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Abstract

The purpose of the paper is to provide a clear @n@sim for determining carbon
emissions pricing in China as a guide to how camramissions might be mitigated to
reduce fossil fuel pollution. The Chinese Governtrteas promoted the development
of clean energy, including hydroelectric power, avipower, and solar energy
generation. In order to involve companies in carleomssions control, a series of
regional and provincial carbon markets have betbgshed since 2013. Since China’s
carbon market was established in 2013 and mainlglamestically, and not necessarily
using market principles, there has been almosesearch on China’s carbon price and
volatility. This paper provides an introduction@bina’s regional and provincial carbon
markets, proposes how to establish a national rhdokepricing carbon emissions,
discusses how and when these markets might beisstah how they might perform,
and the subsequent prices for China’s regional raattbnal carbon markets. Power
generation in manufacturing consumes more tham otdastries, with more than 40%
of total coal consumption. Apart from manufacturirige northern China heating
system also relies on fossil fuels, mainly coalichtcauses serious pollution. In order
to understand the regional markets well, it is seagy to analyze the energy structure
in these regions. Coal is the primary energy sour€&hina, so that provinces that rely
heavily on coal receive a greater number of cagissions permits from the Chinese
Government. In order to establish a national carbmrket for China, a detailed
analysis of eight important regional markets wél fresented. The four largest energy
markets, namely Guangdong, Shanghai, Shenzhen abdi,Hraded around 82% of
the total volume and 85% of the total value ofgsaeen markets in 2017, as the industry
structure of the western area is different fromt thiathe eastern area. The China
National Development and Reform Commission hasgseg a national carbon market,
which can attract investors and companies to ppatie in carbon emissions trading.
This important issue will be investigated in th@@a
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1. Introduction

In the early 1990’s, international community begaying attention to climate change.
Since the signing of the “United Nations Framew@dnvention on Climate Change”
in 1992, more and more action had been taken tceagddlimate change. A series of
international documents have been signed to héflerelint countries work together to
face this challenge, including the “Kyoto Protocaligned in 1997, “Copenhagen
Accord” signed in 2009, and “Paris Agreement” sine 2015. These documents
provide a base for international cooperation tol dei#h climate change. Many
countries have begun to reduce their domestic carbmission to try to control climate
change.

As one of the biggest economies, biggest carbottensin the world, and as a member
of the United Nations Permanent Council, China seedtake action to perform its
duty and accept responsibility for one of the majooblems presently facing the
international community. The Chinese Governmentgrasoted the development of
clean energy, including hydroelectric power, wiraiver, and solar energy generation.
In order to involve companies in carbon emissioostiol, a series of regional and
provincial carbon markets have been establishedes#t013. Recently, the China
National Development and Reform Commission propossthblishing a national
carbon market. At present, the project is waitiegmmssion from the Government for
implementation.

2. Brief Literature Discussion

There are some papers and reports about carborsiensispricing and price and
volatility spillovers between carbon market andrggenarket. Daskalakis et al. (2009)
developed an empirical and theoretical framework ifdtra-phase and inter-phase
futures pricing and hedging. The empirical analgsiggests that the carbon permit spot
price has jumps and is non-stationary. The authlescribed appropriate pricing
methods for the intra-phase and inter-phase optarfsitures.

Zhang and Sun (2016) apply a Full BEKK multivariateaditional volatility model to
analyze the time-varying correlations and dynamittavers between the Euro carbon
market and fossil fuel market. Chang et al (2058 daily data for EU carbon futures,
US spot prices, and spot and futures prices @allcoal to analyze volatility spillovers
and Granger causality. Since China’s carbon mavkstestablished in 2013 and mainly
run domestically, and not necessarily using mapkieciples, there has been almost no
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research on China’s carbon price and volatilitye Tbllowing general references are
useful for purposes of understanding some aspéctarbon pricing in ChinaChang
(2010) examined a multivariate causality test afboa dioxide emissions, energy
consumption and economic growth in China. CherD%2valuated the costs of
mitigating carbon emissions in China using MARKALA@RO Modeling Daskalakis
et al. (2009) provided evidence from modelling C&Rissions allowance prices and
derivatives in EuropeGregg et al. (2008) analysed the emissions pattdr@hina as
the world leader in CO2 emissions from fossil e@hsumption and cement production.

Li and Colombier (2009) viewed the managing of carlemissions in China through
building energy efficiencyLiu et al. (2015) reviewed China’s carbon-emissions
trading, and the challenges for the futudam et al. (2014) compared the synergy
between pollution and carbon emissions controlGbma and the USATang et al.
(2015) evaluated the carbon emissions trading sehexploration in China using a
multi-agent-based modeXiong et al. (2017) compared the allowance mecimaruf
China’s carbon trading pilots with alternative sties in the EU and Californizhang
(2015) reformulated the low-carbon green growthtstyy in ChinaZhang et al. (2014)
considered emissions trading in China in termgofiess and future prosped$iang

et al. (2014) used evidence from the Shapley vaheelel to understand regional
allocations of carbon emissions quotas in China.

In view of the discussion presented above, thisepggovides an introduction to
China’s regional and provincial carbon marketsppses how to establish a national
market for pricing carbon emissions, discusses aod/when these markets might be
established, how they might perform, and the sulesetgprices for China’s regional
and national carbon markets.

3. Chinese Reliance on Fossil Fuels

China has the largest population and consumesatigedt amount of energy in the
world. Of the total energy China consumed in 2@5A9% of the total consumption
was fossil fuels, with only 12.1% from clean eneiggluding nuclear, hydro and wind.
From Table 1, the primary fossil fuel for Chinacizal, which accounting for 63.7%,
followed by oil at 18.3%, and natural gas at 5.996.the three fossil fuels, coal
contributes the most to carbon emissions.

China is a manufacturing country, with 40.9% of GfoRtributed by the manufacturing
sector (in 2015), with nearly 30% of employmenthe manufacturing industry. As a
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result, the Chinese economy relies heavily on mastufing, and hence on fossil fuels.

As a result, the manufacturing industry consumesnthjor part of energy. According
to the National Bureau of Statistics of China, 12 the manufacturing industry
consumed 3,756,500,000 tons of coal (94.6% of total consumption in 2015),

540,524,300 tons of oil (99.93% of total oil crustnsumption), and 123,448 billion

cubic meters of natural gas (63.90% of total natyma consumption). Moreover, 70%
of electricity is produced by fossil fuel. Withoelectricity, it is not possible to have a
manufacturing industry. Power generation in manufétg consumes more than other
industries, with more than 40% of total coal conption.

China consumes substantial quantities of fossil, fapd also produces substantial
quantities of fossil fuels, apart from oil. Chireaane of the biggest producers of coal
in the world, and produces 94.35% of the coal itstones. China also exports coal.
Only 5,338 thousand tons were exported in 2015chvhs a small part of total
production, which is 3,970,738 million tons. Protioie of coal in China over the past
three years has been decreasing directly as at relsgroduction control by the
Government. In order to reduce carbon emissionsexeess capacity of coal, the
Chinese Government has shut down several mineseahated the working days of
coal enterprises from 330 days to 276 days eaah yea

The production of Chinese coal decreased from 20y (305.59 million tons) to July
2016 (263.75 million tons), and then increasedchiery 310.97 million tons in
February 2016, finally decreasing to 283.54 millions. Therefore, China has reduced
its production of coal during the past 36 monthsisTmay be evidence that China is
trying to control carbon emissions.

China also produces most of the natural gas it woes. 81.4% of the total gas
consumption of China is produced domestically. @hattso needs to import some
natural gas, nearly 18% of total consumption. FFgure 1, gas production has been
increasing, with decreases in February 2016 ancciMa017. This is because gas is
less polluting, so China is trying to reduce the aécoal and increase the use of gas
and oil.

China is rich in coal and natural gas resources,tlidoes not produce much oil. In
2015, almost 70% of the Chinese oil consumption iwgsorted. From Figure 2, oil

importation and the oil import ratio of China hewath been increasing from 2000. It
seems that imports and the import ratio will coménto increase. China relies on
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importing oil. Figure 2 also shows that China useseasing quantities of oil, which is
less polluting than coal.

