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Glossary
CBAM

Carbon border adjustment mechanism

CCS

Carbon capture and storage

CCU

Carbon capture and usage

CEE

Central and Eastern Europe

CHP

Combined heat and power

CO2-eq

Carbon dioxide equivalent

ETS

Emission trading system

GDP

Gross domestic product

GHG

Greenhouse gas

SOE

State-owned enterprise

TPP

Thermal power plant
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Disclaimer
This report brings a comprehensive analysis of the situation in Ukraine regarding the existing situation, past experiences, and potential for CCS deployment till October 2021. From February 2022, the Russian invasion in Ukraine has left a heavy, lasting and, for
now, fully unpredictable impact on the situation in Ukraine in all areas of life, including the aspects described in this report. Thus, it
is clear that this war and its consequences will have a strong impact on the situation described further in this report.
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Chapter 1. CCS and CCU: current
state

and

past

experiences

in

Ukraine
1. Description of relevant domestic economic sectors
Industry accounts for almost 30% of Ukraine's GDP (gross domestic product) and is a key source of foreign exchange earnings. The
production and export structure are dominated by goods with a low level of processing: materials and semi-finished products which
are highly energy intensive. The key groups of process manufacturing are the alloys and chemical industry. During the last 30 years
their share has decreased due to the decline in global demand and the presence of competitors with much lower production costs.
The introduction of new tariff and non-tariff restrictions, including the CBAM (Carbon Border Adjustment Mechanism) in the EU
places additional pressure on producers through the carbon footprint of each product. Ukrainian companies are expected to lose a
significant share of export to the EU if they are not able to modernise from a mid-term perspective. Modernisation implies a significant number of investments and there is a lack of legally established public financial instruments in Ukraine to support the environmental modernisation of business. There is also no regulation in Ukraine of waste trade, exchange of emission quotas and other
instruments that are popular in other countries.
Industry can be divided into two key blocks: mining and process manufacturing. The mining industry accounts for 6.6% of Ukraine's
GDP, while the processing industry accounts for more than 22%. The processing industry, in turn, can be divided into metallurgy,
mechanical engineering, chemical industry, construction materials production, light industry, food industry, woodworking and other
sectors.
From 1990 to 2019, industrial production in Ukraine decreased significantly in all key product groups due to the collapse of the USSR
that led to the breaking of strong trade and production ties between Soviet countries. For example, steel production in 2019 was
only 39.6% of 1990 production, and similarly, the figure for cement in 2019 was 42.6% of 1990 values.
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FIGURE 1.1. DYNAMICS OF PRODUCT OUTPUT VOLUME IN 1990-2019, KILOTONS, STATE SERVICE FOR STATISTICS OF UKRAINE

The financial crises, weak trade position, as well as a lack of transparency in the privatisation process, are factors that led to the
further decline of the industries. In addition, constantly changing policy and government incentives forced companies to continue
with the old technologies and use the advantages of a cheap workforce and relatively cheap energy resources, which resulted in low
energy efficiency in the production process.
However, in some categories, production is showing recovery. The production of nitric acid from 2015 to 2019 increased by 33% as
Ukraine ceased the import of Russian fertilisers and most current agricultural companies made a shift to Ukrainian fertilisers. In
addition, the improved access to capital for small agricultural producers and farmers has improved, which resulted in a 7% annual
growth of fertiliser consumption over the period of 2016-2019. The cement industry showed 8.6% growth over 2015-2019 as the
government started a programme of building renovation.
FIGURE 1.2. DYNAMICS OF GDP AND GHG EMISSIONS OF UKRAINE IN 1990-2030, CENTRE FOR ECONOMIC RECOVERY

According to the National Economic Strategy of Ukraine 2030, the growth of the industrial sector will accelerate in the coming years.
Although the largest increase is in the low-carbon sectors (services, IT, engineering), relatively rapid growth is expected in steel (about
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3.5% per year based on global demand and the forecast of the demand on the global market, driven by the energy infrastructure
modernisation that is expected to increase from 2021 due to the Regulatory Asset Base (RAB) tariff being introduced in 2020. The
cement industry is expected to grow at a rate of 5-8% annually according to the government plans for the active renovation of
buildings until 2030.

FIGURE 1.3. MAIN INDUSTRIAL-EMITTERS CO2-EQ

It is important to consider the overall dynamics of greenhouse gas emissions in Ukraine. Over the last 30 years, greenhouse gas
emissions in the industrial sector have decreased by 66%. However, it should be noted that the general trend involves several cycles
of growth (1995-2007, 2009-2011, 2017 so far). Such cycles are firmly tied to the industry growth rate. Given the projected growth
of such rates in the coming years, greenhouse gas emissions will also increase.
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FIGURE 1.4. DYNAMICS OF GHG EMISSIONS FROM PROCESSING INDUSTRIES IN UKRAINE, KT CO-EQ

1.1. Carbon-intensive sectors of the Ukrainian economy
ENERGY GENERATION
Energy (heat and electricity) generation is the biggest sector, generating over 50 million tonnes of CO2 from electricity generation
and almost 40 million tonnes of CO2 from heat generation in 2019. Transition from coal and the increase in renewable energy generation in the energy mix will lead to a decrease in CO2 emissions by 2030 of up to 77 million tonnes of CO2.
FIGURE 1.5. GHG EMISSIONS FROM ENERGY AND HEAT GENERATION IN THE UKRAINE, 1990-2030, UKRAINE’S GREENHOUSE GAS NATIONAL
INVENTORY REPORT, 2019
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METAL PRODUCTION
Metal production is one of the main sources of greenhouse gas emissions in Ukraine. It is estimated that in 2020 the share of this
sector in the overall structure of emissions from processing was almost 71%. The chemical industry (11.3%) and the production of
non-metallic minerals (14.3%) make a significant contribution to the overall structure of emissions. Among the latter, cement plays
a key part (accounting for 8% of emissions and its share will gradually increase), as well as the production of lime and glass materials.
FIGURE 1.6. STRUCTURE OF CO2 EMISSIONS IN UKRAINE GENERATED FROM DIRECT AND INDIRECT EMISSIONS BY SECTOR (PROCESSING INDUSTRIES), 2020 (ESTIMATED), UKRAINE’S GREENHOUSE GAS NATIONAL INVENTORY, 2019

