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Abstracts. In view of the ongoing climate degradation, the article analyses and compares the
most commonly used mechanisms for preventing negative environmental impacts resulting from
human activities. In this respect, administrative and economic mechanisms are considered, which
have a significantly different nature. Based on the consideration of the specific features of these
approaches, the advantages of economic methods that provide incentives for individual enterprises
to implement the necessary environmental protection measures, as opposed to purely administrative
and restrictive measures inherent in command-and-control approach.

Among the economic mechanisms of environmental management of climate change, as one of
the most painful problem of our time, the main attention is paid to the principle of direct financial
taxation and the method of market trading in emission quotas, which is commonly known as cap and
trade systems. The advantages and disadvantages of these approaches to limiting anthropogenic
greenhouse gas emissions are presented and analysed, and the range of application of these basic
economic instruments in different countries of the world is demonstrated.

1t is noted that the Association Agreement between Ukraine and the European Union provides
for the introduction in the coming years of a national greenhouse gas trading system adapted to the
pan-European system that has been in place since 2005. In this regard current state of the national
ETS system implementation is analysed with the first essential step of which being the putting in force
a carbon emissions monitoring, reporting and verification system.

Keywords. Environmental management, economic mechanisms, carbon emissions, carbon
trading, carbon taxation, carbon allowances, carbon credits.

Anomauin. 3 oenady Ha mpugaroyy de2padayiro Kiimamy, y cmammi npoaHanizoearo ma
NOPIGHAHO HAUOLIbUL NOWUPEH] MeXaHizMu 3anoOieaHHs He2amueHoM)y 6NIUSY HA HABKOIUUHE
cepedosuyye  8HACNIOOK  NHOOCLKOI  OislibHOocmi. Y ybomy  KOHMeEKCmi — po32150armsbCs
AOMIHICMPAMUBHI MA EeKOHOMIYHI MeXauizmu, AKi Maoms Cymmeeo pisHy npupody. Ha ocnosi
Ppo32na0y ocodaugocmeti yux nioxodie NOKA3AHO nepedasu eKOHOMIYHUX Memodis, AKi 3abe3neyyoms
CMUMYTIOBAHHS OKDEMUX NIONPUEMCME 00 BNPOBAONCEHHS HeOOXIOHUX NPUPOOOOXOPOHHUX 3aX00I8,
Ha GIOMIHY 8I0 CYMO AOMIHICMPAMUBHUX MA 0OMENCYBANbHUX 3aX00i8, NPUMAMAHHUX KOMAHOHO-
AOMIHICMPAMUBHOMY NIOXOOY.

Ceped eKOHOMIUHUX MEXAHIZMI8 eKOO2IYHO20 YNPAGIIHHA 3MIHOK KIiMamy, K OOHIE 3
HaubonoUiwmUx npoobem cy4acHocmi, OCHOBHA Y8a2a NPUOLIAEMbCS RPUHYUNY NPAMO2O (DIHAHCOBO20



ONnoOOAMKY8AHHA MA Memooy PUHKOB0I MOp2iéni K8OMamu HA GUKUOU, AKUL OMPUMASB WUPOKY
NONYIApHICMb N0 HA36010 «cucmema mopeieni keomamuy (cap and trade). Ilpeocmasneno ma
NpOaHanizo8aHo nepesazu ma HeOONIKU YUX NiOX00i8 00 O0OMENCeHHs AHMPONOSEHHUX BUKUOIB
NApHUKOBUX 2A318, A MAKONC NPOOEMOHCMPOBAHO chepy 3aCMOCY8AHHS YUX OCHOBHUX eKOHOMIUHUX
IHCMPYMEHMIB Y PIZHUX KPAIHAX C8INYy.

3asnauaemocs, wo Yzo0a npo acoyiayiro mixc Ykpainorw ma Eeponeticokum Corozom
nepeddauae 3anpoBaA0NCeHHs Vy HAUOAUNCYUI POKU HAYIOHATbHOI cucmemu mopeiéii Keomamu Hd
BUKUOU NAPHUKOBUX 2A318, A0ANMOBAHOI 00 3a2abHOEBPONelcbKoi cucmemu, sika oie 3 2005 poxy. V
36'SA3KY 3 YUM NPOAHANI308AHO NOMOYHUL CMAH 6nposaddicenis HayionanvHoi cucmemu CTB,
nepuuM  BANCIUBUM KPOKOM SKOI € 66e0eHHs 6 Oil0 cucmemu MOHIMOPUHZY, 36IMHOCMI ma
sepughikayii 6ukudis gyaneyro.

Knrwowuosi cnoea. Exonociunutli meHeONCMeHM, €KOHOMIUHI MeXamizmu, 6UKUOU eyaieyro,
mopeaiens Keomamu, gyeieyese 0no0amKy68aHHs, KEOMU HA BUKUOU 8Y2lleylo, 8yaleyesi Kpeoumu.

Introduction. Limited volume of natural resources available and negative processes of their
degradation and depletion accelerated in the modern era by hugely intensified human production
activity are becoming an increasing threat not only to further overall economic development but in
general sense to future generations well-being. This axiomatic statement is well recognized already
and led to formulation of global sustainability concept to be implemented to address growing
challenges in this respect and to mitigate possible unpleasant consequences. Environmental
component of sustainable development as well as other main pillars of this concept including
economic and social one in this respect requires scientifically grounded and practically proven
regulations that should be adopted, implemented and followed at all necessary levels including
corporate, industry, national, regional and international.

Such multi-level approach is of particular importance for environmental part of sustainability
concept with obvious externality nature when potentially harmful for ecology human activity caused
by any operator are born also by other parties that are not involved in operation processes. It means
that environmentally negative factors appearing locally at the operator’s facilities spread their
influence over much broader geographical area and consequently influencing other parties and their
interests. This is particularly true for global climate system change issue that is becoming increasingly
recognized as one of the main factors of negative impact on the environmental component of
sustainable development.

