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Abstract: The article presents the current state of distributed energy in Poland, with particular emphasis on the
energy transition plans, analyzing the document Polish Energy Policy until 2040 (PEP2040). Additionally, de-
scribes three types of entities: prosumers, energy clusters and energy cooperatives. The author explains their cur-
rent status, funding sources and barriers. The second part of the publication presents the author's reflections on the
problems and challenges related to the development of biogas and wind energy. Additionally, the author focuses
on the impact of distributed generation on the power system. Social and local governmental aspects are also pre-
sented. In the third part, the author presents the Danish experience in the development of renewable energy sources
and distributed generation. The author presents two examples of solutions: a civic foundation in Hvide Sande and
a district heating company in Gram. Conclusions of the article includes the proposal of changes to the legislative
system that will enable further RES development. In addition, the author draws attention to the impact of the Moj
Prad programme, responsible for the high growth of installed capacity.
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1.0 Introduction

In connection with international involvement in mitigating the effects of climate change,
necessary steps are being taken, including measures to reduce fossil fuel consumption and
greenhouse gas emissions. In the case of Poland, all actions require adjustment of the country's
climate and energy policy to the requirements of the European Union (EC, 2019), which plans
to create an energy union system containing a common energy market for all EU entities.

1.1 The state of the power industry in Poland

Poland's current energy mix is still based on outdated coal-fired power stations, the av-
erage age of which in Poland is 47 years. There is no doubt that this information indicates
a requirement to shut down these units for technical reasons or to carry out uneconomic mod-
ernizations of the units (Tygodnik, 2021). Referring to the data (Jedra, 2021) of 2020, it can be
seen that the COVID-19 pandemic has left a significant mark on past power sector performance.
There has been a significant decline in coal-fired power generation, with its share falling below
70% to 69.7% for the first time in Poland's history (figure 1), despite the introduction of new
coal-fired capacity into the system. In addition, the new commissioning of gas-fired units and
the decline in electricity demand have contributed to this. In addition, the weakening competi-
tiveness of power generation in domestic units and the impact of cheap energy imports with the
development of renewable energy.
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Apart from the highly active development of the prosumer movement, it is in the area
of collective entities that barriers to the implementation of distributed energy are encountered.
The main problem of development is the failure to adapt legal regulations to European require-
ments in the field of distributed energy. In the case of energy cooperatives there is a kind of
paradox. This entity, having a comprehensive legal regulation, i.e. a support mechanism elimi-
nating the distribution fee, allowed the creation of only one such entity, where in the case of
energy clusters, despite the lack of support mechanisms, over 60 entities were created. In addi-
tion, the problem is the statutory requirement to install sufficient RES capacity to ensure de-
mand for no less than 70% of the cooperative's and its members' needs. The result of this pro-
vision is increased financial outlays already at the initial stage of investment implementation,
even before the cooperative is transformed into an energy entity. Another barrier is the
prosumer model of the support system, which gives the possibility to give surplus energy to
a virtual power plant in the distribution network, which can be received at a ratio of 1:0.6 in
net-metering system. The net-metering it is the accounting of the electricity produced from the
PV installation with the electricity consumed during the billing period - kWh produced for kWh
consumed (Goérnowicz & Castro, 2020). This system makes it impossible for the entity to sell
electricity, which discourages potential investors. At the same time, the very system of settle-
ments between the cooperative and the obliged seller is complicated and, through the lack of
appropriate procedures and regulations governing this aspect, effectively discourages future
owners of the entity (Marzec, 2021). An additional problem is the requirement for a limit of
1,000 members of a given energy cooperative and the limitation of capacity to 10 MW. More-
over, there is no extension of this model to urban areas, which is quite a popular practice e.g. in
Denmark (Mizielinski, 2019). It is worth noting that in these areas there are housing communi-
ties with fairly large free spaces where photovoltaic fagade systems (building integrated photo-
voltaics, BIPV) can be installed, which are becoming increasingly popular. This will reduce the
rising costs of electricity and heat for housing associations and communities (Agathokleous et.
all, 2018). Information (Energetyka24, 2021) gives hope for an improvement of the current
situation. At the end of July 2021, a draft amendment to the Law on Renewable Energy Sources
was submitted to the Polish Parliament, which assumes, among other things, the abolition of the
power limit, the extension of cooperatives' activities to urban areas and the possibility to store
and sell energy, provided that this is not the main focus of the entity. These measures give hope
for an acceleration of the energy transition, but the assumed amendment of the law will have to
wait.

