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Abstract: Carbon trading is increasingly being adopted as a policy tool to limit greenhouse
gas emissions. This paper empirically explores the international and domestic carbon mar-
kets in the first half of 2022. International relations, climate, energy, and unexpected events
can impact the Chinese carbon market. The study revealed that trading activity in the Chi-
nese carbon market needs to be improved. Furthermore, the number of critical emitters in
China's carbon market varies significantly by region.
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1. Introduction

A Certified Emissions Reduction, also known as CER, is a certificate issued by the United Nations
to member nations for preventing one tonne of carbon dioxide emissions calculated per tonne of
carbon dioxide equivalent [1]. CERs are traded as a commodity through the carbon trading system.

In 2021, the sixth report of the IPCC (Intergovernmental Panel on Climate Change) released the
following essential data: The global temperature has risen by 1.1 degrees Celsius since the Industri-
al Revolution. Global carbon dioxide emissions grew from 208 million tonnes in 1850 to 36.2 bil-
lion in 2019. This means that the current global atmospheric carbon dioxide concentration and sur-
face temperatures are the highest in 2 million years and 120,000 years respectively [2].

The total value of carbon market transactions reached a record high of EUR 760 billion in 2021,
representing an increase of EUR 289 billion, or 164%, compared with the same period in 2020[3].
2021 has been a remarkable year for the EU carbon allowance (EUA) market, with prices hitting an
all-time high above €90 per tonne on December 8 and allowances in South Korea and the UK also
rising by 70%.

Chinese carbon market construction has experienced the following four stages: 1. Constructed
the first carbon market in September 2010. 2. Launched seven pilot carbon markets in the second
half of 2013 and the first half of 2014. 3. two non-pilot regional markets went online at the end of
2016. 4. Oficially launched the national carbon market based on the power industry in July 2021.
According to statistics, by the end of 2020, 331 million tons of carbon dioxide and 7.336 billion
yuan of carbon dioxide were traded nationwide in the eight pilot carbon markets [4].

© 2023 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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Regional carbon markets have become an essential means of reducing emissions. By 2021, Chi-
na's pilot carbon markets will cover about 20% - 40% of the greenhouse gas emissions in each re-
gion, and the compliance rate (the proportion of enterprises that can fully pay their carbon quota in
the total control and emission enterprises at the end of the period) is about 100%. Carbon markets
have become an essential means of emission reduction in each region.

According to the 2021 final accounting results, the national carbon market covers about 4.5 bil-
lion tons of carbon emissions, estimated to account for about 40% of the country's total carbon
emissions. In 2021, the activity of the national carbon emission trading market (referred to as the
"national carbon market") increased significantly. Data show that as of December 31, 2021, the cu-
mulative volume of carbon emission quota (CEA) in the national carbon market reached 179 mil-
lion tons, accounting for 31.90% of the cumulative book in China's carbon market, and the turnover
exceeded 7.6 billion yuan. Data released by the Shanghai Ring Exchange show that from the launch
of July 16, 2021, to December 31, 2021, the national carbon emission permit trading market has
been in operation for 114 trading days, the cumulative volume of carbon emission quota (CEA) of
179 million tons, the cumulative turnover of 7.661 billion yuan. Among them, the cumulative turn-
over of listing agreement transactions was 30.7746 million tons, and the cumulative turnover was
1.451 billion yuan; The cumulative turnover of bulk agreement transactions was 148.0148 million
tons, and the cumulative turnover was 6.21 billion yuan. It closed at 54.22 yuan per ton on Dec 31,
up 12.96% from the opening price on the first day. More than half of the critical emission units ac-
tively participate in the market [5].

2. Related Works

The transaction price of carbon emission rights can directly reflect the carbon market's relationship
between supply and demand. Since 2013, each carbon emission trading pilot's trading volume has
shown an upward trend in general [6]. The global carbon market is mainly concentrated in Europe,
North America, and East Asia.

Prior research empirical analysis and research on the influencing factors of carbon emission
rights have been made from different perspectives [7]. The macroeconomic environment, traditional
energy prices, extreme weather, climate environment, carbon quota policy, and other factors will
impact carbon emission trading pricing [8]. Some scholars believe that traditional energy prices,
especially oil prices, positively impact carbon emission trading prices [9], while coal is negatively
correlated with carbon emission trading prices [10]. At the same time, many scholars believe that
extreme weather will increase energy consumption demand and affect carbon prices [11]. Among
them, different regions are affected by other factors to varying degrees. For example, Jiang et al.
(2022) pointed out that economic conditions and air quality in Hubei province have a significant
impact on the fluctuation of local carbon emission permit prices, and energy price is an important
reason for the change in carbon emission permit price in Hubei Province [12]. Other scholars point-
ed out that China's carbon emission trading price is bound to be affected by price fluctuations in the
international carbon market [13].

