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ABSTRACT

The article aims to evaluate the government policies in the Czech Republic that have an impact on energy development and energy production
development in the rural areas, and to propose the areas where smart energy solutions are appropriate for rural communities. The setup of the public
companies is compared with respect to current trends in the development of Smart Villages, where the smart energy solutions are being developed. The
research and development conclude that the development policies will require a setup to make the decentralization of the energy sources strengthened.
As well, to allow more intensive communication and negotiation with local communities. Achieving the synergy effect, while starting up the process

of use of local energy resources of the location and community energy in transformation of the rural area, should be the goal.
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1. INTRODUCTION

In connection with how quickly new technologies appear in the
field of energy production, a standalone topic of the use of these
innovative technologies, or concept, in the rural areas comes to
the forefront (Holtmeyer et al., 2013; Jenkins et al., 2018). These
challenges need our intensive focus to strengthen the energy
independence of the rural areas. According to Clausen and Rudoplh
(2020), the existence of the best technology will not guarantee its
use, which, rather likely with respect to the lagging of the rural
areas, behind the development of urban regions, in the field of
the energy. On top of that, the lower density of the population of
rural areas makes unit costs for provision of available energies to
inhabitants of the rural areas higher. The disadvantage of the areas
is that they lack political power and the agglomeration benefits of
the urban regions (O’Sullivan et al., 2020; Klaniecki et al., 2020).

Abbas et al. (2020) point out the risk of growing energy poverty
being associated in particular with peripheral rural areas.

Not only the availability of the energy sources, but also the setup of
the energy policy and other policies, which deal with the rural area
development with respect to availability and use of the energies
to a certain level, influences the development of the rural regions
in the field of energy.

To that end, the article evaluates the current setup of the public
policies, what targets have been defined for development of smart
energy, and for the use of the energy sources in the rural areas
in association to the support for implementation of the smart
solutions there. Upon evaluation of the government policies, the
article will define the field for implementation of smart energy to
the development of the rural areas, and directions for establishing
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a new energy transformation policy for the rural areas for the
development of the smart rural areas.

2. LITERATURE REVIEW

According to OECD, the rural and interjacent areas (OECD,
2016) occupy 88.2% of the territory of the European Union
(Eurostat, 2016), and they include most of its natural resources.
Many European villages, including those in the Czech Republic,
have already been using the potential for making the projects
focused on energy saving happen with the emphasis on the use
of the renewable energy sources. An example of such a functional
design is the energy communities in some European states where
there is an environmental law, which is much more favourable for
the individual and decentralized production of energy (ENRD,
2018). The local system outside the grids then complements those
centralized ones (Groth, 2020). It is inevitable for the rural areas
to avoid the import of knowledge and capital necessary for the
introduction and use of innovative and smart solutions in energy
in the future. However, Benedek et al., (2018) draw attention that
the use of the renewable energy will require good predictions of
the capacities of the local energy sources.

In conformity with the policy of the European Union in the
field of climate and energy, the Czech Republic prepares for
the transposition of the laws from the “Clean Energy for All
Europeans” package into the Czech laws. By 2050, the European
Union intends to be a climate-neutral area. The European
Commission implements initiatives at the EU level that deal
with the challenges of towns and municipalities in the field
of energy. One of these initiatives is the European innovation
partnership, the Initiative for Smart Cities and Communities. It is
a partnership across the areas of energy, transport and information
and communication with the objective to catalyse progress in the
said areas. Energy production, distribution and use, mobility and
transport, and information and communication technologies (ICT)
are intimately lined and offer new interdisciplinary opportunities
to improve services while reducing energy consumption (European
Commission, 2012).

The change to shift to low-carbon and a sustainable economy will
require a huge effort, investments, and interdisciplinary approach.
The development and use of modern energy systems, technologies,
and infrastructure needed are the fundamental requirements for
achieving the change (Naumann and Rudolph, 2020). There has
already been a start with the implementation effort of the European
laws in the Czech Republic in the field of energy represented
in particular by the Directive (EU) 2018/2001 of the European
Parliament and of the Council on the promotion of the use of
energy from renewable sources, directive (EU) 2018/2002 of the
European Parliament and of the Council on energy efficiency,
and directive (EU) 2018/844 of the European Parliament and of
the Council on the energy performance of buildings, i.e., with
respect to energy transformation processes and renewable energy
sources (RES) development. The Rural Area Development Draft
of the Ministry of Regional Development of the Czech Republic
deals with the field of the rural area development. The draft aims
to support the rural area development by a more intensive use of