Returning to the subject of barriers and the number of 66 energy clusters without support
mechanisms in place, it should be mentioned that this procedure took place in connection with
two editions of a competition that gave interested parties the opportunity to obtain certificates.
The Ministry of Energy at that time, when deciding on this step, guaranteed priority in access
to funds for entities holding a certificate. So far, the energy clusters that have been awarded
certificates have not had a dedicated support system developed, apart from the fact that inves-
tors had previously been involved (Biznesalert, 2020). However, referring to July 2021, the
National Fund for Environmental Protection and Water Management has announced a call for
proposals for the third edition of the New Energy programme. This programme offers for the
first time co-financing in one of the six areas which are energy clusters. The programme is to
be implemented until 2025 and up to 150 million PLN in repayable and non-repayable loans
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have been allocated to support clusters (NFOSIGW, 2021). An additional positive aspect is the
project launched by the Minister of Agriculture and Development on 30 March 2021 called
"Rural development through renewable energy sources - Renew(albe) your Region - RE-
NALDO. It is aimed at 6 municipalities in the Podlaskie and Kujawsko-Pomorskie Voivode-
ships and is designed to provide substantive support in the preparation of pilot energy cooper-
atives. In addition the project aims to transfer expert knowledge and experience in the operation
and design of these entities in German rural areas (Marzec, 2021). Undoubtedly, the abovemen-
tioned measures constitute an important beginning of creating a support mechanism for such
entities operating in the area of distributed energy.

1.3 The state of biogas technology

The complicated and unstable legal system has for some time also reached one of the
most promising renewable technologies in Poland, namely biogas technologies. Referring to
the operation of the legal system, attention should be drawn to the fact that one of the main
barriers to development is the administrative and procedural difficulties and the widespread
bureaucratization, which make it difficult to obtain a building permit for an installation or to
connect it to the grid. Additionally, the legal system, being too slowly updated to meet the
requirements of the European Union, intensifies the unwillingness of potential investors (Ig-
linski et. all, 2020).

According to data (Rynekbiogazu, 2018) Poland, due to the specific nature of its econ-
omy with a strong agricultural focus, has the potential to produce 19 bem of biogas per year,
not including energy crops. The main problems for the development of this sector have been
the lack of an appropriate legislative framework, the low level of support from the banking
sector and the protests of local communities concerned mainly about the odour problems of
installations (Wysokienapigcie, 2017; Fernandez et al., 2021). The biogas market in Poland is
currently undergoing a renaissance with the introduction of a feed-in-premium (FIP) for instal-
lations >1MW covering 90% of the difference between the announced reference price and the
average market value of energy sales. The reference prices are determined on the basis of the
Regulation of the Minister of Climate and Environment of 16 April 2021 on the reference price
of electricity from renewable energy sources in 2021 (Regulation, 2021) and the periods appli-
cable to generators that won the auctions in 2021 (URE, 2021). In addition, a popular feed-in
tariff (FIT) system was introduced, which for installations >500kW enables electricity to be
sold at a fixed 90% of the reference price. (Magazynbiomasa, 2021).

1.4 The state of onshore wind energy

Another complication for the implementation of distributed energy is the proper prepa-
ration of the ground for the development of the cheapest renewable energy source, i.e. onshore
wind energy. A certain limitation is the currently binding law on investments in wind power
plants, commonly referred to as the 10H distance law. Under it, wind turbines may not be in-
stalled at a distance of no less than 10 times the height of the turbine (counting the highest point
of the blade) from residential buildings and forest complexes including forms of nature conser-
vation. The amendment to the Act, planned for autumn 2021, assumes, among others, flexibility
of the 10H rule to adopt an absolute minimum distance of 500 meters from residential buildings,
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maintaining the requirement to locate installations on the basis of Local Spatial Development
Plans, changing the area delimited by the 10H rule to the projected sector of impact (Infor,
2021). Analyzing the problems of the wind industry in Germany, e.g. the fear of low-frequency
and infrasound noise and the impact on the landscape postulated by residents, or the protests of
pro-environmental organizations and the blocking of defensive air corridors, it is necessary to
keep in mind not to allow the over-saturation of onshore installations by designing regulations
in such a way that they are socially acceptable (Kedzierski, 2020). This aspect is extremely
important, because thanks to local involvement, giving the community a chance to participate
in location decisions, it is possible to effectively develop distributed energy. Thanks to this,
there is a prospect of increasing the ecological awareness of the inhabitants, which should be
driven by local governments activating the local community through educational campaigns
and ecological activities using available EU and national programmes. (Mataczynska &
Kucharska, 2020).