Beijing Institute of Technology provides a review and prospects for China's carbon market in
2021 [5]. Yet, there are no definitive studies on the summarised analysis of carbon credits in the
first half of 2022. Thus, our research is aimed to fill in the gap and focus on exploring the relation-
ship between the two concepts. We would like to explore and analyze the carbon market in 2022
and make recommendations to enhance the trading activity of carbon market emissions.

3. Overview of the International Carbon Market (H1 2022)

As of April 2022, there were 68 carbon pricing schemes and three coming on stream, containing 37
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carbon taxes and 34 emissions trading systems [14]. Since the release of ‘Carbon Pricing Status and
Future Trends 2021', four new carbon pricing schemes have been implemented: one in Uruguay and
others in North America (Ontario, Oregon, New Brunswick). Carbon pricing instruments control
about 23% of global greenhouse gas emissions. Total greenhouse gas emissions under the carbon
pricing tool increased by 1.5 % in the first half of 2022 compared to 2021 [14].

3.1. European Union Carbon Market

European Union's emissions trading system is the world's largest one; after falling sharply in early
March, prices rose gradually in 2022. In July 2021, the EU released the 'Fit for 55' package. As part
of the package, the EU proposed an overhaul of its carbon market to align it with the new EU 2030
climate target. The proposed reforms include adjusting emissions caps, adjusting the market Stabil-
ity Reserve Mechanism to set stricter benchmarks, including the maritime transport sector, estab-
lishing a carbon border adjustment mechanism, and creating a new independent carbon market to
cover fuel emissions from the construction and road transport sectors. This was one of the key fac-
tors driving the EU carbon price to a record high in 2021.

In the first half of 2022, the Russia-Ukraine war significantly affected the EU carbon market.
The carbon price fell sharply from the end of February to the beginning of March (from the highest
of 96.41 euros/ton to the lowest of 57.92 euros/ton), which was the most significant decline in the
EU carbon price since 2014. This resulted in the European economy suffering a considerable set-
back since February 24, which weakened the demand for carbon allowances [15]. While interna-
tional oil prices continue to hit record highs and energy prices such as natural gas, coal, and elec-
tricity continue to rise, the EU carbon price has fallen sharply. The price gradually recovered after
March 7 and hovered around €80 to €85 / tonne throughout June, finally reaching €89.77 / tonne on
June 30, close to the EU carbon market transaction price at the end of 2021. However, compared
with a general upward trend of the carbon price in 2021, it was relatively volatile and sharply de-
clined in the first half of 2022. Since then, carbon prices have rebounded after several months and
have risen to a level similar to early 2022.

EU carbon market transaction data for 2022
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Figure 1: EU carbon market transaction data for 2022.
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3.2. South Korea's Carbon Market

Korea is the seventh largest emitter of greenhouse gases among OECD industrialised countries [16].
At the Copenhagen climate Conference held in 2009, South Korea pledged to reduce its greenhouse
gas emissions by 30% in 2020 compared with the Business-as-usual scenario [17,18]. To achieve
this goal, Korea has been building a national carbon market since 2009 and officially started trading
in January 2015. By November 2017, about 599 companies, including five domestic airlines, had
been included in South Korea's carbon market, accounting for 68% of the country's total greenhouse
gas emissions. Carbon market trading in South Korea is conducted in three phases, Phase 1 (2015-
2017), Phase 2 (2018-2020), and Phase 3 (2021-2025) [19,20]. The allocation of quotas has transi-
tioned from being completely free of charge to a predominantly free allocation, supplemented by
paid auctions. From the third stage, financial institutions will enter a secondary trading market
based on carbon allowances to improve the market maker system in the second stage. Specifically,
the Korean carbon market allowed other players, such as securities firms and individuals, to enter
the secondary market; second, derivatives were introduced to enhance market functioning and en-
sure stability and flexibility in trading terms [21].

