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The latest researches on the current development and prospects for the further spread
of power technologies using renewable energy sources were analyzed. The trend
of technology cost reducing due to an increase in production was traced. On the
basis of the examined studies, conclusions regarding the economic impracticality
of further developing of power generation capacities that use fossil fuels, primarily
coal were drawn. An example of a planned conversion of an existing coal-fueled
plant to a natural gas-fueled plant and solar photovoltaic installations plus storage
capacities was given. The significant impact of the Inflation Reduction Act on
the acceleration of energy transition in the United States was noted. Attention on
a win-win-win scenario in which moving to clean energy as quickly as possible
would lower the cost of the energy system compared to a fossil-fueled system,
while providing more energy to the global economy and increasing energy access to
more people all over the world was focused. The current state of thermal generation
in Ukraine and the need for its post-war reconstruction in accordance with the
requirements of the energy transition strategy were considered. Attention to the
need to adjust the Recovery Plan of Ukraine proposed by the National Council for
the Recovery of Ukraine from the Consequences of the War, in the part devoted to
the recovery and development of heat generation, including its conversion to the
use of biomass was paid. Proposals to create a level playing field by increasing
the carbon tax rate for thermal generation along with tax incentives for the
development of renewable energy sources have been made. The Carbon Border
Adjustment Mechanism impact on companies selling goods within the EU was
mentioned. Urgent actions to prepare a technical and economic justification for the
reconstruction or new construction of capacities using renewable energy sources at
existing sites of thermal power plants were proposed.
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[IpoaHanizoBaHO HOBITHI  JOCIHIJKCHHS TPUCBSYEHI [OTOYHOMY CTaHy
PO3BUTKY 1 MEPCHCKTHBAaM IONAIBIIOIO  PO3MOBCIOKECHHS — TEXHOJOTIH
BUPOOHMIITBA EJIEKTPOCHEPTii, 110 BUKOPHCTOBYIOTH BiJHOBIIOBAJBHI JKepesa
eHeprii. JlochmiKeHO TEHIEHINIO A0 3HWKEHHS BapTOCTI 3€JCHUX TEXHOJOTIH
3aBOSKK 30UTBIIEHHIO 00CATiB X BUpoOHUITBa. OOIPYHTOBAaHO EKOHOMIUHY