Apart from manufactory, the northern China heatggtem also relies on fossil fuels,
mainly coal. However, heating with coal causesoseripollution, so the China State
Council and the China National Development and Ref@ommission has required
regions to reduce their use of coal from 2013. Aditg to the China National

Development and Reform Commission, China’s coakuoomption declined 2.9% in

2014 and 3.7% in 2015.

Coal continues to be the most importance fossilifu€hina at present. It is a difficult
task for China to substitute coal with natural gea short period. A crisis occurred in
2017, due to a lack of supply of natural gas (1ye20P% of total gas), prices soared, and
businesses and residents across China’s indusédatland were badly affected.

4. Energy Consumption Structures in Eight Regions in @Gina

Of the three fossil fuels, same unit of coal praztugreater carbon dioxide than do oil
and gas. In order to understand the regional mswkel, it is necessary to analyze the
energy structure in these regions.

Table 2 shows that coal is the primary energy sofwc Hubei, Chongqing, Tianjin,
Fujian, Guangdong and Shanghai, which indicatascthel is the most important fossil
fuel for China. Among them, Hubei relies most hgagn coal, accounting for 63.3%
of total fossil fuel consumption, followed by Chayigg at 57.7%. One-half of total
consumption of energy in Tianjin and Fujian is cdar Guangdong and Shanghai,
coal consumption account for 42.3% and 36.4% otdte consumption, respectively.
There is substantial manufacturing in these pragnés a result, they consume much
coal, which is cheaper than oil. These provincéshreavily on coal, and the Central
Government distributes a greater number of carbamssons permits to these
provinces. Shenzhen and Beijing do not rely muclta@a, and hence receive fewer
carbon emissions permits from the Central Governmen

For oil consumption, 33.5% of fossil fuel consuntsdBeijing and 34.9% consumed
by Shanghai is oil, which are the highest two pnoes based on oil. Beijing has
suffered severe smog for a long time, so it consumere oil, gas and electricity than
coal. QOil is the most important fossil fuel for Beg, and the second most important
fossil fuel for Shanghai, Guangdong, Tianjin, Hyb@hongging and Fujian. Coal

6



consumption accounted for 28% of total consumptiofianjin, 27.3% in Guangdong,
24.6% in Fujian, 18.0% in Hubei, and 14.6% in Chging. For Shenzhen, the ratio is
unbelievably low at 2.8%, so that Shenzhen consuaimgst zero oil. This is because
of the industry structure in Shenzhen, which isustilpg the industry structure. High
technology industries with low energy-consumptioa laeginning to replace the high
energy-consumption and highly polluted industriesa result, Shenzhen does not rely
much on coal and oil.

Natural gas is less polluting than oil and coalawse of the industry structure and
upgrading, Shenzhen industries have become lesgtipg] and natural gas was the
second most important energy source in Shenzhenn@tural gas consumption ratio
in Shenzhen was the highest of the eight regiarigwed by Beijing at 29.0%. For

Chongging and Shanghai, the ratios were 14.4% @r@Pd, respectively. The other
four provinces do not consume much gas, at relgtloe figures of 9.3%, 6.4%, 5.0%

and 3.0%. A high natural gas consumption rate miawesr carbon emissions.

For electricity consumption, the highest ratio v@@3% for Shenzhen, followed by
Guangdong, Beijing, Fujian and Shanghai at 24.0%8%3 19.9% and 18.6%,
respectively. The electricity consumption rateHaibei is 15.7%. The lowest electricity
consuming province is Tianjin, which is only 12.d@¥total energy consumption.

From the eight provincial energy consumption stitet, energy consumption of
Shenzhen is the most environmentally friendly, wittore than 70% of energy
consumption based on natural gas and electricipns€quently, the Shenzhen
Government can set the highest carbon controlgyaation requirements, which is
more than 3000 tons of carbon emissions per yesjing is another environmentally
friendly energy consuming province, where more tha% of total consumption is gas
and electricity, while only 13.7% is coal. Guangd@md Shanghai rely on coal as well
as oil. Tianjin, Chongging, Fujian and Hubei relngarily on coal, which is the most
polluting. Consequently, these four provinces nezed greater number of carbon
emissions permits than do Beijing and Shenzhen.

5. Eight Regional Markets in China

In order to control global warming and climate op@nChina has taken some direct
actions to control carbon dioxide emissions. Ongadrtant measure has been to build
a carbon trading system. Since China is a largatgan terms of population, as well

as geographically, economically, and financialg thanufacturing, capital flows, and
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financial markets are different in the various pnoes, so it is difficult to develop a
national market. The Central Government intendsléeelop a national market by
starting from regional carbon markets. Provinces Wrge manufacturing sectors that
consume significant fossil fuels and discharge tsutigl carbon dioxide, large capital
and mature financial markets, are the ideal prasrto act as the first carbon markets.
Guangdong, Shenzhen, Shanghai, Beijing and Tianget these requirements. One
reason for Beijing, Shanghai, Tianjin and Chongdimdpe the pilot provinces is that
they are four directly-controlled municipalitiesdlby the Central Government, and can
execute policies of the Central Government moreiefitly.

In 2011, China National Development and Reform Cdgsion decided to create seven
regional carbon trading markets, namely Shenzhemn@dong, Beijing, Shanghai,
Tianjin, Hubei and Chongging. In mid-2013, the tfiregional carbon market, the
Shenzhen carbon market, was established. Subsgqut@ Beijing, Shanghai,
Guangdong, Tianjin, Hubei, Chongqging carbon marketie established. By 2017, the
Fujian carbon market was established after theessfal running of the seven regional
markets. After several years of carbon emissiadiryg in the regional markets, China
has recently become one of the largest carbon &mssstrading countries
internationally.

In the report of the China National Development &eform Commission, by 2017
nearly 3000 companies had become involved in cadmissions trading and carbon
emissions reduction. About 197 million tons of caremissions, worth 4516 million
RMB, had successfully been traded in the six regiomarkets.

Carbon markets in China differ in different prowwsc The regulations of the eight
regional markets are different, the companiesereilght regions are different, investors
in the eight markets are different, with differéwatding frequencies, trading volumes,
and trading prices. Since China is immense, differprovinces have different
economic development levels, so their carbon mar&et unsurprisingly different. In
order to understand Chinese markets, the differeatkets should be analyzed
separately, and then compared against each other.

5.1Shenzhen

Shenzhen is the earliest carbon market in Chinao#ting to the Shenzhen carbon
emissions regulations (“a number of provisions afbon emissions management of
Shenzhen special economic zone”), companies tkahaige more than 3000 tons of
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carbon dioxide per year, and buildings with Contian area greater 20,000 square
metres, must participate in the Shenzhen carbossémnis control and carbon market
trading.

Companies participating in the Shenzhen carbonstoms control are less polluted

than companies in the other five provinces, andndtmen has been developing

advanced manufacturing, which is less pollutingsThwhy the Shenzhen government
set the participated requirement at 3000 tons dfczaemissions, where some markets
are 20000 tons. These companies do not requiresgixeefossil fuels, which means

that the requirements of carbon emissions of comeganill be more stable than the

requirements of heavy industry. As reflected in phiee, Shenzhen carbon prices are
more stable, with no extreme values.

The Shenzhen carbon market is independent of odrbon markets in China (which
is the same as for the other seven markets) asrcaimissions traded in the other
markets cannot be traded in Shenzhen. Carbon emsssaded in the Shenzhen market
(SEA) cannot be traded in other markets, except/f@n China has certified voluntary
emissions reductions (CCEA), which can substitute regional carbon emissions
partially. However, the substitution ratio of CCEAregional carbon emissions is very
low, usually less than 10%.

Shenzhen has the most severe punishments for @mplfailure. If companies fail to
submit the emissions on time, it needs to pay aateoy penalty which is equal to three
times the carbon price in the market. The compawidisalso be criticized by the
appropriate authorities, be reported to credit rganeent institutions, and also be
reported to the Shenzhen Municipal Finance Depanttoecancel all their current and
future financial aid for the following five yearBhe company emissions situation must
attain third-party agency verification, where thmlification of the third-party agencies
is checked by the regional government.

Both companies and investors can participate im&8ten carbon emissions trading.
The different requirements for companies and irorestare that companies
participating in the Shenzhen carbon emissionsrigaghust be companies that operate
in Shenzhen. Moreover, Shenzhen is the only carbarket that is open to foreign
investors.

