Bunyck # 48 / 2023 EKOHOMIKA TA CYCIMINbCTBO

DOI: https://doi.org/10.32782/2524-0072/2023-48-15

UDC 332.146

DECARBONIZATION MANAGEMENT:
THE NECESSITY FOR RADICAL SOLUTIONS

MEHEI)KMEHT AEKAPBOHI3ALLII:
HEOBXIAHICTb PAAVKA/IBHUX PILLEHb

Kharin Serhii
Doctor of Engineering, Professor,
Dnipro University of Technology
ORCID: https://orcid.org/0000-0002-8500-163X

Papizh Yuliia
Ph. D in Economics, Associate Professor,
Dnipro University of Technology
ORCID: https://orcid.org/0000-0001-6460-7862

Yudenko Victoriia
Senior Lecturer,
Dnipro University of Technology
ORCID: https://orcid.org/0000-0001-7118-9128

XapiH Cepriii AHaToninoBuY
[OKTOP TEXHIYHMX HaykK, npodhecop,
HauioHa/IbHUIl TEXHIYHWI YHIBEPCUTET «[JHINPOBCbKA NOMITEXHIKa»

Manix KOnia CepriiBHa
KaHAMAaT eKOHOMIYHUX HayK, OOLEHT,
HaujioHanbHWIA TEXHIYHUIA YHIBEPCUTET «AHINPOBCbKa NOAITEXHIKa»

KOaeHko BikTopis BanepiiBHa
cTapLuvii BUknagau,
HaujioHasibHWIA TEXHIYHWIA YHIBEPCUTET «HINPOBCbKa NOMITEXHIKa»

The processes of recent climate changes in Europe and on the planet as a whole are considered. The negative
economic consequences of climate change are shown. Such consequences are expressed in an increase in air
temperature, droughts, a decrease in crop yields, hurricanes, the destruction of buildings, structures and communi-
cations, floods and flooding of large areas of land. The problem of sustainable development of mankind in terms of
preserving the planet's climate for present and future generations should provide for the solution of a set of tasks:
the production of primary energy in the global sense, using sources that do not cause significant harm to nature,
and the transformation of such energy into other types of resources. A set of measures within the framework of the
systemic model of decarbonization and the processes of managing the progress of their implementation are consid-
ered. In this context, the most important and promising direction is the development of wind energy, the second most
important is the use of solar energy. Attention is drawn to the necessity for an integrated approach to the problem of
decarbonization management.

Keywords: model, investments, development, globalization, ecology, management, decarbonization, world
economy, prospects.

