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Foreword

Carbon Emissions Trading Playing a Key Role in China’s Ecological
Construction

Guangdong Pilot ETS Offering Experiences for a Nationwide Carbon
Market

Ecological construction is a strategic choice that tallies with the world devel-
opment trends, while a green and low-carbon development pattern—a core content
and top priority of ecological construction—has become a centerpiece that concerns
the world sustainable development. Since the anthropogenic global warming has
been intensively threatening the world ecological security and human survival, the
different parts of the world have reached consensus to take concerted actions to
handle the issue of climate change. In order to sustain socioeconomic prosperity
while resolving the climatic challenge, all nations shall turn to a low-carbon and
eco-friendly development pattern that harmonizes the relationship between man-
kind and nature, and ultimately transforms the human society from an industrial
civilization to an ecological civilization. Under such circumstance, the
environmental-bearing capacity seems to become an increasingly scarce resource,
meaning that environmental capacity will become an indispensable production
factor like labor force, capital, and land. In terms of the carbon Emissions Trading
Scheme (ETS), it is a regime that treats emissions allowances as a scarce source and
a production factor and exhibits their value by sales prices. Overall, the forging of
carbon market is an essential part for China’s ecological construction, because
administration and transaction of emissions allowances will introduce revolutionary
change upon the energy system, promote the transition of the social production and
consumption patterns, and facilitates the popularization of a green and low-carbon
socioeconomic growth pattern.

After the Paris Agreement was passed in 2015, all concerned nations, including
China, were bearing an arduous task to cope with the pressing climatic issue. Being
a nation of words and deeds, China has made great contributions in mitigating the
global warming. From 2005 to 2017, China had lowered its CO2 intensity of GDP
by 45%, realizing in advance the reduction target of 40–45% in 2020 compared
with 2005 that China pledged at the Copenhagen Climate Conference in 2009. With
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the Paris Agreement, China stated to cut its 2030 CO2 intensity of GDP by 60–65%
from the 2005 level, indicating an annual average decrease at above 4%, outpacing
the average drop at 2% among the developed nations over 2005–2014. Moreover,
China will make efforts to culminate its CO2 emissions around 2030, and during
this period, the annual drop in CO2 intensity of GDP needs to reach 4–5% for the
annual GDP growth rate would be 4–5%. In order to perform the obligations
included in the Paris Agreement, China shall work even harder to make more
contributions, which calls for a systematic backup from both institutions and
policies. Therefore, China shall, on one hand, let the government play a leading
role, hold onto the long-term low-carbon development strategy, carry out the
near-term low-carbon development plan, insert restrictive emissions indicators into
both the provincial and national 5-year plans, improve the fiscal and financial
policies, constantly strengthen low-carbon technical norms and raise industry entry
threshold. On the other hand, China shall give full play to the role of carbon market
in achieving energy saving and emissions reduction. By combining with diverse
policy instruments, China will be able to create an all-win landscape where there
will be prosperous economy, improved environment, secure energy supply, and less
CO2 emissions.