According to the “Annual Report of Shenzhen Carliomissions Trading Scheme
First-year Operation” (RSCEO), 37.5% of Shenzhegbaaemissions in the first-year
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is discharged by manufacturing and building, 27b84ransportation, 20% by business,
17.4% by electricity power generation, with somentap, and the rest by others.

By 2016, there were 900 companies participatinghg carbon trading system in
Shenzhen. Figure 3 shows that trade of SZHA is rfitegient near the submission day,
which means that main traders in SZHA are compahiewever, there are some other
high frequent trading periods, such as January 20m6February 2017, which means
that trading in SZHA is not only for compliance pases, but also for investment.

The Shenzhen carbon market is the earliest rumeigignal market in China. In May
2013, when the market was established, the cantio@\pas less than 30, and increased
dramatically in the following few months, and ormeke 100. However, at that time,
the Shenzhen carbon trading volume was not bigr Widreased trading in SHEA, the
price has decreased to around 40.

5.2Guangdong

According to the Guangdong Government regulaticosypaies belonging to power
generation, cement, steel, ceramics, petrochenédile, nonferrous metals, plastics,
paper and other industrial sectors, and dischar@®@00 tons of carbon dioxide
emissions per year (or integrated energy consumptid 0,000 tons of standard coal)
or more, should take part in the carbon control taading system.

Upon inauguration, carbon emissions permits wdoeated to companies essentially
for free (for example, 97% in 2013 in Guangdong)heW the market became
established, companies had to pay for the carbass@ns quota. Guangdong is the
first market to use open auction in the primary ketir3% of carbon permits in the
primary market are allocated through auctions, ipamthe companies or institutional
investors. This is an important step in the pritegf “Paying for pollution”. By 2017,
there were 246 companies in Guangdong that hadibeleded in the carbon emissions
control and trading policy. Guangdong is now tirgdat carbon emissions markets in
China, based on trading volume and value.

Guangdong is one of the most important regionddaamarkets in China. According
to the “China Carbon Market Analysis”, (CCMA) inetiprimary market, 88.6% of the
volume of carbon permits traded by auction in #nes regional markets (not including
Fujian) is in Guangdong, as well as the 94.83%eturnover. In the secondary market,
25.98% of the accumulated volume of the seven nmikeén Guangdong, which is the
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second largest after Hubei. In addition, 18.11%haf accumulated turnover of the
seven markets is in Guangdong, which is the tlirgdst market after Hubei, Shenzhen
and Shanghai. Moreover, the Guangdong market has éepanding the fastest. In
2016, Guangdong was the largest carbon market loyney which accounted for 33.96%
of the carbon permits of the seven markets, as agthe second largest market by
turnover, which accounted for 25.85% of the sevankets, after Shenzhen.

Figure 4 indicates that the trading volume of Guangdongo@a emissions is
concentrated on the submission day. The tradingnvelis dramatically larger in June
2015, June 2016 and June 2017 than usual. Tharetker trading peak in February
2017, and trading is more frequent in 2017, whiatidates that an increasing number
of companies and investors trade GDEA for investmen

According to the “Guangdong Carbon Market Comment €hina Carbon Market
Investment Analysis” (GCCCCIA), in 2013, 89.41%tbe carbon trading was for
compliance purposes, the ratio decreasing to 69.812014, and 51.72% in 2015.
One-half of carbon trading in 2015 was for investié-oreign investors can also
participate in the Guangdong carbon trading marBgt.June 2016, three foreign
investors had participated in the Guangdong Caktarket, with 10.74% of the carbon
emissions in the second-hand market being traddbddsg three investors.

The Guangdong market tends to trade by negotiaiasdctions. According to
“GCCCCIA", in 2013, 26.9% of the carbon transactiowere by negotiated
transactions, with 73.1% in electricity biddingitially, participants were more willing
to trade by electricity bidding, which is more opAs companies had no experience of
trading carbon allowances with other companiesy tireferred to trade by electricity
bidding.

Subsequently, companies learned to trade with athwpanies. In 2014, 51% of total
transactions was by electricity bidding, and theatiated transaction rate increased to
49%. In 2015, the electricity bidding transacti@ter decreased to 33.6%, and the
negotiated transaction rate increased to 66.4%ticants tending to trade by
agreement was mainly because most were compangeshed Guangdong carbon
market is still relatively immature, prices in dhégty bidding are not stable. A similar
comment regarding instability also applies to sy@pid demand.

5.3Shanghai
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According to the Shanghai Government regulatioosymanies that discharge more
than 10000 tons of carbon dioxide should be inaludehe carbon control and trading
system. The participation requirement in Shanghhidh is 20000 tons) is higher than
in Guangdong, but lower than in Shenzhen (whictBG80 tons). Companies in

Shanghai are not as competitive as companies inz8keea regarding carbon emissions.

According to GCCCCIA, the Shanghai Carbon Marketers Industrial and non-

industrial sectors. The industrial sector includesel, petrochemical, chemical, non-
ferrous metals, electricity, building materialsstiles, paper, rubber and chemical fiber.
The non-industrial sector includes aviation, seepairports, railways, commerce,
hotels and finance. There are 191 companies indludéhe Shanghai Carbon Market
in 2013, the same as in 2014 and 2015.

The amount of carbon permits that the Shanghai (Bovent allocated to companies is
1.6-1.7 billion tons each year from 2013 to 201S. distinct from the other seven
provinces, the Shanghai Government allocated comep#imree years of carbon permits
in the initial years. As a result, an over-supplyams that the Shanghai Carbon Market
did not trade a lot in the first and second yeéitsaaling.

In the secondary market, Shanghai carbon emisdiaasng volumes were about
1973714 tons in 2014, 2940496 tons in 2015 and @P®B tons in 2016. Shanghai
carbon emissions trading volumes increased draaiigtitom 2014 to 2016, at around
500%. The carbon trading value did not increasedeatreased slightly during the
period, which was 75492900 yuan in 2014 6090834hyin 2015 and 62812405 in
2016, primarily because the mean price of Shangheion allowances decreased
substantially. In 2014, the carbon spot mean prae 36.62 yuan, and declined to 20.33
yuan in 2015, and to 9.93 yuan per tons in 2016.Aighest price was 44.91 yuan and
the lowest price was 0.085 yuan per ton.

Figure5 shows that Shanghai carbon emissions tradingalgasconcentrated on the
submission day before 2017, which indicates than8hai carbon emissions were
traded mainly for compliance purposes at that time2017, the carbon emissions
trading became more frequent, with two trading gagak?017, one in March and the
other in July. Similar to the Shenzhen and Guangduoarkets, there were more and
more investors participating in the Shanghai casaoission trading market.

The change rate of Shanghai carbon permits in ¢berslary market was 0.97% in
2013, which increased to 1.67% in 2014, and 7.552015. The change rate increased
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fast during the first three years, which was 67%2014 and 366.0% in 2015, which
indicates that the Shanghai Carbon Market was begpmore liquidity.

By 2016, 335 companies in Shanghai had participatéte carbon control and trading
system. Interestingly, the Shanghai market alsoelsteblished carbon futures, where
four carbon futures products have been tradeceisttanghai carbon market, including
SHEAF022017, SHEAF052017, SHEAF082017 and SHEAF1120

5.4 Beijing

According to the Beijing Government regulationsnganies that consume more than
2000 tons of coal equivalents should be involvethancarbon emissions control and
trading system. This regulation is similar to tilmGuangdong.

Investors must be Beijing residents or overseas&3a or foreigners who have been
living in Beijing for more than two years, togethveith other conditions that investors

must meet. There are many restrictions for investmparticipate in the Beijing carbon

trading market, which means that the Beijing cartmamket is less influenced by other
carbon or financial markets because of the barteestry.

Beijing Carbon emission trading volumes are ab@®#15605 tons in 2014, 1254586
tons in 2015 and 2473351 in 2016. The trading velwihBeijing carbon emissions is
growing fast, almost increase 130% from 2014 to62@ut the trading volume varies
a lot, the minimum trading volume is zero, the leigfitrading volume is 154960.0 tons.
The Beijing carbon trading value is about 63734$%08n in 2014, 58571343 yuan in
2015 and 121000000 yuan in 2016. Among the petiadhighest price is 77 yuan per
ton and the lowest price is 31.8 yuan per ton.

