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Various issues of energy management in Germany are analyzed, including
the most important trends in the development of the world economy. The question
of Germany's refusal reasons to use atomic energy and the history of such a
decision is considered. It is indicated that the decisive impetus to the processes
was given by the accident at the Fukushima nuclear power plant in Japan, which
is geographically very far from Germany, in significantly different natural and
geological conditions, in a zone of high seismic activity, which is not typical for
Europe. It is shown that the accident in Japan was not caused by improper
operation of the station or any technical reasons, but was the result of the largest
earthquake and the next giant tsunami in intensity, which are extremely rare and
impossible for the conditions in Germany. An analysis of the development of
atomic energy in countries geographically close to Germany was carried out. The
exceptionally high role of nuclear power plants in the energy sector of France,
which historically has been the world leader for a long time in terms of their
specific weight in the country's overall energy balance, is shown. Plans of France
to preserve existing nuclear power plants and build new ones were considered.
The development of small modular reactors will be an important direction in the
development of nuclear energy. The aspiration of a country that previously did
not have nuclear energy to build nuclear power plants and develop this energy
sector for economic and environmental reasons is also shown. The analysis of
various aspects of the management of energy development in Germany was
carried out, taking into account the conditions that have prevailed up to now. An
assessment of the importance of the existing elements of the country's electricity
supply - wind and solar power plants, thermal plants on lignite and hard coal,
natural gas, nuclear power plants - is given. It is shown that the main direction of
energy development, which meets the imperative of decarbonization, is the most
intensive transition to ecological types of energy, primarily wind and solar
energy, the use of hydrogen produced in an ecological way. For some
transitional period, it is possible to use existing nuclear power plants in
Germany, and in the future - small modular reactors, which requires public
consent, legislative changes and explanatory work. The importance of
international cooperation in the field of energy was emphasized. The importance
of making optimal management decisions and their implementation is shown.



AHanizytomecs pisHi numauHs MeHeoxcmeHmy eHepeemuxu Himeuuunu 3
VPAXYBAHHAM —HAUBANCIUBIUUX MEHOeHYIl PO3BUMKY CBIMOB0I eKOHOMIKU.
Pozenanymo numanns npo npuuunu 8iomosu Himeuyunu 6i0 BUKOPUCTNAHHS
AmoMHOI eHepeii ma icmopisa NpuuUHAmMmA maxko2o piuieHHs. Brazamno, wo
BUPIUATbHULL IMNYIbC NpOYyecam HAOAlad aeapis HA AMOMHIU eNleKMmpOoCmMaHyil
@ykycima 6 Anownii, saxa eeoepagiuno 3Haxooumwvcs Oysxce daneko 6i0 O®PH, 6
NPUPOOHUX, 2€0JI02IUHUX YMOBAX, WO ICIMOMHO BIOPIZHAIOMbCA, 8 30HI BUCOKOIL
ceticMiyHOI akmusHocmi, wo He xapakmepno ona €sponu. [lokazano, wo asapis
6 AnoHii He byna cnpuyuHeHa HenpasuIbHOK eKCnayamayicto cmanyii abo 6yow-
AKUMU —~ MEXHIYHUMU  NPUYUHAMU, 4 CMAla pe3yiemamom  Haubiibuio2o
3emaempycy ma HACMYNHO20 2I2AHMCbKO20 34 IHMEHCUBHICMIO YYHAMI, AKI
3ycmpiuaromsbcs HAO38UHAUHO pIOKO ma HeMmodcausi onsa ymos Himeuyunu.
Bukonano awnaniz po3eumky amomHOI eHepeemuku 2eocpag)iyHo OIU3bKUX 00
®@PH kpain. Ilokazano 8UHAMKOBO BUCOKY pOJb AMOMHUX eeKMPOCMAaHYll 8
enepeemuyi Dpanyii, AKa ICMOPUYHO MPUBAIUL YAC € CBIMOBUM TLIOEPOM 3a
IXHbOIO NUMOMOIO 6a2010 ) 3A2albHOMY Oanauci eHepeii Kpainu. Pozenanymo
nranu DPpanyii wooo 306epedcenHsi ICHYIYUX amoMHUX eleKmpoCmanyit ma
0yOigHUYmMEa HO8UX. Basxciueum nanpamom po3eumky amomHoi enepeemuxu 6yoe
PO36UMOK Manux MoOyIvHUx peakmopie. llokazano maxoodic npacHeHHs Kpaitu,
SAKa pauiuie He Mana amoMHOI enep2emuku, 6yoysamu amoMHi e1eKmpocmanyii
ma po3eueamu Yio 2aiy3b €HepemuKu 3 eKOHOMIYHUX Ma eKONO2IYHUX NPUYUH.
Buxonano amaniz pizHux acnexmié YNpaeniHHA PO3GUMKOM  eHep2emuKu
Himeuuunu 3 ypaxysanuam ymos, wo ckiaiucs 00 menepiuinboeo yacy. Jawo
OYIHKY 3HAYUMOCMI ICHYIOUUX elleMeHmis 3a0e3neuens Kpainu eleKmpoeHepieio
— GIMPOBUX MA COHAYHUX eNeKMPOCMAHYIl, MEeNnI08UX CMAHYill Ha OYpomMy ma
Kam'sasHoMy 8V2ini, npupoOHoOMYy 2a3i, amomHux erekmpocmanyiu. Ilokasarno, wo
MAICMPANbHUM — HANPAMOM — PO3BUMK)Y  eHepeemuku, SAKi — 8i0nosioaromov
iMnepamugy oexapOouizayii, € MaKCUMAiIbHO IHMEHCUBHULL nepexio HA eKON02IUHI
8UOU eHep2ii, Hacamnepeo eHepeilo 8Impy ma COHYA, BUKOPUCNAHHS 800HIO, WO
BUPOOIAEMBCS eKO02IUHUM cnocobom. Ha Oesxutl nepexionuti nepiod moxciuge
suKopucmanHisa icHyrouux y Hiveuuuni amomuux enekmpocmauyiu, a 8
MAUOYMHLOMY — MAIUX MOOYIbHUX PeaKkmopis, wo nompebye cyCniibHoi 3200u,
3aKOHO0ABYUX 3MIH Ma po3'acHio8anbHoi pobomu. Hazconowerno na easicaiusocmi
MIHCHAPOOHO020 chispobimuuymea y cgepi enepeemuku. Iloxazano 3navywicms