Although Ukraine does not currently have a single project using CCS (carbon capture and storage) or CCU (carbon capture and utilisation) technologies, many industries are already considering this option from a medium- or long-term perspective. Several large
Ukrainian companies, both state-owned and privately owned (e.g., DTEK, Naftogaz, ArcelorMittal, etc.) have published their strategies to become carbon neutral by 2040-2050.
Given the specificities of production, energy efficiency, technology and renewable energy cannot fully meet these goals. This means
that companies are already considering carbon storage or utilisation technologies, mostly gas production companies, thermal power
plant operators and metallurgy producers. The major industrial producers are in the eastern part of Ukraine and are at a reasonable
distance from potential CO2 storage facilities. Companies such as Naftogaz and Arcelor Mittal have indicated a strong interest in CCS
and CCU technologies as part of the strategy that will ensure carbon-neutrality.
At the same time, it is necessary to consider the factors that hinder the development and introduction of such technologies in
Ukraine. First, we are talking about the low profitability of technologies for Ukrainian industry. High costs, as well as a lack of financial
incentives and available alternatives reduce the interest of companies. However, this is not a feature of Ukraine alone.
These factors indicate that CCS/CCU technologies may be of interest to large companies in some industries in the long run. We will
consider these sectors separately in the next section.
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CRUDE OIL AND NATURAL GAS PRODUCTION
Sector description: Ukraine has low oil production, but a significant and promising natural gas production industry. Annual natural
gas production is about 21 billion cubic metres, and a positive development scenario shows an increase in production to 30 billion
cubic metres by 2030. The production potential is about 780 billion cubic metres. Almost 80% of natural gas production is extracted
by the SOE (state-owned company) Naftogaz.
TABLE 1.1. CO2 EMISSIONS, NATURAL GAS AND OIL PRODUCTION, UKRAINE’S GREENHOUSE GAS NATIONAL INVENTORY, 2019

1990
3023.8

1995
2013.8

2003
1932.4

2005
2259.2

2010
2144.9

2015
2132.5

2019
2138.8

1990-2019
-30%

2015-2019
+0%

CCS/CCU potential: The introduction of new restrictions on the purity of natural gas during its supply to the gas transmission system
is currently being discussed. The new rules will provide for a much higher degree of purification, including from CO 2. This presumes
a change in CO2 emissions within the gas processing industry – most of the CO2 will be extracted before entering the gas transmission
system. As such emissions also mean additional carbon taxes for producers, and companies are considering CCS/CCU technologies.
The use of carbon capture technology is simplified by the low cost of this process in the gas production industry. In addition, high
territorial concentration, and the presence of large players in the market simplifies the logistics of extracted CO 2. Most of the natural
gas production wells are in the Poltava region, while Naftogaz owns around 70% of the gas production market.
The industry is mostly interested in carbon capture and storage technology. In the entire market, this is the only industry that really
has a strong interest in using such technology in the long run. In addition, there is some potential for CCU technologies. This is mainly
the case for the use of CO2 in crude oil production. However, because the amount of Ukrainian crude oil production is relatively low,
the CCU potential is much smaller.
Key challenges:
1.
2.
3.

Large amounts of extracted CO2, which no one can consume. The amount of CO2 that will be extracted from gas exceeds
demand by 4 times. In this case, storage is considered a strong option.
Lack of regulation for CCS technologies – companies are afraid of being penalised for using such technologies before any
regulation of CO2 well usage.
Expensive infrastructure requires state investments. Even though the potential CO2 storage facilities are located within a
reasonable distance from the key gas wells, transportation of CO2 is one of the key challenges as it requires significant
investment in the transportation of CO2.

CHEMICAL INDUSTRY
Sector description: Ukraine produces a wide range of chemicals from oil refining to ammonia production. One of the key product
groups is fertilisers: two-component and nitrogen. Even though the chemical industry had been demonstrating a significant decline
in production, as most oil refinery production facilities were closed between 1990 and 2015, the military conflict with the Russian
Federation has given a new push for the substitution of imported fertilisers with Ukrainian ones. Due to high demand from the
agricultural sector, fertiliser producers are working entirely on the Ukrainian market. Over the last 5 years fertiliser consumption by
the Ukrainian agricultural sector has shown a compound annual growth rate of 7%.
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FIGURE 1.7. DYNAMICS OF CO2 EMISSIONS IN THE CHEMICAL INDUSTRY OF UKRAINE, UKRAINE’S GREENHOUSE GAS NATIONAL INVENTORY,

2019

CCS/CCU potential: The chemical industry is interested in CCS/CCU technologies for two key reasons. First, the production of ammonia yields almost pure CO2, which can be stored directly without additional purification. Existing production chains can produce sufficiently concentrated CO2 at the output, and technologies to achieve a concentration of more than 95%, while capturing more than
90% is relatively cheap (in comparison to other industries).
Secondly, due to the existing production processes, the use of CCU technology can continue the production chains of the chemical
industry itself, in the production of biofuels for example. CCS technology, which is already planned to be used in the Russian production of nitrogen fertilisers, is also popular for the chemical industry.
However, representatives of the Ukrainian chemical industry prefer other types of CO2 reduction which imply basic energy efficiency
measures that lead to a lower consumption of energy per unit produced and as a result reduce the carbon footprint of the product.
Industry representatives note the potential for the use of hydrogen and have their own proposals to reduce the cost of its production
using renewable energy or nuclear energy.
Key challenges:
1.
2.

Low profitability of CO2 processing and utilisation.
Cheaper and more efficient alternatives are available.