From Figure 8, we can see that the percentage gh@earbon trading volume is
become smaller and smaller from 2014 to 2016 agdifgiantly smaller than the
percentage of the Biggest Three Markets, Shenzbeangdong and Shanghai. This is
because the carbon emissions quota for Beijingotsas many as Guangdong and
Shanghai and it is more difficult for investors garticipate in the Beijing Carbon
Emissions Market than the Biggest Three Markets.

Beijing market has the largest number of the compmarticipants. But from Figure6,
it indicates that Beijing carbon trading volumeoidy concentrate on the submission
day, this is because there are many limitatiorirfeestor to participate in the Beijing
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Carbon Emission Market, and companies in Beijinghae polluted than companies
in Shenzhen. Moreover, the carbon emissions qumtdéijing is almost the least
among the six markets, so most of the carbon eomssvere used to performance. As
a result, the trading peaks of Beijing carbon eioissare only near the submission day,
which is different from the Shenzhen, Guangdong @imanghai markets.

5.5Tianjin

According to the Tianjin Government regulationsinp@anies belonging to the steel,
chemical, power, heat, petrochemical, oil and gaplogation industries, and

discharging more than 20000 tons of carbon dioxstieuld participate in the carbon
control and trading system.

The Tianjin carbon emissions trading volume wasuald®11340 tons in 2014, and
decreased to 975713.0 tons in 2015, and to 367%36s0n 2016. The Tianjin carbon
emissions trading volume decreased 63.6% from &92816, which indicates that the
Tianjin market has been shrinking. The Tianjin carballowance turnover also
continued to decrease, from 20510762 yuan in 203950751 in 2015, and 3662109
in 2016.

The mean price of Tianjin carbon allowances comitihio decrease from 2014 to 2016,
namely 29.45 yuan per ton in 2014, which decre&s@@.93 yuan per ton in 2015, and
to 20.89 yuan per ton in 2016. The highest prieemed 50.11, and the lowest price
was 24.62. It seems that the Tianjin market isngimi, but the range of the Tianjin

carbon allowance price changes is not as largenaSuangdong, Shenzhen and
Shanghai.

Figure 9 shows that the percentage of Tianjin aarbmissions trading volume

decreased from 2014 to 2016, which is similar tgitBge The Tianjin carbon emissions
trades were concentrated on the submission daghwhialso similar to Beijing. The

trade peak of the Tianjin carbon market is muclnéigthat is, in July 2014, 2015 and
2016. Most trades occurred in a single day, whicktiange in financial markets. A
trade peak occurred in April 2017, which may sugtfest there is trading in TIEA for

investment purposes. The high volume was alsodrada single day.

Tianjin carbon trading is too concentrated, witke ghrice of TJEA not changing
frequently. The TJEA price was virtually unchangieding October 2014- April 2015,
August 2015- May 2016, and August 2016-March 2017.
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5.6 Chongging

According to the Chongging Government regulati@asnpanies that discharged more
than 20000 tons of carbon dioxide must be invoivetthe carbon control and trading
system. The Chongqging Carbon Market covers seuataktries, included electricity,
metallurgy, chemicals, and building materials.

There are 242 companies included in the Chonggarpéh Market in 2013, the same
as in 2014 and 2015. The amount of carbon perimitisthe Chongging Government
allocated to companies was 1.25 billion tons in2Mowever, there were almost no
trades in 2013, which means the carbon permits \wweee supplied. Therefore, the
amount that the Chongging Government allocatedotmpanies decreased to 1.16
billion tons in 2014, which was excessive accordmghe market performance. As a
result, the amount decreased to 1.06 billion tar&0il5.

The reason for the over-supply in Chongqging carbbbowances is ascribed to the
allocation method. As distinct from the other sewsarkets, which were based on the
historical pollution or standard methods, the Clgng Government allocated the
carbon permits in the primary market based on thali@ations from companies.
Companies will always apply for a greater numbeperimits than are needed as it will
assist them in avoiding penalties from the govemtrdee to emitting too much carbon
dioxide. Simultaneously, companies can sell theagpermits in the market. As a result,
almost all the compliance companies possess aegneatnber of permits than what is
actually needed. If compliance companies do nodribe permits, they have no
investment value, so investor will not try to bimg tpermits.

There was only one trade in Chongging carbon eoissallowances in 2014, with

price at 30.74 yuan per ton, trading volume at 8850 tons, and turnover at 4457300
yuan. The trading volume decreased to 24671.79 itor®015, and increased to

459951.0 tons in 2016. The trading turnover wa$238 yuan is 2015, and 3665366
yuan in 2016. If we ignore the trade in 2014, whighs an extreme value, the
Chonggqing carbon allowance trading volume and vabrginued to increase, with the
highest price at 47.52 yuan and lowest price ayaah per ton.

Compared with the Big Four markets, the Chongqiagket traded CQEA very little.
At initiation, there was almost no trading in CQEsfad only in late 2016 did trading
of CQEA become active. Companies do not trade cadtlowance in the market, so
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investors cannot purchase carbon emissions fronmpanms. With little supply and
demand, the Chongqing carbon emissions price destideom 30 to less than 10 yuan.

The Chongging carbon price increased in early 20i7he three years from 2014,
some companies might consume all their emissiangrasling in Chongqging carbon
emissions became active. In fact, nearly 200 oftthdes recorded occurred after
January 2017. According to GCCCCIA, the change miteChongqging Carbon
Allowances was 0.12% in 2013, which was the love@sbng the first seven markets.
The rate decreased to 0.08% in 2014, and to 0.062015. Due to the extreme value
in 2014, and the special distribution of Chongg®arbon trading, the change rate
cannot reflect the real underlying trading frequeotChongging carbon permits.

5.7Hubei

Hubei carbon market was established in 2014. Asrgel manufacturing province in
China, the carbon permits that Central Governme@hina allocated to Hubei was the
largest of the eight provinces. The Hubei carborrketacovers five industries,
including iron and steel, petrochemical, cemenygm and paper.

In the primary market, the amount of carbon perwiitsubei in 2014 was 3.24 billion

tons, which is dramatically larger than the permitShongging, which was 1.16 billion

tons, and the permits in Shanghai, which was ll®itons. The amount of carbon
permits of Hubei in 2015 decreased to 2.81 billions. It seems that Hubei carbon
permits are still declining, but still account fodarge ratio of the total permits of the
Big Eight.

In the secondary market, by 2016, Hubei was tlgekircarbon market by accumulated
trade volume and by accumulated trade turnoved1dt2% and 30.65% of the seven
markets, respectively. However, the trade volumd amnover of Hubei did not
increase substantially. In 2016, the amount of Hehebon permits was the second
largest among the early seven carbon markets lwnalwhich is after Guangdong, as
well as the fourth largest carbon markets by tuempafter Shenzhen, Guangdong and
Beijing.

Trade by electricity bidding is superior in estabing a reasonable price compared with
negotiated transactions. As distinct from the oeren markets, electricity bidding is
a very important trading method for Hubei. Accoglito the report of the Hubei
Exchange, the Hubei accumulated carbon permitsnigaoly electricity bidding was
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51812 thousand tons, and the accumulated tradilgmeoby electricity bidding was
9.99 billion yuan, which accounted for 27.8% of éight regional total trading volume,
and 30.4% of total trading turnover, respectively.

For a number of reasons, the Hubei exchange orlighed the data for nearly 180
trading days. Figure 9 shows that there are twamel peaks in April 2017 and June
2017. It seems that trading in Hubei carbon perimit®t only for compliance purposes,
but also for investment. The carbon price declifrech 16 in April to 12 in August,
then increased to about 14.5 in November 2017.

The participants of the other seven markets weilialypneompanies, but for Hubei, the
main participants were private and institutionalestors. By 2016, there were 6484
participants in the Hubei carbon trading systenthwi67 compliance companies, 84
institutional investors, and 6233 private investdi®re than 97% of the participants
are investors, which is dramatically higher thaei&tinen, Beijing and Shanghai, which
had 58%, 12.5% and 54.4%, respectively. The amotiparticipants in the Hubei
market was also the largest among the eight markaes number of participants was
around 2000 in Shenzhen, 1042 in Beijing, and #18Hanghai. This is an important
reason why the Hubei accumulated carbon tradingimes and turnovers are
significantly large among the Big Eight.