Both the 18th National Congress of the Communist Party of China (CPC) and
the Third Plenary Session of the 18th Central Committee of the CPC explicitly
stated to forge ahead with the ecological civilization construction, let market play a
decisive role in resource allocation, and actively carry out the pilot program about
carbon emissions trading. China shall, through marketization and interest-driven
mechanism, motivate individuals, enterprises, and governments to give their sub-
jective initiative into full play, actively seek for low-carbon development, and alter
the old growth pattern that overly relies on government plans and directives, so as
to create a situation where all citizens take part in saving energy and cutting
emissions. In October 2011, the National Development and Reform Commission
(NDRC) released the Notice on Carrying out the Work about the Carbon Emissions
Trading Pilot Program in China (NDRC Climate Change Dept [2011] No. 2601),
which designates seven Chinese provinces and municipalities (incl. Guangdong
Province) to take the lead in carrying out the ETS pilot program. Guangdong carbon
market, which is the largest one among the seven pilot carbon markets, was offi-
cially launched on 19 December 2013. Through constant explorations and inno-
vations, and based on steady progress, an open, transparent, well-organized, and
efficiently operated Guangdong carbon market has basically taken shape to take
charge for administration and trading of emissions allowances. During the 12th
Five-Year plan period (2011–2015), Guangdong had cut the CO2 intensity of GDP
by 23.9%, exceeding the nationally restrictive target at 19.5%. By the end of May
2017, Guangdong carbon market had traded around 58.10 million tons of emissions
allowances, holding 35.4% of the total of the 7 markets; earning total revenue at
around 1.42 billion (bln) yuan, accounting for 36.9%. Thus, Guangdong carbon
market was the first one of this type in China that broke the benchmark value at 1
bln yuan.
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Guangdong is a fairly developed province in China, it is characterized by
imbalanced regional economic growth, arduous task for cutting emissions, com-
plete variety of industrial sectors and diversified emitters, which imply that
Guangdong ETS design and operating experiences are worth of imitation and
promotion, even its institutional layout and administrative accountability may
inspire the building of a national carbon market. In a word, an all-round analysis
of the seven pilot carbon markets, particularly Guangdong, will be of far-reaching
significance for China’s emissions reduction undertaking. At the time, when the
pilot carbon markets are about to dock with the unified national carbon market,
Guangzhou Institute of Energy Conversion (GIEC)—subsidiary to Chinese
Academy of Sciences (CAS)—deliberately reviews and evaluates Guangdong ETS,
decomposes the regime into several factors for revealing their designs, and for
introducing the supporting policies behind the designing process. Filled with rich
content, detailed cases and complete data, this book is able to transmit the
ETS-related knowledge to the institutions, organizations, government officials,
researchers, or corporate managers that are interested in carbon trading, or used as a
textbook for training the talents in China carbon market.

Beijing, China
July 2018

He Jiankun
Vice Chairman of China’s National
Expert Panel on Climate Change,

Former Executive Vice President of
Tsinghua University
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Preface

Addressing Climate change is today’s common challenge in front of the mankind.
In joining the global endeavor in mitigating climate risks, China helped concluding
and enforcing the Paris Agreement, and delivered its Intended Nationally
Determined Contributions (INDCs) to the UNFCCC1 Secretariat in 2015, com-
mitting to form a national unified carbon Emissions Trading Scheme (ETS) steadily
based on the pilots ETS programs, which is a crucial step in fulfilling its INDCs
targets.

China launched the program of pilot ETS mechanism2 in 2011, marking an
official start of the nation’s carbon market construction campaign. Guangdong
Province—one of the two pilot provinces—opened its carbon market in 2013. To
date, it has fulfilled three compliance periods with 100% of compliance rate for 2
years in a row, realizing smooth market performance and remarkable emissions
cutbacks. As of 2016 end, Guangdong spot carbon market has traded 47.35 million
tons (Mt) of emissions allowances, earning total turnover of 1261 million
(mln) yuan, thus rising to China’s largest and the world third largest carbon market.
More than 70% of Guangdong-based covered enterprises lowered carbon intensity,3

marking a prominent contribution in overfulfilling Guangdong’s emissions reduc-
tion target, and in advancing industry transformation and upgrading during the 12th
Five-Year-Plan period (2011–2015). Being China’s first operated pilot carbon
market at the provincial level, Guangdong has made several pioneering explorations
by incorporating its characteristics, e.g., setting up a total allowances administration
system under the emissions reduction target; managing the allowances to covered
enterprises and new entrants in a separate manner; emissions from covered enter-
prises are under hierarchic (provincial/municipal level) administration; and inte-
grating free allowances allocation with paid allocation. As a “pace setter, foregoer

1United Nations Framework Convention on Climate Change.
2 In October 2011, the National Development and Reform Commission (NDRC) released the
Notice on Carrying out the Work of Carbon Emissions Trading Pilot Program in China (No.2601
[2011]).
3“Carbon intensity” refers to carbon dioxide emissions per unit of GDP.
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and tester,” Guangdong ETS fully exhibits the characteristics of a provincial ETS in
both framework and administration hierarchy.