AKTMBHE 3pOCTaHHS BUKOPUCTaHHS /II0ACTBOM YCIX MPUPOAHUX PECYPCIiB B iHAYCTPiasibHy Ta NOCTIHAYCTPiaslbHY
enoxy Npu3Beno A0 BKpai HeraTvBHOTO BMAVBY /IIOAEN HA HABKO/ULIHE CepeaoBuLle. BKasyeTbes, WO HUHILLHINA
CTaH Crnpas i3 3abpyaHeHHAM aTMochepy NAaHeTW Giflblue He MOXHa iIrHOpyBaTu. PyiiHIBHI NpoLecn He 3yMnuHEHI,
CTaHOBMLLUE Y Ljil cdhepi 3 KOKHUM POKOM CTae Aefasti CKAafHilnM. PaHille BXWTI 3aX04u He MpY3Benn A0 3MiHW
cuTyauii. 3a3HavyaeTbCs, WO HEOOXIAHI 3HAYHO PaAMKaUTbHILLI KPOKM OO0 CKOPOYEHHS BUKUAIB LUKIAIMBUX ras3iB B
atMoccpepy Ta ynoBifibHEHHSA POCTY CepeHbOT TEMMNepaTypy Ha NnaHeTi. Y 3B'A3Ky 3 LM OOCIIKEeHHS Woa0 Me-
HeKMEHTY BUPOOHULITBA EHEprii €KONoriYHMMI cnocobamu Ta il BUKOPUCTaHHSI CTAHOB/SATL 3HAUHY aKTyasbHICTb.
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Merta pob60oTy nonsirae y Tomy, Wo6 cdhopmysoBaTi KOMMJIEKCHY MOAE b PO3BUTKY AeKapOOoHi3aLlii eKOHOMIKK i3 3a-
3HAYeHHAM BaXX/IMBOCTI MPIOPUTETIB Ta BU3HAYEHHS 3aXO0AiB Y paMkax efpeKTUBHOro ynpas/liHHA Tak1uM NPOLECOM.
Y po60Ti BUKOPUCTAHO KOMM/IEKCHUIA NiaXia, METOAN aHani3y Ta CUHTe3y. [oCAimpKeHHS I'PYHTYIOTLCSA Ha OQILiHMX
BiIOMOCTSX CBITOBOI €KOHOMIYHOT CTATUCTUKM, BUBYEHHI JaHVX aBTOPUTETHUX IHHOPMAaLiMHKX areHujiin. Po3rnsHy-
TO KOMIJIEKC 3axX0fiB Yy paMKax CUCTeMHOI Mofeni Aekap6oHi3alil Ta npouecn ynpasniHHA X04oM ix peanizauil.
Y UbOMY KOHTEKCTI HalbiflbLl BXMBUM Ta NEPCNEKTUBHUM HANPSIMKOM € PO3BUTOK BITPOEHepreTukv, Apyrum 3a
3HAUYMMICTIO € BUKOPUCTaHHSA COHAYHOI eHepril. ByAiBHALTBO riraHTCbKMX 3a MacLUTaboM MOPCbKUX EBPOMENCHKMNX
BITPOMAPKIB € MariCTpasibHUM HanpPsIMKOM PO3BUTKY EHEPreTVKM B paMKkax fekapOoHizali Ta BKasye Ha Lwasx rio-
6a/1bHOro BUPILLEHHSI EHEPreTUYHOI NpobneMM NOACTBA Ta 36ePEXEHHs KiMaTy nnaHeTu. 3BepTaETbCs yBara Ha
HeOoOXiAHICTb KOMMNJIEKCHOTO Nigxoay A0 Npo6nemun ynpaBniHHA AekapboHizalietn. 3 po3BUTKOM iHHOBaLi Biaoy-
BAETHLCA NOMITHE NiABULLEHHS eHeproedeKTUBHOCTI. oka3aHo 3HaYHE 3HIDKEHHSI eHeproeMHocTi BB ekoHOMikK
HiMeuunHu, ge peanisyeTbCa KOHLUENLIA CTanoro po3suTKy. Bif3HaueHo, Lo AKLWO UMM LWAXOM nige 6e3niv KkpaiH
naHeTu, Taknil PO3BUTOK MOXE CYTTEBO BM/IMHYTY Ha npouec AekapboHisauil. MpakTnuHe 3HayeHHs po6oTn no-
nsarae y Tomy, Lo Ti pesynstatm MOXHa BUKOPUCTOBYBATY Mif Yac peanizauii nporpaMmu fekap6oHizalii eKOHOMIKM.

KnrouoBi cnoBa: Mofesnb, iHBeCTWLi, pO3BUTOK, rnobanisallisi, EKoNoris, MEHEKMEHT, AekapOoHi3aujs, cBITOBa

€KOHOMiKa, NepCneKkTUBMU.

Formulation of the problem. The world
economy in the era of globalization is developing
very actively. Economic activity in the post-
industrial era has led to a sharp increase in
the use of all natural resources. In recent
years, the negative impact of mankind on the
environment has taken on strong forms. This
negative influence can no longer be ignored.
Moreover, this negative impact already calls into
guestion the numerous measures taken earlier
to overcome the environmental threat. The
ineffectiveness of the measures taken and the
aggravation of the current situation have become
obvious. There was a need for more radical and
appropriate action.

Analysis of recent research and
publications. The problem of management,
innovation management is currently receiving
much attention. Many works are devoted
to general problems and applied issues in
various areas of management. In the latest
works of various researchers, the issues of
decarbonization, preservation of the planet's
climate, development of the world economy and
increasing its efficiency in the information age
are also considered.

Previously unsolved parts of the overall
problem. Despite the many publications of
various researchers, the issues of management
and innovation management have not yet been
studied in depth. This can be explained by
the complexity of this problem and the active
dynamics of changes in the global economy.
In particular, the issues of decarbonization
management, taking into account the develop-
ment of processes in the light of new economic
trends, require a deeper study.