HEIOUIIBHICTh  MONANBIIOTO  PO3BHTKY MMOTYXHOCTEH i3 BHpPOOHUIITBA
€JIEKTPOCHEPTii, 110 BHKOPUCTOBYIOTh BHKOITHE IMAJIMBO, MEPII 33 BCE BYTLLIA.
HaBeneHno cBITOBHMH [OCBiJ| 3aMillleHHs ICHYFOYOI BYTUIBHOT €JEeKTPOCTaHIil
Ha Ta30By Pa3oM i3 BCTaHOBJECHHSIM COHSYHHMX (DOTOENEKTPUYHUX YCTaHOBOK
JOTMOBHCHUX aKyMYJIOIYHMH MOTYKHOCTSMHU. Bka3aHO Ha BU3HauyalbHY pPOJb
Jep)KaBU y CTHUMYIIOBAaHHI MPUIIBHIMICHHS MMPOLECY SHEPreTUYHOTO MEePEXOmy
IO BHKOPHCTAaHHS BiJHOBIIOBAJIBGHUX IDKEPEN EHeprii, NUIAXOM IPUHHATTS
BIJIMIOBITHUX 3aKOHOIABYMX aKTiB, Ha npuKiazdi cxsajaeHoro y CIIA «3akony mpo
3HmKeHHs iHQIsIDY . C(hOKYCOBaHO yBary Ha 3alipOIIOHOBaHOMY OE3IPOrpaIHOMY
cleHapii, BIJIOBIAHO 1O SKOro, HPUCKOPEHWH TIepexiZi 0 BUKOPUCTAHHS
YHCTOI eHEeprii T03BOJUTH: 110 Meplle, 3HU3UTH BUTPATH CHEPTeTUYHOT CHCTEMH
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y MOPIBHSAHHI 13 TOTOYHUMH BUTPAaTaMH CHCTEMH, 1110 0a3y€ThCs Ha BUKOPHUCTaHHI
BUKOITHOTO TAaJHBa, MO Apyre, 3a0e3MednTH BUPOOHUIITBO OiIBIINX OO0CATIB
eHeprii I CBITOBOi €KOHOMIKH, 1 TIO TpeTe, 30UIBIINTh JOCTYIHICTh €HEprii
JUIsl JFofied y CBITI 3arayioM. Po3missHyTO cy4acHMH CTaH TeIUIoBOi TeHeparii
VYkpainu Ta HeoOXiAHICTh ITPOBEICHHS 11 MiCIIBOEHHOT BiIOYIOBH BiIIOBIIHO 10
BHUMOT CTparterii eHepreTHYHOro Mepexony 0 BUKOPHCTAHHS BiIHOBIIOBAIEHUX
Jokepen eHeprii. JloBemeHO HEOOXimHICTH KoperyBaHHA [lmaHy BiZHOBICHHS
VYkpaiau 3amporoHoBaHOTO HarmioHamsHOIO pazioio 3 BiTHOBICHHS YKpaiHH Bix
HACTIIKIB BifHW, y YaCTHHI NMPHUCBSIYCHIA BiTHOBIECHHIO Ta PO3BUTKY TEIJIOBOI
reHepaii, y ToMy 4ucii, moxo ii mepeBeleHHS Ha BHKOPHCTAHHS OiOMacH.
BHeceHo mpomo3umii 11070 CTBOPEHHsS PIBHUX KOHKYPEHTHHX YMOB IUISIXOM
MiZABUIIEHHS CTaBKM IIOJAaTKy Ha BUKHIM BYIIEHIO JUIS TEIUIOBOI TeHepauii,
pa3oM i3 TOAATKOBUM CTHUMYJIOBAHHSIM PO3BUTKY BITHOBIIOBAJIBHUX [DKEpeEI
eHeprii. 3a3Ha4eHO BIUIUB, KM Ma€ 3aBIATH Ha KOMITaHii, 10 MPOAAIOTH TOBapU
y €C MmexaHi3Mm BymeneBoro perymoBants immopty (CBAM), Ta HeoOXiaHICT
MPUBEJCHHS CKOJOTIYHMX MOJATKOBUX HOPM Y BIAINOBIIHICTBH 110 KpuTepiiB €C.
3amponoHOBaHO 3aXOAX MIONO HEBITKJIATHOI MiATOTOBKH TEXHIKO-CKOHOMIYHOTO
OOIPYHTYBaHHsS PEKOHCTPYKLii a00 HOBOro OyIOiBHMITBAa MHOTYKHOCTEH, IO
BHUKOPHCTOBYIOTh BiJHOBIIOBAJIbHI JPKepena eHeprii Ha ICHYyIOUMX MaiiaHduKax
TEIUIOBUX EJIEKTPOCTAHIINA, 3 METOI0 3a0e3ledeHHs HAasBHOCTi, OApa3y IiCis
3aKiHYeHHs O0HOBUX JiHl Ta 3100y TTS MEPEMOTH, TOTOBUX MPOEKTIB IS 3TyICHHS