In light of its carbon market construction agenda, a China-wide emissions
trading scheme is about to be launched in 2017. However, unlike the seven pilot
carbon markets, most of China’s provinces and cities have little experience in this
regard. They shall at first resolve several urgent questions before making such an
attempt. For example, what are the interrelations between all elements under the
ETS? What are the foremost questions under the framework of nationwide ETS?
How to assess the ETS mechanism design? Guangzhou Institute of Energy
Conversion, Chinese Academy of Sciences (GIEC, CAS)—is a leading think tank
for building Guangdong ETS, sponsored by Guangdong ETS Pilot Program of
China Clean Development Mechanism Fund (CDMFUND), Guangdong ETS
Impact Assessment of UK Strategic Prosperity Fund (SPF), and Special Funds for
Low-carbon Development of Guangdong Province. Under the guidance and elab-
orate organization of the NDRC and Guangdong Provincial Development and
Reform Commission (GD DRC), GIEC joined in the formation of Guangdong ETS
at the outset. It is deeply impressed that the ETS design is a fairly practical and
systematic project. It involves multiple links as forming a management framework,
defining covered enterprises, establishing emissions reduction targets and carbon
offset rules, setting a cap on total allowances, determining allowances allocation
methodologies, putting in place of a registration system, and guarding against
market risks. Each link is separate but closely interacted. Therefore, a scientific
analysis and assessment of each link and their effect is indispensable before an ETS
is officially launched.

This book is an outgrowth of the joint efforts of GIEC’s Energy Strategy
Research Center and Non-carbon Energy Research Center. In this book, the authors
share their thorough understanding of Guangdong ETS, exchanges with other pilot
areas and new thoughts that were inspired by their peers. They break down the
entire Guangdong ETS pilot program, dissect the macropolicies into the ideas for
designing each link, and unfold the theoretical research process behind
policy-making. Such an in-depth analysis will enlighten other provinces/cities that
are interested in ETS, and promote smooth construction of a national uniform
carbon market. We hereby send our gratitude to GD DRC’s Department of
Addressing Climate Change for their trust and support. Our thanks also go to other
research institutions that have been working with us in building Guangdong ETS.

Guangzhou, China Daiqing Zhao
December 2016
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Abstract

Deconstruction and Assessment of Guangdong Pilot Emissions Trading Scheme is a
rich fruit of researchers’ 5-year efforts in document compilation, surveys and
studies, data analysis, consultations and discussions, and practical work in carrying
out the pilot program. It covers all crucial factors that shall be considered for
forming an ETS, ideas for designing each link, potential problems and difficulties as
well as solutions. In addition, this book offers a quantitative assessment of
Guangdong ETS from its operational efficiency, macro-and micro-influences, and
draws some conclusions and inspirations that will benefit the formation of a
nationwide ETS. Some relevant policies about Guangdong ETS are attached in the
appendix for readers’ reference.

This book consists of four parts: Part I introduces the global experiences in
constructing carbon market, and analyzes the characteristics of Guangdong energy
consumption and carbon emissions, in an aim to clarify the background for initi-
ating ETS in the province. Part II elaborates on the formation and operation of
Guangdong ETS and interprets the crucial elements during the pilot period (2011–
2015), e.g., defining covered enterprises, calculating total allowances, developing
allocation plans, designing the MRV4 regime, and evaluating carbon market per-
formance. In Part III, the authors use ICAP/CGE-GD and DEA models5 to assess
the macro- and micro-impact of Guangdong ETS, and find out that it lowers
emissions reduction cost remarkably, but not efficient enough. Moreover, we also
noticed that all elements involved in the ETS are closely interrelated, implying that
when judging the input of an element is appropriate or not, we should take account
of the input of other elements, instead of a cross-wise comparison of this single
element or have it normalized. There is also an analysis of the factors that affect the
ETS administration efficiency, including the regulated emissions quantity, total

4MRV: Monitoring, Reporting, and Verification.
5 ICAP: International Carbon Action Partnership; CGE: Computable General Equilibrium; DEA:
Data Envelopment Analysis.
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amount of allowances, companies’ profitability, and potentials in emissions cut-
backs. Part IV (appendix) introduces the key policies that are unleashed while
Guangdong ETS pilot program is implemented. They are listed in a chronological
order for readers’ convenience.
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Chapter 1
Introduction