NPULHAMMS ONMUMALLHUX YNPAGTITHCOKUX PIUeHb MA X 8MIIEHHS Y HCUMMAL.
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Statement of the problem in a general form and its connection with
important scientific or practical tasks. The development of the world economy
in recent decades is associated with the increasingly important role of innovation.
Innovation ensures the intensity of economic progress. Innovation in the energy
sector is especially important. This is due to major environmental problems.
Solving these problems is critical to the future of human civilization. It is
necessary to consider issues of effective management of the energy sector using
the example of the largest economy in Europe — the German economy. This can
serve as an example for other countries in the world.

Analysis of the latest research and publications, in which the solution to
this problem was initiated and on which the author relies, selection of
previously unsolved parts of the general problem, to which the article is
devoted. Recently, many publications of famous scientists have been devoted to
the issues of management of various spheres of the economy and innovation
management. These issues are given attention in articles, in particular, by such
authors as O.V. Bozhanova, S.M. lllyashenko, V.M. Heyets, O.P. Prosovych, V.V.
Prokhorova, as well as many others. However, the issues of effective management
of the energy industry and innovation in this area, especially on the example of
countries with developed energy industries, have not yet been fully studied.

Formulation of the goals of the article (statement of the task). The
purpose of the article is to formulate a model for the development of the German
energy complex with a distinction between immediate development tasks and later

and future tasks, taking into account environmental factors.



Results. Today, Germany is the leading economic country in Europe, one of
the most significant economies of the planet. Germany consumes large energy
resources, which are becoming more and more difficult to obtain every year. At the
same time, energy production has probably the greatest negative impact on the
planet's climate, which is already very noticeable, and is increasingly causing
natural disasters and large economic losses.

In this regard, it is interesting to develop and implement such an energy
model that would ensure the achieved high potential of economic development in
Germany, a traditionally formed decent standard of living in the country and
environmental protection, a careful attitude to nature, which is considered the key
features of modern development civilization

An analysis of the main sources of electricity production in the Federal
Republic of Germany in 2021 (Fig. 1) showed the following [1]. The dominant
position is occupied by wind energy, the specific weight of which is 23.1% with
the production of 113.51 TW-h, which reflects the long-term process of
decarbonization. The second position of brown coal power plants is quite clear -
20.2% and 99.05 TW:-h, which is due to the use of huge, easily accessible domestic
deposits of this raw material with a low cost.

Nuclear power plants continued to play a significant role in the energy
industry (13.3% and 65.37 TW-h), their replacement by any others in a short
period of time appears to be extremely difficult, and in the conditions of rising
world prices for hydrocarbon raw materials, it is economically unjustified.