1.5 The impact of distributed generation on the power system

Commenting on the aspect of barriers and challenges, the impact of distributed genera-
tion on the electricity system should be mentioned. It is worth mentioning that renewable energy
sources developing in dispersion, although they ensure lower transmission losses over a short
distance to the final consumer, complicate the operation of the entire management system. This
is due to the large number of energy exit points, through which the system is obliged to increas-
ingly complex control and monitoring of network operation. Control problems may manifest
themselves in losses, e.g. in the form of dissipated heat. In addition, frequency, voltage or phase
shift disturbances are likely to occur. The legal requirement of the National Power System to
receive energy from RES itself limits the autoregulation mechanism of the grid by a deviation
of the nominal frequency: a decrease of the frequency when the grid is overloaded and an in-
crease when it is underloaded. mode of operation of generation turbines with a deviation of
a few percent, if there are larger deviations, problems arise with the operation of the grid, forc-
ing, for example, the shutdown of inverters in PV installations. Referring to photovoltaics, but
also to wind power plants, some daily and weather conditions have to be mentioned, i.e. passing
cloud banks, windless periods, which influence the overall balancing of the grid. As a result of
sudden drops in energy generation from RES, e.g. PV, dynamic increases in power demand can
occur due to shortfalls in energy production. The more connections are integrated into the net-
work, the more difficult it is for proper operation through problems with advance planning and
ongoing stabilization measures. The cooperation of actors with distribution network operators
should be supported by advanced ICT technologies, the development of smart meters and ap-
propriate metering. Thus, by creating an active distribution network, the balance between elec-
tricity supply and demand will be improved (Skomudek, 2021; Piotrowski, 2021)

There is no doubt that the dynamic growth of RES capacity should be covered by stable
generation sources, e.g. biogas plants, and intensive development of energy storage technolo-
gies (liquefied or compressed gases, chemical conversion of hydrogen). Referring to energy
storage, information (Wysokienapigcie, 2021) show a certain upward trend. Energy storage
projects are being implemented and planned, e.g. by Polish Energy Group - PGE, which plans
to have 800 MW (figure 5), primarily in Tesla modular battery systems (GKPGE, 2021).
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The history of development of Danish distributed energy goes back to the 1980s, when
during the oil crisis it was decided to introduce a stable system in the form of FIT tariffs. In ad-
dition, Denmark with its very good weather and location conditions proved to be an ideal place
for the development of this type of energy, including in particular wind turbines. The develop-
ment was interrupted to some extent in 2003-2008, when legislative and political problems were
encountered that limited the development of this energy segment. It was not until the introduc-
tion of the "Act on the Promotion of Renewable Energy Sources" allowed the reactivation of
the energy transformation process (Mizielifiski, 2019). The most important clause requires wind
energy developers to offer for sale at least 20% of the value of projects in ownership shares to
local investors, including individuals. The new provisions gave individuals the option to receive
a right of first refusal of up to 50 shares if they reside within 4,500m of the development. It
additionally introduced an increase in the FIT for installations that have a provision in the agree-
ment to transfer a further 10% of ownership shares to citizens (residing within 16 km). In addi-
tion, a special early project risk mitigation measure for local groups has been introduced in the
form of a guarantee fund, which, if the project comes to fruition, is converted into low-interest
loans of up to a maximum of EUR 70 000 to cover the costs of a feasibility study. In addition
to the state guarantees, citizens have the possibility to apply for compensation payments for the
siting of wind installations at distances exceeding 25 metres. This is possible if there is a loss
of property value of more than 1%. It should also be mentioned that the basic support scheme
in Denmark based on a feed-in-premium (FIP) system since 2014 is financed directly by the
relevant tax law. For wind energy, on-shore turbines are supported at a maximum of 0.33
PLN/kWh. Small wind turbines >25 kW are supported by a fixed FIT tariff depending on year
of allocation and capacity for 12 years. Off-shore installations use an auction system, where the
Danish Energy Agency determines the FIP together with its payment period by determining the
number of hours the turbine operates under maximum load (Gorrofio-Albizu, 2020; Mizielinski,
2019).