1.1 Introduction

In light of the directives of the 18th National Congress of the Communist Party of
China (CPC) and the Third Plenary Session of the 18th Central Committee of the
CPC, China shall vigorously press ahead with the construction of ecological civi-
lization, let market play a decisive role in resource allocation, and actively carry out
the pilot program for the carbon emissions trading scheme (ETS). In 2011, the
National Development and Reform Commission (NDRC) released the Notice on
Carrying out the Work of Carbon Emissions Trading Pilot Program in China
(No. 2601 [2011]), which designates seven municipalities/provinces1 to build an
ETS that accords with China’s special situations. After more than 2 years’ of
preparation, Guangdong ETS officially came online on December 19, 2013, and
became the first one that had run through the entire operational process by July 15,
2014, including companies’ emissions reporting, verification, allowances allocation
and auction, and companies’ compliance. As of December 1, 2015, China
(Guangzhou) Emissions Exchange—an allowances bidding platform—had traded
about 23.20 Mt of allowance—accounting for about 35.7% of the total trading
volume of all pilot areas; and its accumulated revenue of 960 mln yuan held about
43.3% of the total revenue of all pilot areas, highlighting its position as the largest
carbon market in China.

Guangdong carbon market has been so far operating smoothly. Local companies
have learned more about the ETS and accepted this new environment governance
mechanism. The covered enterprises are fairly observant, over 80% of them have
achieved emissions cutbacks. Guangdong ETS has made several new break-
throughs, e.g., by following the principle of openness and transparency, it is the first
one that made public the targets for setting a cap on total allowances; the aggregate
allowances trading volume and revenue on the primary and secondary carbon

1The seven pilot areas are made up of the provinces of Guangdong and Hubei, and the munici-
palities of Beijing, Tianjin, Shanghai, Chongqing, and Shenzhen.

© China Environment Publishing Group Co., Ltd. and Springer Nature
Singapore Pte Ltd. 2019
D. Zhao et al., A Brief Overview of China’s ETS Pilots,
https://doi.org/10.1007/978-981-13-1888-7_1
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markets rank the first place among all pilot areas; the entire province has become
highly aware of the importance of emissions reduction; and more and more labor
force has flocked into the low-carbon service sector. Besides, Guangdong took the
lead in exercising allowances auction, drawing new entrants into emissions regu-
lation, creating a carbon fund with the allowances trading revenue, and constantly
innovating carbon finance products.

1.2 Formation Process of Guangdong ETS

Implementation of the ETS pilot program is a long-term endeavor. In light of the
Guangdong Provincial Government Agenda, the ETS pilot program was carried out
in three phases during the 12th Five-Year-Plan period (2011–2015):

Phase 1 (2012): Conduct preliminary researches, develop an implementation plan,
and draw up the measures for allowances administration and transaction.
Phase 2 (2013): Put in place the ETS administration measures and implementation
rules, develop an allowances allocation plan, build an Electronic Information
System (EIS), and finally kick off the online transaction.
Phase 3 (2014–2015): Carry out the transaction activities in an all-round manner,
assess the effect of relevant mechanisms, and plan for the work of emissions trading
during the 13th Five-Year-Plan period (2016–2020).

1.2.1 Landmark Events

• In October 2011, the NDRC released the Notice on Carrying out the Work of
Carbon Emissions Trading Pilot Program in China (No. 2601 [2011] NDRC
Climate Change Department), which designates Guangdong and Hubei pro-
vinces and five municipalities to join in such pilot program.

• In May 2012, in order to absorb the ETS experiences both home and abroad,
Guangdong competent departments, research institutions, and emissions
exchanges, led by Guangdong Provincial Development and Reform
Commission (GD DRC), visited UK for investigations and study, and then
returned to China to exchange with Shanghai and other pilot areas.

• In August 2012, Zhuhai City of Guangdong hosted a seminar on the carbon
emissions trading pilot program, which was attended by the leaders and experts
from the NDRC Climate Change Department and other pilot areas. On this
occasion, Guangdong introduced its ETS administration measures, the guide-
lines for companies’ emissions verification and relevant provisions to draw
comments and suggestions from other participants.
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• In September 2012, at the opening ceremony of China (Guangzhou) Emissions
Exchange, Guangdong Governor Zhu Xiaodan announced the official launching
of Guangdong ETS pilot program. Xie Zhenhua, Deputy Director of NDRC;
and Xu Shaohua, Executive Vice Governor of Guangdong, respectively,
expressed their expectations for Guangdong ETS in their speeches.

