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Abstract

Renewable energy development has become a modern global priority.
German regions are characterized by a very high degree of renewable energy
development. In 2020, the volume of electricity generation from renewable
sources exceeded the traditional ones. However, the use of renewable energy
sources in the transport sector and in the heating / cooling industry remains rela-
tively low in Germany. Regions in the East Germany had historically been domi-
nated by coal energy. Staring with 2017, the EU has begun implementing a pol-
icy of developing so-called «Coal Regions in Transition», aimed at supporting
economic diversification and technological transformation of coal and carbon-
intensive regions. A total of 42 such regions were identified, including 4 in East
Germany. The natural environment of the East Germany fits the development of
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wind energy better, though the solar system could be considered a substitute for
the current coal plants. The green energy sector in Ukraine is only emerging.
However, renewable energy is attracting more attention and investments. lts
share in total supply has risen from 1.7 percent in 2007 to almost 5 percent in
2019. The energy of biofuels and waste is dominating among the renewable
sources, comprising around 77 percent of their total supply. The paper aims to
reveal the experience of East Germany to enhance the mechanism of green en-
ergy development in Ukraine. Among the new recommended tools for Ukrainian
practice are export-credit agencies, EPC-contractors, green securities, and envi-
ronmental investments.
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Introduction

Modern global economy is evolving under the influence of numerous chal-
lenges, including greenhouse gas emissions, climate change and energy secu-
rity. Increased economic activity leads to an upsurge in energy consumption in
developed countries by an average of 1.1% per year. According to the Interna-
tional Energy Outlook in developing countries such growth will average 3.2% by
2025. To meet the excessive demand for energy, currently there is a global trend
to replace the use of conventional fuels with renewable energy sources. RES
play an important role in addressing fossil fuel depletion and global warming, pro-
tection of the environment and energy recovery. Therefore, they are extremely
effective in combating energy crises.
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Humanity’s growing energy needs have traditionally been met by nuclear
energy, which provides electricity at stable prices and is a relatively environmen-
tally friendly source. However, its use can have devastating consequences as a
result of nuclear accidents, threats, development and proliferation of nuclear
weapons, significant operating costs of nuclear power plants and improper han-
dling of radioactive waste. On April 26, 1986, explosions occurred during an ex-
periment at the No. 4 nuclear reactor of the Chornobyl Nuclear Power Plant. A
cloud of radioactive dust was carried by the wind to the northwest across the ter-
ritories Ukraine, Belarus to the Western Europe. The radioactive substances
have been found in the ground in Austria, Belgium, Germany, Great Britain, Lat-
via, Lithuania, the Netherlands Norway, Poland, Russia, Finland, and Sweden.
203 people were hospitalized immediately, of whom 31 died (28 of them died
from acute radiation exposure). Most of these were fire and rescue workers trying
to bring the disaster under control, who were not fully aware of how dangerous
the radiation exposure was. 135,000 people were evacuated from the area.
Health officials have predicted that over the next 70 years there will be a 28% in-
crease in cancer rates in much of the population which was exposed to the 5-12
EBq (depending on source) of radioactive contamination released from the reac-
tor. However, the issue of real long-term effects of the Chernobyl disaster on ci-
vilians is very controversial. Currently, there is little evidence of increased mortal-
ity, cancers or birth defects caused by Chornobyl disaster’s radiation after 3 dec-
ades (but WHO 2005 Report summarizes that up to 4000 people could eventu-
ally die of radiation exposure from the Chernobyl nuclear power plant).

Nevertheless, the threats of nuclear power became obvious for the global
community after Chornobyl and later Fukushima Daiichi disasters. Many coun-
tries have changed their energy programmes by shrinking the share of nuclear
energy. The focus is on the development of renewable energy, though the rela-
tive economic efficiency of nuclear power stations is still higher in most countries.

The paper aims to reveal the experience of East Germany to enhance the
mechanism of green energy development in Ukraine.