(iHaHCYBaHHS 3 OOKY €BPOIEHCHKUX JIOHOPIB.

Statement of the problem

Currently, in the world in general and in Ukraine in
particular, there is an opinion that Renewable Energy Sources
(RES) are technologies, in general, extremely important for
ecology and the global future, but economically unreasonable
and ineffective, at least for now, and that they cannot develop
without external support. This opinion did not occur in
a vacuum; indeed until recently the cost of construction of
power plants using renewables was quite high.

There were the Legislative acts adopted in Ukraine,
which were aimed at stimulating investment in the
renewable energy sources, specifically the construction
of wind or solar power plants. In other words the state
guaranteed investors the purchase of electricity at a fixed
tariff, which would allow predicting profits and guarantee
investors a return on investments.

Then the state realized that it is not able to fully meet
its obligations, and the investor was asked to agree to
areduction in tariffs. This led to the fact that some investors
sued the state in courts with the demand to fulfill their
obligations, in accordance with the previously adopted
legislative acts.

Companies that invest in renewable energy sources
and with them some researchers in this field, continue to
demand financial support from the state, and threaten to
stop investing in the absence of it.

But, such a path is not rational. Of course, the state must
fulfill its obligations under projects that were developed
in accordance with previously adopted legislative acts.
But in relation to new RES projects, the approach should
be changed.

The state should definitely support the development of
RES, for example, by providing preferential tax conditions
along with interest compensation on loans. However, for
new projects, the concept of “green tariff” in its current form
should not be applied at all. The sale of electricity by RES
producers must be carried out on the Wholesale Electricity
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Market at market prices. That is, renewable energy sources
should compete on equal terms with electricity from other
sources and there is every reason to believe that renewable
energy sources will emerge victorious in this competition.

The article sets out its goals to bring to light the
economic expediency of energy transition in the power
production and to designate the steps needed to use the
Recovery of Ukraine from the Consequences of the War as
a transition of Ukrainian fossil-fuel power industry into the
renewable energy sources.

Analysis of recent research and publications

When constructing new generating capacities,
there is no other economically feasible alternative to
Renewable Energy Sources.

First of all, in order to compare on a consistent basis
the most economically expedient source of energy for the
construction of a power plant, energy prices are expressed
in levelized cost of electricity (LCOE) that represents the
average revenue per unit of electricity generated that would
be required to recover the costs of building and operating
a generating plant during an assumed financial life and
duty cycle [1].

LCOE helps to determine the minimum price at which
electricity must be sold so that the power plant is break-
even throughout its lifetime. If, during the construction of
a power plant, an energy source is chosen with a levelized
cost of electricity that is higher than that of alternatives, the
price of the generated electricity will be uncompetitive and
it will be difficult to sell it to the consumer.

The study “Why did renewables become so cheap so
fast?” by Dr. Max Roser, director of the Oxford Martin
Program in Global Development at the University
of Oxford, published in December 2020, proves the
advantages of green energy to fossil fuel technologies.
The study provides the graphs of change in the cost of
electricity between 2009 and 2019 (Fig. 1) [2].
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The price of electricity from new power plants [SS@WRE
Electricity prices are expressed in 'levelized costs of energy’ (LCOE). in Data

LCOE captures the cost of building the power plant itself as well as the
ongoing costs for fuel and operating the power plant over its lifetime.
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Fig. 1 — The price of electricity from new power plants

Note: all prices shown in the graphs are without subsidies

In 2009 the cost of electricity produced from utility-
scale solar PV was $359 per MWh. In 2019 the price
became $40 per MWh. The relative price has reversed:
the price of electricity you need to recover expense
with a new average coal plant is now much higher than
the breakeven price by building a wind farm or a solar
power plant.

The price of the fuel and the operating expenses of
the power plant are the main costs of electricity produced
from fossil fuels or nuclear energy. The operating costs of
renewable energy plants are relatively low because they do
not include the fuel expenses as their fuel does not have
to be extracted. Renewable energy plants use as a fuel the
sunlight and wind power and they get it for free.
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What determines the cost of renewable energy is the
power plant constructing and operating cost, in other words
the cost of the technology, and it is through the technology
cheapening that has caused the cost of renewable energy
continue to fall so rapidly. The cost of technology is
reduced due to an increase in production. More production
means falling prices, which means more production, and
so on in a circle. Statistics from past periods prove that
each doubling of the installed cumulative capacity leads to
a decrease of the solar modules price by 20.2 % [2].