the local energy sources (Ministry of Regional Development of
the Czech Republic, 2019). It would be therefore necessary to
implement the activities related to smart energy so that the rural
areas have created a quality infrastructure (energy, transport,
and technical), powerful, stable, and diversified economy, as
well as a healthy and climate stable environment. According
to Mekhdiev et al., (2018), the governments should focus on
increasing the energy consumer’s satisfaction level regarding
quality and energy supply costs with good support from the
decentralization of its production. Despite increasing energy
savings, the consumption and demand for energies will continue
to grow. Involvement of the government programs, regional,
and local governments will be required to secure the new energy
sources where there is just room for support of implementing the
smart solutions. However, the use of the public support should
be linked to collective bargaining about future forms of energy
production and distribution. According to Berka and Creamer
(2018), these factors will play a key role in the transformation
processes, towards increased energy production at the local level,
i.€., in the rural communities as well.

3. METHODS

The article is structured into a couple of related chapters that
conform to the phases of the methodology of the research.
First, collection of information was made on current needs for
development of the communities, and the description of expert
publications. The next phase mapped out legal and planning
dimensions, and analysis of policies of the Czech ministries
focused on the field of energy with impact on the rural areas. Then,
the Smart City concept analysis followed, including identification
of the main directions of the smart energy development for the
rural areas. The analytical part of the present article is topped
up by the specification of smart solution for rural arecas with an
emphasis on endogenous energy sources, including findings and
recommendations for the smart energy development in the rural
areas.

The descriptive analysis in scripted documents, public policies,
methodologies, and expert bibliography study will be used in the
research. The good practice method (Stockley, 2012) is being
applied for the searching and mapping of the smart solutions in
the field of energy in the rural areas. The good practice method
has been developed in the field of management from where it
expanded to other areas. The method aims at the mapping of
solutions employed as model examples and uses them for the
solution of other problems or development goals.

4. RESULTS AND DISCUSION

A couple of planning and strategic documents indicate the
development in the field of energy in the Czech Republic —
National Action Plan of Energy Efficiency of the Czech Republic,
National Action Plan for Smart Networks, National Action Plan
for Renewable Energy Sources 2010-2020 for the Czech Republic,
State Energy Concept of the Czech Republic, and the Strategy for
Regional Development of the Czech Republic 2021+. The analysis
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of the disciplinary policies of the ministries showed that they define
the development goals in the field of energy impacted also by the
rural areas in many of their own disciplinary policies. The Ministry
of Industry and Trade of the Czech Republic, being responsible for
agenda in the field of the energy and energy policy of the Czech
Republic, is the main entity responsible in the Czech Republic for
energy development, also in the rural areas. Not only, this ministry
also deals with the themes of energy and transformation of energy
sources, including the consequences of the transformation. The
analysis of the policies of other ministries revealed that other goals
of the individual programs may be found in the impact on the field
of the energy production and energy also in the rural areas. For
the summary of evaluation of individual goals of the government
programs and policies, refer to Table 1.

In addition to the above-mentioned goals of government policies,
the need to develop smart energy networks is also mentioned,

Table 1: Evaluation of policy goals of the Czech ministries
with an impact on energy transformation of the rural
areas

Ministry in the Goals of the policy
Czech Republic
Ministry of Industry - To implement energy-saving measures
and Trade - To increase efficiency in use of energy,
and reduce energy demands
- To process design and territorial
documentation to support energy saving
- To make loans intended for reduction of
energy demand more favourable in order
to achieve energy saving
Ministry of - To support biomass use as RES
Agriculture
Ministry of Regional - To permit energy transformation of the
Development rural areas background of the regional

centres

- To ensure effective prevention of social
exclusion and energy poverty, and
to support the community life in the
communities

- To improve air quality in the
communities where the emission limits
are exceeded (replacement of local
air-polluting energy sources)

- To develop new energy repositories

- To develop net energy sources extracting
energy from RES

- To modify the transmission and
distribution grid in order to make the
connection of a new RES possible

- To use smart solutions in urban and rural
areas

- To repair or maintain properties of the
communities, in particular, in the field of
transport and energy

Ministry of Interior

Ministry of - To reduce energy demand of the existing
Environment blocks of flats

- To fund the construction of the blocks of

flats of very low energy demand

- To effectively use the energy sources

- To use heat from waste water
Ministry of Education, - Use examples of energy saving solutions
Youth and Sports and environmental measures to educate