Literature Review and Problem Statement

Current research in the field of economics points to the important role of
renewable energy as a factor of sustainability and an element in achieving global
development goals (Swain & Karimu, 2020). After all, new energy sources pro-
vide an opportunity for economic growth without harming the environment. In this
regard, industrialized countries are actively involved in the development and im-
plementation of a wide range of renewable energy sources, including biomass,
solar, geothermal, hydropower and wind energy. As a result of empirical re-
search, Saidia and Omrib (2020) found a fairly high efficiency of renewable en-
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ergy sources in increasing economic growth and reducing carbon emissions. Re-
newable energy can meet two-thirds of global energy demand and contribute to
the significant reduction in greenhouse gas emissions needed to limit global sur-
face temperatures below 2°C by 2050 (Gielena et al, 2019). A number of EU
countries, including Germany, are considering the creation of a low-carbon en-
ergy system, but publications focus mainly on certain aspects and sectors of the
economy. For example, Palzer and Henning (2014) present the transition to
100% renewable energy in the heating and electricity sectors, while keeping en-
ergy costs at a level similar to current costs. Pregger et al. (2013) found that fuel
cost savings and reduced fuel imports are crucial to overall power system costs.
Germany has set a rather ambitious goal of moving the energy system to 100%
renewable energy by 2050. Hansen et al. (2019) propose a mechanism for the
transition of the German energy system in the heating, industrial, transport and
electricity sectors to renewable energy sources.

Green Energy Practice in East Germany

German regions are characterized by a very high degree of renewable en-
ergy development. If in 1990 the share of renewable sources in gross electricity
consumption was 3.4%, in 2019 this figure reached 45.4%. Not surprisingly, some
have begun calling Germany «the world’s first major renewable energy econ-
omy» (Burgermeister, 2009). Among the defining sources of renewable energy in
Germany are hydropower (the generation of which has not changed for the last
three decades), wind, solar and biomass-based energy (their share is growing rap-
idly). Other types of sources (such as geothermal or biogenic waste incineration)
account for a relatively smaller share. Fig. 1 illustrates the share of electricity pro-
duction according to its type in 2020. As we can see, the volume of electricity gen-
eration from renewable sources gradually exceeded the traditional ones.

In Fig. 2, the fluctuating changes in electricity production based on renew-
able sources are illustrated for the timeline since the unification of Germany.

However, it should be noted that the use of renewable energy sources in
the transport sector and in the heating / cooling industry remains relatively low in
Germany. Though this situation is typical for most of the other advanced econo-
mies.

Such a significant increase in the share of onshore wind, photovoltaic and
biogas energy is primarily due to Germany’s legislation on renewable energy
adopted 20 years ago. The regulatory environment guaranteed the priority of the
network for renewable energy sources and provided them with generous tariff
benefits. Renewable energy legislation (EEG) has undergone a number of trans-
formations during implementation.
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Figure 1
Electricity generation by type in Germany in 2020, TWh.
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Figure 2
Electricity production from renewable sources in Germany in 1990-2020, GWh.
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Source: Informationsportal Erneuerbare Energien. (n.d.). Time series on the development
of renewable energies in Germany [in German]. Bundesministerium fir Wirtschaft und
Energie. Retrieved August 31, 2021 from https://www.erneuerbare-energien.de/EE/ Navi-
gation/DE/Service/Erneuerbare_Energien_in_Zahlen/Zeitreihen/zeitreihen.html
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The latest changes took place in 2021 and were aimed primarily at adapt-
ing renewable energy producers to market conditions through a system of ten-
ders, as well as new vectors such as the national hydrogen-based energy devel-
opment strategy and the electricity pricing system for e-car charging. By 2027,
the government plans to introduce a mechanism to stop public funding for re-
newable energy sources through EEG standards and ensure their competitive-
ness under fully market conditions.