The first official statement at the international level on the threat of global warming was made
back in 1976 by the World Meteorological Organisation (WMO). Scientifically grounded evidence
of a significant anthropogenic impact on the climate associated with human activity was first
presented to the international community three years later at the 1st World Climate Conference in
Geneva.

The Intergovernmental Panel on Climate Change (IPCC), established by the decision of this
first global climate forum, has become the world's premier scientific body aimed to study, analyse
and systematise data on worldwide climate change processes with further grounding of projected
scenarios for their development in the short and long term sense. The periodic reports provided by
the IPCC are invariably the subject of wide discussion, as they contain the most substantiated
conclusions on the global processes of climate change occurring in the planet's ecosystem, with the
identification of prospects for their further development.

Latest among them IPPC Sixth Assessment Report and Synthesis Report published in 2023
summarize in particular the state of art in climate change, its widespread impacts and risks, and
climate change mitigation and adaptation as a results of measures provided at all levels. Among main
conclusions arising from these reports are the following (/PPC, 2023:18):

- human activities in first hand through emissions of greenhouse gases, have
unequivocally caused global warming, with worldwide surface temperature 1.1°C above of the level
end of 19-th century.



- global greenhouse gas emissions have continued to increase resulted in widespread
and rapid adverse changes in the atmosphere, ocean, cryosphere and biosphere that have occurred
affecting every region across the globe;

- despite progress in planning and implementation of regulatory measures to mitigate
climate changes across all sectors and regions, adaptation gaps exist, and will continue to grow at
current rates of implementation.

Unfavorable situation in place with global climate warming and prospects of its further
aggravation necessitate general analysis of existing approaches to tackle this phenomenon and their
efficiency with prospects for implementation in Ukrainian realities. In this sense it can be considered
as main goal of the publication intended to delve into evolution and current trends of economical
mechanisms of environmental management with application to climate change phenomenon mainly.

Literature review. In general case institutional measures to tackle environmental challenges
could be split in 3 main streamlines (Percival R V., et al, 2024: 21):

-administering through implementation, directives, standards and norms aimed to regulate
impact of human activity;

-taxation by introducing direct taxation of environmentally harmful operations;

-trading systems via application of market approach to mitigate environmentally negative
aspects.

The traditional approach used to regulate the anthropogenic impact on the climate system is
to implement administrative measures that limit the activities of hazardous industries in terms of the
level of environmental pollution permissible for them. The main algorithm of this approach is defined
by a concise formulation as ‘command and control - CAC". In this context, the ‘command’ part refers
to the establishment of directive provisions in the form of laws, standards, regulations and other
binding administrative documents. The content of the other part, ‘control’, is to monitor compliance
with the established requirements and impose sanctions in case of violation. Such sanctions may take
various forms, including administrative penalties, criminal liability, fines, and various organisational
measures, including, as a last resort, the suspension of the company's operations.

In general terms, this approach can be described as direct legislative regulation of an industry
or type of activity that defines what is permissible and what is illegal. The level of harmfulness that
is permissible is established by the relevant state policy-making bodies and is fixed in the standards,
norms and regulatory documents issued by them.

Historically this approach was the first to appear being still widely used for different ecology
related applications especially in developing countries like China and India, where they form the
backbone of environmental regulation frameworks (Blackman A., et al, 2018: 3). It has been actively
spreading since the 60s and 70s of the last century due to its simplicity and obviousness and has been
implemented in many countries around the world (Bocher M. A., 2012: 4). Being most prevalent
approach at that time it was also attracted by the possibility of fairly prompt application of appropriate
administrative measures aimed at protecting the environment (Singhal P. , 2018: 29).

By that time, the public understanding of the limited natural resources and the need to ensure
the principles of sustainable socio-economic development at all echelons of social life had not yet
reached the modern level. However, since the 1980s, its criticism has gradually spread, mainly due
to the lack of flexibility and the formation of internal motivation of enterprises to be more economical
with natural capital.

Environmental regulation in force in Ukraine bears a clear signs of post-soviet era with its
administrative principles of economy governance. It reflected in dominance of command-and-control
approach firmly followed till the end of previous century in all aspects of country live including
ecological issues. Visible changes appeared only beginning of this century with joining the Kyoto
Protocol and even more remarkably since 2014, to align with European Union (EU) standards as part
of the EU-Ukraine Association Agreement (Yakymenko 1., 2024: 37).

While reported evidences encompassing 32 developing countries demonstrated that CAC
policies can play a positive role in reducing pollutant emissions and improve environmental
outcomes, particularly for easily identifiable pollution sources (Blackman A., et al, 2018: 3). At the
same time implementation of these measures is alligned with certain trade-offs: while they mitigate



lower emissions, they can suppress enterprise productivity and increase compliance costs without
sufficient compensation effect from innovations provided.

The general view of the low efficiency of the administrative approach to environmental
management, especially for complex environmental issues that cover a large number of sources of
problems, has been significantly reinforced by the results of analytical work on their economic
comparison with less costly incentive-based approaches. An economic analysis of the results of
applying different approaches to preventing air pollution in New York State (Burton E.L, et al, 1973:
5) and San Luis (Atkinson S.E., 1974: 2) through computer modelling of the processes involved has
shown a significant economic advantage of the incentive principles of environmental regulation.
Depending on the degree of air pollution, the advantage in the economic efficiency of incentive
principles per unit of emission reduction estimated within the ranges from 2 to 4. A similar estimate
was obtained as a result of a generalised comparison of the costs of reducing anthropogenic impact
on the environment using administrative and economic incentive approaches in the United States and
some European countries (Harrington W., 2004: 15).

At the same time it should be noted that all measures related to command-and-control
principle of environmental policy could be referred as economically incentivizing only in respect of
financial penalties that operator should bear when breaking established pollution limits. In this sense
in line with the article main purpose most attention is given to regulatory more flexible and
economically more efficient approaches of environmental policy, i.e. taxation and trading systems.