For PV installations in Denmark, there is a FIP system with net-metering. Energy pro-
ducers with installations up to 50 kW are exempted from additional taxes, e.g. the Polish equiv-
alent of the RES fee. Installations above this ceiling are only exempted from part of the obliga-
tion.. (Dziaduszynski et al., 2018). An interesting solution is a form of prosumer acting in
groups. The 2013 Energy Agreement, which was signed by the government side, business rep-
resentatives and pro-environmental organizations included a project called "zip code rose". This
project involves the creation of a distanced net-metering model. In this model, energy consum-
ers receive an energy tax deduction for the amount of energy produced by a collective RES
project located in their postcode area or in a contiguous area. This deduction amounts to up to
10 Euro cents per kWh (Kooij et al., 2018).

2.1 Examples of local initiatives in Denmark

The wind turbine project in Hvide Sande is a flagship example of local initiative and
citizen-business cooperation in the creation of local zero-carbon energy. The project in Hvide
Sande came about after an unsuccessful initiative by private developers that was met with
a lack of public acceptance. It was only with the establishment of the civic foundation 'Hvide
Sande Business Development' in 2010 that as much as 9 MW of power could be implemented
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3.0 Summary

Progressive change in the electricity sector is a reality. A new energy mix based on new

low- and zero-emission energy sources is a challenge that can be supported by exploiting op-
portunities for the development of distributed generation. The new configuration of the Polish
energy sector is a great opportunity to build sustainable, local energy security, thus increasing
the competitiveness of the region and activating the local community. In order to do so, Poland
faces a number of challenges and barriers, which must be overcome to some extent in order to
achieve the intended objectives contained in strategic documents, i.e. PEP2040.

Conclusions:

1.

The lawmaking system needs to be improved, especially in the area of renewable energy
sources. Current legislative processes should be brought in line with current EU legis-
lation. Particular attention could be focused on reducing the level of bureaucracy and
facilitating administrative and decision-making procedures. Additionally, it is necessary
to accelerate authorization procedures for both the construction of installations and the
connection to the grid.

In order to raise funds efficiently, Poland needs to create efficient regulatory tools and
appropriate, clearly written laws that will enable and encourage more investment pro-
jects. Furthermore, it is recommended to implement a rule on support for the energy
transformation process by local government units which will conduct educational cam-
paigns to raise awareness of climate and energy issues among the inhabitants and en-
courage them to promote the development of RES.

The creation of laws must take place on the basis of previously developed standards,
good practices e.g. from other countries such as Denmark or Germany, as well as public
consultations. An interesting way of activating local societies is the Danish model giv-
ing the possibility to buy ownership shares in e.g. wind farms, thus increasing the com-
petitiveness of the region.

Support programs i.e. M0Oj Prad promote changes in the structure of electricity genera-
tion. There is a visible increase in the share of solar energy, which is the leader of dis-
tributed sources in Poland.

The development of local energy entities should be focused on diversified sources of
electricity. Poland, due to its large potential of stable sources of green energy from bio-
gas and biomethane, should focus on the development of this segment of the energy
sector drawing on experience from other countries and using modern Polish technolo-
gies.

The National Electricity System requires continuous modernization and development of
transmission and distribution infrastructure to meet the demands of weather-dependent
renewable sources. Development should be based on the use of the latest information
and communication technologies that will enable real-time and future planning. Addi-
tionally, it will enable the creation of new tools to support local energy solutions.
Analyzing the Danish experience, it is necessary to create areas based on a closed-circuit
economy, aiming to maximize the use of energy, heat and cold.
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