According to the report of the Hubei exchange, lmyéimber 2017, the accumulated
carbon trading volume was 3.12 billion tons, areldecumulated turnover was 72.26
billion yuan, which indicates that the Hubei markgtone of the most important
regional carbon markets.

Interestingly, the Hubei market has some carbonivalires. According to
“GCCCCIA", the Hubei market launched futures onApiil 2016, namely HBEA1705.
The product had a trading volume of 6800 thousans, twith a total value of 1.5 billion
yuan on the first trading day. By June 2016, thmuawlated trading volume of Hubei
carbon futures were 2.43 billion tons, with a trapvalue of 24.26 billion yuan.

5.8 Fujian

The Fujian carbon market was established in laig 20hd commenced in early 2017,
which was not in the first planned seven marketgiaR carbon market covers nine
industries, included electricity, petrochemicalewtical industries, building materials,
steel, non-ferrous metals, paper, aviation andhaiesa Companies that discharge more
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than 10000 tons of carbon dioxides must participatee carbon emissions control and
trading.

Figure 10 shows that the Fujian carbon price fldatp and down around thirty-five
yuan from January to April, and then increasedhitytfive yuan each ton in July.
Trading in Fujian carbon permits is concentrateduly, but there are also some trades
in the months before June, which indicates thalimigain Fujian carbon permits were
mainly for compliance purposes.

5.9 Comparison of Seven Regional Markets

From Figure 11 and Table 4, we see that the figgdst markets, Guangdong, Shanghai,
Shenzhen, Beijing and Hubei, trade around 96 péfetine total turnover, although
this can change from 2014 through to 2017. Fronuriéid.1, it is clear that Shenzhen
and Hubei are the two largest markets for turnower2014 and 2015. However,
Guangdong joins the previous two provinces as baiggificant in 2016, while
Shanghai joins the Big Four in 2017. Thereforenawers seem to be changing quite
dramatically in a short span of 4 years, with theker three provinces in Beijing,
Tianjin and Chongging having relatively small imtgc

From Figure 12 and Table 5, which refer to volumegber than turnovers, Hubei is

clearly the largest in 2014 and 2015, followed bya@gdong in 2015. However,

Guangdong dominates in 2016 and 2017, followed Wlydiin 2017. Just as in the case
of turnovers discussed above, there can be dramlifféicences over a short period of
4 years as to which provinces are dominant. Iisis worth noting that Chongqging has
come from being virtually invisible in the perio@24-2016 to dominate both Beijing

and Tianjin in 2017.

It means that most of the carbon emission tradarsan five markets. One explanation
is that the industry structure of the western @atifferent from the industry structure
of the eastern area. Another explanation is thaipamies located in the west have not
been supervised well. What is most likely is timaeistors do not want to participate in
western markets. The eastern area has better tiegsgldor companies and financial
markets, better laws and regulations, more finah@iding experience, greater liquidity,
and better markets.

6. Implementing a National Carbon Emissions Market
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The China National Development and Reform Commisbki@s proposed establishing
a national carbon market, which can attract morestors and companies to participate
in carbon emissions trading. Sufficient liquidityliMaelp to achieve a more reasonable
price and make transactions more stable.

However, there are some obstacles in establishivjianal market. First, the markets
of the Big Four are much higher than for the oth#rall the regions are required to
pay the same price for carbon emissions permitsilliincrease the production costs
of companies in the mid-west as they will be fadigher carbon emissions costs.

Second, a national market will require that theboarreduction ratio in the same
industry in different regions should be the sanw.dh industry, no matter whether it
is located in the mid-west or in the east, theytmeduce carbon emissions by the same
ratio. Generally speaking, companies located ineti own better technology, more
capital, convenient transportation, benefits of enefficient government, and better
market environment. The some reduction ratio widlaken the competitiveness of
companies in the mid-west.

Despite the possible disadvantages of a nationddatiahere are also some advantages
in a national market. For the proposed nationalketarcompany belonging to some
industries should participate in the carbon emissicontrol and trading system. As
shown in Table 3, companies that belong to theopb&mical, chemical, building
materials, steel, nonferrous metals, paper, egigtrand aviation industries should
participate in the national carbon emissions aaditig system as these industries are
the most energy-consuming and, hence, discharge af lcarbon dioxide and need
carbon emissions permits.

7. Supply of Carbon Emissions

There are two kinds of carbon emissions permite rthe regional carbon permit,
while the other is the CCER. Regional carbon emisshave mainly been supplied by
the Government until now, with 95-97% of the qugiteen to companies free of charge,
with a company being able to use or trade them drban markets. With the
development of carbon markets and a supervisidesyshe Government will increase
carbon emissions (given to companies) prices fr@® fo market prices. Investors can
buy or sell carbon permits in the secondary maskeich means that carbon emissions
can be supplied directly by companies and also I®gpndirectly by regional
Governments.
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Investors and companies can obtain carbon emifsionthe Government, but also the
producers. Some companies can produce carbon qubieh is called CCER. The
companies which are not required to participatdécarbon emission, such as hydro
power projects, wind power projects, solar powed Biomass power generation, are
willing to join in carbon reduction. The amount yheeduce can become the CCER.
Forest management and forest plantation can afkmeecarbon dioxide. The amounts
these industry reduce the carbon dioxide becomeCiER. CCER can partially
substitute carbon emissions. But the allowed sultstratio is different in the eight
regional markets.

CCER is mainly traded in Shanghai and Guangdongo#ling to “GCCCCIA”, in
2016 54.36% of the total CCER transactions occuireéhanghai, followed by
Guangdong at 21.94%, with ratios of 12.16% for iBgipnd 7.84% for Shenzhen. For
Hubei, Tianjin and Chongging, the CCER transactimese 1.73%, 1.94% and 0%,
respectively. CCER transactions are active in aarbharkets while, in less active
markets like Chongging, CCER has almost no traimat As CCER can only
substitute the carbon permit partially, the pre®iver. CCER is also traded mainly for
compliance purpose, whereas, for investment, tgemal carbon permits are more
attractive because of higher prices and greaterieaselling.

8. Carbon Pricing

When regional governments give carbon permit togames, it is virtually free (that
is, 97% of the total). This means that, for thetfinarket, most of the carbon emissions
prices are zero but, when the companies sell cagbugasions in the second market, it
is not free. Therefore, carbon emissions priciresgentially concerned with the second
market.

In the secondary market, there are two ways of gotilg transactions, and hence two
ways of determining carbon pricing, namely eledyididdings and negotiated
transactions. Electricity biddings are like stoclc@, which is more open and reflects
the true value of carbon emissions. Both compaareks investors can trade carbon
emissions by electricity biddings. Negotiated teari®ns occur between companies
and companies. They can negotiate prices with edodr. Generally, the price of
negotiated transactions is based on the priceeofrigity biddings. However, it is easy
for carbon emissions prices to deviate from thre alue, and is easy to make markets
include extreme values and increase the volatlfityarbon prices because the owners
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of two companies may be related or have other adiores.

In electricity biddings, there are three stagesasbon emissions spot pricing. The first
stage is when the carbon market is establishedcatmon spot price is decided by the
Government, which decides the prices in Chinesenagjmarkets by reference to Euro

carbon futures prices and the demand and suppégional markets. The second stage
is mixed pricing, with government and market pricmorking together. The third stage

is market pricing, where the carbon price is detisi@ely by supply and demand.

The advantage of government pricing is to providariee indication to companies.
Government pricing usually cannot capture the valle of carbon. From Figures 3 to
8, government pricing is too high for the markeGimangdong, Tianjin, and Chongging.
After these markets turn to market pricing, thaion prices decline substantially. The
Guangdong carbon price declines from an initiatgof 60 to less than 20, the Tianjin
carbon price declines from an initial price of 80léss than 10, and the Chongqging
carbon price declines from an initial price of 8Ctose to zero.

