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Introduction. Despite uncertain terms and conditions of the post-war economic recovery of Ukraine, the re-
source-intensiveness and complexity of this task, its successful realization will create unique opportunities for the
implementation of essential institutional reforms and radical structural economic transformations. Priorities and
effective implementation mechanisms of such recovery policy shall be formulated with a consideration of the re-
gional and global trends in socio-economic and societal transformations, such as transition to the low-carbon
(carbon-neutral) development model.

Problem Statement. The adoption of the national target on reducing GHG emissions in accordance with an
updated Nationally Determined Contribution to the Paris Agreement has set quantitative targets for the low-
carbon development for Ukraine. The next important task is to formulate the imperatives of thegovernment policy,
as well as to identify the tasks and measures aiming at achieving the stated goal and the effective inclusion of
Ukraine into the EU Green Deal during the post-war recovery.

Purpose. The purpose of this research is to estimate targeted transformations of the energy and electricity
balances and corresponding macroeconomic effects.

Material and Methods. The effects ofachieving the climate goals have been evaluated in terms of economic
factors, with the use of TIMES-Ukraine linear quasi-dynamic optimization energy system model.

Results. Energy efficiency and renewable energy deployment, technology modernization with the correspond-
ing redirection of investments in low-carbon technologies, as well as development of competitive integrated
energy markets have been proposed as the main pillars of decarbonization of Ukraine’seconomy.

Conclusions. Although the energy sector will play a key role in the post-war “green” recovery of Ukraine’s
economy, the attention of the government shall not be limited within the sectoral framework, as the relevant ef-
fects are closely related to financial, social, fiscal, competitive, and infrastructure policies.
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As a result of the war unleashed by the Russian
Federation (RF) and the acute phase of hostili-
ties, there has been reported a daily increase in
the casualties, which is the most terrible, along
with the mass suffering of the entire population,
industry, and infrastructure of Ukraine. Current-
ly, there have been no serious signs of ending or,
at least, suspending the military intervention of
the Russian Federation.

Consequently, there has been reported a reduc-
tion in the gross domestic product (GDP) of Uk-
raine, which is caused by:
¢ deteriorating quality of the human capital due to

psychological injuries and the risk of loss of life;

o destruction of production facilities, housing
stock, as well as nonresidential, transport, and
social infrastructure;

o the limited use of the national land fund as a
result of its partial occupation, as well as dama-
ges caused by mining, shelling, and pollution of
Ukrainian territories;

¢ a reduction in the labor force employed in in-
dustry;

# adecrease in the consumer spending of the po-
pulation;

+ the reorientation of national budget expendi-
ture in favor of areas that are not directly rela-
ted to GDP production;

« growing inflation, debt, and devaluation of the
national currency;

o direct and related investment losses;

¢ rising prices for energy resources.

Ukraine’s direct and indirect losses will also be
determined by global factors, such as a world eco-
nomy recession as a result of the disruption of es-
tablished commodity and sales chains, the rise in
prices for energy resources and other raw materi-
als, in particular, because of increasing general in-
ternational risks, level of world confrontation, and
defense costs.

Given these threats, international organizations
and expert groups have estimated a decline in Uk-
raine’s economy in 2022,

In its report for March, the International Mone-
tary Fund (IMF) has projected that in 2022 the
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real GDP of Ukraine would drop by 10% [1], pro-
vided the war comes to end in a short run and the
donors provide Ukraine with a significant finan-
cial aid. Otherwise, the annual GDP dropmight
reach 25—35% (based on the data on real GDP
decline during similar military conflicts in Iraq,

Lebanon, Syria, and Yemen). According to the es-

timate of the IMF Deputy Executive Director for

Ukraine, Ukraine’s annual losses might account

for 35% [2].

According to this IMF report, Ukraine’s bud-
get deficit is expected to increase by 3% of GDP, in
2022. The recession will lead to a drop in the tax
revenues of about 4% of GDP, as compared with
2021. With such an increase in the budget deficit,
given the already provided financial support from
the IMF (USD 4.5 billion), there remaining budget
deficit amountsto USD 7.4 billion (4% of GDP).

After the commencement of the military inva-
sion of Ukraine, the international rating agencies
have significantly downgraded Ukraine’s sove-
reign ratings:

« Fitch Ratings (February 25, 2022): from “B” to
speculative “CCC” (the highest is “AAA,” the
lowest is “D”), which worsens the investment
rating of government bonds [3];

o Standard & Poor’s (February 25, 2022): from
“B” to “B-" (the highest is “AAA,” the lowest is
“D”);

+ Moody’s (March 4, 2022): from “B3” to “CAA2”,
assuming that Ukraine’s existing financial buf-
fers and expected international financial aid
are not sufficient to fully compensate for the
liquidity risks associated with Ukraine’s need
of borrowings during the war [4].

This not only significantly complicates Ukrai-
ne’s access to international capital markets, but
also increases its economic losses because of sig-
nificantly deteriorating business environment and
growing capital outflow.

The national estimates of Ukraine’s economic
losses as a result of foreign intervention are also
threatening. According to the estimates of the
Minister of Finance of Ukraine, a half of the do-
mestic GDP falls on the ten regions where active
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hostilities are going on, as a result of which the
losses might range from 33% to 50% [5]; so far,
the one-time direct losses caused by the warhave
exceeded USD 600 billion [6].