EEG is aligned with ambitious 2030 EU climate targets. The new EEG
plans to increase solar energy capacity to 100 GW (~52 GW today), onshore
wind to 71 GW (55 GW today), biomass to 8.4 GW, and offshore wind to 20 GW
by 2030 — targets that slightly exceed those from the Climate Action Programme
2030, which was decided in late 2019. The law sticks to annual deployment tar-
gets to make sure that capacity addition is compatible with the 65-percent-
renewables target and allows for the adjustment of the power grid to incorporate
the growing output from fluctuating renewables. An additional 500-850 MW per
year will be tendered in so-called «innovation auctions» that are not technology-
specific and where a combination of onshore wind, solar PV, biomass and/or
power storage devices work together to stabilize the power system. Agri- and
floating PV solutions can also participate in these auctions.

In three decades since reunification, East Germany has undergone tre-
mendous changes, facilitated by large-scale transfers. However, differences in
the level of socio-economic development between the new and old federal lands
remain. There is a rather significant lag compared to West Germany in terms of
GDP and employment, export quota and other indicators.

Historically, East Germany consisted of five lands: Mecklenburg-
Vorpommern (DE8 — according to the NUTS classification), Brandenburg (DE4),
Saxony (DED), Saxony-Anhalt (DEE) and Thuringia (DEG). In this paper, for the
convenience of calculations, Berlin (DE3) is also included in the research area
(despite the fact that only the eastern part of it was part of the GDR).

East Germany has historically been dominated by coal energy. Starting
with 2017, the EU has begun implementing a policy of developing so-called
«Coal Regions in Transition (CRiT)» (European Commission, 2017), aimed at
supporting economic diversification and technological transformation of coal and
carbon-intensive regions. A total of 42 such regions were identified in 12 EU
Member States. Eight of them are located in Germany, including 4 in East Ger-
many (Brandenburg, Dresden, Leipzig, Saxony-Anhalt). Economic activity in
these regions is closely linked to existing mines and coal-fired power plants
(Fig. 3).
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Figure 3

Coal regions in transition of the EU and coal-fired power plants operating
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Source: Badis, K., Kougias, I., Taylor, N., & Jager-Waldau, A. (2019). Solar photovoltaic
electricity generation: A lifeline for the European coal regions in transition. Sustainability,
11(13), 37083. https://doi.org/10.3390/su11133703

It should be noted that the use of coal for electricity generation is a major
source of greenhouse gas emissions worldwide. According to the International En-
ergy Agency, these emissions need to be reduced by more than 70% by 2040 to
meet the 1.5-2 °C scenario proposed by the Paris Agreement. The paper of Bddis
et al. (2019) developed a spatial methodology for estimating the solar photovoltaic
potential in selected regions where existing coalmines are to be closed in the near
future. Researchers have considered various types of solar photovoltaic systems,
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including ground-based systems developed on or around minefields. In addition,
the installation of solar photovoltaic systems on the roof of the existing construction
stock has been analysed. The obtained results show that the available area of
these zones in the transitional coal regions is large enough that solar photovoltaic
systems can completely replace the current electricity production by coal-fired
power plants (Fig. 4). This statement is also true for the regions of East Germany,
although their photovoltaic potential only compensates for the current generation of
coal-fired power plants. Whereas for the southern regions, the potential of solar
energy far exceeds the traditional sources.

Figure 4

Comparison of electricity production by coal-fired power plants
in transitional coal regions and the simulated potential of solar systems

Estimated electricity generation of coal-fired power plants
located in the CRiT and technical potential of solar systems
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Source: Badis, K., Kougias, I., Taylor, N., & Jager-Waldau, A. (2019). Solar photovoltaic
electricity generation: A lifeline for the European coal regions in transition. Sustainability,
11(13), 3703. https://doi.org/10.3390/su11133703
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Researchers and practitioners propose different models of energy transi-
tion in Germany. Most of them have a rather precise ambitious target — 100% re-
newable German energy system in 2050. K. Hansen et al. (2019) propose four
groups of measures to reach the above-mentioned goal. The first group is related
to the heating market and in-heat savings and district heating expansions. Indus-
trial development is considered from the perspectives of relying on bioenergy or
electrification to the highest possible extent. The transport sector could be trans-
formed by converting 85% of all cars and vans to electric vehicles within five dif-
ferent scenarios. Finally, the electricity sector may be converted through electric-
ity savings and integration of renewable resources (Fig 5).