Main research results and discussion. While administrative methods of environmental
management are focused on the use of various regulatory and restrictive instruments, incentive-based
approaches are grounded on economic principles of creating interest in reducing the anthropogenic
burden on the environment. In first hand, it is environmental taxation, the main idea of which is to
impose taxes on pollution, which stimulates companies to reduce the level of pollution induced.

The conceptual idea of pollution taxation lies in the essence of the process itself, since the
polluter causes harm not only to itself, but to the entire environment as a whole, i.e. to others. This
manifests not only the internal, but also the external side of any pollution, which is called externality
effect. Based on this, it is quite obvious that the polluter should pay for the total losses that it causes
by its production, adding these costs to the cost of its products. Conversely, this will stimulate the
producer to reduce the level of pollution, which will lead to a reduction in the level of the
corresponding tax. Revenues that may be expected from environmental taxation for instance carbon
taxes could be directed to implement pollution limiting actions to decrease more distortive taxes
leading to ‘double dividend’ effect (Freire-Gonzalez J., 2018: 14).

The theoretical justification for the concept of environmental taxation was first provided by
Arthur Pigou in 1920 in his work (Pigou A., 1920: 22), where he showed that internal and general
costs differ in the level of external costs that should be compensated by appropriate taxation. This
approach seems quite obvious, but the main difficulties in its effective application lie in the lack of
reliable tools for costing environmental impact, and thus a reasonable determination of the level of
taxation. Therefore, despite the fact that this concept has been comprehensively generalised in the
form of the ‘polluter pays’ principle, its practical application invariably encounters the issue of how
to optimally determine the level of this payment, which is complicated by the lack of necessary basic
information.

Based on advantages of direct taxation environmental economists have been promoting this
approach as key environmental policy instrument already for several decades second half of last
century. Gradually it appears as complimentary approach to command-and control principle of
environmental policy being pioneered by such European Nordic States like Finland (1990), Norway
(1991), Sweden (1992) and Denmark (1992) with gradual spreading over other countries (4ndersen,
M.,2004: 1). According to the World Bank statistics, as of mid 2022, 36 jurisdictions have introduced
already carbon taxes covering 5.7% of global GHG emissions (WB, 2022: 33). In this list of countries
Ukraine is also present with carbon taxation introduced starting from 2011.

The general situation with the uncertainty of the cost of polluting and in first hand its external
component, together with the national economic specifics, including a cautious attitude to the possible
depressive impact on corresponding industries, gives rise to a certain subjectivity in setting the level



of environmental taxation in different countries. As a result carbon tax rates among these countries
vary in a broad range, between US$0.08 per ton of CO2 equivalent (CO2e) in Poland and US$129.89
in Sweden (Schratzenstaller M., 2023: 27). For Ukraine the fee associated with emission of carbon
dioxide into atmosphere from 2022 amounts UAH 30 (US$ 0.73) per metric ton (State statistics,
2023: 19). And that is a remarkable increase from previously mandated from 2011 level of UAH 0.24
(US$ 0.000)/t.

This range of taxation levels demonstrated above refers to so-called ‘carbon tax’, which is
imposed on the main fossil fuels such as oil, coal and natural gas, as their consumption accounts for
the bulk of greenhouse gas emissions. Such a large discrepancy cannot be explained by the level of
economic development of individual countries alone (Prabhuti R, Soral G., 2025: 24). To a large
extent, this is a manifestation of the general attitude to climate change that exists in a particular
country.

Such wide variation in the level of carbon taxation confirms the difficulty of establishing an
economically justified level of taxation. This also makes it complicated to adopt a uniform level of
carbon taxation at the regional and international level. Regarding current general status of climate
degradation abatement and commitments in this respect under Paris Climate Agreement and European
Green Deal countries with low level of carbon levies should provide necessary balanced measures to
achieve more tangible reductions of anthropogenic emissions to meet obligations assumed.

The main advantages of taxation as an economic mechanism for regulating the negative
impact on the climate system include direct impact on emitters and the simplicity of administration
of the taxation process itself, as well as its transparency. It does not require complex organisational
structures, development of detailed procedures and control over their implementation, which may
cause significant additional costs.

At the same time, the principle of taxation does not allow for direct impact and regulation of
the level of harmful emissions, since the decision to pay the tax or implement measures to reduce
emissions remains with the emitting company. This is a significant general limitation inherent in the
principle of taxation as an economic mechanism of environmental management.

The ways and efficiency of using the financial flows generated through the introduction of
taxation remain a significant issue as well. These flows are generated in business being guided to
government institutions where they are distributed. This creates a tempting possibility of their misuse
for purposes other than environmental protection.

The lack of flexibility in responding to natural fluctuations in such factors as inflation, the
state of the currency market, crisis phenomena, and others inherent in the taxation approach also
provided an additional reason to seek different concept of economic regulation of the anthropogenic
burden on the ecosystem. The main competing principle to the environmental taxation of emissions
of harmful substances appeared to be the approach based on setting emission limits and market trading
of permits for these emissions, abbreviated as ‘cap and trade’.

The theoretical basis of this approach is the concept of property rights, which was used as a
basis by Ronald Coarse in its development (Coarse R., 1960: 7). He was the first to prove that the
most economically feasible approach to environmental management is a market mechanism that
minimizes the costs of achieving the environmental goal. A few years later, John Dales formulated
the conceptual idea that emission rights granted by the state to enterprises can be subject to market
trading (Dale J., 1968: 11). In this case, the state should organize this process and control its
implementation.