The economic losses from hostilities in the
post-Soviet republics have been estimatedwith
the use of 4 methods. The economic losses of
Georgia as a result of the military conflict with
the Russian Federation, which lasted eight days
in 2008 and caused a limited damage to the Geor-
gian infrastructure, are estimated at about USD
2 billion [7]. The complexity of more accurate
calculations is explained by the global financial
and economic crisis that took place shortly after
the end of hostilities in Georgia. In 2009, its GDP
dropped by 3.7% [8]; the GDP per capita fell
by 15.7% [9]. Armenia’s GDP declined by 7.4%,
in 2020, as a result of both the six-week mili-
tary conflict with Azerbaijan and the global de-
cline in business activity because of the unfolding
COVID-19 pandemic. In the first active phase of
the Russian-Ukrainian war (March 2014 — Feb-
ruary 2015), Ukraine’s GDP decreased by 10.1%,
in 2014, and by 9.8%, in 2015 [10].

UKRAINE' ECONOMIC LOSSES,

AS ESTIMATED BY THE INSTITUTE
FOR ECONOMICS AND FORECASTING
OF THE NAS OF UKRAINE

The estimates are based on the extrapolation of the
conditions and losses reported for the first active pha-
se of the Russian-Ukrainian war (March 2014 —
February 2015).

According to these estimates, in 2022, the real
GDP may fall by 45%, the gross fixed capital for-
mation may decrease by more than 80%, and the
production in industry may decline by 52% [11].

All the options are extremely alarming, each
leading to an unequivocal conclusion that, in ad-
dition to the existing humanitarian, military, and
financial aid, Ukraine and its population need se-
rious help from the international community in
many areas of the country’s life to restore the
economy.
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The estimates based on the scenario
of a reduction in electricity consumption

The assumption of a high correlation between
electricity consumption and Ukraine’s real GDP
has been used to estimate possible changes in the
real GDP in 2022 under the two scenarios: 35%
and 50% drop in electricity consumption.

The results have shown that the corresponding
drop in the GDP of Ukraine in 2022 may amount to:
o 17.9—22.4% for the first scenario;

& 25.6—33.1% for the second scenario.

The estimates based on the assumption
of some regions of Ukraine

being prevented from the normal
process of economic reproduction

Given the uneven spread of hostilities in the count-
ry, it has been assumed that 14 regions remain “con-
ditionally unscathed.” At the same time, 10 oblasts
(Donetsk, Zhytomyr, Zaporizhzhia, Kyiv, Luhansk,
Mykolaiv, Sumy, Kharkiv, Kherson, and Chernihiv)
and the city of Kyiv are considered to be prevented
from the normal process of economic reproduction.
With the use of the mentioned approach it has been
shown that the economic losses of Ukraine in an-
nual terms may reach 46% of GDP.

Today, both national experts, researchers, em-
ployees of government bodies, and foreign spe-
cialists have been already making analytical pre-
paratory effortsfor providing assistance to Ukrai-
ne. In particular, along with the recognition of
the necessity of supporting Ukraine by the inter-
national community, attention is focused on the
fact that in the world, in addition to the terrible
consequences of the war, there are other equally
important challenges for humanity. For example,
Professor of the Kozminski University in War-
saw, Former Minister of Finance of Poland and
foreign member of the National Academy of Sci-
ences of Ukraine Grzegorz Kotodko, while saying
that Ukraine recovery needs a debt write-off and
help from the EU and China, alsonotes that the
EU plans to spend hundreds of billions on the re-
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covery of the EU countries’ economy after the
pandemic. The transformation of energy and the
transition to renewable energy sources will be
costly as well, because the EU shall not deviate
from the agreements reached at the last COP26
summit to combat global climate change. Even in
such an emergency situation as war, one cannot
forget that climate change is the greatest chal-
lenge facing humanity [12].

Under such conditions, the expenditure on the
transformation of the energy sector through its
transition to renewable sources, which will be imp-
lemented in the EU in parallel with the recovery
and restructuring of the economy in the post-war
period, including at the expense of EU funds, shall
be considered given Ukraine’s contribution to the
fight against climate change for recovery, which
was made without taking into account both Euro-
pean and global practice. The restoration and re-
structuring of Ukraine’s economy shall be harmo-
nized with the global climate policy, first of all for
Ukraine to be granted with the status of a candi-
date for accession to the European Union and to
getthe membership in the future, in accordance
with Ukraine’s statement of February 28, 2022.
Since the European Commission will analyze Uk-
raine’s application in terms of its ability to meet
the criteria established by the European Council
in Copenhagen, in 1993, as well as those defined in
Madrid, in 1995, it is expected that in this case the
candidate country will develop administrative
structures, thanks to which the EU will be able to
integrate Ukraine, as a new member, into the EU.
Obviously, their activities will be directly related
not only to those processes that have been already
taking place in the EU, but also to those that will
take place in the course of changes, in particular, in
the context of combating climate change and en-
suring a low-carbon path of development, which
has already been defined and will be implemented
in the future. Insofar as this strategy is developed
for the period up to 2050 and beyond, for Ukraine,
it is a rather logical wayto restore and restructure
its economy in the post-war period in accordance
with this strategy.