Presentation of the main research
material. Economic activity in the industrial
and post-industrial era led to a gradual and

then a sharp increase in the use of all natural
resources. In recent years, the negative impact
of mankind on the environment has already
become so visible that it can no longer be
ignored. Moreover, this negative impact calls into
guestion the numerous measures already taken
to tame the environmental threat, showing their
inefficiency, exacerbating the current situation,
but also requiring the need for more decisive and
adequate actions.

The year 2022, like many previous years,
was marked by high summer temperatures on
the planet. According to The Copernicus Climate
Change Service [1] and The New York Times [2],
the severity of the situation is characterized, in
particular, by the fact that: eight of the warmest
years on earth have occurred since 2014,
2016 was also the hottest year for the entire
observation period; the average temperature
on the planet today is 1.2°C warmer than in
the second half of the 19th century, a period of
strong industrial growth and the beginning of a
noticeable use of fossil fuels.

United Nations Environment Programme
[3] indicates that active measures are needed
to protect the environment: «The Climate
Emergency we currently face requires adequate
and immediate action. It is one of the most
pervasive and threatening crises of our time.
We are facing an existential threat and rapid
prioritization of attention and action is necessary.
If we continue along our current path, scientists
say that the consequences will be devastating,
having implications on where we live, how we
grow food and other services vital to our well-
being» [3].

Climate change leads to damage from
numerous natural disasters, which in financial
terms, according to Deutsche Welle [4],
with reference to the largest and reputable
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German reinsurance company Munich Re [5],
in 2021 alone amounted to $ 280 billion in the
world.

Hurricane Ida caused great damage to the
United States. He was assigned the category
of "exceptional dangerous." The hurricane com-
pletely disabled the power supply system in the
metropolis of New Orleans in the US state of
Louisiana. "lda" collapsed in August-September
2021 on the coast of the Gulf of Mexico with wind
gusts of 240 km/h [6].

The problem of sustainable development
of mankind in terms of preserving the planet's
climate for present and future generations
should provide for the solution of such a set
of tasks: the production of primary energy in
a large, global sense, using sources that do
not cause significant harm to nature, and the
transformation of such energy into other types of
resources; use in all possible areas, in particular,
on all types of transport of ecological energy of
various types, the primary sources of which are
climate-friendly.

Followingthe goal of sustainable development,
it is possible to propose such a model of
decarbonization (Table 1), which covers a variety
of areas of activity inherent in the modern global
economy. The essence of the tasks of sustainable
development and decarbonization is that they
need to be addressed in a comprehensive,
systematic and consistent manner. The solution
of only a part of interrelated tasks will not lead to
the achievement of the set goals.

Atthe same time, itis possible to formulate the
most complex, unsolved for a long time, probably
the most important scientific and technical
problem of mankind: the use of thermonuclear
fusion energy in the energy sector. In terms of
significance, it surpasses all other tasks taken
together, the complexity of achieving a successful
result is so great that it is impossible to talk
about it with any confidence, one has only to rely
on the fact that local scientific achievements,
accumulating in multitude, will finally reach the
necessary “critical masses” and will lead to the
implementation of such a grandiose project.

A very interesting technical solution for
increasing the efficiency of wind energy, which
is of global importance, was found in Denmark.
According to Euronews [9], the country's autho-
rities approved a grandiose plan to build a field
of several hundred wind turbines 80 km from
the coast. Although the country has a lot of
experience in building such structures, this project
is called the largest in Danish and probably world
history. The cost of the project is about 28 billion

euros, and its completion is expected in 2033.
According to Dan Jgrgensen, Danish Minister of
Climate and Energy: “The planned capacity of
the island is 10 GW, which is enough to provide
10 million 6 million people, so, naturally, we
want to contribute to the development of a green
strategy across Europe” [9].

A number of wind farms already operating
in the world have high capacity, although they
are many times inferior to the planned project
in Denmark. For example, [10], the well-known
British offshore wind farm London Array, located
at the mouth of the River Thames, about
20 km from the coast, on which 175 turbines are
installed, was the world's largest offshore wind
farm during commissioning and had a capacity
of 630 MW. London Array is very indicative, it can
be compared in terms of power with an average
thermal power plant.