ALLOYS AND METAL REFINING
Sector description: Metal production is one of the important components of the Ukrainian economy. The leading place in this industry in Ukraine is occupied by steel production. Every year Ukraine produces about 21 million tonnes of steel, which makes it the 13th
largest producer of this product in the world. Steel accounts for more than a quarter of Ukrainian exports and affects a significant
part of domestic production.
The decline in emissions from the metal industry of 52% since 1990 has been mostly due to a decline in production. Still, the companies expect to increase the production volumes until 2030 as there is a significant demand on the internal market. At the same time,
metal production is a key pollutant in Ukrainian industry. This sector accounts for more than 71% of all industrial emissions. Steel is
a key pollutant among metallurgical products. Ukraine is one of the few countries that still uses open-hearth furnaces, and the number of electric arc furnaces is less than 15%.

BUILDING MOMENTUM
FOR THE LONG-TERM CCS DEPLOYMENT
IN THE CEE REGION

Figure 1.8. Dynamics of CO2 emissions from alloys and metal refining, Ukraine’s Greenhouse Gas National Inventory,
2019

CCS/CCU potential: Steel production is one of the key producers of greenhouse gases. Emissions in steel production are divided into
two key categories: blast furnace energy and the chemical process. In the latter, CO 2 emission reductions require significant investments that are not attractive based on the current regulatory framework and the environmental tax rate, so CCS/CCU technologies
are of interest to the industry. International practice shows that due to the method of production and the location of steel plants,
CCU is a more interesting technology than CCS.
However, Ukrainian companies note that today emissions can be reduced in much cheaper and more efficient ways. Energy efficiency
of the production process, as well as the issue of Scope 2 emissions (emissions that occur during the production of energy, which is
then used in the further industrial process) is the key focus of industrial companies. Representatives of the industry emphasise that
the modernisation of these components will be the main source of CO 2 reduction in the near future (5-10 years). The metallurgy
companies expect to invest around 1.5 billion euros annually into the modernisation of the blast furnaces (improvement of the filtration system, blower system replacement, blow supply device replacement) and if the government will generate sufficient stimulus
and a stable regulatory base for companies to consider investing in reducing the emissions of sulphur and nitric oxides and dust,
through the construction of new coke batteries with additional investments of around 2.5 billion euros.
In addition, the process of capturing carbon in the production of metals is somewhat more complex than in the extraction of natural
gas or the chemical industry. This means significant investment in carbon capture technology.
Key challenges:
1.

Expensive technologies that are less profitable than alternatives. The companies consider CCS/CCU technologies as a potential solution after 2030.

BUILDING MATERIALS (CEMENT, BRICK, MINERAL WOOL, ETC.)
Sector description: The construction sector showed rapid growth between 2014 and 2018 due to delayed demand for real estate
because of the 2013–2014 crisis, as well as changes in the ease of doing business in the market, which caused a significant increase
in new building supply. The main changes were the simplification of the general scheme for obtaining construction permits and the
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reduction of stages from 55 to 5, reduced time for obtaining such permits to 60 days, and the general reform of the State Architectural
and Construction Inspectorate system.
The share of employment in the construction sector in total is 4.2%, employing 699 thousand people. The share of the construction
sector in GDP is 8% (EUR 5.2 billion). The share of construction in tax revenues is 3.1%, EUR 0.5 billion.
Steady investment demand has contributed to the high growth rate of construction works in all segments. High growth rates of
construction of civil engineering and non-residential buildings are caused by active funding from the state and local budgets, funds
from international donors, and the funds of enterprises. A significant supply of newly built housing in previous periods and the low
effective demand of the population has contributed to a gradual decline in construction.
Under unstable economic conditions and exchange rate fluctuations, investors are more actively investing in economy class apartments. The greatest demand is for small apartments, as the number of square metres affects the total purchase price. As a result,
the average area of apartments in Ukrainian newly erected buildings decreased from more than 120 square metres to almost 80
square metres in 8 years.
The construction sector can become a powerful multiplier for the economy, and 1 Ukrainian hryvnia (UAH) invested in construction
gives 6 UAH of GDP growth The industry creates demand for products of 5–7 related industries and stimulates the inflow of investment. The growth of investment in construction can increase the annual growth rate of industrial production by 3–5% per year, due
to the multiplier of housing investment. Construction of new energy efficient houses and the thermal modernisation of old ones will
help reduce heat use by 30%. The state can create an additional almost 465 thousand jobs because of thermal modernisation through
the creation of the institute of energy auditors and jobs in related sectors of the economy (builders, administrators, construction
material producers).
FIGURE 1.9. CO2 EMISSIONS, MINERAL MATERIALS, UKRAINE’S GREENHOUSE GAS NATIONAL INVENTORY, 2019

CCS/CCU potential: A high share of potential CCS/CCU projects in the EU is concentrated in the cement sector. Like steel production,
cement (clinker) production creates emissions in two ways: due to energy consumption and due to the chemical reactions involved.
CCS/CCU technologies are often used to capture the carbon which is released during the chemical reaction in the production process.
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Ukrainian cement producers show much less interest in CCS/CCU technologies, arguing that they are inefficient. Modernisation to
reduce CO2 emissions is achieved more cheaply and efficiently through more environmentally friendly energy production for the
production process. Representatives of the cement industry emphasise that cement production can dispose of certain types of household and industrial waste without leftovers (and with zero CO2 emissions). Prospects for the use of carbon capture technologies in
the industry are low, even in the long run.
Key challenges:
1.
2.

Low efficiency and high price with cheaper alternatives available.
High cost of CO2 transportation and storage infrastructure.

1.2. Major CO2 emitters in Ukraine
In terms of greenhouse gas emissions, 3 companies, Metinvest, ArcelorMittal and ISD, account for more than 50% of all emissions.
The biggest emitter is the heat and electricity generation sector, with the key emitters being the heat power plants that generate
over 90 million tonnes of CO2 from electricity and heat production. The key reason for high emissions is the dominance of coal in the
energy mix of heat power plants, which has a high emission factor. The emissions from heat and electricity generation are projected
to decline by up to 75 million tonnes by 2030 because of the gradual phasing out of coal powered generation.
1.
2.
3.
4.