6

In July 2021, Ukraine approved a national con-
tribution to the Paris Agreement [13], which was
developed on the basis of research carried out at
the Institute for Economics and Forecasting of
the NAS of Ukraine (IEF of the NAS of Ukraine)
and presented at the UN Climate Change Con-
ference (COP26)in 2021, in Glasgow (Scotland),
which defined the climate agenda in the context
of global trends and economic development im-
peratives.Such imperatives were also formulated
as part of the research of the Institute for Eco-
nomics and Forecasting of the NAS of Ukraine
and presented by Full Member of the NAS of
Ukraine Valerii Heyets as part of his report Eco-
nomy of Ukraine in the Imperatives of Low-Carbon
Development at the general meeting of the NAS of
Ukraine on February 17, 2022.

The authors of this research are convinced that
the main points of this report, its content and na-
ture (of course, except for some absolute values of
the forecast estimates) have been as relevant as
before the Russian aggression, since in the post-
war period, Ukraine’s economy shall be restored
and restructured in concordance with the chang-
es expected in the world, Europe, and Ukraine.

CONCEPTUAL PRINCIPLES
OF LOW-CARBON DEVELOPMENT
FOR UKRAINE

Even in the pre-war period, the state of energy
sector and environment in Ukraine was charac-
terized by a problematic situation, which posed
threats to the sustainable energy supply of the
economy and the environment. The problematic
situation may worsen in the future. In fact, it has
aggravated because of the war, which has reduced
the potential of Ukraine’s economy and requires
the intensification of the formation of low-carbon
development.

Low-carbon development is fundamentally con-
ditioned by the need to renew the global climate
order as a common value of humanity, since, in
fact, the ideology of low-carbon development and
its implementation gives humanity the opportu-
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nity to breakthrough into a safer future symboli-
zed as climate stability. In order to achieve it and
to stop the existing trends of climate change,
which threaten the existence of all living things,
it is necessary, while decarbonizing the economy,
to achieve efficient energy consumption in most
industries, agriculture, transport, infrastructure,
including housing, as well as in the behavior of
the population of cities and villages. As a result,
the formation of a new behavior of business enti-
ties is expected to transform their activities, where
the economy modernization will be basedon effi-
ciency and social responsibility. A characteristic
feature of such principles for the government,
business, and citizens, along with profitable ac-
tivities, is the focus on the formation of public
goods as a common value.

The transition to carbon-neutral development
foresees and stimulates the eventual formation of
a carbon-neutral economy that is the imperative
which reflects the content of the prescriptions in
terms of general obligations, the implementation
of which on a low-carbon basis will allow achiev-
ing climate neutrality in accordance with the sus-
tainable development goals of the UN and the key
requirements of the Paris Climate Agreement, to
which 190 countries of the world have joined.

The Paris Agreement adopted in 2015 defines the
goal of limiting the global increase in the average
temperature to 1.5 °C, as compared with the pre-
industrial period of development. As a means of
achieving this result, it assumes to implement meas-
ures and technologies aiming at maximally reduc-
ing the manufacture of products and services, which
requires the use of fossil fuel, and consequently, at
reducing greenhouse gas (GHG) emissions.

The Paris Agreement became possible because,
in general, it was in line with the development plans
of the leading advanced economies, since they were
the main consumers of energy and GHG emissions.
In most cases, such plans were partially related to
combating climate change; instead, they were aim-
ing at reducing the dependence on conventional en-
ergy sources and local pollution, as well as at creat-
ing new jobs and so on.
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The Paris Agreement sent a signal to the whole
world about the inevitability of “low-carbon fu-
ture”. As a result, all economic agents were warned
about the need to adapt themselves to such a future
and to move to a new level of competitiveness,
stimulating economic growth on a new technologi-
cal basis.

Technological and technical conditionality of
low-carbon development, at the same time, is a
necessary but insufficient condition for its imple-
mentation. The sufficient condition is the crea-
tion of new forms of social reality, in which, first
of all, the relationship between separate individu-
als and society should be transformed through
changing the individual psyche and behavior of
the individual with respect to the surrounding
people and the environment as a whole.

This is conditioned by the results of the rela-
tionship between the individual and the people
around him/her, who form his/her psyche that is
determined by social reality and in which he/she
is formed and develops both as an economic and
as a social subject. Psyche, being a result of the
existence of the individual, forms the ability to
perceive the integrity of the surrounding envi-
ronment, because, the personality is a socially de-
termined, socially receptive, corporeal being en-
dowed with all kinds of forces and abilities for
socially conditioned action. Given that climate
change has reached criticality in terms of the for-
mation of a threat to existence, the preservation
and renewal of life is a common value that is de-
termined by the priority of the future life activi-
ties in the context of not only self-regulation, but
also social inclusiveness, the achievement of which
requires strong organization, careful long-term
planning and implementation, consistent actions
over many years, large-scale financing that is pos-
sible thanks to joined efforts and political power
that can be obtained through joint actions [14].

Based on the above-mentioned ideology of suc-
cess on the way to low-carbon development, as an
imperative based on the key requirements of the
Paris Climate Agreement, there were formed un-
dertakings both to develop and to implement in
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the signatory countries a long-term low GHG
emissions development strategy, which covers both
low-level emissions and absorption of those ac-
cumulated artificially and naturally.