• In June 2013, Xie Zhenhua, Deputy Director of NDRC, arrived at Shenzhen to
preside over a special conference on the ETS pilot program joined by the
representatives from all pilot areas. Xu Shaohua, Executive Vice Governor of
Guangdong, pledged to kick off the emissions allowances trading by the end of
the year.

• In July 2013, the Legal Affairs Office of Guangdong Government began to
solicit public opinions for Guangdong Carbon Emissions Allowances
Administration and Transaction Measures.

• In September 2013, the Guangdong Government held a special conference. Xu
Shaohua, Executive Vice Governor, presided over a joint session on low-carbon
emissions, where he listened to the report from GD DRC on the implementation
progress of the Guangdong ETS pilot program.

• In November 2013, GD DRC released the Notice on Carrying out the Work for
Guangdong First Emissions Allowance Allocation (for trial), and the name lists
of reporting companies and covered enterprises.

• On December 16, 2013, Guangdong held an allowances auction—the first
carbon market did so in China—fulfilling a trading volume of 3 Mt; yet the
application volume on the same day was above 5.07 Mt, marking a shortfall in
allowances supply.

• On December 19, 2013, Guangdong ETS officially came online, with the
first-day trading volume hitting 120,029 tons and a total turnover of around
7.22 mln yuan. The strike price topped at 61 yuan/t and lowered at 60 yuan/t.

• In July 2014—deadline of the 2013 Compliance Period for Guangdong-based
covered enterprises (the first ones under the ETS regulation), the companies’
compliance rate hit high at 98.9%, and the allowances compliance rate was as
even higher at 99.97%.

• In August 2014, GD DRC issued the Allocation Plan of Guangdong’s Carbon
Emissions Allowances in 2014, which makes public the name list of the covered
enterprises and new entrants (including those expanded and rebuilt), and the
allowances’ calculation methodologies for 2014 Compliance Period.

1.2.2 Relevant Policies and Regulations

Since the ETS pilot program was kicked off, Guangdong Government has unlea-
shed a slew of corresponding regulations and rules. As of December 30, 2015, a
total of 11 policy papers were introduced to provide an institutional guarantee for
the smooth operation of the ETS.
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• On September 7, 2012, Guangdong Government released the Notice on The
Implementation Plan for Carrying out the Work for Guangdong Pilot Carbon
Emission Trade Scheme (No. 264 [2012] GD GOV), which presents the
guidelines and objectives for the pilot program, and lays out overall work
arrangement.

• On November 25, 2013, GD DRC issued the Notice on Carrying out the Work
for Guangdong First Emission Allowance Allocation (For Trial)
(No. 3537 [2013] GD DRC RES & ENV), which shows the list of the first batch
of covered enterprises and new companies (including those expanded and
rebuilt).

• On January 15, 2014, the 17th Session of the Standing Committee of the
Twelfth Guangdong People’s Congress adopted the Temporary Measures for
Guangdong Carbon Emission Management (No. 197 GD GOV), which was put
into effect since March 1, 2014.

• On February 28, 2014, GD DRC issued the Notice on Carrying out the Work for
Emission Reporting and Verification of Companies in 2013 (No. 573 [2014]
GD DRC RES & 1ENV), which made public the first batch of reporting
companies and covered enterprises.

• On March 18, GD DRC issued the Notice on the Provisions for Emission
Reporting and Verification of Companies (For Trial), the official Provisions for
Emission Reporting and Verification of Companies (For Trial), and the
Emission Reporting Guidelines for Companies (For Trial).

• On March 20, 2014, GD DRC issued the Guangdong Carbon Emission
Allowance Management and Implementation Rules (For Trial), which clearly
provides for allowance allocation, final settlement, and transaction.

• On June 9, 2014, GD DRC issued the Notice on Urging covered enterprises to
Pay off Their Emission Allowances in 2013, which asked all these companies to
register in Guangdong ETS and submit their allowance application and pay off
the fees before July 15, 2014. GD DRC also released the Adjustment Program
for Emission Allowance Allocation in 2013.

• On August 18, 2014, GD DRC issued the Notice on the Implementation
Program for Guangdong Emission Allowance Allocation in 2014. In order to
cope with changing economic situations and production fluctuations of enter-
prises, GD DRC decided to adjust 2014 allowance allocation by consulting with
the assessment report of Allowance Allocation Assessment Panel, listening to
the feedbacks from covered enterprises, and borrowing the experiences from
both domestic and foreign carbon markets.