Centerenergo (3 Thermal Power Plants: Trypylska, Zmiivska, Vyhlehirska) – 8.2 million tonnes CO2.
DTEK-Shidenergo (2 Thermal Power Plants: Kurahivska, Luganska) – 10.69 million tonnes CO2.
DTEK-Zahidenergo (3 Thermal Power Plants: Burshtynska, Ladyzhynska, Dobrotvirska) – 15.53 million tonnes CO2.
DTEK-Dniproenergo (3 Thermal Power Plants: Zaporizhzka, Prydniprovska, Kryvorizhzka) – 15.9 million tonnes of CO2.

The introduction of CCS/CCU technologies for Ukrainian TPPs (thermal power plants) and CHP (combined heat and power) plants is
not seriously considered, as Ukraine plans to phase-out a significant number of power plants. The approved national emissions reduction plan has a schedule for phasing out TPPs and CHP plants in Ukraine. Already in 2021, there will be a stoppage of 8 blocks of
Dniprovska CHP and Khersonska CHP. A significant number of power plants will be closed by 2023 (7094 MW). Over the next period
until 2033, 21245 MW of power plants will be phased out according to the plan. This is a significant challenge, as TPPs and CHP plants
comprise the key balancing capacity within the Ukrainian energy system, ensuring the coverage of peaks and the deficit in winter,
when renewable energy sources generate less energy.

The second biggest polluters after Ukraine's thermal power plants are its ferrous metallurgy plants. The key industrial pollutant plants
(and their parent companies) can be distributed as follows:
1.
2.
3.
4.
5.
6.

“Ilyich iron and steel works” (Metinvest): 2.04 million tonnes CO2.
“ArcelorMittal Kryvyi Rih” (ArcelorMittal): 2.35 million tonnes CO2.
“Azovstal iron and steel works” (Metinvest): 2.1 million tonnes CO 2.
“Dnieper Metallurgical Combine” (Industrial Donbas Union): 1.28 million tonnes CO2.
“Zaporizhstal” (Metinvest): 1.89 million tonnes CO2.
“Southern Mining and Processing Plant” (Metinvest): 0.65 million tonnes CO2.
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FIGURE 1.10. MAP OF THE MAIN INDUSTRIAL CO2 EMITTERS IN UKRAINE, UKRAINE’S GREENHOUSE GAS NATIONAL INVENTORY, 2019

Most metallurgy plants are in the eastern part of Ukraine and have access to a developed sea and railway infrastructure, thus enabling
the opportunity to transport the CO2 from the source of emissions to the storage facility.

2. Assessment of geological potential for CCS
Ukraine has several options for carbon storage. In fact, there is potential for storage by physical absorption and residual trapping
mechanisms (whereas soluble absorption and mineralisation mechanisms are less likely). The reason for the greatest benefit from
the first two is the potential of using natural gas wells as carbon storage methods.
However, in the Donetsk basin there are Devonian saline aquifers in combination with impermeable salt deposits, which are best
suited for CO2 storage in the immediate vicinity of large industrial and energy sources of CO2 emissions. There is potential for the use
of deep coal seams to store carbon in the western region.

2.1. General Information
In Ukraine, there are prerequisites for starting work and research projects on CCS. Depleted gas reservoirs within the eastern, western
and, to a lesser extent, southern oil and gas areas should be considered as possible carbon storage sites. Rocks that have stored
natural gas in their pores for millions of years can also serve for storing CO2.
In addition, depleted reservoirs are already equipped with the necessary infrastructure for injection, including boreholes and pipelines. Also, one option to consider is the injection of CO2 into deep highly mineralised aquifers, which have a regional distribution,
high filtration capacity and are reliably isolated from aquifers and oil and gas formations by regional reservoirs.
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2.2. Geological formations fit for CO2 storage
According to the assessment of the State Service of Geology and Subsoil of Ukraine, of all the options for carbon storage for Ukraine,
the most appropriate is the use of depleted oil and gas reservoirs. Creating wells of this type will not only be the cheapest, but most
likely the safest and most scalable option. It will help to achieve the faster spread of technology without additional development
costs.
FIGURE 2.1. OIL AND GAS REGIONS IN UKRAINE, POTENTIAL FOR CARBON STORAGE, STATE SERVICE ON GEOLOGY AND NATURAL RESOURCES

The use of depleted gas wells has several advantages:
1.
2.
3.

The natural origin of the well with a sufficiently strong mineral cap, as well as necessary infrastructure at the site of storage.
Territorial proximity of the gas production basin (and potential carbon storage site) to major pollutants.
Existing gas transmission infrastructure (with direct access to wells) that can be used for CO2. The ability of the gas transmission system to transport the CO2 has not been studied. Currently, the gas transmission system operator is analysing the
ability of the system to transport the hydrogen.