Source: Own processing
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which is associated with the expectation of achieving greater
efficiency of energy networks, but creating greater independence
in deciding how to meet the energy needs of the rural areas.
Hence, measures such as energy distribution, production, and
accumulation based on the principle of smart network and smart
instrumentation, including the support for the development of
distributed and centralized energy accumulation systems should
be adopted. At the same time, the new infrastructure should also
expand the options for customer consumption management at the
level of low voltage as a part of the smart network systems. The
development of smart energy aimed at achieving carbon neutrality
by 2050 brings about a lot of new challenges and opportunities.
From the energy sources perspective, the priority is logically put
on the maximum use of the RES. However, the use of secondary
energy sources, as well as the use of waste, must not stay aside as
they are the representatives of typical examples of linear economy
transformation into the circular one. The sources may be called
modern or innovative energy sources.

4.1. From Smart Cities to Smart Villages

Recently, the Smart Cities concept has been penetrating, over the

last years, in the development of the energy policies at the regional

level, which is based on the principles of sustainable development
and the organization of cities with the use of smart technologies in
the field of energy as well. An important concept document from
the Ministry of Regional Development of the Czech Republic is
the Smart Cities Methodology (Ministry of Regional Development,

2018) that considers smart energy, sources, and services as the

main areas of the Smart Cities’ technological infrastructure. Smart

energy includes the following areas:

e Smart energy consumption control, including energy
management of municipal buildings and support of their
energy-saving solutions

e Use of RES or combined electricity and heat production, and
their safe integration into the municipal energy grid

e Use of the “smart grid” elements in the municipal or regional
distribution grid, including smart micro-grids

e Smart control of municipal services towards effective use of
energy and natural resources — in particular, energy-saving and
environmentally-concerned public lighting, effective waste
management, and effective water management (Ministry of
Regional Development of the Czech Republic, 2018).

The development of the rural areas’ development policy is
inevitable without the development of smart energy in the rural
areas. Smart rural areas are the rural areas and communities that
build on their advantages and values to date, as well as on new
opportunities in their effort to achieving increased value where
both traditional and new grids are upgraded through digital
communication technologies, innovation, and improved use of
knowledge in favour of inhabitants (ENRD, 2018). A synonym
for the power development could to some extent be the Energy
4.0 concept (the Usti Region, 2020). From the perspective of this
energy, it is a portion of the energy eco-system integrating the
ICT elements, in particular smart production, distribution, and
energy consumption management in real time, which supports the
distributed production from renewable sources of energy.
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Based on the targets and policies specified above, which directly
or indirectly coordinate the energy development at the level of
regions and municipalities as well, the basic smart solutions may
be defined as the upcoming vision of the rural areas as being the
territory attractive for true living. The effective use of the smart
systems for the operation of the community and communication
with inhabitants is important for the rural area in the field of energy.
It is necessary to evaluate the level of self-sufficiency of the rural
areas in the energy production for the system development of smart
rural areas and their energy sources, and to transform the energy
sources into low-carbon economy. With the change processes
being set, differences of individual rural areas and endogenous
principles must be considered in creating the local energy policies
in the rural communities.

The energy self-sufficiency of a municipality may be the potential
goal of the smart solutions in the field of smart energy (Figure 1).
An energy self-sufficient municipality is not an isolated entity, it
remains integrated with the other communities and territories in
a communal way. It is able to procure all the needs, or its energy
consumption right in the community. The essence is a principle that
consumption and production occurs at one place with an effort to
cover the consumption as most as possible from its own sources,
which widely opens doors to modern technologies. In no way is the
essence of the energy self-sufficiency separated from the central
power supply systems, but rather to use as most as possible the
local available potential, which also improves the resilience of the
community and provides extended safety. The smart solution in
the power field and energy production in the rural areas should be
applied in the fields described in Table 2. The self-sufficiency level
is given by a specific layout of the community or territories to a
high extent. Therefore, the definition of the territorial potential and
possibilities of its technical and economical use are the keys for the
rural area’s development. An energy self-sufficient municipality
consists of a community being able to sustain its needs, i.e., local
consumption through energy production on spot. It does not mean
that it is isolated from the central power supply but local energy
sources will be used as much as possible.

The smart energy consists in diminishing fossil fuels and the
development of low-carbon economy also in the rural areas, for
example by the use of RES (solar and wind energy, biomass and
bio-gas for electricity production, reduction of energy demand,
and more) at higher levels and in overall energy management.