According to Deutsche Welle [11], 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
that involves 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 [11],
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 available capacities of offshore
wind farms by 7 times and bring them up to
(table 2) 20 GW. By 2050, this indicator should
increase to 93 GW.

An analysis of the plans for the development
of offshore wind farms for the period up to
2050 in the North and Baltic Seas shows that
their total capacity of 353 GW is significantly
higher than the installed capacity of generating
sources of electricity in Germany in 2021, which
amounted to approximately 232 GW [12]. It is
also necessary to take into account the already
existing wind power plants and the development
of wind energy on the European mainland, the
development of solar energy. Itis also necessary
to take into account the constant decrease in
the energy intensity of the GDP of European
countries, especially Germany. All this suggests
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Table 1

Integrated model of environmental development management

Development
direction

State of the issue and prospects

Geography
of development

Development

Wind power industry appears in a fairly close
perspective as a leading source of energy. In recent
years, the share of wind farms in the production of
electricity in Germany was at the level of 25-27%,
in Denmark about 55-56% with a constant increase

In different regions

1 gravxgd POWET lin the efficiency of such stations. The problem of wind of the world
energy is the unevenness of their work and the need
to accumulate the energy they produce. In addition, due
to the relatively low energy output of one station, a large
number of installations are required. Very promising.
The most

Development
of solar energy

Solar power plants already occupy an important place
in the production of electricity in the world today.

In Germany, their share accounts for approximately 8%
of annual electricity production. They require fairly large
areas for electrical panels. However, it is an important
promising source of energy. Dynamically developing.

powerful, gigantic
power plants
can be located
in desert areas
with energy
transmission

to places of
consumption.
Other electrical
installations are
everywhere

Development
of traditional
nuclear energy

Currently, according to the International Atomic Energy
Agency (IAEA), more than 400 nuclear reactors in

30 countries provide about 11% of global electricity
production [7].

At a distance from
cities

Development
of small
nuclear
reactors

Currently, small and medium power reactors or modular
reactors are not widely used in the world energy
industry, but recently many companies in a number

of countries around the world have been busy studying
the possibility of their application and developing
practical samples of such reactors. Such reactors can
have a power of about 50-70 to 300 MW, which is much
less than conventional reactors of nuclear power plants.
For example, the nuclear reactors used in France today
have a capacity of between 900 MW and 1450 MW.

Almost
everywhere,
including in cities

Development

The direction of the transition to the use of electric cars
instead of cars with internal combustion engines
is supported by the leading automotive concerns

5 goegﬁ%nc of the planet and the governments of many countries.
At the turn after 2030, it is likely that electric vehicles will
dominate the production of new cars.

Currently, hydrogen as a fuel is used in an extremely
Use limited way. The problem of using hydrogen is largely

6 of hydrogen economic. As the cost of oil and gas on the world market

as fuel increases, and recently there has been a multiple

in transport

increase in p_rices for such resources, the_use_
of hydrogen is becoming more and more justified.

Savings in the
use of energy
in all spheres

of activity

Currently, in economically developed countries, on the
basis of a complex of factors, structural changes in the
economy, there is a noticeable decrease in the energy
intensity of GDP. For example, in Germany (Fig. 1) [8]
from 1990 to 2019, this indicator decreased by 41%.

In a number of countries, the efficiency of energy use is
at a very low level and there are no noticeable changes
in this direction.

In different regions
of the world
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that in the future, wind and solar energy will
provide most of the energy needs, and possibly
even fully meet the energy needs of Northern
Europe.

Development dynamics of offshore
wind farms in Northern Europe

Period Pressure, GW
North Sea Baltic Sea
2030 76 20
2040 138 no data
2050 260 93

Source: based on [11]

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

Significant achievements and prospects of
global solar energy. For example, the world's
largest solar park on one site with a planned
total capacity of 5,000 MW by 2030 will be the
Mohammed bin Rashid Al Maktoum Solar Park —
a network of solar power plants in the desert in the
United Arab Emirates [13]. This can be compared
to the largest power plants on the planet.

