovative sector and
the creation of new jobs.

Therefore, assessing the level of development of smart
grids is important to achieve these benefits and to ensure sus-
tainable and modern energy supply systems in a region or lo-
cality [5].

The authors Kwilinski, et al. (2022) have formed a system
of indicators for the assessment of smart grids for the creation
of an integrative system of evaluation of smart grids. Using the
developed approach for an integrative assessment of the devel-
opment of smart grids can help determine priority projects,
develop state and regional sectoral programs in the energy sec-
tor, and monitor the effectiveness of energy policy [14].

Typically, smart grids’ projects are based on the assump-
tion of economic motivation of smart grids end-users. How-
ever, in practice, consumer actions are not always financially
justified. There is some passivity in their decisions, which sig-
nificantly complicates predicting network development and
electricity demand. Similar results were obtained earlier by
Lazowski et al. on the example of a pilot project in Ontario
(Canada). In their study, the authors saw that consumers’
monetary motivation to use networks wisely was constrained
by social and behavioral factors, exacerbated by differences in
their energy cultures. That is, now an integrated approach is
required to the configuration of smart grids, which considers
many factors. The level of complexity of such systems is steadi-
ly increasing [15].

Alternatively, it is possible to transform such energy passiv-
ity of consumers within the citizens’ energy communities. In
such communities, prosumers actively stimulate the spread of
green innovations, raise awareness of the benefits of green en-
ergy and decarbonization of energy systems. And if earlier
projects in energy communities were mainly aimed at collec-
tive energy procurement or mastering energy-efficient tech-
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nologies of its production, now the intelligent electrical con-
trol systems based on ICT use are gaining more and more de-
velopment [16].

The success of consumers’ use of such smart management
systems directly depends on the degree of trust in the systems
and compliance with consumers’ aspirations in the implemen-
tation of smart grids. For example, the realization of the JEM
(“Jouw Energy Moment”) initiative by a Dutch electricity dis-
tribution system operator, that minimizing the negative im-
pact on the grid has not been attractive enough for all members
of this initiative [17].

Conditions for participants of the EcoGrid 2.0 project
(Denmark) were also insufficiently acceptable. Several con-
sumers entirely accepted and understood the principles of the
project, according to which their automated houses were used
to balance the energy system. However, most users still stuck
to the condition that met only some criteria. The pilot group
participants had questions about its reliability, security, and
data protection [18].

And the results of the previous EU EcoGrid project were
also mixed. During this project’s deployment on some days,
smart home consumers reacted sensitively to price factors in
the system, and on others were not [19].

In general, according to a study by Hansen & Borup, the in-
formation support of experimental smart grid projects is still in-
cluded simple interfaces. The projects considered by the authors
had limited ICT functionality which partially took into account
consumer behavior and did not have a systemic nature [20].

According to Igtiyanillham, et al. (2017), the first smart
grid project in Europe was launched in 2001. This project in-
volved the installation of smart meters in 12 EU countries,
which helped to improve their energy efficiency. Smart me-
ters reduced electricity consumption by up to 10 % in these
countries [11].

Initiatives to deploy smart grids have been introduced at
both the national and EU levels. A number of programs have
been funded in the EU, including FP6, FP7, EEGI, etc. How-
ever, investments in developing smart grids between EU coun-
tries have been uneven. This has created problems for cross-
border interaction, electricity trade, and technical and social
aspects of smart grid development.

According to the Smart Grid Projects Outlook 2014,
€3.15 billion was invested in 459 smart grid projects from
2002 to 2013. The average budget of a smart grid project was
€6.86 million. Out of all 459 projects, 45.97 % were catego-
rized as demonstration and deployment (D&D) and 54.03 %
as research and development (R&D). 73.65 % of the total
budget of all 459 smart grid projects was allocated to D&D
funding and 26.35 % to R&D. According to Outlook, most
projects were concentrated in five countries: Germany, Den-
mark, Italy, Spain, and France. The most active was the
Danish company, which participated in 45 projects out of
459. 62.5 % of the projects on the Outlook 2014 list were na-
tional, with only 15.9 % having more than one partner. 37.5 %
of projects were categorized as multinational. On average,
each multinational project involved partners from 6 coun-
tries. The average duration of all projects described by Out-
look was 2.75 years [11].