The ability of the community’s policy to communicate with a
wider area, to advance in a horizontal approach in the creation
of a symbiotic relationships with other communities, and in a
vertical approach in the development of energy; this will play
an irreplaceable role by the integration of the rural communities
and locations with the regional centres at a higher level. To
achieve an acceptable level of resilience and self-sufficiency
of the rural areas, it is necessary to deliver relevant technical
infrastructure (local distribution systems with the elements of
smart grids).

Table 2: Areas for implementation of the smart solutions
in the rural areas

Energy grids
Reconstruction of distribution grids for connection of new sources
of electricity, or RES
Development of transmission and distribution system and energy
repositories
Building of infrastructure for island systems for energy supply
Energy production
Reduction of energy demands
Use of alternate sources of energy, e.g., in bio-gas stations
Use of RES
Support of new local (innovative) sources of energy
Support of effective use of energy sources and switching to
low-carbon rural economy
De-concentrated energy systems
Socioeconomic area
Reinforcement of the circular economy in the field of the energy
production
Development of low-carbon economy
Reduced risk of energy poverty
Support of local energy producers

Source: own processing

Figure 1: Basic representation of smart village
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Should there be an insufficiency of individual energy sources, the
smart energy solution should perform the control and coordination
activity between both systems so that community inhabitants
notice no inferior quality of supply or outages. In addition, a lot
of smart solutions are related to Internet and electricity, and thus
it is necessary to eliminate potential outages as a prevention so
that purely technological smart solutions will be able to operate
in a continuous way.

Consolidation of diversification of the source base and tight
cooperation with the surrounding communities and regional
centres under clearly defined rules and correct management will
allow the reduction of the operation expenses, and provide higher
stability of the environment and resiliency of the rural areas against
extreme situations. According to Vallivaara (2017), the Artic
Smart Community Cluster project may be an example where the
community in cooperation with various organizations, including
companies, funding institutions, researchers, and mediators
harnessed the potential for capital outflow and increasing the
local quality of services in two key areas — energy and food sale.
The cluster participants have developed an integrated strategy to
support local business operators, which includes education through
schools, making public tenders accessible, and establishing local
food and energy hubs. It has been confirmed that the implemented
projects create new jobs, reduce waste and emissions, control
costs, and keep local income in the local economy (ENRD, 2018).

S. DISCUSSION AND CONCLUSION

In essence, smart energy in the rural areas is not limited to the
size of the area, and it belongs among the fundamental pillars of
the smart development concept of the rural areas. The object is
that it may be generally considered as a part of everyday life of
all inhabitants, and it does not matter whether it is applied in a
metropolis or in a rural community. It includes a set of systems
and activities that a modern society may not simply operate.
What distinguishes smart energy from a “traditional” perception
of the energy is the achieved level of energy efficiency of all
systems being used, the level of RES, its availability (limitation
of the energy poverty), and the resilience level towards changes
to conditions.

The energy self-sufficiency of a community and the development
of community energy is an apposite result, however, the central
energy systems should remain as a backup, or add-on, because
energy self-sufficiency is the first aspect and provision of
individual services in the community, so that inhabitants will
live well and better in the future, as this is the other aspect. In
reality, perhaps only a few communities would be capable of
securing the services using its own sources at a level available
from the central system, and therefore, each system needs to be
interconnected. For pushing smart energy through, a properly
configured energy policy is absolutely fundamental — to ensure
the conditions for a long-term sustainable development and
decentralization of the energy sources (Yazdanie et al., 2016).
The policy should be characterized by achieving the synergy in
the integration of the energy and information and communication
technologies (ICT).
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For rural communities, it is better that the energy challenge
(and therefore, the energy self-sufficiency) is discussed at the
level of locations and not by way of individual communities,
and hence, to support so-called community energy. The energy
associations being formed by the communities, and therefore by
inhabitants, show growing importance, and the energy policy
should aim toward more intense communication and negotiation
with the local communities. It would be ideal in each case, that all
directions described for the new solutions in the field of the energy
development of the rural areas are supported by the government
policy by the system of subsidies and invitations to help in the
transformation of the energy sources and higher independence of
the rural communities.

The next steps in the research could focus on mapping out the
efficiency of the government programs and looking for successful
projects of the community energy development in the rural areas.
The above mentioned is associated with the need of looking for
examples of an effective energy transformation of the rural regions.
The knowledge gained about the transformation processes could
be the examples and they may be universally portable to other
rural areas.
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