Since the signing of the Paris Agreement, low-
carbon development of the economy is an irre-
versible trend that marks a new quality and style
of life for all economic subjects: individuals, house-
holds, firms, national economies (states), and glo-
bal society. Assuming the formation of new forms
and the transition to a new level of competitiveness,
unless appropriate material, social, and financial
assistance is in place, low-carbon development may
result in the further stratification of society within
individual countries and at the global level, the
growth of poverty, the emergence of new depressed
regions, obstacles to the activation of economic
growth, and the intensification of the competitive-
ness of economic entities at various levels.

Low-carbon development, the strategic goal of
which is to ensure that the global temperature in-
crease does not exceed 1.5 °C by the end of the
century, significantly reduces the risks of nega-
tive consequences, but is not able to completely
prevent climate change. At the same time, solving
the problem of climate change is a vital, but nei-
ther sufficient (nor even always main) condition
for minimizing all environmental risks, as in a
broad context, climate change reflects only part
of the risks for economic growth and develop-
ment, for people’s lives and health. This is evi-
denced by the goals of sustainable development,
as adopted by the world community, which, in
addition to measures for combatting climate
change and their consequences, include 16 more
global objectives aiming at harmonizing its eco-
nomic, social and environmental components. Thus,
unless they are achieved in coordination with other
tasks, such as, in particular, promoting inclusive
sustainable economic growth, full productive em-
ployment and decent work for all, neither the prob-
lem of climate change may be adequately conside-
red, nor its solution may be realistic and effective.
Therefore, given the potential risks of negative
manifestations of climate change in Ukraine and

8

based on the “letter and spirit” of the Paris Agree-
ment, we have proposed to formulate the concept
of low-carbon development in Ukraine as a policy
aiming at reducing the climate risks of the socio-
economic development of Ukraine, which combines
the measures to adapt the population and the eco-
nomy to the negative manifestations of climate chan-
ge, as well as the measures to prevent man-made
impacts both in terms of global climate-forming
conditions and factors, and in certain types of ac-
tivities, including the personalized activity of the
population.

Climate regulation requires the unification of
national and supranational approaches for the
following reasons:

o the efforts of one country are not enough;

o there is differentiation in consumption, includ-
ing excessive consumption both in individual
countries and in individual social groups;

o there is property and resource stratification;

o there is and will becashless travel effect;

o supranational regulation has a priority over
national regulation.

At the same time, the national climate policy is
ineffective unlessit is directly requested by soci-
ety, and the citizens consciously agree to certain
financial losses for the sake of implementing spe-
cific environment and climate measures. Deci-
sions imposed from above by international obli-
gations or central authorities in the absence of
public perception of the importance of the cli-
mate change problem may remain declarative and
not implemented in everyday life.

The imperatives of low-carbon development of
a global nature (Table 1) include the so-called
“direct” imperatives corresponding to the Sus-
tainable Development Goals of the UN and the
“derived” imperatives specified in the Paris Ag-
reement of 2015, as presented below.

Based on the direct and derived imperatives,
targeted measures have been defined (column 3,
Table 1), the implementation of which aims at
fulfilling the obligations assumed by the coun-
tries that signed the Paris Agreement. These im-
peratives describe what needs to be done, i.e. ne-
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cessary conditions. The imperatives that deter-
mine how this can be done are sufficient ones.

As part of the imperative to ensure low-carbon
development in the world, the following measu-
res were discussed at the UN Climate Conference
in November 2021, in Glasgow:

+ no subsidies and financing of fossil fuels;

& no construction of new coal-fired power plants;

 shifting the burden of paying for carbon emis-
sions from taxpayers to polluters;

+ mandatory disclosure of information about cli-
mate-related financial risks;

¢ integration of carbon neutrality goals into all
economic and fiscal decisions.

Figure 1 presents the dynamics of obligations
to reduce GHG emissions in the world, the EU,
and Ukraine, given the updated NDC, which is
Ukraine’s obligation to the international commu-
nity. The analytical data that are taken as a basis

for formulating the updated NDC are developed
at the IEF of the NAS of Ukraine, within the
framework of R&D, Economic and Environment
Principles of Low-Carbon Development of Ukraine
joint project of the Department of Energy, the
Department of Earth Sciences, and the Depart-
ment of Economics of the NAS of Ukraine, in
2019—2021, and with the involvement of inter-
national experts within the framework of the
EBRD project Supporting the Government of
Ukraine in Updating the Nationally Determined
Contribution. The information and analytical sys-
tem based on the TIMES-Ukraine model develo-
ped at the IEF of the NAS of Ukraine has been
used for the calculations. Regarding the later
deadlines for reducing emissions for Ukraine, as
compared with the EU countries, so far there has
been only one statement at the highest political
level, at the Summit of Climate Ambitions, about

Table 1. Imperatives and Target Measures of Low-Carbon Development

Direct imperatives

(UN Sustainable Development Goals)

Derived imperatives

Target measures

To take urgent measures to combat clima-
te change and its consequences (reduction
of net GHG emissions (absorption can and
should be increased)

To promote progressive, inclusive, and sus-
tainable economic growth, full and pro-
ductive employment and decent work for
all (fair transition)

To ensure access to inexpensive, reliable,
sustainable and modern sources of energy
for all

To ensure the transition to efficient mo-
dels of consumption and production

To create sustainable infrastructure, pro-
mote comprehensive and sustainable in-
dustrialization and innovation

Decarbonization in the sectors of final con-
sumption: total technology modernization
and upgrade of production facilities, pre-
mises, and vehicle fleet

Abandonment of fossil fuels (or their use
together with carbon capture, storage and
use technologies). Large-scale electrifica-
tion