However, only 22 % of the total budget of smart grid proj-
ects was funded by the EU due to the general uncertainty of
the results of smart grid projects. Thanks to the 6th EU Re-
search Framework Program (FP6), eight smart grid projects
have been invested for €38 million and 23 projects for €146
million under the Seventh Framework Program (FP7) of the
European Community. The European Recovery Fund, the
European Regional Development Fund, and the European
Energy Research Alliance have invested €200 million in the
development of smart grid projects [11].

Among the critical challenges to the deployment of
smart grids in Europe, project participants mentioned the
following:

1. The need for systematic integration between the physical
and market levels to ensure interoperability of smart grid de-
ployment.

2. Existence of regulatory barriers and need for incentives
for consumers to deploy smart grid technologies.

3. Grid design and control system changes require tech-
nology maturity to balance all levels.

4. Low consumer awareness of the benefits and opportuni-
ties of smart grids.

To overcome the challenges and develop a common vision
for the deployment of smart grids, the Smart Grid European
Technology Platform was established by the European Com-
mission in 2015. As part of the platform’s work, a group of ex-
perts developed a roadmap and plan for the Smart Grid Task
Force. Subsequently, the deployment of smart grids in Europe
was supported by many initiatives, including the Smart Cities
and Communities initiative, the European Electricity Grid
Initiative, etc.

The successful deployment of smart grids depends on the
systematic application of technologies that affect key compo-
nents of electricity generation, distribution, and consumption:

1. Use of decentralized topologies (virtual power plants,
microgrids).

2. Bi-directional communication (smart metering, distrib-
uted automated system for building communication between
elements of smart grids).

3. Distributed automated systems (demand response, de-
mand side management).

4. Advanced control techniques (wide-area measurement
systems, distribution, outage and energy management sys-
tems, intelligent electronics devices, and advanced metering
infrastructure).

5. Consumers’ participation (smart home).

6. Interoperability frameworks (smart meter interface).

7. Electric transportation (electric vehicles, electric vehicle
supply equipment, plug-in hybrid electric vehicles) [11].

Unsolved aspect of the problem. It is proved that the public
investment in infrastructure projects causes productivity
growth in the long run. Increasing green investment positive
effect on the country’s energy efficiency and the renewable en-
ergy sources share in total energy consumption. Countries de-
velop and promote renewables through the renewable energy
projects financing.

However, is this the case for smart grid projects funded to
transition to sustainable energy under the H2020 ENERGY
and the FP7-ENERGY programs? What are the main results
of these projects? What are the differences in the timing and
budgeting of these projects? All these issues need detailed con-
sideration.

Purpose. Our paper provides a comparative and compre-
hensive analysis of the smart grid projects funded by the H2020
ENERGY and FP7-ENERGY programs.

Methods. Our study used the results of EU-funded proj-
ects since 1990, disseminated by the Community Research
and Development Information Service (CORDIS). First, we
were clustering the data using “results in brief” filters for
smart grid projects funded by the H2020 ENERGY and the
FP7-ENERGY programs. After filtering the data, we ob-
tained a large list of projects. Second, we performed the
analysis of project results also manually. The authors refined
the results, which were duplicated or not related to the ob-
jectives of the study. During this iterative process, a final
sample of 25 projects was created. The twenty projects in a
sample were funded under the FP7-ENERGY program, and
only five received financial support under the H2020 EN-
ERGY program.

In the EU above € 130 million was spent on these projects,
i.e., on average more than € 5 million per project was allocat-
ed. If one looks at the smart grid projects’ geography, projects
were coordinated mostly by organizations from Italy. These
organizations distributed 21.2 percent of all budget funds. In-
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terestingly, smart grid projects were coordinated by organiza-
tions from ten countries in the EU (Fig. 1).

In this manuscript, the authors considered specific cases
and analyzed such project materials as “project informa-
tion”, “fact sheet” and “results in brief”. A comparative
analysis of project performance was performed to identify
common features and differences in smart grid projects
funded by the H2020 ENERGY and the FP7-ENERGY
programs. Considering the “project information” and “fact
sheet”, the authors performed a time and cost analyses of the
projects.