According to estimates by the State Service of Geology and Subsoil of Ukraine, the best locations for carbon storage could be the
depleted gas fields in Hlinsko-Rozbyshivsk, Novo-Hryhorsky, Sagaidatsky and Malosorochynsky. The estimated capacity of the depleted gas fields for CO2 storage exceeds 2.4 billion tonnes of CO2 stored.
In addition, alternatives to depleted gas sources may be the use of CO2 to intensify oil production (for example, for the Myhyryn field
with a complex production process) or storage in deep highly mineralised horizons that do not contain drinking water.
The gas transportation system (38 550 km in total) is considered as potential infrastructure to transport CO2. Operator of the transmission system is currently studying the opportunity to transport the hydrogen through this system. The ability of the gas transmission system to transport CO2 has not been studied. Currently, the gas transmission system operator is analysing the ability of the
system to transport hydrogen, with the primary analysis results showing the opportunity to transport a mixture of gas and hydrogen
with only up to 3% of hydrogen within the mix.
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The regional gas infrastructure is also currently under assessment regarding hydrogen transportation potential. The Regional Gas
Company (regional gas infrastructure operators) has managed to test, and the company is planning to supply a mixture of gas and
hydrogen in a test project.
Additionally, Ukraine has an ammonia transportation system and Ukrainian scientists claim that the production of ammonia from
hydrogen would allow one to transport more energy, as ammonia contains 3 times more energy per 1 cubic metre.
Ukraine has a strong transportation system with strongly developed offshore transport, which is the cheapest form of transport (river
transport is 2 times cheaper than railway transport and 4 times cheaper than road transport in Ukraine). Ukraine has 18 seaports and
11 river ports, which ensure the transhipment of over 170 million tonnes of products annually. Sea transport is strongly developed
as agricultural companies and metallurgy companies export their products to European and African countries. On the other hand,
river transportation has shown a decline from 60 million tonnes annually to 18 million tonnes. The key reason was due to regulation
of the government-owned river ports that made the income accumulated on the balance of the parent company and not reinvested
in the development of river infrastructure. This neglected investment from transportation is currently at the very beginning of recovery, as the regulation was established and the interest from investors rose. Over the last several years the situation has improved, as
private companies started to work in the public-private partnership format and develop river infrastructure.

3. Description of implemented and planned projects
There are currently no implemented or planned carbon storage projects in Ukraine. At the same time, several industries (ferrous
metallurgy, gas production) are considering plans to implement carbon capture and storage projects in the long run (the strategy of
ArcelorMittal implies the consideration of CCS/CCU after 2030). In July 2021, one of the biggest steel producers – Metinvest signed
a memorandum of cooperation with the Austrian research centre K1-MET, which is focused on the decarbonisation of metallurgy
and possesses strong expertise in CCS technologies. Cooperation will be focused on the implementation of projects that ensure a
reduction in carbon footprint.
In March 2021, UNECE (United Nations Economic Commission for Europe) developed the Roadmap for Hydrogen Infrastructure in
Ukraine, which sees the development of CCS technologies as an opportunity to reach carbon neutrality by producing hydrogen with
the usage of carbon capture technologies.
The earlier research (2012-2013) of Bellona regarding the development of CCS technologies of Ukraine defined the potential CO2
storage regions in Ukraine and developed the model for CO2 transportation from production facilities to potential storage capacities
in the eastern part of Ukraine.
On the governmental level, during the recent visit of the President of Ukraine to the US, Ukraine established strategic dialogue in the
sphere of Energy and Climate, and one of the points of cooperation is the capture, storage, and utilisation of CO2.
According to the Association of Gas Companies and the European Business Association, some companies are launching projects to
study the profitability and affordability of carbon capture and storage technologies. And while these studies show significant costs,
carbon capture technologies could become cost-effective in the next 10-15 years due to effective energy modernisation, regulatory
change, cheaper technologies as well as other factors.
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4. Legislation and regulation relevant for CCS deployment
4.1. CCS/CCU deployment regulation
To date, there is no framework legislation on carbon capture and storage, carbon trading, technological and geological qualities of
carbon capture equipment, carbon well safety, etc. The Ministry of Ecology and Natural Resources of Ukraine, after appropriate
consultations with the State Service of Geology and Subsoil of Ukraine, concluded that it is necessary to introduce separate legislation
that regulates the capture, storage, and disposal of carbon. According to the analytical note of the State Service of Geology and
Subsoil of Ukraine, such regulation should be based on similar European regulation and features of the Ukrainian landscape (based
on research of Ukrainian Geological institute).
It should be noted that at present Ukraine has implemented some documents of international law, which indirectly relate to the
issue of carbon capture and storage. For example, Directive 2006/32/EU and other similar documents. Although these documents
do not determine the direct legal status of participants in the process and the market of carbon capture and storage, they form a
conceptual framework that simplifies the further development of legislation.

4.2. National strategy of low-carbon economy development
One of the key strategic documents of Ukraine in the field of reducing greenhouse gas emissions is the Strategy of low-carbon development of Ukraine until 2050. The document covers several strategic measures to reduce carbon emissions and bring certain sectors
of the economy to carbon neutrality. In the section on support for design and technological developments, the Strategy includes
“support for research, development, projects and implementation of advanced demonstration projects”. Such support includes carbon capture, storage, and reuse technologies.
The document emphasises that the introduction of innovative technologies, in particular, smart grids, innovative nuclear energy
technologies, technologies for the capture, storage and reuse of carbon, industrial production and the use of hydrogen, the latest
agricultural technologies, in addition to policies and measures in the field of energy efficiency and renewable energy, will allow GHG
(greenhouse gas) emissions to be cut by 35 million tonnes of CO2-eq annually in the period 2020-2050.

4.3. Nationally determined contribution
Another important medium-term strategic document (Nationally determined contribution of Ukraine under the Paris Climate Agreement) also notes the importance of using carbon capture, storage and use technologies. The document defines the climate targets
of Ukraine that the country plans to reach by 2030. The target is a reduction in emissions from the base year (1990). Ukraine has set
an ambitious goal to reach a reduction in CO2 emissions by 65% from 1990 levels. The document identifies the key measures that can
support the transition to clean technologies. However, the document only identifies CCS/CCU technologies as potential tools and
does not further assess the effects and cost of implementation.