Increasing and redirecting investments in
low-carbon technologies

Prioritization of R&D and innovation (to
reduce the investment burden and to increase
the competitiveness of the economy)
Rationalization (reduction) of energy con-
sumption

Competitive integrated energy and fuel mar-
kets; developed market infrastructure
Sustainable carbon-neutral agriculture, land
and forest use

Development of non-carbon energy
(RES, nuclear)

Change of the investment policy of
financial institutions, “low carbon”
consideration in public procure-
ment

Closing coal mines, decommission-
ing coal and other thermal genera-
tion

Use of the potential of energy effi-
ciency

Introduction of strict control over
emissions, introduction of adminis-
trative and market incentives to re-
duce GHG emissions

Reduction of the personified carbon
footprint

Source: developed by the authors.
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Fig. 1. International undertakings to reduce GHG emissions

Source: developed by the authors.

achieving the climate-neutral level of emissions
by 2060 [15] (in the EU Green Deal it is expected
to reach this level by 2050).

In low-carbon development, there should be
related economic growth and reformatting of the
energy system based on new technologies that to-
day have a high level of capital intensity. Unless
this capital intensity is reduced in the coordinates
of the existing financial system, the implementa-
tion of low-carbon development is quite proble-
matic.The current studies have shown that even
with a dynamic decrease in the capital intensity
of energy technologies, in the period 2035—2040,
the world energy costs will increase from the cur-
rent 8% to almost 30% of world GDP [16]. This
will limit the possibilities of transition to low-
carbon development while simultaneously ensur-
ing the growth of the economy as a whole, since
increasing the GDP capital intensity to such a le-
vel is quite problematic both in the world and in
Ukraine. Thus, according to our estimates, for the
implementation of the updated NDC, it is neces-
sary to attract additional capital investments of
about EUR 102 billion. At the same time, if ac-
cording to the baseline scenario, the average an-
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nual capital investments for 2021—2030 will ma-
ke up 18—20% of GDP, then given the goals of
the updated NDC, the capital investments should
increase to 23—25% of GDP.

This means that the mobilization of necessary
capital investment in the energy sector and re-
lated activities requires an increase in the norm of
accumulation in Ukraine, according to the NDC
scenario, to 23—25%, i.e. by 6 percentage points,
and given the additional costs for economic growth
in the existing activities that are critically car-
bon-intensive, the norm of accumulation should
reach, at least, 25—26% of GDP. Ukraine’s GDP
has not had such a level of capital intensity for a
long time. Thus, for the period from 2016 to 2020,
inclusive, the capital investments in Ukraine in
terms of GDP amounted to 15.5% with a down-
ward trend. In particular, in 2020, this index ac-
counted for 12.1%. As a conclusion, in Ukraine, the
period of achieving economic growth on a low-car-
bon basis requires a change in both economic and
energy policy, thanks to which capital investments
will increase, at least,by 10 percentage points in
terms of GDP and bespent on low-carbon deve-
lopment of the economy and energy sector. Given
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the need to ensure economic growth in carbon-
neutral activities and, accordingly, investment in
it, the above-mentioned share of capital invest-
ments in GDP will have to be raised to 28% and
even 30%. This is a fairly significant level, and it
will not be easy to reach it without special stimu-
lating measures.

TARGET CHANGES
IN THE ENERGY BALANCE

The main directions of decarbonization of the
economy are energy efficiency and the develop-
ment of renewable energy sources (RES). The
energy efficiency potential in all sectors of the
economy is estimated at 30—40% of the energy
consumed; the realization of this potential will al-
low maintaining the consumption in 2050 at the
level of 2020. Carbon-intensive fossil fuels (coal,
oil) should be replaced by less carbon-intensive

(gas), nuclear and hydropower, new synthetic

and renewable energy sources (wind and solar

energy, hydrogen, biofuel). The share of fossil
fuels will decrease to 10—15% in the structure of
total primary energy supplies (TPES), but their
use will be limited to non-energy consumption (as
raw materials) or will involve the use of carbon
capture technologies.

According to our estimates, the target changes
in the energy balance of Ukraine are as follows:

o the realization of the energy efficiency poten-
tial should ensure that the pre-war primary
supplies will not be exceeded by 2050;

& the role of natural gas, nuclear, and hydropower
will remain or even increase until 2030, which
confirms the need to increase investments in
increasing domestic production and infrastruc-
ture development;

& the share of renewable energy sources (together
with hydro) should reach, at least, 17% in
the TPES, by 2030 (6.6%, in 2020) and 33%,
in 2050;

¢ the gradual abandonment of the use of coal
actualizesthe problem of employment and just
transition in coal regions;
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o until 2030, hydrogen and other new types of
Juel will not play a significant role in the energy
balance.

Accordingly, the GHG emissions in the fuel
production and supply sector of Ukraine by 2030
are expectedto decrease by 17%, as compared with
2019, which will require additional investments
of about EUR 8 billion. The directions of measures
in this sector are as follows:

« relatively keeping demand for fossil fuels until
2030 will lead to increased attention towards
sectoral measures on energy efficiency and de-
carbonization;

o preventing (reducing) methane leaks during
extraction, processing, transportation, and sto-
rage of natural gas, oil, and coal (reducing na-
tural gas losses during transportation by 80%
as compared with 2015);

« modernizing underground gas storage facilities
in accordance with standards and requirements;

¢ using geothermal energy of depleted oil and
gas wells.