The average daily trading volume in South Korea rose sharply with 447.47 million tons traded
on June 14, setting a new record for the country in 2022. Although trading volume rose sharply,
South Korea's carbon price is still meagre, and the price recovery momentum is insufficient. On
June 13, carbon prices hit the most inadequate record of $10.33/tonne. Such a significant fluctuation
1s mainly due to South Korea's carbon market has set an upper limit on the quota allowed to be
stored, which forces market participants to sell the excess percentage. The rapid increase of quota
supply in South Korea's carbon market in the short term brings downward pressure to the short-term
price. The new Korean government has decided to establish and operate more than 100 local gov-
ernment carbon-neutral support centres by 2027 to practice carbon neutrality. Additionally, it decid-
ed to use carbon-neutral green cities as a representative model for each region. Moreover, it will
follow the EU precedent of introducing nuclear power plants into the green classification system in
2023. This aimed to attract and support funding from the nuclear industry and promote complemen-
tarity in the green classification system. From 2022 until 2026, the government will provide com-
prehensive advice to SMEs on ESG (environmental, social and governance) management to pro-
mote green industries and technologies by expanding environmental labelling schemes and
strengthening certification standards.

4.  The Operation of China's National Carbon Market
4.1. The Overview of the Chinese National Carbon Market

By July 15, 2022, the first anniversary of the launch of online trading of the national carbon market,
the total volume of quota trading in the national carbon market was 194 million tons, and the total
turnover was nearly 8.5 billion yuan [22]. Among them, the trading volume of the listing agreement
was 32.5928 million tons, and the turnover was 1.556 billion yuan; The importance of bulk agree-
ment trading was 161 million tons, with a turnover of 6.936 billion yuan. The number of enterprises
participating in the trading has exceeded half of the total number of critical emitters, and the com-
pliance rate of market quotas has reached 99.5% [23].

4.2. The Number of Crucial Emission Companies in Each Region

Figure 2 shows the number of carbon emission companies in 16 provinces. Compared with 2021, it
shows an upward trend, but there are still significant differences in the distribution among different
regions. Shandong province has the most companies, while Hainan Province has the least.
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Shandong and Jiangsu provinces have more than 200 critical companies covered, which is much
higher than others, while Hainan has only eight.

The distribution of key emission companies covered by the Chinese carbon market
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Figure 2: The distribution of crucial emission companies covered by the Chinese carbon market.

4.3. Market Trading Volume Declines, and Market Activity Drops Sharply

Figure 3 shows the fluctuations of daily trading volume in the national carbon market in the first
half of 2022, screening by average daily quota. Compared to the book in December 2021, which
was between 5 and 10 million tons, the volume in 2022 decreased significantly. In January,
February, and March, the total volume of online listing and offline block trading was 1.352 million
tons and 8.89 million tons, respectively [24].

National carbon emission rights quota
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Figure 3: National carbon emission rights quota.

The enormous daily trading volume of nearly 3.2 million tonnes in the first half of 2022 came in
early January, which is much higher than that in other months. From February, the book has shown
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a significant downward trend, and the average daily volume is less than 400,000 tons. Overall, the
maturity of the national carbon market needs to be significantly improved.

At the same time, there was less than a 5% turnover rate in the national carbon market. Current-
ly, the EU carbon market is the world's most actively traded carbon market. The turnover rate has
increased from 417% to 500% [25]. Compared with the EU carbon market, the Chinese national
carbon market is less active, and the trading atmosphere is relatively cold, so there is much room for
improvement.

4.4. Daily Transaction Average Price

By the end of the first half of 2022, CEA had a cumulative turnover of 194 million tons and a turn-
over of 8.464 billion yuan, with an average transaction price of 43.74 yuan/ton [26]. Figure 4 shows
the changing daily transaction average price trend in the national carbon market. Compared with the
second half of 2021, the everyday transaction price from January to March fluctuated between 56
and 62 yuan/ton, which was significant. Although the daily transaction price fell sharply in early
January, it recovered at the end of the month and reached the highest everyday transaction price in
the first half of the year. Since April, the volatility gradually decreased, and at the end of May, it
slowly remained stable, maintaining around 59 yuan/ton. Overall, the national carbon market daily
transaction average price is regular.

Mational Carbon Emission Rights Quota (SHEA): Latest Price
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Figure 4: National carbon emission rights quota (SHEA): latest price.

4.5. Block Trading is the Primary Way to Trade

The transfer of carbon emission rights agreement includes two ways: listing transactions and block
trading. The amount below 100,000 tons will be classified as a listing transaction, and the amount
above 100,000 tons (including) will be concluded by block trading. Figure 5 shows the daily price
and the percentage of trading volume of list transactions and block trading in the Chinese carbon
market.
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Daily price and the percentage of trading volume of List transaction and bleck trading in Chinese carbon
market
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Figure 5: Daily price and the percentage of trading volume of List transaction and block trading in
the Chinese carbon market.