Thermal power plants operating on natural gas (10.4% and 51.17 TW-h)
were designed for cheap and affordable fuel, which does not reflect today's
realities, although from an ecological point of view such plants are relatively

acceptable.
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Figure 1. Electricity production in Germany in 2021 by types of sources
Source: based on [1].

Solar energy is becoming increasingly important (9.9% and 48 TW-h),
which is already somewhat ahead of coal-fired power generation (9.5% and 46.44
TW-h).

Other sources make a minor contribution to the country's energy balance and
their role is unlikely to increase in the future.

It is obvious that wind and solar energy today provide a third of Germany's
electricity generation, which is already significant, but still not enough and much
less than it could be with the imperative desire for decarbonization and building the
economy of the future.

The future of the country's nuclear energy is a difficult problem for
Germany, which goes beyond the economy, and is also the most important social
problem. The question arises: how does the state of the German nuclear power
industry and the direction of winding down the operation of the country's nuclear
power plants correlate with the development of this industry in a number of other
countries of the world, and especially in Europe, where similar plants play a

prominent role.



As can be seen from Table 1 [2], according to the International Atomic
Energy Agency (IAEA), in 2021, the world leader in terms of the total capacity of
nuclear power plants (96,553 MW) and the annual production of electricity using
them (771,637,57 GW-h) is the USA, where 94 nuclear reactors of various
capacities operate, while the share of nuclear energy in the total amount of

electricity was 19.6%.

Table 1. The share of nuclear energy in electricity production in 2021

%ig?;?l Active Production of The share of_
Country electric reactors nucl_egr nuclear energy in
DOwWer, number elegilr\ll(':rl]ty, the tota!)/;/olume,
MW

Argentina 1641 3 10169.72 7.2
Belgium 5942 7 47962.47 50.8
Brazil 1884 2 13858.44 2.4
Bulgaria 2006 2 15798.89 34.6
Canada 13624 19 86780.11 14.3
China 50034 53 383205.32 5.0
Czech Republic 3934 6 29043.75 36.6
Finland 2794 4 22645.97 32.8
France 61370 56 363394.15 69.0
India 6795 22 39757.85 3.2
Japan 18184 19 61304.12 7.2
Republic of Korea 23091 24 150456.38 28.0
Netherlands 482 1 3614.16 3.1
Romania 1300 2 10401.16 18.5
Slovakia 1868 4 14645.84 52.3
Slovenia 688 1 5418.64 36.9
Spain 7121 7 54218.18 20.8
Sweden 6882 6 51426.36 30.8
Switzerland 2960 4 18593.20 28.8
Ukraine 13107 15 81125.58 55.0
UK 8923 15 41788.50 14.8
USA 96553 94 771637.57 19.6

Source: based on [2].




France occupies a unique place in the world of nuclear energy, having for
many decades been the country with the largest share of nuclear power plants in
the production of electricity, which, despite its decline, still reaches 69%. The
capacity of 56 French nuclear units is 61,370 MW, which made it possible to
produce 363,394.15 GW:-h of electricity in 2021.

Ukrainian nuclear energy plays an important, unique role in the country's
economy, providing 55% of all electricity in 2021. At the same time, the country's
nuclear plants cannot be replaced by others. For example, thermal power plants
operating on hard coal are difficult to provide with the necessary raw materials
both in terms of volume and quality.

Nuclear power plants are important for the energy industry of Slovakia,
Belgium, Bulgaria, the Czech Republic, Finland, Sweden, Switzerland, South
Korea, Spain, and Romania (Table 1). The role of atomic energy in the United
Kingdom and Canada is not so significant, but it is noticeable.

Germany's refusal to develop nuclear energy in the future and the gradual
closure of nuclear power plants already existing in the country at that time has
several components.

Initially, the complete abandonment of such stations did not find support
from the authorities, but was actively promoted by environmental organizations
and individual political forces. A significant change in the situation came after the
accident in March 2011 at the Japanese nuclear power plant "Fukushima-1", the
cause of which was an earthquake in Japan, one of the strongest in the history of
mankind, which caused a tsunami in the Pacific Ocean. In June 2011, the German
government made a radical decision to completely abandon nuclear energy by the
end of 2022. Now this decision has been postponed until the spring of 2023.

An analysis of the essence of the problem and the development of events
that took place around it over the past years showed the following. The decision to
completely abandon nuclear energy was probably more emotional and

psychological than rational, which is supported by a number of arguments.



The key factor that directly caused such a decision was the largest
earthquake in Japan. It should be noted that earthquakes of similar intensity are
quite rare there, the destruction of the station was not caused by the earthquake
itself, but by the tsunami due to the location of the station directly on the coast.
Although Japan has many nuclear power plants, they were not affected by this
earthquake. Northern Europe and Germany are generally not characterized by any
significant earthquakes capable of damaging such objects.