Recently, according to the British Broadcasting
Corporation [14], a European team of scientists
from the JET physics laboratory located near
Oxford demonstrated for the first time in practice
the possibility of creating thermonuclear power
plants. In the course of the JET experiment,
which lasted about five seconds, physicists
managed to obtain the amount of useful
energy, which is more than twice the previous
world record set during the conduct of similar
experiments in 1997, Dr. Joe Milnes, head of the
technical part, told journalists of the experiment
and responsible for the operation of the reactor.
Construction of the International Thermonuclear
Experimental Reactor (ITER), the first operational
thermonuclear reactor, began in 2020 at the
Cadarache research center in southern France,
65 km from Marseille. ITER should become the
first industrial reactor where the thermonuclear
fusion reaction can be scaled [14].

According to the International Atomic Energy
Agency (IAEA): "There is growing interest
worldwide in small and medium-sized reactors
or modular reactors due to their ability to meet
the need for flexible power generation for
different users and applications and to replace

aging power plants. operating on organic fuel.
In addition, they are options suitable for remote
regions with less developed infrastructure
and open the possibility of creating synergistic
hybrid energy systems combining nuclear and
alternative energy sources, including renewable
sources" [15]. It can be assumed that the coming
decades will be a period of massive use of
modular reactors, and this use will be of a global
nature.

As innovations develop, there is a noticeable
decrease in the energy intensity of GDP in
a number of developed countries. The most
important economy in Europe, Germany, can
be an example of other states (Fig. 1, [8]).
The concept of sustainable development is
practically implemented here. If many countries
of the planet follow this path, it can significantly
positively affect the decarbonization process.

As reported by the Voice of America [16],
in December 2022 in the USA, the greatest
scientific success was officially announced:
for the first time, more energy was produced
during the thermonuclear fusion reaction than
was spent on its implementation. The US
Department of Energy reported that scientists
from the Livermore National Laboratory in
California achieved success. This theoretically
enables fundamental breakthroughs in the
field of national defense and "clean" energy,
US Energy Secretary Jennifer Granholm said.
She added that this is one of the outstanding
scientific achievements of the 21st century,
which will remain in the history books. Kim Badil,
director of the Livermore Laboratory, stated that
this success could lead to the technology gaining
practical application in a few decades, rather
than in 50-60 years, as previously believed [16].

As part of the management of the
decarbonization of the economy for the near
and more distant perspective, it is expedient to
implement such measures.

1. Radical, multiple expansion of wind
energy capacity worldwide, especially in shallow
areas of the world ocean, as is planned, for
example, in northern Europe, as well as in
unused areas of land.

2. Increasing the capacity of solar power
plants. Large and giant solar stations can
be located in deserts, as is already done in a
number of projects.

3. Development of means of energy
transmission and accumulation. Much of the
energy, it seems, will be produced in remote
areas of the planet and transmitted to places of
consumption in various ways.

MEHEOXMEHT
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Figure 1. Energy intensity of Germany's GDP
Source: based on [8]

4. Development of small modular nuclear
reactors, usually directly in places where energy
is needed.

5. Radical strengthening of attention
to solving the problem of peaceful use of
thermonuclear energy. Here, despite the extreme
complexity of the problem, the maximum
scientific and technical efforts and investments
of the world's leading countries should be
concentrated in view of the colossal effect in
case of its successful solution.

6. Increasing energy efficiencyinall spheres
of life. In the economically developed countries of
the world, there are many successful examples
of solving this problem, which should be followed
in the future.

An important specific feature of decarbo-
nization management is the need to inform the
population of various countries, the general
public about the correct decarbonization
measures. The right decarbonization measures
may not be clear to everyone. Such measures
may be unaccustomed to the population. Such
measures may be associated with temporary
difficulties for the population, an increase in

energy costs for the population. Therefore, such
decarbonization measures are likely not to be
supported by the entire population. But without
the support of the population, the success of
reforms in the modern world is impossible.
Without the support of the population, the
success of complex energy reforms and
decarbonization is impossible. Therefore, in the
management of decarbonization, measures to
constantly inform the population about the right
measures to decarbonize the economy are of
key importance.

Conclusion. Thus, the analysis of the
processes currently taking place in the field
of climate change and energy showed the
following. The economic activity of mankind
has led to noticeable negative processes in the
surrounding natural environment, the damage
from which continues to increase. This difficult
problem can no longer be ignored. For the
prospects of the global economy of the planet
through decarbonization, it is advisable to
focus efforts on the development of wind and
solar energy, as well as to combine them with
maximum economy in the use of all resources.
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