Figure 5
The measures for converting towards 100% renewable energy in Germany
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Source: Hansen, K., Mathiesen, B. V., & Skov, I. R. (2019). Full energy system transition
towards 100% renewable energy in Germany in 2050. Renewable and Sustainable En-
ergy Reviews, 102, 1-13. https://doi.org/10.1016/j.rser.2018.11.038

Germany has Europe’s second highest consumer electricity prices. How-
ever, the public support for an aggressive transition to renewable energy is at an
impressive 92 percent. Considering the variety of tools implemented to reach the
Green Germany, the target no longer seems so unrealistic. The natural environ-
ment of the East Germany fits the development of wind energy better, though the
solar system could be considered a substitute for the current coal plants. The
possible map of German energy system is shown in Fig. 6.
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Figure 6
German energy scenario till 2050
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Source: Kunzig, R. (2015). Germany could be a model for how we get energy in the fu-
ture. National Geographic Magazine. https://www.nationalgeographic.com/magazine/ arti-
cle/germany-renewable-energy-revolution

Renewable energy development in Ukraine

The green energy sector in Ukraine is only emerging. Ukraine consumes
dozens of million tons of fossil energy resources, near half of which are imported
(Table 1). Most of Ukrainian power plants (coal and nuclear) were built in the
1960-80s. By 2035, they all should be closed and replaced with new energy fa-
cilities.
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Table 1

Energy Balance of Ukraine, 2019
(Thousand tonnes of oil equivalent / TOE)

Geo- .
. Hy- Bio-
Coal Oil |Natu-| Nu- thermal, Heat
& Crouiije prod- | ral | clear g:ﬁ wind, fugls en- | Total
peat ucts | Gas |energy ergy seotlélr waste| €"9Y
E’éﬂd“"' 14089| 2478 | — |16318|21771| 560 | 426 |3786 | 667 |60095
Import 13239 1341 |10443] 9506 | — | - - 47 | — (34768
Export | —49 | —54 | -759 | - - = — [=429| - [|-1830
Interna-
tional - | = |-121] - - | - - - | = |-121
Bunkers
Stock
changes |"1561| 20 | 185 |-2441] - | - - | 43| - |-3840
Totalde-l,5718| 3766 | 9747 [23383|21771| 560 | 426 | 3362 | 667 |89072
livery

Source: compiled by the authors using the data of State Statistics Service of Ukraine.

However, renewable energy is attracting more attention and investments.
Its share in total supply has risen from 1.7 percent in 2007 to almost 5 percent in
2019 (see Fig. 7).

It should be noted that energy of biofuels and waste is dominating among
the renewable sources, comprising around 77 percent of their total supply. The
structure of energy supply from renewable sources is shown in Fig. 8.

Among the power generating plants, in 2020 the main share of electricity
output was generated by nuclear power plants (52%), heat power plants (26%)
and combined heat and power plants (9%). Renewable sources were responsible
for about 12 percent: hydro power plants (including pumped hydro power plants)
—5,4%, solar — 4,1%, wind — 2,4% (Table 2).

Several successful projects in the field of green energy were aimed at
Chernobyl recovery. The solar power plant in Chornobyl — at the site of the 1986
nuclear disaster — first began supplying electricity to Ukraine’s power grid on July
1, 2018. The 3,800 panels, located on an area of more than 1.6 hectares, pro-
duce enough energy to power about two thousand apartments. A 1 megawatt
(MW) solar power plant costs about one million euros. This is a joint project of
the Ukrainian company Rodyna and the German company Enerparc AG.
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Figure 7

Energy supply from renewable sources in Ukraine in 2007-2019
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Source: designed by the authors using the data of State Statistics Service of Ukraine.