The accident at the Fukushima-1 nuclear power plant did not lead to the
abandonment of nuclear energy in Japan itself. Currently, 19 nuclear reactors with
a capacity of 18,184 MW are operating in the country. There are no known plans to
abandon nuclear power in Japan today or in the future.

The question arises: how does the elimination of nuclear power plants in
Germany and the problem of radiation safety correlate with the existence of many
nuclear power units near the country in neighboring countries, where there are
many times more of them than in the country itself? Only France, Switzerland,
Belgium, the Netherlands, and the Czech Republic, which directly border
Germany, have a total of 74 nuclear reactors as of 2021.

The abandonment of nuclear energy was to be accompanied by an increase
in energy production with the help of wind and solar power plants. Such an
increase, even a very noticeable one, took place in recent years, but it is far from
sufficient to replace the energy of not only nuclear, but also coal and gas power
plants.

There have long been no insurmountable technical or economic obstacles to
a radical increase in electricity production using offshore wind farms, but it has not
been done. Only now has it become known about the plans to build really large
offshore wind farms as part of international cooperation projects capable of
providing Europe with energy. But the implementation of such projects will take a
long time.

Germany did not have any liquefied natural gas (LNG) terminal, relying on

overseas pipeline gas supplies, although such terminals existed in many



neighboring European countries. Only recently, the current government of
Germany is making intensive efforts to build six marine terminals, which in the
future will also be able to receive liquefied hydrogen.

The rejection of nuclear power plants did not take into account the
significant increase in world prices for oil and natural gas, which has been
happening recently, and the problems of their delivery, which are worsening.

It was not taken into account that the nuclear power plants that existed in
Germany were complex, technically perfect objects of high reliability, managed by
highly qualified specialists. A lot of money and time was spent on the construction
of such stations and the training of specialists. The operation of nuclear power
plants was economically efficient. In the case of a constant increase in global
energy prices, the importance of this factor increases.

It is also very remarkable that countries that are extremely scrupulous about
environmental protection, have an exceptionally picturesque nature, such as France
(the world leader in the number of foreign tourists) and Switzerland are not going
to give up nuclear energy, but are also devoted to the ideas of developing
ecological types of energy. According to the Reuters agency, in November 2021,
French President Emmanuel Macron, in particular, said: "We are going to resume
the construction of nuclear reactors in our country for the first time in several
decades and continue the development of renewable energy sources™ [3]. Such a
decision is dictated by the desire to reduce dependence on imported energy sources
and prevent a sharp rise in electricity prices [4].

In addition, France supports the idea of developing small modular reactors.
"We have a decisive advantage - our historical model: we already have nuclear
power plants,” said Macron, presenting France's development strategy until 2030 at
the Elysee Palace [5]. According to the document, 8 billion out of 30 billion euros
will be sent to the energy sector, of which 1 billion will be spent on the
development of so-called mini-reactors [5].

While Germany is about to completely abandon nuclear power, Poland,

which still does not have a single nuclear power plant, has decided to build its first



nuclear power plant in November 2022. As reported [6], it will be created on the
basis of American AP1000 reactor technology. It is indicated that construction will
begin in 2026, and in 2033 the first unit will be put into operation.

The following changes in the German energy industry must take into
account the existing system, which has been in place for many decades and cannot
be changed in a short time. At the same time, the functioning of the energy
industry must follow the imperative of decarbonization and high efficiency. Taking
this into account, it is possible to propose the following development model in the
most general terms, which needs to be divided into phases of the immediate and
distant perspective.

The directions of energy development in Germany should be divided into
measures of the near future and measures of a later perspective.

Directions of development for the nearest future.

1. Thermal power plants on brown coal. Lignite is found in very large
quantities in the bowels of the country and has historically been mined using high-
performance equipment. Thus, the existing capacities of mining and thermal
stations, logistical advantages and low cost of lignite with noticeable disadvantages
determined its significant specific weight in the energy industry. Existing brown
coal thermal power plants need to be maintained, modernized and reconstructed.

2. Nuclear power plants. It is recommended to continue the operation of the
nuclear plants already existing in the country, which will require a change in
legislation and extensive outreach work in German society.

3. Thermal stations on natural gas. The operation of such relatively efficient
stations for the use of liquefied gas and hydrogen should be supported.

4. Thermal stations on hard coal. In this case, imported raw materials are
used, which creates logistical problems and increases the cost. Such stations should
exist for some time, until they are replaced by more progressive ones.