For the Shenzhen and Shanghai markets, their cgrboes are reasonable close to
their respective initial prices. However, Shenzlam Shanghai carbon emissions
prices have experienced large variations. For Hem&hen market, government pricing

is about 30, and increased to more than 120 imarsix months, and decreased to 20
in October 2014, increased again, and then declioatearly 30. For the Shanghai

market, the government pricing is about 26, inaedaes little, and declined to 5, and

then increased again and reached 30. It seemgdbatnment pricing in Shenzhen and
Shanghai perform better than it does in Guangd®iagjin and Chongging.

For the Beijing market, government pricing seemgpeéoform well as government
pricing and market pricing are close, and Beijiragbon emissions prices do not
experience large variations.

In short, regional carbon emissions prices arechigizero, and should increase to
reasonable prices. Companies should pay for pofulin the second market, carbon
transactions should turn from a mixture of eledricbiddings and negotiated
transactions to electricity biddings, and from goweent pricing to market pricing.

9. Lack of Liquidity

Carbon markets still lack liquidity, according tatd from the official website of the six
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regional markets. Most markets have almost 10@brigedays, while the Big Four have
nearly 600 non-zero trading days. For the Tianjimd &Chongging markets, the
observations are fewer. There are 461 non-zermgathys for the Tianjin market, and
215 non-zero trading days for the Chongqing markbese markets lack liquidity,
which leads to higher fluctuations, so that moreeare values may occur.

From Figures 3 to 8, we can see that most of cagbuasions trading of the six regional
markets concentrate on the submission day, whia@nsthat most of the emissions are
traded for compliance purpose. Typically, therefave exchanges of carbon emissions
in the six regional markets. For the Chongqging regrthere are almost no trades on
normal days, as only 200 of the 800 recorded deys@t zero.

In order to measure liquidity, we can consider hapotindex, namely the carbon

exchange rate. According to GCCCCIA, the carborharge rate for Shenzhen was
33.13% in 2015, which is the highest of the eigigional markets, so that the traded
carbon emissions are 33.13% of total Shenzhen ngobanits in 2017. The second

and third highest carbon exchange rate marketBeaijimg and Guangdong, at 13.92%
and 8.26%, respectively. The carbon exchangesatsvier in Beijing and Guangdong,

but much lower in Shanghai, Hubei, Tianjin and Giging, at 7.55%, 6.70%, 0.83%

and 0.06%, respectively.

In order to improve liquidity in carbon markets, weed carbon futures. The carbon
spot price reflects the demand for carbon, butarafbtures may reflect improvements
in reducing carbon emissions. It takes time for pames to improve and clean their
products by reducing carbon emissions. Carbon @mnssfutures can reflect the

willingness to reduce carbon emissions. Moreovamanies can reduce their lack of
carbon emissions permit risk by buying futures, amdestors can reduce their

investment risk by adding carbon futures to thehestment portfolios.

10. Carbon Emissions Data

Of the eight regional carbon markets, Shenzhehesetrliest, which was established
in mid-2013. Shenzhen has the largest number @freagons at 1040. From Table 8,
the data for Guangdong, Shanghai and Beijing ama fate-2013, and these markets
have around 696, 601 and 644 non-zero observatesgectively. The Tianjin market

started in late-2013, but there are fewer tradéBanjin than in Guangdong, Beijing

and Shanghai, and Tianjin has 461 non-zero obsengatThe Hubei carbon market
was also established in late-2013. However, theeHEBchange only publishes data
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for several months, and there are only 79 non-pbservations for Hubei, so is not
useful for econometric analysis. Due to an ovepgupf Chongging carbon emissions
in 2014, there were almost no trade before 201haaChongging has about 200 non-
zero observations. As a newly established markgjiafr has about 125 non-zero
observations, including carbon prices, volumestamnabvers.

Due to the lack of data, we can compare the seadon markets. From Figure 12, the
Guangdong market is the largest of the seven,taméicentage has been growing over
time. Hubei, Shenzhen and Shanghai occupy impopiasitions as the most important
carbon markets in China. These three provincesmgthave good manufacturing, but
also possess better financial markets. Beijing h&slarge manufacturing, but due to
limitations in participating in the Beijing markahd a low supply of emissions, it is
not as important as Hubei, Guangdong, Shenzhe8laaghai. Tianjin and Chongging
are small, with few trades occurring in the two keds.

Figure 11 and Table 4 also indicate that in 2014 biggest carbon market of the seven
provinces is Shenzhen at 41.5%, followed by Hulbél4a5%. In 2015, the top two
positions were reversed, with Hubei at 39.2% areh8hen at 32.7%. The leading two
positions in 2016 were taken by Shenzhen at 3017@4Guangdong at 29.4%. Finally,
in 2017, Shenzhen, Guangdong, Shanghai and Hulveiwgey close at 23.1%, 21.9%,
21.3% and 19.2%, respectively.

From Figures 3 to 10, the carbon prices are tot laigthe beginning, except for
Shenzhen. When the government allows the markeletide prices, carbon prices
decline. Most of the trades occur before the susionsday in the six markets. For
Guangdong, Shenzhen and Shanghai, there are algptrades occurring on the non-
submission day, which means that some investors comdpanies trade carbon
emissions permits as a financial investment.

11. Data Availability

As China has the one of the largest manufactundgstries in the world, it is to be
expected that the China National Carbon marketaisth be correspondingly large. The
size issue will be important in economics, finarmayironment issues, and academic
studies. The availability and access to the Charthan market prices and related data
are crucial for investment analysis and academiestigation. However, China still
has far to go in terms of data disclosure. As altes is necessary to discuss the data
availability of China carbon markets.
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Generally speaking, there are two sources of data the China regional carbon
markets. The first arises from primary data sounsésch are published in the regional
carbon exchange official websites, such as ChinanGzhou Carbon Exchange and
China Hubei Emission Exchange. The other sourceetondary data source, as
provided by some investment agencies or consudiiygncies, such as “tanjiaoyi.com”.
Basically, the secondary data is a derivative efghmary data sources.

The primary data is more reliable, while the seeopdlata tends to be more convenient
for investment or research purposes, but is Idehle because it is processed by and
through the investment or consulting agencies.séone data, we can only download
from the secondary data sources because some dateomly be offered to paid
members. As an example, for Hubei carbon spot grigsitors can only download the
data in recent months. For academics purposeprithary data sources should be used
wherever possible as they are more reliable thaisé¢kcondary sources.

It is also possible to obtain some processed dataugh reports provided by the
regional carbon exchanges, such as the “China @avlaoket Analysis”, “ Guangdong
Carbon Market Comment and China Carbon Market Invest Analysis”, and
“Annual Report on Shenzhen Emissions Trading Scheinse Year Operation”. These
reports sometime contain data which are not aveaildlvectly through primary data
sources, such as the exchange rate of regionarc@drmits and members of covered
companies in different provinces. The informatioontained in these reports are
important in analyzing Chinese carbon emissions.

Primary data of the China energy consumption sirectregional energy consumption
structure, GDP structure, and so on, can be fomntth@® official websites of the China
National Bureau of Statistic and Regional Burea6tattistic.

Most of these data sources are available only ing3e. Due to certain special national
conditions, it is not easy for non-Chinese to ustéerd some of the data and policies.
It would be a better choice for China’s Central gmment and regional governments
to offer English copies of these document and daieto date they have not been made
available other than in Chinese.

11.1 Limitations of provincial and national carbonpricing policies

As mentioned above, there are limitations in Chirggrbon pricing policies, both in
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the primary and secondary markets. In the primaaykets, carbon allowances are
allocated to companies essentially gratis. Accgrdim “CCMA”, the accumulated
volume of carbon permits traded by open auctionbeen 18240 thousand tons, with
88.6% having been traded in Guangdong, followe#iblyei, Shenzhen and Shanghai,
which accounted for 10.97%, 0.38% and 0.05%, rdsmdyz. There are no carbon
permits traded by open auction in Beijing, TiamgmChongging.

Most of the allowances traded by open auction lemeeirred in Guangdong, at 16161
thousand tons, but these carbon allowances acabdiotdess than 5% of the total
allowances of Guangdong in the primary marketse#tms that the pricing policies in
the primary markets of the seven provinces arenéisdly free, which is against the
prevailing understanding that “Companies have faidheir right to pollute”.