In the first half of 2022, the cumulative volume of block trading was 1,319,4581ton, accounting
for a much higher proportion than listing agreements, with 90% and 10% respectively [26]. Block
trading is the primary way in the current national carbon market. The main reason is that block trad-
ing is dominated by flexible pricing, a small impact on floor trading price, high efficiency, and low
trading cost. Large groups have more advantages in reducing the overall performance cost by using
the limit of rising and falling block trading.

There is little difference comparing the average daily price of the National Carbon Market listing
agreement with the block trading, which is maintained between 57 and 60 yuan/ton. The cost of the
listing agreement is slightly higher than that of the bulk deal. In March 2022, there was a significant
decline in the average daily price of listing trading, possibly due to the global carbon market chang-
es caused by the war between Russia and Ukraine that broke out on February 24, 2022. Russia plays
a vital role in the worldwide energy supply system as the world's largest gas exporter and second-
largest oil exporter. In 2021, Russia exported about 230 million tons of oil and 252 billion cubic
meters of natural gas, accounting for 11 percent and 16 percent of the world's total [27]. Rosneft
accounts for 15% of China's crude oil imports, 8% of its liquefied natural gas imports, and 9% of its
pipeline gas imports [28]. Hence, this may lead to significant changes in the national carbon market.

5. Carbon Market Outlook for the Second Half of 2022 and 2023

Carbon pricing is the basis of the EU's efforts to reduce emissions from energy-intensive sectors
such as power generation and heavy industry. As one of the world's largest producers of natural gas,
oil, and coal, Russia has close ties with European countries and Europe is very dependent on Rus-
sian fossil energy. Although the uncertainty of the European energy supply to Russia is high, the
carbon price is inclined to be decoupled. In theory, the cost of gas and the carbon price generally
correlate positively. Still, since February 23, the EU's carbon price, in contrast to the performance
of the gas price, the EU carbon credits (EUA) has been down about 40% since the war between
Russia and Ukraine. Gas price is rising; with the new European champions league in March 2020
outbreak, the carbon quota fell to 15 euros/ton. There are three views on the main reasons for de-
coupling the two prices. Qin Yan, chief power and carbon analyst at Refinitiv, and others believe
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that the market panic caused the selling. Investors reduced their exposure to euro-pegged assets and
sold carbon allowances because of concerns about the European Union's economic situation. Other
people such as Ingvild Sorhus, chief analyst at EU Carbon Analysis argued: “The carbon price is
now decoupling from the rest of the energy complex, which has risen on Russian supply concerns
[29]. Some participants may be exposed to large losses due to surging energy prices and forced to
sell EUA to avoid margin calls.” High energy prices bring losses to investors. Industrial enterprises
must sell carbon quotas to cash out and improve liquidity, leading to oversupply and a sharp drop in
carbon prices. The final argument is that carbon prices fall because of expected demand declines.
(Due to the conflict between Russia and Ukraine, energy security will become the focus of EU poli-
cy rather than climate policy in the short term, so institutional investors, including funds, are pessi-
mistic about the carbon market in the short time [30]. Three main reasons carbon prices fell and
decoupled from energy prices in March 2022. First, market panic led to technical selling; second,
liquidity demand cut positions; and third, expected demand decline. But the long-term outlook is
unchanged.) [30]

Putting short-term shock pressures aside, the fundamentals of the EU carbon market have not
changed much. Hence, carbon prices will slowly rise. While downward economic pressures will
reduce emissions and demand for allowances, high gas prices will keep coal consumption high in
Europe this year, driving up power generation emissions and increasing demand for allotments. The
European Parliament is still debating proposals to further strengthen carbon markets as a corner-
stone of the EU's new climate strategy [30]. With excessive market speculation driving up CO2
prices to the detriment of producers, more industries are calling on the EU to postpone negotiations
and review the extension of reforms to the EU ETS (emissions Trading Scheme). However, it still
expects the proposal to tighten the market and support a steady rise in carbon prices. The depend-
ence on Russian energy has made the EU more determined to accelerate the green transition; carbon
market mechanisms and carbon price signals remain potent tools to promote this process. Germany,
Italy, Spain, and others have all called for short-term increases in coal use to counter the risk of dis-
ruptions to Russian gas supplies. For instance, In Germany, the coalition government has proposed
a carbon price of 60 euros; this could still be implemented to stabilise the carbon market and make
the carbon price work as an incentive for transition.