As part of the text analysis, the authors evaluated smart
grid projects’ results in a sample using text mining methods.
A textual description in English was used to analyze the re-
sults of these projects. Based on statistical analysis and con-
cept-based method, the most significant outcomes of smart
grid projects were identified. Text preprocessing was per-
formed using the capabilities of the “nltk” (natural language
toolkit) library of the Python programming language (ver-
sion 3.5).

In this way, the concept-based model helped identify the
most significant conditions in terms of observation frequency.
To eliminate noise in the results, the authors used a “stop-
words” filter. Other text cleaning tools were not employed in
this study (e.g., mentions, urls, punctuation, digits, stem-
ming).

The N-Gram features were used to present and visualize
text mining results. The Scikit-learn’s “CountVectorizer”
function was applied to form such type diagrams. The charts
were constructed using “Plotly” text visualization tools. After
removing stop words, unigrams were created containing the
most common words in smart grid projects. Based on these
methods, various aspects of smart grid projects were analyzed
in the results section.

Results. The smart grid projects funded under the H2020
ENERGY, and the FP7-ENERGY programs have more than
11.5 years’ timeline. The projects in a sample were implement-
ed primarily during 2015—2016. In this period, thirteen proj-
ects were executed. The smallest number of projects was fund-
ed in 2019—2020. Only one project was finished at that period,
the “PV-Prosumers4Grid” project.

Smart grid projects lasted 782.16 days on average, from 522
to 1435 days. However, the longest project in the sample is
“SMARTGRIDS ERA-NET”. Among the results of this
project was the development of a scientific network aimed at
smart-grid-related research.

The project budget is one of the determining factors for its
successful operation. The EU-funded “ADDRESS” project

Austria  Netherlands Slovenia
39% 2.1% 1.0 %

France
4.4 %

Belgium
16.0 %

Fig. 1. Geographical distribution of smart grid project budgets
funded under the H2020 ENERGY and the FP7-ENERGY
Programmes

Table 1

Top 5 smart grid projects funded under the H2020 ENERGY
and the FP7-ENERGY programmes

f=) .
Acronym Project ;% —~ blf,drgi‘ts(ger Coordinators
= >
budget (€) 5 § day (€/day) (country)
ADDRESS 16,541 1306 12,665.89 | Italy
647.00
RealValue 15,413 784 19,659.86 | Ireland
331.00
PEGASE 13,593 1045 13,007.84 | Belgium
188.80
EVOLVDSO 7,844 872 8,995.91 Italy
431.00
DISCERN 7,635 847 9,014.59 Germany
359.73

has the most significant budget between the smart grid projects
in the sample (Table 1). The “ADDRESS” was implemented
to build active distribution networks with the aggregator tool-
box management system. This tool had comparatively better
optimization on electricity prices, volumes and trading, elec-
tricity consumption, and market forecasting.

Most projects had a budget of up to € 6 million, and their
implementation did not exceed 800 days (Fig. 2). The
“SMARTGRIDS-ETPS-III” and “SMARTGRIDS-ETPS”
were projects with the smallest budgets. Less than a million
euros was spent on each of them. And if ones compute the day
budget for the project “SMARTGRIDS-ETPS-III”, it will be
only € 974.38. This sum is the minimum day budget in this
sample of projects.

Italian operator e-distribuzione S.p.A. for two projects
used the largest share of the budget funds, 18.72 % (Table 2).
The second in the list is RWE Deutschland Aktienge-
sellschaft, the German operator. This coordinator spent
14.58 % of all budget funds for the “G4V”, “DISCERN” and
“PLANGRIDEV” projects. And the third largest coordinator
is Glen Dimplex Heating & Ven-tilation Ireland Unlimited
Company, which shared 11.83 % of the budget for the “Real-
Value” project. The “RealValue” is the project with the sec-
ond-largest budget volume out of all 25 projects in the sample.
The Horizon 2020 “RealValue” project provided the develop-
ment of smart electric thermal storage systems based on the
cloud optimization engine.