Coal-fired electricity has historically been cheap and
remains relatively cheap, but it is not getting cheaper and
has no chance of getting cheaper. There are two reasons
why we should not expect significant changes in the future:

. firstly, conventional coal-fired power plants
have globally average efficiencies of around 34%, the
world’s most efficient coal-fired steam power plant RDKS8
(Germany) has 47.5% net thermal efficiency and there is
little scope for it significantly improvements (e. g. steam
turbines manufacturer GE Steam Power is testing the ultra-
supercritical technology with 50 % efficiency) [3];

. secondly, for all non-renewable power plants there
is a lower bound of possible electricity cost decreasing.
Even if the power plant operating expenses would decline,
the price of the fuel means that there is a floor below which
the price of electricity cannot slip.

Gas energy is more efficient than coal, and despite
the cost reduction restrictions also related to the price of
fuel would play a rather important role in balancing the
energy system.

Nuclear power will continue to be important during the
transition period as it can be complementary to renewables
where these energy sources have their weaknesses: firstly,
the intermittency of electricity from renewable sources
remains a problem, and nuclear power with gas power
must provide stable performance of energy systems. And
secondly, the installation of renewable energy sources
requires large areas, and the great environmental advantage
of nuclear power plant is that it uses not so much land.

Thus, it is clear that the building of coal-fired power
plants from scratch under current conditions is wasteful.
However, all over the world there are coal-fired power
plants that can continue to operate. Following study is
proving that the extension of the exploitation of coal
capacities, in comparison with the construction of new
RES capacities, is economically unfeasible.

In January 2023 was published a joint study by
ENERGY INNOVATION specialists and scientists from the
University of California called “Coal Cost Crossover 3.0,
devoted to the transition in the United States of America
from coal generation to renewable energy sources. The
study analyzed the costs of operating all existing US
coal-fired power plants with a total installed capacity of
220 GW, compared with the costs of building wind and
solar power plants that could replace them. This study finds
that 99 percent of all coal-fired power plants in the U.S. are
more expensive to operate on a forward-looking basis than
the all-in cost of replacement renewable energy projects [4].

It should be noted that in a similar study, which was
published in 2019, as of 2018 the continued operation of
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only 62% of coal-fired power plants was economically
unfeasible. Such dynamics are associated with a constant
increase in production costs at coal-fired power plants and
their decrease at RES power plants.

A clear confirmation of the validity of the research
conclusions is the Integrated Resource Plan of NV
Energy from Nevada, which includes converting the
existing coal-fueled plant at the North Valmy Generating
Station to a cleaner natural gas-fueled plant and the
purchase, installation and operation of a company-owned
400 megawatt solar plant along with a 400 megawatt, four-
hour battery storage system in Northern Nevada [5].

This project will create several hundred jobs in
construction, and by accumulating capacity will help shift
the produced energy to the times of day when it is most
needed, serving the reliability needs of the area.

It should be noted the Inflation Reduction Act (IRA)
signed on August 16, 2022 by President Joe Biden, which
will have a very significant impact on the acceleration of
the energy transition in the United States. The Production
Tax Credit and the Investment Tax Credit are the two key
tax credits provided by the IRA for new clean electricity
resources. They put RES generation in more favorable
conditions compared to other electricity producers.

However, despite the understanding of the energy
transition inevitability the thermal power generation use
is going on. One of the factors that slowing the energy
transition process is a fear to lost profits giving up the
steady business, but acceleration of the energy transition
process will bring additional profit.

According to the study by a group of Oxford University
scientists “Empirically grounded technology forecasts and the
energy transition”, published in the journal Joule on September
13, 2022, a transition to a carbon-free energy system by
around 2050 would save at least $12 trillion worldwide,
compared to continuing to use fossil fuels at current levels.
The study presents a win-win-win scenario in which moving
to clean energy as quickly as possible would lower the cost of
the energy system compared to a fossil-fueled system, while
providing more energy to the global economy and increasing
energy access to more people all over the world.

The “Rapid Transition” scenario proposed in the study
shows a realistic future for a fossil-fuel-free energy system
by around 2050 that would provide 55% more energy
services worldwide than today, thanks to increased solar,
wind, batteries, electric vehicles and clean fuels such as
green hydrogen (produced from renewable electricity).
In addition, the study shows that costs for key storage
technologies such as batteries and hydrogen electrolysis
are also likely to drop drastically [6].