The effectiveness of this approach was first demonstrated in the late 60s of the last century
based on the results of a series of computer modelling studies of different approaches to reducing air
pollution in several US cities (Burton E., 1974: 5). Calculations were performed for various
mechanisms to prevent further air pollution in order to compare the costs of their implementation.
The results obtained in all cases demonstrated a clear economic advantage of a flexible market-based
approach to reducing air pollution which has gradually evolved into a holistic cap-and-trade concept
as the most economically attractive mechanism for achieving the set level of environmental pollution
control.



In contrast to direct emissions taxation, which sets a tax level and does not control the
emissions reductions that are achieved, this approach fixes the level of emissions that are permissible
through quotas, while the allowances themselves can be traded at prices that are freely determined on
the market. Those companies that have surplus allowances can sell them on the open market at their
discretion, while companies that exceed their emission targets can buy the missing allowances on the
market instead of paying fines. This creates a financial market for emission allowances, or in other
words, trading in these allowances.

One of the main advantages of this approach to reducing the burden on the ecosystem is the
possibility of achieving the overall result at a lower cost, as emission reductions can be made where
it is most economically feasible, and enterprises that lack permits can purchase the appropriate
number of permits on the free market.

The first practical attempt to apply an emissions trading system was made in the United States
as part of a program to combat the so-called ‘acid rain’ introduced by the Clean Air Act in 1990. Its
implementation reduced emissions of NO2 and SO2 , which are the main cause of acid rain, by 3
million tons per year by 1995 (Coniff R.. 2009: 9).

The positive experience of this trading system for emission quotas for these harmful
substances was the impetus for its introduction in the formation of the international mechanism for
the implementation of the UN Framework Convention on Climate Change (UNFCCC). The legally
binding quantitative commitments of the countries participating in this convention are contained in
the Kyoto Protocol, which was signed in 1997 as a supplement to the main text of the UNFCCC.
According to Annex B to this protocol, the commitments of 38 industrialised countries and countries
with economies in transition to reduce greenhouse gas emissions by 2012 were set in the range of 5-
8% compared to their level in 1990, which was adopted as the baseline. Along with other post-soviet
countries Ukraine appeared to be in an advantageous position, as due to the sharp decline in industrial
production in these countries after 1990, anthropogenic emissions of harmful gases into the
atmosphere decreased significantly.

The Kyoto Protocol provides for flexible mechanisms to implement the countries'
commitments to reduce greenhouse gas emissions. The use of these mechanisms enables interested
countries to obtain or purchase additional emission allowances, adding them to the cap set by the
Kyoto Protocol. Since the mechanisms provided for by the Protocol are related to investment projects
aimed at reducing emissions or direct purchase of additional allowances, these mechanisms are
referred as economic or market-based.

These mechanisms include the following:

- Joint Implementation Mechanism (JI) that provides for investment projects aimed at
reducing emissions between developed countries and countries with economies in transition;

- The Clean Development Mechanism (CDM) oriented to the implementation of
projects in developing countries at the expenses of developed countries or at the expenses of
developing countries themselves;

- The Emission Trading Mechanism (ETM) focused on the direct purchase and sale of
emission quotas between countries.

Thus, the market mechanisms envisaged by the Kyoto Protocol have opened a direct economic
route for the purchase and sale of achieved emission reductions from countries with a surplus of
greenhouse gas emissions to countries with their shortage.

The Protocol's first commitment period started in 2008 and ended in 2012. All 36 countries
that fully participated in the first commitment period complied with the Protocol objectives. The
greatest emission reductions were seen in the former East-European Bloc countries because the
dissolution of the Soviet Union reduced their emissions in the early 1990s. Collectively, these
countries through implementation flexible mechanisms of Kyoto Protocol surpassed their aggregate
commitment, reducing emissions by an average of 2.4 GtCO2e per year (Shishlov I, et al., 2016: 28).
Even though these countries significantly reduced their emissions during the first Kyoto commitment
period, other large developing countries with fast growing economies like China, India, Thailand,
Indonesia, Egypt, and Iran increased their emissions so much that the global emissions increased by
32% from 1990 to 2010 (UNEP, 2012: 31).



A second commitment period was agreed in 2012 to extend the agreement to 2020, known as
the Doha Amendment to the Kyoto Protocol, in which 37 countries had binding targets. It achieved
modest emissions reductions among participating developed countries, with new rules limiting
surplus allowances and a stronger focus on forest carbon sinks. However, the withdrawal or non-
participation of major emitting economies including Canada, China, Egypt, India, Iran, Japan, USA
and unresolved legal issues around emissions units limited its global impact. Ukraine actively
participated in first commitment period of Kyoto protocol with total number of JI-type projects above
300 but refrained from being officially involved in its second phase (Yakubovsky V., 2014: 36).

In general, the Kyoto Protocol resulted in measurable emissions reductions and fostered
technological innovation, but its economic costs and design limitations tempered its overall
effectiveness. At the same time it laid down the groundwork for future climate policy, highlighting
the need to balance environmental goals with economic realities and broader participation.

With all drawbacks and lack of efficiency of measures provided by the Kyoto Protocol both
stages as a next main step of United Nations Framework Convention on Climate Change efforts
became a Paris Climate Agreement negotiated by 196 countries and signed in 2016 (UNFCC, 2016:
32). Nowadays it should be considered as a landmark international treaty focused at limiting global
warming to well below 2°C, with efforts to keep it to 1.5°C above pre-industrial level till this century
end and beyond (Fig,1). And to stay below such level of global warming, emissions need to be cut by
roughly 50% by 2030 (Schleussner, C.-Fr., et al, 2022: 26).

Under the Paris Agreement, each
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countries.

It means that each country is free to set its own climate targets called Nationally Determined
Contributions, or NDCs, which are reviewed and compared internationally to encourage greater
ambition through transparency and peer pressure. At the same time current situation demonstrates
that national pledges announced are not sufficient to keep warming below 2°C and without stronger
action, projected warming is 2.6-3.1°C by 2100 (Fig.1).