Text analysis of smart grid projects results showed some
differences in the total word frequency. If one will look at the
descriptive statistics of “results in brief”, then it will be seen
that the results of H2020-EU projects were more described

[3H]
[ ]
€16
[
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g
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°
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[ ]
€2 .—. ®
(] L]
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Fig. 2. The dot plot of the dependency between budget and du-
ration of smart grid projects funded under the H2020 EN-
ERGY and the FP7-ENERGY Programmes
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Table 2

Main coordinators of smart grid projects funded under the
H2020 ENERGY and the FP7-ENERGY programmes

S %
- L O H ’
Coordinator Se| % |22 Projects
= T 5 a acronyms
a £ Z s
e-distribuzione S.p.A. 24.39 | 18.72 2 | ADDRESS,
(Italy) EVOLVDSO
RWE Deutschland 19.00 | 14.58 3 | G4V,
Aktiengesellschaft DISCERN,
(Germany) PLANGRIDEV
Glen Dimplex Heating | 15.41 | 11.83 1 RealValue
& Ventilation Ireland
Unlimited Company
(Ireland)
Tractebel Engineering 13.59 | 10.43 1 PEGASE
(Belgium)
EDP Distribuigao — 5.78 | 4.44 1 SUSTAINABLE
Energia S. A. (Portugal)

enargy project  smart electricity  grid

o puropean  grids distribution power network systems

Fig. 3. The most common words for “results in brief” of smart
grid projects (after stop words removing)

than the FP7-ENERGY (Table 3). The statistical variance of
FP7-ENERGY projects’ results specification is slightly
higher also.

The frequency count analysis did not show unexpected
outcomes. The top 15 words for “results in brief” of smart grid
projects refer to the technological aspects of electricity grids
(Fig. 3). Unigrams “energy”, “project”, “smart”, “electricity”
and “grid” occurs at least 60 times in results in brief. Addition-
ally, among the common unigrams are the words “distribu-
tion”, “network”, “power”, “systems”, “developed”, “tech-
nology”.

All researched projects had some impact on sustainable
technology development. But the priorities were usually differ-
ent for the projects. Project teams mostly relied on existing
experience, forming further developments to standardize
tools, planning, or specific management actions aimed at
smart energy consumption. In comparison, the “STALLION”
and “STABALID” projects introduced standards for the Eu-
ropean battery industry. The “OPEN METER” involved de-
veloping standards for implementing new infrastructure based
on smart multi-metering technologies.

The “SMARTGRIDS ERA-NET”, one of the longest-
running projects and the related “SMARTGRIDS-ETPS-
111" project were set up to stimulate and disseminate research
to build smart energy infrastructure in Europe. The progress of
visions and strategic documents in this area was among the
“SMARTGRIDS-ETPS” results. Methodology and tools for
cost-effective network operation were developed in the “DIS-
CERN” project.

As for planning and managing sustainable transformation
within smart grid development, project teams have created
plenty tools. It is possible to name the instruments for distri-

bution system operators (“PLANGRIDEV”, “EVOLVD-
SO”), implements for control of the mass introduction of EVs,
and PHEVs (“G4V”), and the charging stations for EVs
(“INCH?”).

Also, in the projects, much attention was paid to the study
on new technologies, their potential impact on existing power
grids, the possibility of expanding the use of smart solutions
among end-users. As well, the analyses of smart metering
technologies (“Meter-ON”), of the EVs integration impact on
the power grid (“COTEVOS”), and assessments of consumer
involvement and interaction (“S3C”) were conducted. The
study on consumers and their energy consumption culture was
carried out both in standard conditions and in isolated, so-
called “smart islands” or “new European villages”.

It is easier to trace the impact of prosumers on the energy
grid and pricing mechanisms in isolated areas by comparing
different European countries’ results. In such “village”, data
was also collected for the “PV-Prosumers4Grid” project,
which evaluated the active deployment of photovoltaic panels,
energy storage devices, and EVs in the conditions of the exist-
ing energy market.

A bit more complete understanding of the project priori-
ties is given by analyzing trigrams of their results, both before
the extraction of stop words and after it. Among the most used
trigrams in the description of results are such phrases as “re-
newable energy sources”, “distribution system operators”,
“mall commercial consumers”, “distributed energy resourc-
es”, “electricity networks future”.