The decarbonization of Ukraine’s electricity sec-
tor has ambitious goals: reducing GHG emissions
by 30% as compared with 2019 will require capi-
tal investments of EUR 26 billion. Table 2 pro-
vides the estimated structure of electricity pro-
duction in Ukraine in comparison with the global
trends and the goals of the Green Deal declared
in the EU for the period until 2050, according to
the baseline scenario and the scenario of low-car-
bon development (or the scenario of the updated
NDC for Ukraine). While doing the estimates,
we assumethat the decarbonization of electricity
and heat production is the key to achieving car-
bon neutrality in the final consumption sectors;
in turn, the decarbonization in the final consump-
tion sectors and the development of the produc-
tion of synthetic fuels implya multiple increase in
power generation: 2.7 times in the world, 1.3 times
in the EU. It is expected that by 2030, the share
of carbon-free electricity generation in the world
will reach 70%, and the increase in the share of
RES generation will require a redesign of the
electric power system (the creation of necessary

n
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amount of reserve capacities, energy storage sys-

tems, the development of distributed generation,

“smart grids”, etc.).

The challenges on this path will be as follows:
o ensuring the readiness of the energy system for

a multiple increase in electricity production;
¢ decommissioning of coal-fired thermal power

plants after 2030 until 2050;

« intensively developing solar and wind genera-
tion;

¢ maintaining (building up) the potential of nu-
clear and hydropower;

¢ priority development of highly efficient coge-
neration;

# building energy conservation systems (indus-
trial electricity storage) for primary regulation,
frequency equalization, and integration of RES
generation;

« developing “smart grids” and distributed ge-
neration.

Private investments should be the main source
of financing for the development of the electricity
and heat energy sector. The green tariff (perhaps,
revised) should continue stimulating investment

in small renewable energy. Increasing private in-

vestments in the development of renewable en-

ergy of Ukraine shall ensure:

o the further improvement of the electricity mar-
ket operation;

o the abolition of price subsidies for energy pro-
duction and supply, while maintaining targeted
subsidies for vulnerable consumers;

+ the introduction of market tariffs for electrici-
ty and heat;

o the introduction of predictable and competitive
auctions for the construction of RES facilities;

o the creation of a reliable financing environment
for investors in Ukraine.

DEVELOPMENT OF ENERGY
MARKETS

Achieving the goals of a carbon-neutral economy
necessitates the continuation of energy policy re-
garding the formation of liberalized, integrated,
competitive, and efficient energy markets.
Efficient prices are an important feature of
competitive markets, which provides appropriate

Table 2. The Current and Prospective Structure of Electricity Production
by Type of Primary Fuel, in the World, the EU, and Ukraine, %

World European Union Ukraine

2020 2050 20502 2020 2050° 2020 20501 20503
Coal 35.4 13.5 0.9 13.7 0.6 27.0 27.6 0.0
Natural gas 23.4 181 1.3 20.1 16.6 9.6 6.8 7.2
Petroleum products 2.8 0.7 0.0 1.8 0.1 0.2 0.0 0.0
Nuclear power 10.1 79 7.7 24.6 22.0 51.4 44.8 40.3
Hydropower 16.2 14.4 11.9 13.5 41.9 5.1 4.5 3.3
Wind energy 6.0 18.9 34.8 14.3 2.2 1.3 26.7
Solar energy 3.1 20.7 33.0 5.2 4.0 9.4 16.2
Biofuel 2.6 4.0 4.6 6.8 11.3 0.5 1.6 5.0
Other fuel 0.4 1.8 5.8 0.0 7.5 0.0 4.0 1.3
Power generation, bln kW 26 762 46703 71164 2904 3612 148 266 372

Source: ' Baseline scenario (Stated Policies Scenario) [17]. 2 Carbon-neutral scenario (Net Zero Emissions by 2050 Scenario) [17].
3 EU Green Deal scenario [18]. * Baseline scenario. Estimates of IEF of the NAS of Ukraine. ® Low-carbon development

scenario. Estimates of IEF of the NAS of Ukraine.
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signals for changing the behavior of market par-
ticipants. Effective prices on competitive markets
require an increase in the transparency of pricing
conditions, the abolition of established approach-
es to subsidizing fossil energy resources, and the
consideration of harm to the environment and
human health. This leads to a change in the pric-
ing model and, ultimately, to an increase in the
competitiveness of RES. At the same time, such a
model provides effective signals for market enti-
ties who, in competitive markets, are always in-
terested in maximizing their income or minimiz-
ing costs by rationalizing energy consumption,
implementing energy-efficient measures, invest-
ing in innovation and R&D. An integral part of
the development of competitive energy markets
in the context of decarbonization is the develop-
ment of the emission trading scheme, which also
contributes to the growth of effective competi-
tion. Ultimately, effective competition is able to
provide the necessary signals to all market actors
regarding the decarbonization of other sectors
that are more difficult to decarbonize (heat sup-
ply, transport, industry), at this stage of techno-
logical development.