Being widely recognized as a historic step in global climate governance the Paris Agreement
which introduced a flexible, inclusive framework for climate action and spurred international
cooperation, current commitments fall short of its temperature goals, and stronger, faster actions are
needed to avoid further dangerous global warming.

The adoption of the UN Framework Convention on Climate Change, its Kyoto Protocol and
Paris Accords with quantitative commitments of countries to prevent further degradation of the
climate system has become a kind of impetus for further actions to create emissions trading systems
(ETS) at the regional, national and sub-national levels.

Like a tax on emissions, an ETS injects the cost of emitting greenhouse gases into business
decision making. Unlike taxes, which control the price of emissions but not their quantity, an ETS



controls the quantity of emissions but leaves the price to vary based on the supply and demand of
allowances, subject to a limit on their total amount. Hence, carbon emissions trading is a common
flexible and market-oriented concept that countries may use to attempt to meet their pledges under
the Paris Agreement.

In its core essence emissions trading sets a quantitative total limit on the emissions produced
by all emitters involved, which correspondingly determines the prices of emissions. Under emission
trading, a polluter having more emissions than their quota has to purchase the right to emit more from
emitters with fewer emissions. Consequently, emitter with extra carbon quota amount has an
opportunity to sell in at the open carbon market.

As mentioned above the use of emissions trading as a pollution control mechanism was first
introduced in the United States under the Clean Air Act, which led to a significant reduction in
emissions of sulphur oxide, that causes smog and acid rain, and reduced cost of addressing the
associated environmental consequences when using command-and-control tools (Common M., 2006:
8).

Such positive experience led to rapid expansion of emission trading system adoption as a
mechanism of environmental regulation at subnational, national and regional level over last 20 years.
Two main streams of carbon markets originated during this period: those that trade emissions
allowances and those that trade carbon credits. The former are often called “compliance” markets
because the firms that usually operate within them are required to do so by regulation. The latter are
often called the “voluntary” carbon markets because most entities that purchase carbon credits
voluntarily, usually in support of a climate commitment or claim.

As of today, there are 37 emission trading systems and 33 crediting mechanisms in force
around the world, with another 22 at various stages of consideration and development (WB, 2025b:
35). Carbon trading systems in operation at subnational, national and international level cover already
23 % of global GHG emissions to compare with additional 5 % covered by carbon taxes. Hence,
totally worldwide GHG emissions coverage by these two carbon pricing mechanisms equals 28 %.
In absolute figures it gives almost 15 billion metric tons of carbon dioxide equivalent emissions
(tCO2e) out of the global total emission level of just over 52 billion tCO2e (WB, 2025a: 34). To
underline the scale of the jurisdictions implemented carbon pricing mechanisms it could be mentioned
that they represents roughly 2/3 of global GNP. Among carbon emission trading systems in place to-
day most widescale are European Union Emission Trading Scheme (EU-ETS) and Chinese ETS
(Table).

In general appearance of EU ETS the first stage of which was launched in 2005 under
Directive 2003/87/EC of the European Parliament served as a strong impetus and example for others.
As of 2025, this trading system being a central pillar of the European climate policy covers more than
11,000 emitters. It operates in 27 EU countries across the European continent plus Iceland,
Liechtenstein and Norway, which are responsible for approximately half of all greenhouse gas
emissions of the continent.

The European trading system is based on the quota principle, which was previously
preliminary tested in the UK and Denmark. In accordance with the quantitative commitments made,
each country develops a national quota plan that should cover all emitters of harmful emissions in the
relevant industries

At the initial stage, the list of economic sectors covered by Directive 2003/87/EC included
energy, production and processing of ferrous metals, minerals and pulp and paper production.
Subsequently, Directive 2009/29/EC added a number of other metallurgical and chemical industries
and air transport to this list. As a result, the European Greenhouse Gas Emissions Trading Scheme is
considered now as fundamental element of the EU's entire climate change policy.

In contrast to the Kyoto mechanisms, which are project-oriented, the EU-ETS implements the
principle of object orientation. This means that each production facility included in the emissions
trading system must provide verified by independent body annual reports on its emissions for the
reporting period in line with the allocated quotas and purchased permits. At the same time, operators
have the opportunity to freely sell or purchase emission permits at prices freely formed on the market,
as well as accumulate them or carry them over to subsequent periods.



The establishment and development of the European trading system was not easy, as the main
powerful industrial circles, whose interests were directly affected by this system, actively opposed its
implementation. As a result, the initial level of emission permits was set too high, which led to a
significant reduction in the cost per unit of emissions. The impact of the global economic crisis 2007-
2009 and COVID-19 pandemic which induced certain decline in production, was also noticeable.

Table.
Carbon trading systems globally as of April 2025. Source: built based on (WB, 2025a: 34) results.