This study has been conducted before Russia’s invasion
of Ukraine that caused the inflation surge around the world
and revealed all risks of continuing to rely on expensive,
insecure fossil fuels. The current energy crisis underscores
the vulnerability of world economy confronted by the
growing fossil fuels prices. The research confirms that the
accelerating transition to clean energy as soon as possible
will bring benefits both for the economy and the ecology.

As said mathematics professor Doyne Farmer, who led
the research team: “There is a pervasive misconception that
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switching to clean, green energy will be painful, costly and
mean sacrifices for us all — but that’s just wrong. Renewable
costs have been trending down for decades. They are
already cheaper than fossil fuels in many situations, and
our research shows they will become cheaper than fossil
fuels across almost all applications in the years to come.
And, if we accelerate the transition, they will become
cheaper faster. Completely replacing fossil fuels with clean
energy by 2050 will save us trillions” [7].

Current status of Ukrainian thermal power generation
and recovery plans

According to Draft Ukraine Recovery Plan, as of
late 2021, about 20% of Ukrainian thermal power plants
have been reconstructed, but the issue of bringing their
environmental characteristics to modern requirements
remains unresolved, and flexibility characteristics though
slightly improved still remain inadequate for the current
needs of the Integrated Power System (IPS) of Ukraine.
The remaining units are maintained in working condition
due to overhauls and current repairs, but their deterioration
is constantly increasing and reaches the threatening limit
in terms of the possibility of their further operation without
reconstruction [8].

The recent studies prove that the reconstruction and
extension of operation, as well as the construction of new
capacities using fossil fuels, including natural gas, do not
make economic sense.

Nevertheless, the Draft Plan for the Recovery of
Ukraine proposed by the National Council for the Recovery
of Ukraine from the Consequences of the War, on the
contrary, envisages the ecological modernization of coal-
fired power units and the commissioning of gas-fired power
units. But it still contains a caveat that the expediency of
ecological modernization, relative to alternative options
(reconstruction or new construction on the existing site), is
determined for each power unit during the preparation of
the corresponding feasibility study.

In my opinion, wasting time, effort and money on the
reconstruction or construction of coal-fired power plants in
Ukraine is impractical. The only goal we should strive for
can only be a full and accelerated transition to renewables,
certainly taking into account the need to maintain the stable
operation of the energy system.

In addition, the Head of the Permanent Representation
of the European Investment Bank (EIB) in Ukraine, Jean-
Eric de Zagon, in his speech during the 13th Energy Day
of the European-Ukrainian Energy Agency (EUEA),
dedicated to the prospects for the development of the
Ukrainian energy industry, held in Vienna on October 14,
2022, noted that Ukraine should ensure a green transition
within the framework of the National Recovery Plan
of Ukraine in order to successfully integrate into the
European economy. He also emphasized that the EIB
will not consider new investments in projects related
to fossil resources. The EIB aims to support projects on
the development of green energy, the strengthening of
Ukrainian power transmission capacities to the EU, and the
reconstruction of energy infrastructure. The same approach
will be taken by a number of large development banks and
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financial funds, such as the IFU of Denmark or the FMO of
the Netherlands [9].

In my view, in the Recovery Plan of Ukraine rather little
attention is paid to the use of biomass, although, according
to the data of the European Commission, biomass continues
to be the main source of renewable energy in the EU, with
a share of almost 60% [10].

In the Recovery Plan of Ukraine, biomass is supposed
to be used only as a fuel for cogeneration. However, there is
an experience of converting coal-fired thermal power plants
units to use biomass. The DRAX GROUP North Yorkshire
power station (Great Britain) is a case in point [11].

According to the Bioenergy Association of Ukraine,
as of 2021, the energy potential of biomass in Ukraine
was 24.87 million tons of oil equivalent per year — this is
29% of the total energy supply in Ukraine (86.36 million
tons of oil equivalent in 2020). And what is important, as
Ukraine is an agrarian state, this potential consists mainly
of biomass of agrarian origin [12].