Competitive integrated markets of energy re-
sources are a necessary condition for the effective-
ness of market mechanisms. As sufficient condi-
tions, it is necessary to form effective pricing of
energy resources, which provides appropriate sig-
nals to optimize the behavior of market entities;
to ensure competition between energy sources
(energy technologies), which allows optimizing
investments in innovation and the development
of clean energy sources, as well as ensuring com-
petition in the field of reducing GHG emissions
by implementing energy efficiency measures. It is
also necessary to provide expanded coverage of
the components of the price of energy resources
by taking into account the costs caused by the
impact on the environment, human health, and
adaptation to climate change.

In the last years of the reform of Ukraine’s
energy market according to the European model,
the national markets have undergone significant

ISSN 2409-9066. Sci. innov. 2022. 18 (6)

transformations caused both by therevision of
the rules of trade and by the changes in political
conditions, which actualized the need for diversi-
fying, increasing the security of supply and the
need to fulfill international commitments made
in previous periods, primarily of ecological na-
ture. As part of the reform of national energy
markets in accordance with international obliga-
tions, Ukraine has largely implemented the norms
of the Third Energy Package (TEP) into the pri-
mary legislation and continues efforts towards
the harmonization of the secondary legislation
with the TEP requirements. New models of elec-
tricity and natural gas markets in which competi-
tive operating conditions are introduced in many
segments have been formed.

However, the existing barriers and threats do
not allow the final formation of competitive, li-
beralized, integrated energy markets (Table 3),
mainly because of:
¢ administrative interference in the conditions of

pricing and the absence of market pricing for all

categories of consumers in all segments of the
energy markets gives rise to abuses in the rules
of the supply of energy resources, which leads to
an increase in the burden on state finances;

¢ the lack of transparency in economic relations,
which is a significant barrier in the implemen-
tation of government plans and programs for
self-sufficiency with energy resources of do-
mestic production.

Consequently, the consistent institutionaliza-
tion of the mechanisms for achieving the goals of
the Paris Agreement at the global level and the
EU Green Deal at the regional level has testified
to the inevitability of the transformation of the
world economy to the low-carbon development
model and the need for the appropriate adapta-
tion of all economic agents to it for the transition
to a new level and form of competitiveness. At
the same time, without proper material, social,
and financial support, proper management capa-
city, and scientific and expert support, the “green-
ing” of government policy can become an obstacle
on the way to revitalizing economic growth.

13
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Determining the ways of transition to low-car-
bon development should be a multi-purpose com-
plex process that, along with the tasks of reduc-
ing GHG emissions, ensures the simultaneous
economic growth and social justice. In this con-
text, the socio-economic effects of the implemen-
tation of certain processes embody the criteria for
ordering the relevant decarbonization measures.
The positive nature of the economic consequenc-
es should be the main indicator of adequate choice
of policies, the implementation of which should
aim at increasing energy efficiency and energy
saving, and reducing GHG emissions, in an eco-
nomically and socially acceptable way. Based on
these considerations, the authors have proposed
basic provisions for low-carbon development of
Ukraine until 2050, given the need to expand its
sectoral coverage and organizational and legal
mechanisms for its implementation, in particular,
taking into account the principles of technology
development, fairness, environmental friendli-
ness of investments, and inclusiveness of socio-
economic reforms.

As the analysis has shown, the priorities and ef-
fects of the low-carbon development policy go far
beyond the energy sector of Ukraine and are
closely related to the financial (in the context of
attracting funds), the social (creation of new jobs,
training of highly qualified personnel), the fiscal
(targeted use of tax incentives), the competitive
(in particular, the production of “green” technolo-
gies), and the infrastructure (the renewal of do-
mestic energy networks) policies. Considering
such a set of interrelationships of climate, energy
and related policies makes it expedient to use a
complex approach to their study, including with
the use of model tools, which can be observed by
the examples of methodological framework for the
development of program and directive documents
of the EU and individual European countries.
Given this experience, the authors have used a
complex of adapted economic and mathematical
models created at the Institute for Economics and
Forecasting of the NAS of Ukraine to analyze the
new climate goal of Ukraine in accordance with
the approved updated nationally determined con-

Table 3. Continuation of Market Reforms in Ukraine’s Energy Sector

Administrative and political

Economic

Technical /engineering

Barriers

* preserving the practice of paternalis-
tic policy;

* delay in adopting the necessary regu-
latory and legal support (Natural Re-
sources Code, continuation of the prac-
tice of Public Service Obligations);

« delay in certification and establishment
of property rights on networks;

* reduction in gas transit

* non-market pricing for certain cate-
gories of consumers;

* lack of incentive pricing for network
operators, non-transparency of tariff
formation and lack of an investment
component;

* debt crisis of non-payments for the
feed-in tariff and imbalances;

« ineffective subsidy system that does
not encourage energy efficiency

« wear and tear of networks and sig-
nificant production and process losses;
« unpreparedness of the energy sys-
tem of Ukraine to growing share of
variable renewable generation;

* the need for redesign of networks for
current and expected consumption;
« synchronization of Ukraine’s en-
ergy system with ENTSO-e

Threats

* outflow of foreign counterparties from
energy markets of Ukraine;

¢ decreasing trust in Ukraine and sup-
port from European and international
institutions;

* freezing of Ukraine’s European integra-
tion aspirations and rollback of reforms

* breach of energy supply rules and the
practice of discriminatory pricing;

* redistribution of network maintenan-
ce costs between domestic consumers
and transit ones;

* energy poverty and the growth of non-
payments for communal services

* increase in the number of emergen-
cy situations;