ETS Year Jurisdiction Main price rate, Share of Gov-nt revenue
start USD/tCO2 emissions Received, USD
covered, %
Alberta TIER 2007 Canada USD 66.2 59 % USD 412 min
Australia SM 2023 Australia USD 21.8 26 % USD 1264 min
Austria ETS 2022 Austria USD 48.5 36 % -
British Columbia 2016 Canada USD 66.2 26 % -
Beijing Pilot ETS 2013 China USD 12.2 17 % USD 1 min
California ETS 2012 USA USD 29.3 76 % USD 4400 min
Canada Federal 2019 Canada USD 66.2 3% -
China National 2021 China USD 11.8 51 % -
Chongqing Pilot 2014 China USD 5.5 14 % USD 3 mln
Colorado ETS 2023 USA - 3% -
EU ETS 2005 EU USD 70.4 40% USD 41703 min
Fujian ETS 2016 China USD 4.7 16 % -
Germany ETS 2021 Germany USD 48.5 39 % USD 13933 mln
Guangdong Pilot 2013 China USD 5.4 12 % -
Hubei Pilot 2014 China USD 5.4 20 % -
Indonesia ETS 2023 Indonesia USD 0.7 24 % -
Kazakhstan ETS 2013 Kazakhstan USD 0.9 43 % -
Korea ETS 2015 Korea, Rep. USD 6.5 79 % USD 134 min
Massachusetts ETS 2018 USA USD 9.3 9% USD 19 min
Mexico ETS 2020 Mexico - 36 % -
Montenegro ETS 2022 Montenegro USD 25.9 43 % USD 14 min
New Brunswick ETS 2021 Canada USD 66.2 54 % -
New Zealand ETS 2008 New Zealand USD 32.0 44 % USD 293 min
Newfoundland ETS 2019 Canada USD 66.2 36 % USD 0.4 min
Nova Scotia ETS 2019 Canada USD 66.2 36 % USD 13 min
Ontario ETS 2022 Canada USD 66.2 26 % -
Oregon ETS 2021 USA - 48 % -
Quebec ETS 2013 Canada USD 41.5 76 % USD 1.055 min
Regional GHG 2009 USA USD 23.3 14 % USD 1.456 min
Saitama ETS 2011 Japan USD 1.0 16 % -
Shanghai Pilot ETS 2013 China USD 10.8 21 % USD 13 miIn
Shenzhen Pilot ETS 2013 China USD 6.5 37 % -
Switzerland ETS 2008 Switzerland USD 64.7 13 % USD 50 min
Tianjin ETS 2013 China USD 5.3 16 % -
Tokyo ETS 2010 Japan USD 4.0 19 % -
UK ETS 2021 United Kingdom USD 57.2 27 % USD 3250 min
Washington ETS 2023 USA USD 50.0 71 % USD 811 mln

During current forth period of EU-ETS covering years 2021-2030 its further modernization
is planned including reforms of previously established Market Stability Reserve which plays a critical
role in stabilizing European carbon market. Such a reform is also aimed to form the backbone of a
global carbon market and to reach an ambitious goal for Europe to become the world’s first climate-
neutral continent by 2050 (EU-ETS, 2021: 13).

Summarizing assessment the EU-ETS effectiveness in reducing emissions using a rigorous,
machine-learning assisted systematic review and meta-analysis demonstrated that it has delivered
measurable emissions reductions effect quantified at about 7% and drove technological changes in
particular in the energy sector (Débbeling-Hildebrandt N., et al., 2024: 12). No significant impact on
profits and employment had been detected with an increase in revenues and fixed assets for regulated
companies.



The relatively rapid development of the European greenhouse gas emissions trading system
has largely stimulated interest in the creation of other national, regional and subnational trading
systems. In many cases, they were based on the principles and structure of the European model, which
has been well tested already.

The list of the main trade systems existing as of 2025 presented in Table is not exhaustive. It
should be supplemented by fairly new or planned trade systems and schemes, the total number of
which reaches 22 (Cayol G., Monar D. C., 2025: 6). However, these systems and schemes which are
not included in the Table do not yet finalised organisational and economic criteria for their operation.

These emissions trading systems are so-called regulatory or compliance systems, i.e. regulated
and implemented by relevant policy documents at the international, national or subnational levels. To
them should also be added a rather impressive list of existing voluntary systems, the total number of
which has already exceeded 30. The largest among them by volume are run by Verra, Gold Standard,
Climate Action Reserve (CAR) and American Carbon Registry (ACR). Together they accounted for
77% of all credits issued in the credit market in 2023 (MSCI, 2024: 19).

First of all, the existing number of
greenhouse gas emissions trading systems
currently in operation, covering a wide
geographical area of the globe, is impressive.
Moreover, this list is constantly growing, which
puts on the agenda the difficult question of
gradually merging or linking individual systems
and creating a single global carbon market.

The steady spread of greenhouse gas
emissions trading systems in the world, which has
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Fig.2. Evolution of Global Carbon Revenues. | carbon pricing revenues exceeded $100 billion
Source: (Cayol G., Monar D. C., 2025: 6). (Fig.2). By 2024, governments will have

collected 2.3 times the amount of carbon
revenues in 2018, with ETS generating around 67% of the total sum (Cayol G., Monar D. C., 2025:
6).

Such an impressive increase in global carbon revenues is induced not only by carbon
emissions coverage by different crediting mechanisms but also by gradual growth of carbon
allowance and credits prices. As demonstrated by Fig.3 carbon allowances with all fluctuations
steadily grew in prices for all main trading systems. Unstable character of this tendency is influenced
not only by carbon market volatility but also regulatory rules changes that took place during carbon
trading systems operation to adapt their performance to main climate objectives established.

As mentioned above one of the ETS main advantage is their flexibility and focus on achieving
a specific environmental result. The flexible economic nature of the very principle of such systems,
based on the free formation of the market price per unit of emissions, leads to its significant
fluctuations over time (fig.3).

In general carbon trading as an economic mechanism clearly occupy growing place in ongoing
efforts in climate change mitigation. More and more governments and local administrations at
subnational level especially in fast growing economies are planning to implement different types of
flexible trading mechanism to combat climate degradation. With the current coverage by pricing
instruments in place with 28 % of global GHG emissions there is still plenty of space for further
growth. According to top-down estimates of the Independent High-Level Expert Group on Climate
Finance, USD 6.3-6.7 trillion are needed each year for global climate investments by 2030 (Cayol G.,
Monar D., 2025: 6).
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i all, it is a rather complicated mechanism that

requires further improvement. One of the main problems is the rather significant fluctuation in the
cost of emission units. Its excessive value limits the possibilities of free trade exchange. On the other
hand, their very low prices do not stimulate the implementation of emission limitation measures being
the main purpose of using such systems. The main tool for improving trading systems in this regard
is the introduction of restrictions on both the excessively high price of emission units and their
minimum level. In some regulatory emissions trading systems, such restrictions are already used, in
particular, in Japan and China (ICAP, 2024: 17).