It should be noted that the search phrase “renewable en-
ergy sources” was included in the results of nine out of 25
smart grid projects that were investigated. However, the con-
text of this phrase was varied. The projects considered the
possibilities of electric vehicles using to solve environmental
problems (“G4V”, “PLANGRIDEV”) and balancing unsta-
ble electricity production from renewable sources with Li-ion
stationary batteries (“STABALID?”), tools for effective inter-
action of users of smart grids (“S3C”), and for integration
isolated renewable sources in centralized energy networks
(“SINGULAR”, “SUSTAINABLE”, “PLANGRIDEV”,
“DREAM”, “EVOLVDSO”).

Besides that, considering the trigram “distribution system
operators” (DSOs), it is possible to group projects in the fol-
lowing areas as:

- deployment of grids, balancing and RES, forecasting
and assessing the state, and scaling virtual power plants re-
garding DSOs (“SUSTAINABLE”, “PLANGRIDEV”,
“EVOLVDSO0”);

- the same issues but considering DERs and EV (for ex-
ample, this issue was considered during the implementation of
the “PLANGRIDEV” project).

Deeper machine analysis of the actual results of smart grid
projects allowed us to identify four main clusters of topics in
projects results:

- the first smallest cluster of topics is related to procedures
for risk testing batteries and vehicles for their proper integra-
tion into electrical grids;

- the second largest cluster of project results is related to
the introduction of various aggregators-mediators for the
proper interaction of consumers, distribution system operators
(DSOs), and transmission system operators (TSOs);

- the third cluster of project results combines various plat-
forms for secure communication of stakeholders in the field of
smart networks, conducting relevant research on a smart Eu-
ropean electrical infrastructure;

- and the results of the last fourth cluster mainly consist of
the development of frameworks for the effective construction
of modern European communities, taking into account the
possibilities of collaborative energy consumption and the in-
fluence of prosumers.

Also, the number of commercial and technical solutions is
noteworthy that have been brought to life with the help of
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smart grid projects. Both hardware and software tools should
be noted. Most of these solutions were created to digitalize
small commercial consumers and integrate isolated renewable
sources effectively.

So, there were developed integrated hardware and software
for users’ energy management on electricity, heating, and
cooling (“Socialsmartgrid”, “GREENHP”, “RealValue”,
“AirWatt”), residential energy demand tools (“ADDRESS”)
for commercial consumers.

And among the numerous deliverables of smart grid proj-
ects, it is worth to highlight smart tools for managing the Eu-
ropean grid (“PEGASE”), PV tools enhancing integration
with the grid (“PVCROPS”) and solutions for managing dis-
tribution (“SUSTAINABLE”), tools for stabilizing intermit-
tent RES supply and integration with existing networks (“SIN-
GULAR”, “DREAM™).

Overall, the projects’ outputs have prompted significant
changes in European legislative, standardization, technologi-
cal, and technical areas. The energy culture of small commer-
cial consumers has also shifted up.

Conclusions. Our review and comprehensive analysis of
the results of European smart grid projects is necessary to un-
derstand the trajectory of sustainable technological develop-
ment in the energy sector, areas of adaptation of green innova-
tions, and enhanced renewable energy sources. The energy
market development strategy goals are in line with harmoniz-
ing European standards of energy regulation, energy-saving,
and the construction of a sustainable energy system. Funding
for smart grid projects has its advantages in achieving sustain-
able development goals and a modern vision of network devel-
opment.

Applying text mining techniques for the selected smart
grid projects according to H2020 ENERGY and the FP7-
ENERGY programs, their results were investigated to ex-
plain the directions of technological development. Accord-
ing to our results, the most used trigrams in describing the
results are such phrases as “renewable energy sources”,
“distribution system operators”, “small commercial con-
sumers”, “distributed energy resources”, “electricity net-
works future”.

Speaking about the pathways for further research, we can
suggest a more detailed review of the results that would not
mostly rely upon the existing experience but would rather form
further developments to standardize tools, planning, or spe-
cific management actions aimed at smart energy consumption.
Moreover, it is also possible to highlight the number of new
commercial and technical solutions in the projects. Both hard-
ware and software tools were made under financing smart grid
projects. Most of these solutions were created to digitalize
small commercial consumers and to integrate isolated renew-
able sources effectively.
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Merta. [TpoBecTy mopiBHSAILHMIA i BCeOIYHMIT aHAIi3 TTPO-
€KTiB PO3YyMHUX MEPEX €HePreTUYHOI CUCTEMU, 110 (hiHAHCY-
1o1bes nmporpamamu H2020 ENERGY i FP7-ENERGY.