Allocating carbon allowances for free can also lefjina to achieve target emissions,
which is a significant step for China. Companiesstmproduct a strong base for
determining the allocation of allowances, and tpfoa additional polluting rights. For
companies that have surplus carbon allowancese tlvam be sold. Therefore,
companies can still polluted and obtain interestudtianeously by polluting less than
other companies However, it does not seem to ladaambed scenario for society if the
government allocates carbon allowances to companidgsout charge as carbon
allowances are essentially a financial commoditigere associated costs should be
borne in mind.

There is an obvious advantage in allocating caddlmwances for free. If companies
need to pay for the emissions immediately, theYhal/e little time in promoting their
clean product capabilities. As a result, companstwill increase, the price of the
associated products will increase, thereby makiregglirand “Made in China” less
attractive. China is essentially a manufacturingntry, so reducing carbon emissions
by impacting the manufacturing industry is far frooptimal. Providing carbon
allowances without payment may be a sensible gyateut the government will
eventually have to increase prices in the primamgrket in order to determine
appropriate market prices for carbon emissions.

The secondary market essentially shifts from gawemt pricing to market pricing.
Government pricing makes carbon allowances a toadit tax, As the tax rate is
decided by the government, without recourse tautigerlying market conditions, it is
unlikely to be optimal. Market pricing makes carlalowances an optimal tax as the
tax rate is decided by the market. From the Guamgdoarket, which is one of the
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largest, it is clear that government pricing is mingher than market pricing, which
suggests that a lower tax rate can assist in aclgi¢arget emissions more efficiently.

Similar situations arose in Tianjin, Hubei and Chging. Market pricing is a superior
meth for establishing national target emissiong] amultaneously stabilizing the
economy. For purposes of developing and undersignaiNational Market that is
presently under construction, turning to marketipg would seem to be a more
sensible and efficient approach than imposing pribeough administrative processes
that do not reflect prevailing market conditions.

In the secondary market, there are methods of atimdu transactions, namely
electricity bidding and through negotiated transes. The prices arising from these
two transactions methods need not be similar. Gdigespeaking, these two methods
are both market pricing methods. However, due gaes such as holding each other,
belonging to the same parent companies, or botmatienal companies, negotiated
transactions may not perform as well as electrigitigling for purposes in determining
carbon emissions prices. In order to make the mankehanism work more efficiently,
the government should reduce negotiated transactowl allow greater electricity
bidding for purposes of achieving negotiated tratisas.

However, electricity bidding requires adequate raalikuidity. Pricing policies are not
necessarily independent of other policies, sucsuasnission policies. Carbon market
liquidity depend on supply and demand. The suppbadbon allowances is not directly
dependent on the primary market, but rather thersiary market, which determines
just how many carbon allowances companies arengilto sell. In order to fulfill
compliance and avoid punishment, companies tenetain allowances for what might
be interpreted as “insurance” purposes.

Companies tend to sell their allowances when theycanfident that they have more

than enough for compliance purposes, which is gdiyeriose to the submission day.

As a result, the supply of allowances increasestankally near the submission day.

As a result, a phenomenon that occurs around twahmdefore the submission day is
that carbon transactions increase but the priceedses. In such a scenario, electricity
bidding may not work as intended.

11.2 Availability of data at the provincial and natonal levels

China’s carbon emissions market presently operatethe provincial level as the
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national carbon emissions market is still undeistmiction. For this reason, the data of
carbon allowances data can be collected only fetght regional markets.

Shenzhen was the earliest and most open regiorremaaving commenced in mid-
2013. Information on Shenzhen carbon allowancepuaiséshed on the official website
of the Shenzhen Carbon Exchange, included daitgpritrading volume, trading value,
and opening and closing prices. The informatio@GER traded in Shenzhen can also
be found on the website, as well as the Shenzhdrcanarket regulations and some
national carbon regulations, which is not availablall regional markets.

The Shenzhen Carbon Exchange provides some regimtg the performance of the
provincial carbon market, in addition to data aafalié in other provinces. In fact, more
than 3000 observations for five carbon productmelg SEA-2013, SEA-2014, SEA-
2015, SEA-2016 and SEA 2017, are available. In $kisse, Shenzhen is one of the
most informative regional markets in terms of pdivg data on more than its own
province.

Guangdong is one of the most important regionalketaron the basis of trading
volumes, established times, or the earliest exparirof trading carbon allowances by
open auction in the primary market. Information atothe Guangdong market is
published on the official website of the Guangd@aybon Exchange. Daily carbon
price data, trading volume, turnover, and openimg) @osing prices, are available on
the official website, which has almost 697 obsaovet Similar to the Shenzhen market,
the information of CCER trading in Guangdong isl@iied on the website, as well as
the documents relating to Guangdong carbon reguisiti

For the Shanghai carbon market, daily data of carpoce, trading volume and
turnover are published on the official websitetef Shanghai Environment and Energy
Exchange, which has about 830 observations, bubpleaing and closing prices are
not available. As the Shanghai market has carbtureds, a link to the Shanghai
Clearing House, which provides related informatie,available. Information on
CCER trading in Shanghai, and documents of the @fartarbon emission regulations,
are also available on the website. The Shanghair&@mient and Energy Exchange
also provides weekly reports on the Shanghai camemiet and other regional markets,
which may contain useful information, such as needyered entities.

The official website of the Beijing Environment Hvenge provides daily Beijing
carbon price data, trading volume and turnover wibre than 640 observations, but
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the opening and closing prices are not availaldedidtinct from the markets discussed
above, the Beijing market only provides non-zergeawshations. Spot prices, trading
volume and turnover of CCER trading in Beijing @leo available on the official
website, as well as documents relating to Beijiadhon regulations.

The Tianjin market is similar to Beijing as onlymaero observations of daily prices,
trading volume and turnover are available. Moreptee Tianjin market provides
information on carbon allowances that are tradealigih negotiation, and not only the
total trading volume and turnover. Information ab@CER traded in Hubei and
documents relating to Hubei carbon market reguiatiare also available.

Hubei is one of the largest markets, with significaccumulated trading volume and
turnover. However, the Hubei Emission Exchangeaissimonious in terms of data
disclosure. Only 200 daily data observations obaaprices, highest and lowest prices,
trading volume and turnover are available on tHeciaf website. As a result, it is
essential to use secondary data sources, whichrhawe than 1000 observations, in
conducting research. The Hubei Emission Exchangeiges data on CCER that is
traded in all regional markets, as well as theyddilbei carbon future prices, trading
volume and turnover. However, as in the case fot,gmly around 200 observations
are actually made available. In short, the datstexiut are not necessarily made
available.

For the Chongqging market, around 1000 observationdaily prices, trading volume
and turnover are published on the official websit¢the Chongging Carbon Emission
Center. Of the 1000 observations, there are felnaar 800 that are non-zero. As CCER
is not traded in Chongging, there is little infotina about CCER available on the
website, although documents relating to the Chamggarbon regulations are available.

Apart from the above regional primary data sourtes,China National Development
and Reform Commission also provides informationuai@hina’s national market, such
as the industries that are covered, trading reigaksitpermit allocation methods for the
different covered industries. As the national carlemission pricing market is still

under construction, only the power generation ifrgus involved.

Some secondary data sources provide data relatihg eight regional carbon markets,
such as the Hong Kong Emissions Exchange. Genggaksg, the data disclosure of
China carbon allowances is not adequate, and datal@vant variables are not easy to
find, such as the complete daily Hubei spot pribésrever, much of the available data
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is published in Chinese, which makes accessitilifycult for foreign investors and
researchers.

11.3 Similarities and dissimilarities of provincialdata

As mentioned above, there are different situationgifferent provinces, so the eight
different regional markets have similarities anssanilarities across the provinces.

For all regional markets, it is possible to obtdaily price data, trading volume and
turnover. The prices in the eight markets are edirage prices, which is turnover
relative to volume. The trading volume includesoatnces traded by electricity
bidding and negotiation. Therefore, the averageepis not the average price of
electricity bidding, but a weighted average of @leity bidding and negotiated
transactions.

There are some dissimilarities in provincial ddtae first is the duration of the data.
Shenzhen was the first regional market, havindeddan mid-2013, so it has the largest
source of data, with more than 1000 observatiohs.iffauguration of the Guangdong,
Beijing, Tianjin and Shanghai markets are also lsimibut the duration of their
respective data are different. Specifically, Guamgd has about 700 non-zero
observations, followed by Beijing and Shanghai,clitiave around 650 and 600 non-
observations, respectively.