Another reason for criticising emissions trading systems is their low overall efficiency and
geographical unevenness and imbalance. Since the cheapest emission reduction units are in less
economically developed countries (Table), it is obvious that developed countries are trying to ensure
that their obligations are met the expenses of low-income countries. With such geographical ‘flows’,
there is no real emissions reduction in the economically and industrially developed countries that are
the largest emitters, which is not socially fair. To take this into account, additional regulatory measures
are needed to limit the possibility of such ‘flows’ or to introduce economic levers to balance such
cross-border transactions.

For Ukraine, the issues of economic mechanisms of environmental management primarily
related to climate change are not secondary and remote in time. Active participation in first stage of
Kyoto protocol project oriented mechanisms gave an opportunity to gain some experience in market
oriented approaches to climate mitigation. They are also a priority in the entire environmental block
of the Association Agreement with the European Union signed and ratified by the Ukrainian
Parliament in 2014 and entered into force from September 01, 2017. This Agreement envisages the
introduction of a national greenhouse gas emissions trading system adapted to the relevant European
system and outlines steps for the implementation of a national ETS, including:

* adopting national legislation and designating a competent authority;

* establishing a system for identifying relevant installations and GHGs;

* developing a national allocation plan to distribute allowances;

* establishing a system to issue allowances to be traded domestically and

* establishing monitoring, reporting, verification (MRV) and enforcement  systems, as well
as public consultations procedures.

Such a system should be implemented within 2 years from the date of entry into force of the
Association Agreement and is overdue now as a result of military time of unrest. At the same time
first solid step in establishing national ETS has been done by establishing national MRV system of
carbon emissions with its scope partially covering activities similar to EU ETS (Law No. 4187.,2025:
20). the MRV procedures as adopted in the framework law on MRV have been applied by regulated
installations. To establish national ETS, Ukraine plans to develop separate legislation based on at
least three years data from the MRV system. National ETS is now planned to be launched in a pilot
mode in 2025.
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With implementation of national ETS system Ukraine will join global cohort of countries
where full mixture of command-and-control and economical mechanisms instruments in
environmental management are used with gradual historical prevailing of the last group of approaches
as being more flexible and adaptive. Within this group of instruments emission trading systems should
play growing role.

Conclusions. While the world faces the escalating impacts of climate change, the urgent need
for effective mitigation strategies is becoming more evident. Addressing this negative tendency
governments and other regulatory institutions around the globe are looking to implement most proper
climate policy frameworks based on existing components with evolving track of wider reliance to
economically more efficient pricing mechanisms.

To-days overall picture of environmental management instruments in use shows complex
palette of earlier established command-and-control methods and economically more incentivizing
instruments. These main approaches to regulating anthropogenic impact on the environment
discussed above clearly demonstrate the advantage of economic levers that provide flexible and more
effective incentives for enterprises to implement appropriate environmental protection measures.
Among such economic methods of environmental management, the most theoretically sound and
widely tested are direct taxation and emissions trading systems. Joint implementation of these
methods already led to coverage of 28 % of global carbon emissions where 23 % share belongs to
ETS:s.

Whereas direct taxation methods are characterised by simplicity and transparency, along with
the lack of direct influence on the level of emission reductions to be achieved. In contrast, emissions
trading systems have an advantages of flexibility and greater economic feasibility with somewhat
more complex organisational design and operation.

With the signing of the Association Agreement with the European Union, Ukraine got on the
path of developing and implementing its own national carbon dioxide emissions trading system that
would be fully adapted to the pan-European trading system. This process will require significant
additional organisational and methodological efforts in the near future.

References:

1. Andersen, M. S. (2004). Vikings and virtues: A decade of CO2 taxation. Climate Policy, 4(1), 13—
24

2. Atkinson S. E., Lewis D. H. A Cost Evaluation of Alternative Air Quality Control Strategies/ US
Environmental Protection Agency, Project EPA-600/5-74-003, Washington D.C., 1974.- 56 p.

3. Blackman A., Li Zhenguan, Liu Antung A. (2018). Efficacy of Command-and-Control and
Market-Based Environmental Regulation in Developing Countries. Annual Review of Resource
Economics 10, pp. 381 — 404.

4. Bocher M. A. (2012) Theoretical Framework for Explaining the Choice of Instruments in
Environmental Policy/ Forest Policy and Economics, Elsevier, 2011, pp 14-22.

5. Burton E.L., Pechan E.H., Sanjour W. A Survey of Air Pollution Control Models/ in Models for
Environmental Pollution Control// ed. Arbor A., Deininger A., Ann Arbor Science Publisher,
1973, pp. 219-235.

6. Cayol G., Monar D. C. (2025). Global carbon accounts 2025. Institute for Climate Economics,
Paris, June 2025.- 16 p. Available at: https://www.i4ce.org/wp-content/uploads/2025/06/Global-
carbon-accounts-2025 V5.pdf (accessed on 15.07.2025).

7. Coarse R.H. The Problem of Social Costs./Journal of Law and Economics, 1960, No.3.- p.1-44.

8. Common, M., Stagl S. (2005). Ecological Economics: an Introduction . — Cambridge: Cambridge
University Press, 560 p.

9. Coniff Richard (2009). The Political History of Cap and Trade./ Smithsonian Magazine. 2009,
August.

10. Davydenko N., Titenko Z., Shevchuk K., Buriak, A. (2022). Environmental Taxation: Ukrainian
Realities and European Practice. WSEAS Transactions on Business and Economics. 19, pp. 1948—
1955. Available at: https://wseas.com/journals/articles.php?id=7395/. (acceded on 10.07. 2025).



1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

Dales, John H. Pollution, Property and Prices: An Essay in Policy, Toronto, University of Toronto
Press, 1968. - 111 p.