5. Solar power plants. In 2021, 10% of electricity was produced with the
help of such stations. Solar power plants meet the imperative of decarbonization

and must be expanded to the greatest extent.



6. Wind power stations. In 2021, 23% of electricity was produced with the
help of such stations. They have a higher utilization rate of installed capacity than
solar ones. To the greatest extent, they correspond to the imperative of
decarbonization and they must be expanded as actively as possible.

In the longer term, the development of Germany's energy industry will fully
meet the imperative of decarbonization. The basis of it can be the following types
of stations.

1. Thermal power plants on water. Hydrogen will be produced in places of
excess electricity and delivered to Germany mainly in liquefied form by sea.

2. Solar power plants. They will play one of the most important roles in
energy, second only to wind power.

3. Wind power stations. Such stations will become the main ones in world
energy. Most of them will probably be located in the seas, from where the energy
will be transferred to places of consumption.

4. Nuclear power plants. Mostly small modular reactors. The issue requires
public approval and legislative changes.

It seems to be extremely important, which will determine success, to
thoroughly inform the broad circles of the German public about rational measures
that correspond to the complexity of the current situation of the country's energy
development.

Germany has recently, in cooperation with other countries, taken energetic
steps towards the development of more effective global "green energy". Following
the visit of German Chancellor Olaf Scholz to Canada at the end of August 2022,
an agreement was signed to start the export of hydrogen from Canada to Germany
from 2025 [7]. In Canada, the hydrogen will be produced by wind farms on the
island of Newfoundland, in the Atlantic, which has windy weather and many hills
that favor efficient energy production. According to the same reports [7], Canada is
also able to supply liquefied natural gas. Six floating terminals for receiving LNG,

which are being built in German seaports, were also designed for hydrogen from



the very beginning, which opens up a wide range of opportunities for obtaining
ecological fuels.

According to Deutsche Welle [8], in September 2022, the energy ministers
of the European Union members Belgium, Denmark, Germany, Ireland,
Luxembourg, the Netherlands, France and Sweden, as well as Norway, agreed on
an extremely large-scale investment plan, which provides for the joint construction
and further use of wind farms. He assumes that already in 2030, their capacity in
the North Sea (Table 2) will increase 4 times - to 76 GW, by 2040 it will be 138
GW, and by 2050, when the European Union wants to achieve climate neutrality, it
should reach 260 GW

As further reported by Deutsche Welle [8], even earlier, at the end of August
2022, in Copenhagen, high representatives of the coastal countries of the Baltic
Sea, namely: Germany, Denmark, Latvia, Lithuania, Poland, Finland, Sweden and
Estonia, reached an agreement by 2030 to increase the available capacities of
offshore wind power plants by 7 times and bring them up to (Table 2) 20 GW. By
2050, this indicator should increase to 93 GW.

Table 2. Dynamics of development of offshore wind farms in Northern

Period Power, GW

(years) North Sea Baltic Sea
2030 76 20
2040 138 H.J.
2050 260 93

Source: based on [8].

The construction of giant-scale offshore European wind farms is the most
important, major direction of energy development within the framework of the
imperative of decarbonization and indicates the path to a global solution to
humanity's energy problem and preservation of the planet's climate.

Conclusions. Thus, the analysis of the functioning of the energy industry in
Germany in combination with the dominant global trends, existing problems and
contradictions, as well as key elements of the proposed model of its development

allowed to establish the following.



Currently, the main part of the country's electricity is produced with the help
of wind, lignite thermal, solar, nuclear plants, as well as natural gas and hard coal
plants.

The production of energy using lignite, despite all the disadvantages of this
type of fuel, relies on large deposits that are developed inside the country in an
efficient open way with the help of high-performance equipment, which eliminates
the import of this raw material and many logistical problems, and may be
acceptable for some perspective.

Germany envisages abandoning the use of nuclear energy, which is
markedly different from the existing practice and plans for changes in the energy
sector of the world's leading countries.

A model of the development of the electricity industry of the Federal
Republic of Germany is proposed, calculated for the near and distant perspective,
the basis of which will be the use of wind and solar energy, ecological hydrogen
within the framework of the imperative of decarbonization.

The key element of the energy industry of Germany and Northern Europe
will be giant wind farms being built in the North and Baltic Seas as part of
international cooperation projects, the total capacity of which may reach 353 GW
by 2050.

Achieving the goals of climate protection on the planet requires close
attention to this most important problem, scientific research, adoption of
appropriate management decisions, and their consistent implementation in the

interests of all humanity.
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