There are around 450 non-observations for Tiamjlich is significantly less than for
Guangdong, Beijing and Shanghai. The Hubei and @djiog markets commenced at
similar times, but the duration of their respectdata sets is dramatically different.
Hubei has about 900 non-observations, which is feélagn Shenzhen, but Chongging
has only about 200 non-zero observations. Therdiffges in the respective durations
arise mainly because of different performanceséndight markets.

The variables that are available in the eight niarkee different. For some markets,
we can only obtain prices, trading volume and tuemp such as in Beijing and

Chongging. For some markets, we can also obtainfkaing and closing prices, such
as in Shenzhen and Guangdong. Tianjin providesttioeture of the trading volume,
SO we can separate the negotiated transactionstfrertrading volume. For a market
like Hubei, we can obtain the regional carbon widrut also the CCER price, trading
volume and turnover. Moreover, Hubei also providedy data for Hubei futures,

which is unusual for carbon markets in China. Alilo Hubei does not provide the
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complete daily data series for the whole samplégdeit nevertheless provides more
data than do the other provinces.

Some markets provide reports of regional marketopsance, and usually provide

more than just price data, such as trading volune tarnover. These reports may
provide the structure of participants, number ofered entities, percentages of volume,
and turnover trade by companies, private investord corporate investors in the
primary and secondary markets. Such information beyseful in trying to analyze

China’s carbon markets.

The Shenzhen market provides the “Annual ReporSbenzhen Emissions Trading
Scheme First-Year Operation”, the Guangdong mapkevides the “Guangdong
Carbon Market Comment and China Carbon Market kmvest Analysis”, the
Shanghai market provides some weekly reports optbeincial carbon market, and
Hubei also provides some monthly reports of proaincarbon markets.

In short, China’s carbon markets are have beenlaleing very fast recently, and the
China national carbon market is also under constmuclt is meaningful and helpful

to introduce and analyze China’s regional carborsgions markets and their pricing
policies, and to try to provide some suggestioganmding an appropriate pricing model
and policies for China’s national market that isgantly under construction.

11. Concluding Remarks

The purpose of the paper was to provide a cleaharesm for determining carbon
emissions pricing in China as a guide to how cadmissions might be mitigated to
reduce fossil fuel pollution in China and in theteimational community. The
Government of mainland China has promoted the dewe¢nt of clean energy,
including hydroelectric power, wind power, and sa@aergy generation. In order to
involve companies in carbon emissions control, eseof regional and provincial
carbon markets have been established since 2013.

This paper provided an introduction to China’s oegil and provincial carbon markets,
proposed how to establish a national market faripgi carbon emissions, discussed
how and when these markets might be established tiey might perform, and the
subsequent prices for China’s regional and natiam@abon markets. In order to
understand the regional markets well, it is neagsdsaanalyze the energy structure in
these regions. Coal is the primary energy sourdehima, so that provinces that rely
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heavily on coal receive a greater number of carbonssions permits from the
Government.

In order to establish a national carbon markeChoina, a detailed analysis of the eight
regional markets was presented. The four largesggmmarkets, namely Guangdong,
Shanghai, Shenzhen and Beijing, traded more thé# &&he total volume and more

than 99% of the total value of the six marketsGA&, as the industry structure of the
mid-western area is different from that of the eastarea. The China National

Development and Reform Commission has proposedl¢irelopment of a national

carbon market, which can attract investors and con@s to participate in carbon

emissions trading. This important issue was ingas#id in the paper.

A serious underlying concern in evaluating howewelop a national carbon emissions
pricing scheme at the national level, using eigtgjam provincial markets as a
foundation, is that much daily data exist, but ao¢ necessarily made available for
analysis. There is little explanation available ftiris imbroglio, apart from
administrative differences across the differentvproes for a variety of reasons.
Regulations will need to be modified and updateds€heme that is based on provincial
markets is to succeed as an optimal method ofngricarbon emissions at the national
level.
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Table 1
China’s Energy Consumption Structure (%)

Energy %
Coal 63.7
Oil 18.3
Natural gas 5.9
Nuclear power, Hydro, Wind 12.1
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Table 2
Energy Consumption Structures for Six Regions (%)

Region Coal 0]] Gas Electricity
and others
Guangdong 42.3 27.3 6.4 24.0
Beijing 13.7 335 29.0 23.8
Shanghai 36.4 34.9 10.0 18.6
Shenzhen 25.3 2.8 32.7 39.3
Tianjin 50.0 28.0 9.3 12.7
Chongging 57.7 14.6 14.4 13.3
Hubei 63. 3 18.0 3.0 15.7
Fujian 50.5 24.6 5.0 19.9
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Table 3
Industries Involved in National Carbon Markets

Industry Type of Company

Petrochemical Crude oil processing, Ethylene
Chemical industry Calcium carbide, Synthetic amrapMethanol
Building materials Cement clinker, Plate glass

Steel Crude steel

Nonferrous metals Electrolytic aluminum, Copper kimg
Paper industry Pulp manufacturing, Machine papdrcandboard
Electricity Pulp manufacturing, Machine paper aaddboard
Aviation Air passenger transport, Air cargo trarmspairport
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Table 4
Turnovers in Seven Markets (%), 2014-2017

Markets 2014 2015 2016 2017
Beijing 9.4 6.6 12.8 11.2
Guangdong 9.7 12.8 29.4 21.9
Shanghai 11.1 6.8 6.6 21.3
Shenzhen 41.5 32.7 30.7 23.1
Hubei 24.5 39.2 19.8 19.2
Tianjin 3.0 1.6 0.4 1.9
Chonggqging 0.7 0.3 0.4 1.5
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Table 5
Volumes in Seven Markets (%), 2014-2017

Markets 2014 2015 2016 2017
Beijing 6.6 4.1 4.2 3.7
Guangdong 7.8 22.7 37.5 26.9
Shanghai 12.1 9.6 20.2 15.2
Shenzhen 11.2 14.4 18.1 16.5
Hubei 55.2 45.6 18.7 22.8
Tianjin 6.2 3.2 0.6 3.6
Chongging 0.9 0.4 0.8 11.4
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Table 6

Regional Markets and Sample Periods

Markets Sample Periods
Beijing 2013-11-28
Shanghai 2013-11-26
Guangdong 2013-12-13
Shenzhen 2013-06-18
Tianjin 2013-12-26
Hubei 2017-04-14
Chongqing 2014-06-19
Fujian 2017-01-24
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Table 7
China’s Carbon Emissions Allowance

Product Introduction
BEA Beijing
GDEA Guangdong
HBEA Hubei
SEA Shanghai
SHA Shenzhen
TIEA Tianjin
CQEA Chongqing
FJEA Fujian
CCER Chinese
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Table 8
Shenzhen’s Carbon Emissions Allowance

Product Year
SZA-2013 2013
SZA-2014 2014
SZA-2015 2015
SZA-2016 2016
SZA-2017 2017
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Table 9

Non-zero Observations for Eight Markets

Markets Period Total Zero Non-zero
Observations | Observations | Observations
Beijing 2013-11-28 644 0 644
Shanghai 2013-11-26 832 231 601
Guangdong 2013-12-13 697 1 696
Shenzhen 2013-06-18 1040 63 977
Tianjin 2013-12-26 461 0 461
Chongging 2014-06-19 826 611 215
Hubei 2017-04-14 86 7 79
Fujian 2017-01-24 127 2 125
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Figure 1
China’s Coal and Gas Production
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Figure 2
China’s Oil Imports and Import Ratio
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Figure 3
Shenzhen’s Carbon Spot Price and Volume
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Figure 4
Guangdong’s Carbon Spot Price and Volume
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Figure 5
Shanghai’s Carbon Spot Price and Volume
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Figure 6
Beijing’s Carbon Spot Price and Volume
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Figure 7
Tianjin’s Carbon Spot Price and Volume
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Figure 8

Chongging’s Carbon Spot Price and Volume
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Figure 9
Hubei’s Carbon Spot Price and Volume
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Figure 10
Fujian’s Carbon Spot Price and Volume
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2014

Figure 11
Trade Turnovers of Seven Markets, 2014-2017
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2014

Figure 12
Trade Volumes (%) of Seven Markets, 2014-2017
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