Since February, the global energy market has suffered a second crisis. First, it is due to the influ-
ence of international relations such as the Russia-Ukraine conflict. Second, the Northern Hemi-
sphere has been experiencing extreme heat since March. Affected by climate change and other fac-
tors, Asia, Europe, and North America have experienced a wide range of high temperatures, espe-
cially in Europe, which has led to more than 600 deaths, resulting in drought, fire, and other sec-
ondary disasters. However, the influence of the international environment, such as the conflict be-
tween Russia and Ukraine, the tight energy supply, and the sharp decline of renewable energy gen-
eration, have brought more complex and severe challenges [31]. In the high-temperature environ-
ment, power resources are affected the most. Taking Europe as a representative, many countries
face the contradiction of power supply and demand. How to save electricity and reserve energy rea-
sonably has become a big problem. To reduce carbon dioxide emissions and achieve carbon neutral-
ity as soon as possible, European countries have been in the vanguard of energy conservation and
emission reduction, having long publicly committed to phasing out coal energy. In December 2019,
the European Commission proposed the "European Green Deal," which aims to make Europe cli-
mate neutral by 2050. Before this, no new coal and petrochemical projects will be added, and spe-
cific emission reduction quotas will be set for the construction, agriculture, and transportation sec-
tors [31]. However, due to the high temperatures, many European countries are planning to restart
coal power plants, which has cast a shadow of uncertainty over the currently hot "carbon neutrality"
target.
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In addition to the Ukraine war and economic crisis, in 2022, a pair of gas pipe explosions also
impacted the international carbon market. On June 14, America's largest natural gas export compa-
ny announced that it would not be able to export gas until around the end of 2022 due to an explo-
sion at its facility in the Gulf of Mexico, Texas and that it planned to complete the restart of part of
the facility within 90 days. Since the Russia-Ukraine conflict, Europe has strongly resisted Russian
gas to sanction Russia and reduce its dependence on Russian gas supplies. The two sides have gone
through many rounds of tug-of-war on energy issues, leading to a significant increase in energy
prices in Europe, including gas, and the risk of supply cuts, with the US promising to ease its supply
gap by exporting more liquefied natural gas (LNG) to Europe [32]. On 26 September, Nord Stream
1 and Nord Stream 2, the main pipelines carrying natural gas between Russia and Europe, suffered
considerable damages and underwater explosions in the leak area [33]. Firstly, the increase in ener-
gy prices due to reduced supply will exacerbate Europe's woes. The incident will also hit European
norms for energy efficiency and emissions reduction. As of 30 September local time, the Norwegian
Institute for Atmospheric Research said that at least 80,000 tonnes of methane gas had spread into
the ocean and atmosphere after a large methane cloud formed over the area following the Nord
Stream gas pipeline leak and continued to spread. Methane is a significant component of natural gas
and an important greenhouse gas. The incident has also dealt a massive blow to global carbon re-
duction targets.

Due to the influence of international relations, climate, energy, and unexpected events, the global
carbon market has undergone drastic fluctuations. Due to the uncertainty and severity of the devel-
opment of these events, the carbon market has been severely hit, and the future of the international
carbon market and the change in carbon price will be difficult to predict.

6. Conclusion

In conclusion, although the quota implementation rate in China's carbon market is over 99.5%, there
are still large differences in the distribution of key emitters in China's carbon market among differ-
ent provinces, which is related to the differences in energy consumption structure, economic devel-
opment level, and government supervision. Less than 5% of the volume traded in the national car-
bon market changes hands. Currently, the EU carbon market is the most actively traded globally.
The turnover rate has increased from 417% in 2021 to 500%. Compared with the EU carbon mar-
ket, the national carbon market in China is less active, and the trading atmosphere is relatively qui-
et, so there is much room for improvement. At the same time, according to the article by the Beijing
Institute of Technology on China's Carbon Market and Review (2022), compared with the first half
of 2021, the outbreak of war between Russia and Ukraine in the first half of 2022 has a greater im-
pact on the global carbon market [26]. It is expected that the Chinese market will continue to deep-
en its cooperation with the global carbon market and begin to explore the road to internationalisa-
tion. It is recommended to learn from the international carbon market development experience, co-
ordinating the differences between China and international carbon emission trading mechanisms,
and accelerating the internationalisation process of China's carbon market. At the same time, as the
world's largest carbon market covering greenhouse gas emissions, China's national carbon market is
expected to play a scale advantage in the construction of the global carbon market.
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