Figure 8

Structure of energy supply from renewable sources in Ukraine
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Table 2

Output of electricity and capacity of power plants, by type of power plant

E;‘;V;r‘_’;rg’stﬁzﬁ?ﬁw Electricity output, GWh

2019 2020 2019 2020
Total 141213 137197 51444 55138
heat power plants 40910 36300 22265 22311
combined heat and 10738 12837 5855 5890
power plants
nuclear power plants 77948 71249 13835 13835
hydro power plant 7712 7415 6326 6335
wind power plants 1760 3271 795 1110
solar power plants 1883 5684 1953 5194

Source: compiled by the authors using the data of State Statistics Service of Ukraine.

The Ukrainian company DTEK — the largest private energy company in the
country — is a key player in the field of renewable energy. It covers almost half of
all investments.

In general, it can be concluded that the volume of wind and solar energy in
the structure of Ukraine’s energy balance has begun to grow rapidly since 2011.
The main impetus was the introduction of green tariffs and the ability to become
separate households independent of energy tariffs. Today, wind and solar energy
are some of the most promising areas for energy independence in the country.
Thus, an optimistic forecast of changes in the use of wind and solar energy is
possible with the maximum involvement of environmental investments in the
construction of solar and wind power plants and the improvement of their legal
regulation.

It is worth noting that the use of energy from biofuels and waste by volume
is in first place among renewable energy sources and is growing steadily. Today,
the use of energy from biofuels and waste exceeds the use of energy from crude
oil in the structure of Ukraine’s energy balance, which is a positive indicator for
the country in transition to a carbon-neutral model of national economy. Accord-
ing to the results of scenario forecasting, even by the pessimistic forecast, the
volume of energy use from biofuels and waste will be about 6 million TOE by
2035, which is almost a third of the energy of fossil fuels in 2020. It should be
noted that the use of energy from biofuels and waste is the least capital-intensive
venture and does not depend on climatic conditions in contrast to hydro, solar
and wind energy.
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In August 2017, the Cabinet of Ministers of Ukraine approved the Energy
Strategy of Ukraine for the period up to 2035 «Security, Energy Efficiency, Com-
petitiveness», which today has lost its relevance and needs immediate revision
and optimization, given Ukraine’s ratification of the European Green Deal in
2020. The adoption of a new Green Deal in Ukraine is aimed at improving the
energy efficiency of the national economy, optimizing the country’s energy bal-
ance and increasing the amount of energy generated from renewable energy
sources, which in turn will increase the competitiveness of the national economy
and ensure energy independence.

In Ukraine, public funding is used mainly in the context of developing a
system of hydropower plants, which largely reflect the potential for energy
through the use of river resources. This creates the potential for decentralization
of the national energy system and solutions to the problems associated with the
lack of energy supply in remote rural areas. In turn, along with direct financing of
hydroelectric power plants, a number of mechanisms are used at the state level
in Ukraine to stimulate renewable energy in our country. In particular, currently,
the practical mechanisms to stimulate energy production from renewable sources
are: (1) «green» tariff; (2) tax benefits; and (3) preferential mode of connection to
the electrical network (Klopov, 2016).

In order to increase the potential of alternative energy in the advanced na-
tions at the government level, export-credit agencies (ECA) are often created.
They aim to develop national production and increase employment. However, the
potential of this mechanism is still not used in Ukraine, in particular for the needs
of energy development and increasing its competitive position in international
markets.

Currently, Ukraine is intensifying, to some extent, the funding for the de-
velopment of alternative energy from the resources of domestic public and pri-
vate banking institutions. In particular, Oshchadbank JSC in cooperation with in-
ternational financial institutions implements the programme «Energy Efficiency in
the Housing Sector of Ukraine». Since 2015, the bank has been launching soft
loan programmes for condominiums to increase their energy efficiency. JSC
«Ukreximbank» together with the EBRD has implemented a business support
programme aimed at stimulating the implementation of investment projects in the
energy sector, supporting the use of renewable energy and energy efficiency
scenarios. Projects to increase energy efficiency and strengthen the potential of
renewable energy were implemented by JSC «Raiffeisen Bank Aval», which al-
lowed to expand the range of services for existing and potential customers of the
bank and join international program UKEEP. At the end of 2020, Ukrgasbank and
the United Nations Industrial Development Organization (UNIDO) within the
Credit Guarantee Fund developed a programme of unsecured loans at a reduced
rate, which will allow entrepreneurs to save up to 25%.