Dobbeling-Hildebrandt N., Miersch K., Khanna T. M., et al (2024). Systematic review and meta-
analysis of ex-post evaluations on the effectiveness of carbon pricing, Nature Communication
https://pmc.ncbi.nlm.nih.gov/articles/PMC11099057/ (accessed on 12.07.2025).

EU Emissions Trading System (EU ETS) (2021). Available at:
https://web.archive.org/web/20210505183114/https://ec.europa.eu/clima/policies/ets en
(accessed on 14.07.2025).

Freire-Gonzalez, J. (2018). Environmental taxation and the double dividend hypothesis in CGE
modelling literature: A critical review. Journal of Policy Modeling, 40(1), 194-223.

Harrington, W., Morgenstern, R.D. (2007). Economic Incentives Versus Command and Control:
What’s the Best Approach for Solving Environmental Problems?. In: Visgilio, G.R., Whitelaw,
D.M. (eds) Acid in the Environment. Springer, Boston, MA. https://doi.org/10.1007/978-0-387-
37562-5 12

Hedgehoque. (2025) Carbon emission trade allowance prices in all major ETS in € per tCO2.
Available at : https://commons.wikimedia.org/wiki/File:ETS-allowance-prices.svg (accessed on
14.07.2025).

ICAP (2024). Emissions Trading Worldwide. Available at:
https://icapcarbonaction.com/en/publications/emissions-trading-worldwide-2024-icap-status-
report (accessed on 15.07.2025).

IPPC (2023) AR6 Synthesis Report. Climate Change 2023. Accesses on 27.06.2025.
https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6 _SYR SPM.pdf;

MSCI (2024). Understanding Carbon Markets. Available at: https://www.msci.com/research-
and-insights/paper/understanding-carbon-markets (accessed on 14.07,2025).

Law of Ukraine No0.4187-1X (2025). «On Amendments to Certain Legislative Acts of Ukraine on
the Restoration of MRV of GHG Emissions» (Law No. 4187).

Percival R V., Schroeder Ch. H., Miller A. S., Leape J. P.(2024) Environmental Regulation: Law,
Science, and Policy, 10-th Edition. Aspen Publishing.- 1296 p.

Pigou A. C. (1920). The Economics of Welfare, London, MacMillan, 1920.- 876 p.

Schmitt, Sophie, and Kai Schulze. (2011): Choosing environmental policy instruments: An
assessment of the ‘environmental dimension’ of EU energy policy, In: Tosun, Jale, and Israel
Solorio (eds). Energy and Environment in Europe: Assessing a Complex Relationship? European
Integration online Papers (EIoP), Special Mini-Issue 1, Vol. 15, Article 9. Available at:
http://eiop.or.at/eiop/texte/2011-009a.htm (accessed on 08.07.2025);

Prabhuti R, Soral G. (2025). Carbon Taxation: A Global Scenario. International Journal for
Multidisciplinary Research. 2025, v.7, issue 1, pp. 1-12.

Ritchie, H., & Roser, M. (2024). CO2 Emissions. Our World in Data. Available at:
https://ourworldindata.org/co2-emissions (accessed on 16.07.2025.

Schleussner, Carl-Friedrich, et al (2022). Understanding the Paris Agreement’s Long Term
Temperature Goal. Climate Analytics, May 2022. Available at:
https://climateanalytics.org/comment/understanding-the-paris-agreements-long-term-
temperature-goal (accessed on 11.07.2025).

Schratzenstaller, M., & Koppl, A. (2023). Carbon taxation: A review of the empirical literature.
Journal of Economic Surveys, v.37, issue 4, pp. 1357-1388. https://doi.org/10.1111/joes.12531
(accessed on 10.07.2026).

Shishlov I., Morel R., Bellassen V. (2016). Compliance of the Parties to the Kyoto Protocol in the
first commitment period. Climate Policy, 16 (6), pp.768-782. Available at:
https://enpc.hal.science/hal-01425106/document?utm_source=consensus (accessed on
11.07.2025).

Singhal P. (2018). Environmental regulations: Lessons from the command-and-control approach.
, DIW Roundup: Politik im Fokus, No. 124, Deutsches Institut fiir Wirtschaftsforschung (DIW),
Berlin. Available at: https://www.econstor.eu/bitstream/10419/182229/1/1030541922.pdf
(accessed on 08.07.2025).



30.

31.

32.

33.

34.

35.

36.

State Statistics Service of Ukraine (2023). Statistical information. Available at: http://www.u
krstat.gov.ua (accessed on 10.07.2025).

UNEP (2012).The Emissions Gap Report. United Nations Environment Programme. 2012. p.
Available at : https://wedocs.unep.org/bitstream/handle/20.500.11822/8526/- (accessed on
11.07.2025).

UNFCCC. (2016)  Paris  Agreement, FCCC/CP/2015/L.9/Rev.  Available  at:
https://unfccc.int/resource/docs/2015/cop21/eng/109r01.pdf. (accessed on 11.07.2025).

WB. The World Bank (2022). State and trends of carbon pricing 2022.World Bank. Available
at:https://documents.worldbank.org/en/publication/documents-
reports/documentdetail/099045006072224607/p1780300092¢910590acb201757ecd54322
(accessed on 18.07.2025).

WB. The World Bank Group (2025a). State and Trends of Carbon Pricing. Available at:
https://openknowledge.worldbank.org/bitstreams/152de0c2-e2be-49d6-aec1-
3be8ebad4f74/download (accessed on 13.07.2025).

WB. The World Bank Group (2025b). State and Trends of Carbon Pricing Dashboard. Available
at: https://carbonpricingdashboard.worldbank.org/ (accessed on 14.07.2025).

Yakymenko 1., Dotsenko O., Negretova V., et al (2024). Environmental legislation of Ukraine:
towards the European Union standards. Selected Papers of VI International Conference on
European Dimensions of Sustainable Development, May 15 — 17, 2024. — Kyiv: NUFT.