4.4. National emission reduction plan of major pollutants from large combustion plants
The National emission reduction plan implies the phase-out of coal power plants. The plan clearly defined the years when the block
of a power station should be closed over the period of 2018-2033. Already, in 2021 a closure of Dniprovska CHP and Khersonska CHP
are scheduled. Such changes in the energy system require new investments in order to substitute the closed power generation with
the new one. In addition, Ukrainian energy system is characterised by the deficit of the balancing capacities. The thermal power
plants play the key role in ensuring the flexibility of the energy system as they are able to quickly increase the generation volume.
Another problem is that As a result currently the National emission reduction plan is under revision and is expected to be updated
based on the financial opportunities of Ukrainian energy companies and the need in the new generation capacities.
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4.5. Technical regulation of gas in the transmission system
The new technical regulation of gas within the gas transmission system implies that the concentration of CO2 in the gas transmission
system must not exceed 2.5% after 2025, thus raising a significant issue for national gas mining companies that expect to supply at
least 6 billion cubic metres of gas that does not meet the criteria of the CO2 share. The regulation is introduced as European traders
require such technical parameters of gas, and the transit contract with the EU possesses the same parameter. Such a challenge is
driving mining companies to consider various options to capture, store and utilise CO2.

4.6. CCS in strategies of State-owned enterprises (SOEs) (Naftogaz)
It is worth mentioning the inclusion of carbon capture and storage technologies in some strategies of state-owned corporations. The
key one is the strategy of the Naftogaz group of companies (the group includes the production, transportation and sale of natural
gas and has a monopoly in the gas production market of Ukraine). Naftogaz is the only SOE that is considering implementing CCS
technologies in the future. The other SOEs do not have long-term strategy planning with a horizon exceeding 5-7 years.
The company's strategy in the environmental safety section includes the use of carbon capture and storage technologies. As the
company plans to achieve carbon neutrality by 2040, and gas production and purification technologies provide for large volumes of
CO2, the use of carbon capture and storage technologies is indeed an unavoidable option in the company's toolset in the long run.
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Chapter 2. Ukraine’s outlook for
CCS and CCU
1. Summary of stakeholder engagement
All the stakeholders have been actively engaged. According to responsibility, the interest in and potential impact on the stakeholder
sector can be divided into three key categories:
1.

2.

3.
4.

Government bodies. Responsible for the introduction of effective regulation, creating incentives for the development of
the industry, as well as balancing the positions of the public and business. The group includes Ministry of Environment and
Natural Resources of Ukraine, State Service of Geology and Subsoil of Ukraine (under the Ministry of Environment and Natural Resources of Ukraine).
Business representatives. Form demand for the introduction of carbon capture and storage technologies, develop industry
strategies, studies and incorporate technologies, attract funding (including national and international). The group includes
GMK Center, Union of Chemists of Ukraine, Ukrcement, Association of Gas Production Companies of Ukraine).
Civil society and activists. Form environmental requirements for business and government, as well as monitor the safety
of technology implementation. The group includes the NGO Eсodiya.
Academic and experts. Provide expertise on the potential technology solution that may be applied. The group includes:
Naftogazbudinformatyka, Ivano-Frankivsk National Technical University on Oil & Gas.

2. Stakeholder positions on CCS and CCU
TABLE 2.1. POSITIONS OF STAKEHOLDERS IN UKRAINE ON CCS AND CCU
Stakeholder

Description

Position

State Service of Geol- Governmental body. The State Service opogy and Subsoil of erates the access to mineral resources in
Ukraine
Ukraine. The service conducts auctions,
monitoring and control of mining in
Ukraine.

The State Service of Geology and Subsoil of Ukraine supports the idea of storing carbon in depleted oil and gas wells. In addition, the organisation supports
the idea of providing fiscal incentives to enterprises for CO2 emissions if they
store carbon in geological formations (or use it to intensify oil production from
wells). At the same time, the organisation emphasises the problem of financing these facilities, as well as the need for scientific and technological cooperation with European countries for the more rapid development of the technology in Ukraine. The Service suggests the need to establish proper regulation
for the CCS and underlines the importance of the introduction of the Emission
trading System or increase of carbon tax. Clear government support and longterm guarantees would help to implement CCU/CCS technologies. The Service
announced an interest in creating the official working group on the development of CCS technologies.

Ministry of Environ- Governmental body.
ment and Natural Resources of Ukraine

The Ministry also supports the idea of carbon storage in highly mineralised
formations (to minimise the risk of leakage). The problem of funding and the
need for international cooperation for the implementation of effective pilot
projects are also noted.
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Stakeholder
GMK Center

Description
Think tank with a focus on metallurgy.

Position
Representatives of the association of producers of molasses products note
that carbon storage projects are interesting, but not a priority. It is noted that
even with the accelerated pace of energy modernisation, carbon storage and
use technologies will only become interesting for the industry from a 10-20
year perspective.

Union of Chemists of Business association. The leading associa- The Union emphasises the long-term interest in CO2 storage and use technolUkraine
tion that represents the biggest chemical ogies. Now, such innovations are not profitable from the point of view of the
producers in Ukraine.
euros invested in reducing emissions. In this sense, energy modernisation will
be at least 3-4 times cheaper.
Ukrcement

Business association. The leading associa- Ukrcement considers CCU technologies as an option from a long-term pertion that represents the majority of build- spective, as they are currently able to reduce their CO2 emissions by reducing
ing material producers in Ukraine.
the amount of coal used and by using RDF (Refused Derived Fuel), thus reducing the amount of CO2 emissions from coal burnt and increasing the reuse of
processed wastes that would otherwise by stored and emit CO2. CCS is not
considered by Ukrcement as the best solution to reduce the amount of CO2
emissions. In contrast they see potential in using the CO2 for purposes such as
methanol production. In addition, Ukrcement considers CCS as an initiative
that does not stimulate the reduction of emissions within the production process.

Association of Gas Business association. The leading associaProduction Compa- tion of gas mining companies covers over
nies of Ukraine
92% of gas mined in Ukraine. The association is actively looking at the opportunities
to reduce CO2 emissions and to store the
CO2 in exhausted mines.

Representatives of the gas industry are interested in carbon storage technologies. This is prompted by the new technical regulation on gas quality within
the gas transmission system, which forces companies to clean the natural gas
from CO2 at the entrance to the gas transmission system, as well as the proximity to potential carbon storage wells. At the same time, the industry is waiting for government decisions on the regulation and financing of the sector and
is wary of possible negative perceptions by citizens.