Currently, 12 GW of the installed capacity of Ukraine’s
fossil fuel power plants are located in the occupied
territory, that is, they are currently excluded from the
formation of the country’s overall energy balance, and it is
these capacities that can most painlessly be used as a basis
for the post-war transition of Ukraine’s electricity industry
to renewable energy sources.

To my mind, during the recovery of Ukraine from the
consequences of the war, it is the state that should become
a driving force and an example of abandoning coal in
electricity production.

The majority of shares of PJISC “Centrenergo”, which
includes three coal-fired power plants, are exactly state-
owned. The activity of PJSC “Centrenergo” is and has been
unprofitable, despite the fact that coal was purchased from
state mines at below-market prices. In turn most of the state
mines, work only through the support from the state, because
the cost price of mined coal is much higher than market prices.

On the basis of the Secretariat of the Cabinet of Ministers
of Ukraine, as of 2018, the state owned 102 mines, most
of which were located in uncontrolled territories. Among
the 33 mines controlled by the government, only 4 were
profitable. According to the data of the study of the Secretariat
of the Energy Community entitled “Investments into the
past” published in May 2022, for the period from 2016 to
2020, the amount of state subsidies aimed at supporting
Ukrainian mines totaled to 1,640.63 million euros [13].

If the state really wants to prove that it is an effective
owner, it should close unprofitable mines, and direct the
freed funds to social support for laid-off workers and the
transfer of generating capacity to technologies without
the use of coal, and with an appropriately prepared
investment projects, the funds of the NextGenerationEU
European Fund should be attracted. There is another
way — privatization, but with a mandatory condition for
the investor regarding the transfer of generating capacities
to “green” production technologies. But in any case,
the closure of state mines cannot be avoided. The idea
of privatizing PJSC “Centrenergo” in a package with
unprofitable mines should be forgotten forever — in today’s
world, no one can be interested in it.
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Furthermore, to stimulate investment in the Renewable
Energy Sources the state should use the tax incentives,
instead of the obligation to buy “green” electricity at
a fixed rate. Thus, the state does not directly finance the
development of RES, but only refuses additional revenues
to the budget, and stimulates investors to develop business
and increase their own profits.

On the other hand, the state must stop the fossil fuel
technologies support. By “support” I mean the low Carbon Tax
Rate. It should be aligned with the average European level. Of
course, the increase of the Carbon Tax Rate will meet fierce
opposition from the “coal” lobby, and their main argument
will be the soaring cost of electricity for the final consumer
and the decrease in the competitiveness of Ukrainian goods
on world markets. But we must finally realize that Ukrainian
enterprises must play on equal terms with foreign companies
—learn to optimize production and energy consumption. There
is no other way, Ukrainians should not forget how precious for
the state and each of us turned out the “cheap”, initially gas
from Russia, and then fuel and electricity from Belarus.

In addition, as of 1 October 2023 in the European Union
will enter into force in its transitional phase the Carbon
Border Adjustment Mechanism (CBAM). Starting from
01 January 2026, a tax on direct carbon emissions from the
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production of goods will be gradually introduced. Thus,
both foreign and local companies selling goods within the
EU must play by the same rules and pay the same [14].

A tax on direct carbon emissions will be required to
pay anyway. But if enterprises are paying to the Ukrainian
budget taxes that meet all EU criteria, it will allow them to
import goods without additional fees at all.

Conclusions

* The myth about the high cost and economic
unattractiveness of “green technologies” should not only be
destroyed, but on the contrary, evidence should be spread
as much as possible that the faster the energy transition
takes place, the greater the economic profit it will bring.

+ Ukraine should urgently prepare a program to get
rid of outdated and unprofitable energy technologies and
replace them with RES technologies.

+ Also, immediately, without waiting for the end of the
war, it is necessary to begin the development of a technical
and economic justification for the reconstruction or new
construction of RES capacities at the existing thermal
power plants sites, in order to be able to offer ready-made
projects for receiving financing from European donors by
the time the hostilities end and victory is achieved.
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