Effective interaction of banks with EPC-contractors is a rather popular tool
for stimulating alternative energy. The EPC-contractors (Engineering, Procure-
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ment and Construction) are represented by specialized companies implementing
the full cycle of energy infrastructure construction, operating and commissioning.
Such a mechanism minimizes the potential risks of banks, given the proven repu-
tation and current history of EPC contractors. In addition, the EPC contractor has
experience in conducting alternative energy development projects and relevant
contacts, which allows them to manage the project effectively, gain access to
specific facilities and progressive experience. However, currently this mechanism
of EPC-contracts is not very effective and common in Ukraine. At the same time,
we note that JSC «Ukrgasbank» has created conditions for the creation of the
first in Ukraine open-access list of reliable contractors, who have passed the pro-
cedure of selection and objective evaluation.

Taking into account the harmonization of the national strategies with the
European Green Deal, domestic business representatives face a number of new
challenges related to the need to support energy saving, responsible and envi-
ronmental activities. The demand arises for the so-called «environmental» or
«ecological» investments. Thus, the review of investment strategies is currently
in progress considering the resource attraction by means of sponsorship. Adver-
tising, support for investment in alternative energy is the contemporary trend and
indicator of sustainable development of modern society.

Promotion of the Green Deal in developed countries among other is re-
lated with the spread of environmental securities. Green bonds are the fixed-
income debt securities designed to support specific climate-related or environ-
mental (including energy efficient) projects. For example, in the last 10 years the
global green bond market has grown from 860 million to 389 billion US dollars.
Green securities primarily focus on energy saving and energy efficiency projects,
combating climate change, preventing natural disasters, etc. In Ukraine, in recent
years, attention to green securities has increased at the government level,
though the financial mechanism still remains insufficiently mastered in practice
(Pimonenko et al., 2021).

The resources of international financial institutions and grants from interna-
tional donors are a promising source of funding for alternative energy develop-
ment projects in Ukraine. The domestic government already has some experi-
ence of cooperation with the international financial institutions, business and fi-
nancial institutions in the effort to increase energy efficiency. Thus, experts from
the World Bank Group (IFC, EBRD, EIB, World Bank) and the US Overseas Pri-
vate Investment Corporation (OPIC) are interested in alternative energy devel-
opment projects in Ukraine. A number of Horizon Europe grant calls are aimed at
developing the potential of alternative energy, which creates additional opportuni-
ties to attract funding in this area in the long run.
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Conclusions

The development of the energy system directly affects the competitiveness
of the national economy and living standards. Accordingly, economically sound
and environmentally safe supply of energy resources to the country is a strategic
task for each state. In summary of the systematization of scientific achievements
and the results of East Germany experience we recommend:

e revising the Energy Strategy of Ukraine for the period up to 2035 «Se-
curity, energy efficiency, competitiveness» and setting new vectors of
development, taking into account global trends towards carbon-neutral
development of the national economy;

e considering communal property buildings (schools, colleges, universi-
ties, hospitals, kindergartens, etc.) as objects of energy independence,
i.e. investing in their energy supply by installing renewable energy
sources;

e promoting the principles of social and environmental responsibility in
the field of energy saving and energy efficiency;

e optimizing and modifying the regulatory framework for effective control
and supervision of energy service entities;

e developing municipal electric transport to improve the environment and
reduce fuel dependence on other countries;

e applying sophisticated tools of financial support of green energy, in-
cluding export-credit agencies, EPC-contractors, green securities, en-
vironmental investments.

The transition to renewable energy is achievable and necessary for Ukraine.
Solar and wind energy have already reached the required technical and economic
level for widespread implementation. At present, there is also a need to integrate
domestic energy entities into international economic flows, where the role of the fi-
nancial mechanisms should be decisive in terms of forming the necessary reserve of
liquid financial resources for the development of Ukraine’s energy sector.
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