Metoauka. ¥ pamkKax aHalizy TeKCTy aBTOPU OLLIHUIN
pe3yabTaTH MPOEKTIB PO3YMHUX MepeX y BHOIpLIi 3a I0Mo-
MOTOIO METOJIiB iHTeJIEKTYaJIbHOTO aHali3y TeKcTy. Ha ocHo-
Bi CTaTUCTUYHOTO aHAJIi3y i KOHIETTYaIbHOTO METOLY Oy
BU3HAUEHI HANOLIbII 3HAYYLIi pe3yJbTaTu BUKOHAHHS MPO-
€KTiB pO3YMHHUX MEPEXK.

PesyabraTu. /letanbHuil aHati3 pe3yabTaTiB MOKasye, 1110
koMmaHau mnpoekTiB mporpam H2020 ENERGY i FP7-

ENERGY 3ne6inbiiioro nokjanaaucs Ha HasiBHUI TOCBI,
110 JOTOMIT chopMyBaTH MOATBIINN PO3BUTOK TSI CTaH-
JapTu3allil iHCTPYMEHTIB, TPOBECTHU IJIaHyBaHHS 200 BUBEC-
TU KOHKPETHI YMPaBIiHCBKI Mii, CIpsIMOBaHI Ha pO3yMHE
CMOXUBAaHHS eHeprii. BiablIicTh 1UX pillieHb OYJIO 3aCTOCO-
BaHO 7151 LU poBi3allii HEBETUKUX KOMEPIIITHUX CITOXUBA-
YiB i JUIs iHTerpallii i30JIbOBaHUX BiTHOBJIOBAHUX JKEpes
HaiOIbII e(PEKTUBHUM CITOCOOOM. Y MPOEKTAX POITIISIIATIM -
Csl MOXJIMBOCTI BUKOPUCTAHHSI €JIEKTPOMOOiIIB IJIs BUPi-
LLIEHHS €KOJIOTIYHUX MPpo0JieM i OaslaHCyBaHHS HECTAOLIbHO-
ro BUPOOHMIITBA €JEKTPOCHEPTii 3 BiIHOBIIOBAHUX JIKEpel
3a JIOMIOMOTOIO JIiTi-iIOHHUX CTalliOHApHUX aKyMYJsITOPIB,
IHCTpYMEHTIB e(heKTUBHOI B3a€EMOJii KOPUCTYBauiB pPO3yM-
HMX MepexX, iHTerpauii i30JIbOBaHUX BiIHOBJIIOBAHUX JIKEPel
y LIEHTpaTi30BaHi EHepreTUYHI Mepexi.

HaykoBa noBu3zHa. Ha ocHoBi craTtucTtuyHoro i ma-
LIMHHOTO aHaji3y OyJx BU3HAYEHi HAWOIbII 3HAYYII pe-
3y/lbTaTU BUKOHAHHS MIPOEKTIB PO3YMHUX MepexX. N-rpaMu
BUPAXEHUX KJIIOYOBUX CJIiB, 110 BUKOPUCTOBYIOTHCS B TEK-
cTax pe3yjbTaTiB MPOEKTy, OyJIM BUKOPUCTAHI IJIsI TIpea-
CTaBJIEHHs ¢ Bi3yastizallil TEKCTOBOI'O OMUCY MPOEKTIB pO-
3YMHHX MEPEeX.

IIpakTiyna 3HaYnMicTh. Pe3ybTaT MOXYTb OYTH KOPUC-
HUMM [IJI51 €BPOTIECHKUX MOMITUKIB i HAYKOBUX KOHCYIbTaH-
TiB, SIKi MParHyTh MOAAJBLIOTO PO3BUTKY Ta IMOKpAILEHHS
3arajibHOEBPOIIECHKOT eHEPTeTUIHOI CUCTEMU.

KiouoBi ciioBa: enepeemuuni mepedici, enepeemuuna iHg-
pacmpyKkmypa, po3ymHi mepedci, ingpopmauiitni mexronoeii, €6-
poneticokuii Coro3
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