Eсodiya

Activists, think tank. Ecodiya is one of the The non-governmental environmental organisation Eсodiya made a statement
leading environmental think tanks in about the negative attitude towards prioritising the topic of carbon capture
Ukraine.
and storage. According to the organisation, the state is not able to guarantee
the safety of such wells. In addition, the cost of the technology and additional
emissions during the implementation process raise doubts about the longterm potential of carbon capture and storage technologies.

Naftogaz

Public, government-owned company. The Naftogaz sees a big opportunity in CCS as a business for Naftogaz, as the comleading gas mining company, which oper- pany is the biggest operator of abandoned gas mines that are suitable for storates the largest number of mines, is ac- ing gas.
tively seeking opportunities to mine shale
gas in the Black Sea and is the biggest
holder of the exhausted or closed mines in
Ukraine.

DTEK

Private. The leading energy sector company that covers gas, oil and coal mining,
power generation, electricity infrastructure, distribution.

Metinvest

Private. The leading vertically integrated Metinvest is currently considering various options to reduce CO2 emissions, as
holding focused on metal and ore mining they must export products to the EU and there is a serious threat to get under
and on metallurgy production. The vast the CBAM.

DTEK is the most innovative energy company in Ukraine. The company announced climate ambitions to reach carbon neutrality by 2050. They were the
first to introduce battery storage capacities and now they are leading the process of hydrogen technologies development in Ukraine. In addition, they consider CCS/CCU technologies as a potential solution to reach carbon neutrality.
The introduction of the Emission Trading System or increase of the carbon tax,
regulation of the CO2 storage and clear government support and long-term
guarantees, would help to implement the CCU/CCS technologies.
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Stakeholder

Description

Position

majority of Metinvest products are ex- The key short-term measures that will be implemented by Metinvest are foported to the EU.
cused on energy efficiency measures. On the other hand, from a long-term
perspective, Metinvest is seriously searching for innovative solutions that can
be scaled to industrial use, as most innovative solutions are currently pilot projects.
The most prospective are hydrogen technologies that will help to reduce emissions from burnt fuel. The company expresses strong interest in CCU/CCS technologies as well, but as a regulatory framework is still not established and the
ETS (Emission Trading System) has not been introduced, the company is considering the implementation of such technologies after 2030.
Naftogazbudinformatyka

A leading organisation in providing technical services to gas production and gas infrastructure companies. The organisation
is currently assessing the gas pipelines for
hydrogen transportation.

Ivano-Frankivsk Na- A leading educational institution with a
tional Technical Uni- specific focus on the gas production and
versity on Oil & Gas
gas transportation industry. The university has a strong research department as
well as high-quality educational programmes.

Naftogazbudinformatyka currently sees big potential in the implementation of
new technologies. The primary focus is now on hydrogen and the organisation
claims there is a need to develop infrastructure to transport hydrogen on a
local level (form the internal market). The organisation sees potential in producing green hydrogen using renewable energy generation.
The organisation points out that the market of CO2 is quite small, and that
storage of the captured CO2 is required.
The organisation also mentioned that the high level of CO2 in the gas system
leads to the erosion of gas tubes. The organisation expresses strong interest
in studying the transportation opportunities of CO2 to ensure the implementation of CCS/CCU technologies.
The university sees great potential for CCS development in Ukraine as Ukraine
will have to reach carbon-neutrality and given that fact that Ukraine has many
big polluters such as power generation, metallurgy, fertiliser producers and
the cement industry. The captured gas should be utilised and stored in depleted gas fields.
The university claims that there is currently no regulation on the usage of CCS
technologies and there are no fiscal incentives for the companies to capture
and store CO2.

3. In-depth stakeholder perceptions of the CCU and CCS landscape
OVERALL PROSPECTS FOR CCU/CCS IN THE TARGET COUNTRY
In general, most of the interviewed experts are interested in carbon capture, storage, and utilisation technologies, but note that the
technologies are only interesting in the long run. The lack of a description of specific projects for these technologies, even in longterm strategic documents (for example, companies' plans for carbon neutrality until 2040) suggests a cautious attitude and observation of the dynamics of such projects in other countries.
Sectors are divided in their attitudes towards the following technologies: while some note strategic prospects, others are sceptical
and see the technology as problematic due to potential difficulties with public perception and regulation. Most sectors consider CCS
technologies, while CCU is only considered in certain types of production (in particular, the chemical industry).
The accounting of emissions for environmental tax is much lower than in EU countries. Few companies in Ukraine have calculated
their carbon footprint and they have never really been focused on the climate agenda. Ukraine plans to introduce the ETS in around
2024, but currently, there is no clear vision of how the system will work and where finances generated from ETS will be directed.
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THE ROLE OF CCU/CCS IN SECTOR INTEGRATION
CCS/CCU technologies look promising for production clusters (due to the strongly developed Ukrainian gas transportation system
and potential CO2 storage sites).
It is important to note the potential for the development of industrial parks, which is included in the current National Economic
Strategy of Ukraine 2030. CCS/CCU infrastructure can be an additional bonus for members of industrial parks.

AWARENESS OF EU POLICY AND FINANCIAL INSTRUMENTS FOR CCU/CCS
Even though Ukraine is not a member of the EU, most of the industry representatives focus on the European regulation of CCS/CCU
technologies. The lack of even initial regulation of the sector in Ukraine encourages businesses to consider European practices as
most appropriate in the medium and long term.
At the same time, Ukraine has limited access to European funding instruments in the field of carbon capture and storage. The tools
that are available for Ukraine now and will be available in the next 5 years are focused on carbon and energy modernisation in
production. On average, investments in such modernisation in Ukraine are 4-5 times more efficient than in CCS/CCU technology.