* unbalancing of Ukraine’s power sys-
tem and emergency power cut-offs;
* growing pressure of network ma-
intenance costs on consumers

Source: developed by the authors.
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tribution to the Paris Agreement. The use of such | inter-industry relations in the energy sector, as
a model complex in the future makes it possible to | well as the identified priority areas and macroeco-
formulate consistent goals, tasks, and a package of | nomic regulatory measures aiming at the develop-
sectoral measures for decarbonization, given the | ment of Ukraine’s economy.
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MOBOEHHA EKOHOMIKA YKPATHU B IMITEPATUBAX
HUSBKOBYIVIEHEBOT'O PO3BUTKY(MAKPOOIIIHKA)

Beryn. [lonpu HeBU3HAYEHICTh TEPMiHIB Ta YMOB IIOBOEHHOIO BiJTHOBJIEHHS YKpaiHU, PECYPCOEMHICTD Ta KOMILJIEKCHICTH
IIbOTO 3aBJIaHHs, HOTO yCITilHe BUKOHAHHS CTBOPIOBATHME YHIKAIbHI MOKIMBOCTI /7t TPOBEIEHHS HEOOXiIHIX IHCTUTYITiHi-
HUX pedOopM Ta paZiKaIbHOI CTPYKTYPHOI TpaHchopmailii ekoHoMiku. [IpiopureTn Ta edekTrBHI MexaHisMu peaizarii Ta-
KOI MOJIITUKY BiJIHOBJIEHHSI MOBUHHI OyTH c(hOPMYJIbOBaHI 3 ypaxyBaHHIM PerioHaJbHUX Ta T100aJbHIX HAIIPSIMIB COILIO-
€KOHOMIUHUX i TyMaHiTapHUX TIePETBOPEHbB, OJIHUM 3 OCHOBHUX Cepejl SIKUX € TIePexiJl 10 HU3bKOBYTJIEIeBOi (BYTJIEIeBO-
HEUTPaJIbHOI) MOJIeJi PO3BUTKY.

IIpoGaemaTuka. YXBajeHHs 1iJ1i 31 CKOPOYEHH BUKW/IB NAPHUKOBUX ra3iB BiANOBIZAHO 10 oHoBJIeHOro HarionaabHo
BU3HAYeHOTO BHeCKY /10 [lapu3bkoi yroam 3aamo KiJbKiCHUN BUMip HU3BKOBYTJIEIIEBOTO PO3BUTKY YKpaiHU. AKTYaTbHIM
3aBIAHHAM MOCTAE K (HOPMYTIOBAHHs Oa30BUX IMIEPATUBIB AeP/KaBHOI TOMITHKH, TaK i BU3HAYCHHS 3aBJaHb i 3aX0/iB,
CIIPSIMOBAHUX HA JIOCATHEHHS 3asBJIEHOI MeTH Ta e(peKTUBHOTO J0TyYeHHs YKpainu 1o 3eneHoro kypcey €C B ymMoBax 1o-
BOEHHOTO BiJITHOBJIEHHSI.

Mera. O1iHIOBaHHS I[iJIbOBUX 3MiH CTPYKTYPHUX TIPOTIOPLIIL €HEPreTUUHOTO Ta eJeKTPOOATIAHCIB, & TAKOK BiAOBITHUX
MaKpPOEKOHOMIYHUX e(PEKTiB.

Marepiauu it Mmeroau. OTiHIOBaHHST HACJII/IKIB IOCATHEHHST KIIMATHUYHOI I[iJTi BAKOHAHO 3 BUKOPUCTAHHSIM MPUKJIATHOT
JIIHITHOT KBa3iiMHaMivHOI ONITUMI3atliitHoi Mozesti enepretnanoi cuctemu TIMES-VYkpaina.

Pesynbratu. MarictpajbHUMU HalpsMaMu JieKapOOHisallii eKOHOMIKKM 3alpONOHOBAHO POSIJISAATH eHeproeeKTus-
HICTB, PO3BUTOK BiTHOBJIIOBAHNX J[KepeJT eHeprii, TEXHOJIOTIYHY MOJIepHI3aIlifo 3 BiATIOBITHIM ITePeCIpsSIMyBaHHSIM iHBECTH-
1iil B PO3BUTOK HU3BKOBYIJICIIEBUX TEXHOJIOTIH, a TAKOXK (POPMYBaHHS KOHKYPEHTHUX iIHTErPOBAHNUX CHEPTETUYHUX PUHKIB.

BucnoBku. Xoua eHepreTUUHUIN CEKTOP BiZlirpaBaTMe KJIIOUOBY POJIb Y MICAIBOEHHOMY «3€JIeHOMY» BiJ[HOBJIEHHI €EKOHO-
MiKH YKpaiHu, yBara JepsKaBu He MOjKe 0OMEsKyBaTHCs Taly3eBUME PaMKaMU, OCKIJIbKH BiITTOBIIHI €(heKTH TaKOK OB sI3aHi
3 (pimaHCOBOIO, COTTiATBHOIO, (hicKATHHOIO, KOHKYPEHTHOTO Ta iHPPACTPYKTYPHOI IO THKAMIL.

Kmouosi crosa: eKOHOMIKA, eHepreTUKa, 3MiHa KJIIMaTy, HU3bKOBYIJIEIEBHI PO3BUTOK, JIeKapOOHi3allisi, KOHKYPEHTOCTIPO-
MOJKHICTb.
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