PERCEIVED DEPLOYMENT BARRIERS AND RISKS
Despite major issues in terms of project profitability compared to energy efficiency measures, the biggest risk remains the lack of
appropriate regulation of the field. Companies do not want to take the risk of even planning such projects before understanding the
rules and potential limitations of the system. On the other hand, large companies are ready to publicly support CCS/CCU technologies
and address the need of the regulation and incentives to government.

4. Stakeholder recommendations for CCU/CCS
REGULATION
The lack of framework legislation in the field of carbon management (as well as transparent regulation of trade in industrial waste)
creates uncertainty in the market. It is necessary to create framework legislation to regulate the field, as well as clear rules (technical,
environmental, social) for the creation, maintenance, and storage of potential wells. In addition, clear and transparent regulation of
carbon trading is needed. Ensuring that CCS/CCU technologies lead to the exemption of environmental tax on the amount of CO2
captured and utilised/stored or that are regulated within the ETS would create a stimulus for the development of such technologies.
Business representatives believe that the “default solution” may be the implementation of European directives, which can be further
finalised in terms of the Ukrainian market.

TECHNOLOGY
Technologies for injecting carbon into used natural gas wells, aquifers and coal seams are absent and costly for Ukraine. Representatives of the companies emphasise the need for cooperation with the EU and other countries (Norway, USA) for the effective application of such technologies in Ukraine.
Carbon capture technology is also an important issue. While in some areas (natural gas production and the chemical industry) they
are simpler, in others (ferrous metallurgy) they require significant costs and additional development.
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INFRASTRUCTURE
All the company representatives interviewed note that the issue of transport infrastructure and carbon storage infrastructure should
be an exclusively governmental issue. Ukraine has significant potential to use the existing gas transportation infrastructure (pipelines,
gas storage facilities, distribution points) with moderate investments.

MARKET
First, it is necessary to legalise carbon trading and regulate such relations. In addition, market incentives need to be considered for
companies that use (recycle) purchased carbon.

FINANCIAL FRAMEWORKS
Companies expect to receive certain preferences through fiscal and other government measures. At the same time, the main stimulus
for industry will be public investment in CO2 transportation and storage infrastructure. Grants or other financial incentives are expected to establish carbon capture installations in the production process.
Other financial incentives may include easing environmental taxes for companies implementing next-generation carbon technologies
(including carbon capture, storage, and recovery technologies).

INTER-SECTORAL AND REGIONAL COLLABORATION
Gas companies point to the potential for cooperation within the sector. The joint use of infrastructure due to regional and technological proximity will help reduce the cost of individual projects (however, it should be noted that in Ukraine the natural gas industry
is concentrated within one large and several medium-sized companies).
In the long run, the chemical industry may use CO2 in the production of fuels, polymers, or raw materials for certain chemical products. However, now the sector is not ready to use even its own captured carbon emissions (due to the high price of capturing technologies).
There is potential for cooperation with the agricultural sector, which is growing at a high pace in Ukraine. There are technologies for
the use of CO2 as fertiliser in greenhouses (the CO2 is captured from the air and injected into the greenhouse to stimulate the productivity of fruits and vegetables).
There is potential for connection to the CO2 capture and transport infrastructure of new industrial parks. This will reduce the cost of
transportation and attract more medium-sized enterprises.

SOCIAL ASPECTS
Some business representatives point to the risks of negative public perceptions of technology. This risk can be crucial for the gas
industry, where most of the market is held by a state-owned company.
Environmental organisations and activists are sceptical of carbon capture and storage technologies and negative about the introduction of such technologies into existing strategies for developing a carbon-free economy.
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Chapter 3. CCS and CCU: Public acceptance in Ukraine
The interest in carbon capture and storage technologies has shown robust growth in 2020 and 2021 since the Ukrainian media started
covering them. Several companies (Metinvest, DTEK, Naftogaz) publicly expressed interest in studying CCS/CCU technologies and
their development in Ukraine. In addition, the government of Ukraine established strategic dialogue with the US on cooperation in
the Energy sector and Environment, also mentioning the CCS/CCU technologies as a point of cooperation.
The biggest attention of the media has been paid to the coverage of projects and initiatives around the world and showing the CCS
project as a potential solution in decarbonisation. The overall tone of the articles is neutral, with scepticism related to the high price
of the technologies and low
The most discussed document has been the report of the International Energy Agency, where carbon capture and storage technologies are considered as an effective solution to ensure carbon neutrality.
During the interview the State Service of Geology and Mineral Resources of Ukraine are ready to publicly express support for the
development of CCS/CCU technologies. The Service sees clear opportunities for the development of CO2 storage and claim that
providing tax incentives to industrial producers would stimulate the capture and storage of CO2.
On the other hand, there is opposition from environmental experts that are strong supporters of a much cheaper solution for Ukraine.
A reputable Environment Policy NGO, Ecodiya, has expressed a public position, criticising the introduction of CCS/CCU projects in
Ukraine.
The association of gas mining companies meanwhile has publicly stated that the technologies of CCS/CCU are the only option for gas
production companies as they need to align the quality of the gas produced with the technical regulation, which from 2025 requires
that gas does not exceed 2.5% containment of CO2.
Ecodiya stresses renewable energy and energy efficiency as the top priorities for Ukrainian decarbonisation. The key argument is that
Ukraine has big potential in decarbonisation via energy efficiency measures and a significant increase of renewable energy, which
are cheaper than carbon storage technologies.
The primary reason is that carbon storage does not stimulate industrial producers to reduce fossil fuel consumption, “The key threat
in the use of carbon storage technologies is that they do not stimulate the abolition of the usage of fossil fuels and as a result we
cannot consider such measures as a sustainable solution.”
In addition, Ecodiya claims that the carbon capture process on HPP requires a significant amount of water and Ukraine struggles with
sufficient amounts of water, holding 32nd place among 40 European countries regarding water supply per person.
The final argument is that there is a significant risk of CO2 leakage, which can have a negative impact on the environment.