• On September 5, 2014, Guangdong Government made public the list of the first
batch of recommended emission verification institutions, in light of the
Temporary Measures for Guangdong Carbon Emission Management
(No. 197 GD GOV), and through expert review and comprehensive assessment.

• On September 18, 2014, with the authorization of GD DRC, Guangzhou Carbon
Emissions Exchange decided to launch the first allowance auction on September
26, 2014; the total allowances would be 2 Mt, in light of the Temporary
Measures for Guangdong Carbon Emission Management (No. 197 GD GOV),
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and Guangdong Carbon Emission Allowance Allocation Program in 2014
(No. 495 [2014] of the Climate Change Department of NDRC).

• On July 13, 2015, GD DRC issued the Notice on Guangdong Carbon Emission
Allowance Allocation Program in 2015.

1.3 Experiences and Effects of Guangdong ETS

Guangdong is a leading developed province in China and also an epitome of the
Chinese economic society, because of its unbalanced local economic growth, an
arduous task for cutting carbon emissions and a complete industrial structure. In
other words, the problems that Guangdong encounters in designing and operating
an ETS shall be considered and resolved when building a nationwide ETS.
Therefore, Guangdong will be a precursor for a nationwide ETS, with distinct
values hardly outpaced by those pilot municipalities. Moreover, being one of the
two provinces joining in the pilot program, Guangdong will set an example for
other developed provinces. In short, a summarization of Guangdong’s experiences
in ETS design and operation is not only favorable for the province to refine
management and trading of emission allowances, but also of far-reaching impact on
forging ahead with a nationwide ETS.

(1) Building a clear-cut and forceful organizational structure, and constantly
improving legislations.

Guangdong Provincial Committee of CPC and Government attach high attention
to building an ETS. The low-carbon leading group, which is directly under the
guidance of the Governor, maps out a general plan for carrying out the pilot
program; while the Division of Climate Change of GD DRC takes charge of ETS
design and operation. In order to smoothly carry out this initiative pilot program,
GD DRC rallies intelligent sources from multiple academic sectors. It successively
set up the ETS Research and Design Group, Allowance Management and Trading
Workshop, and Allowance Allocation Assessment Panel. These entities contribute
their ideas and thoughts in public policy management, jurisprudence, economics,
environmental science, financial studies, statistics, and system software R&D.
Thanks to these efforts, Guangdong has formed a working mechanism that enables
all stakeholders, e.g., decision-making organs, research institutions, industry
associations, and covered enterprises, to join in the formation of ETS, which has
ensured a scientific, rational, and practical ETS design.

With regard to supporting laws and regulations, the Guangdong Government has
come out with a slew of regulations and rules on the ETS, so as to create a solid
legal basis for carrying out this pilot program. In January 2014, the Guangdong
Government issued the Temporary Measures for Guangdong Carbon Emission
Management (For Trial), which serves as a guideline for building the ETS. On this
basis, GD DRC issued the Guangdong Carbon Emission Allowance Management
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and Implementation Rules (For Trial), and the Implementation Rules for
Guangdong Corporate Emission Reporting and Verification of (For Trial), and
released the emission reporting guidelines and verification specifications. Such
regulations, together with the earlier rules on emission trading, have constituted an
initial legal framework for ETS that is scientific, standardized, and carrying the
characteristics of Guangdong.

(2) Maintaining exchanges and cooperation during the entire formation process of
Guangdong ETS.

During the preliminary stage of ETS research and design, we were committed to
learning the fundamental theories and global experiences. In addition to desk
research, we visited EU, US, Japan, and Australia to learn from the front-line ETS
experts and policy-makers. By following the global “cap-and-trade” principle, and
considering the characteristics of Guangdong socio-economy and emission struc-
ture, we able to start the “top-down design” of Guangdong ETS.

While the ETS is being operated, we have been open to exchanges with the
relevant research institutions, companies, and global experts, following the global
carbon market trends, borrowing the strengths of foreign carbon markets to make up
for our weaknesses and mitigate market risks. We have been closely watching the
ETS operation so as to make the timely adjustment; interacting with other domestic
carbon markets, and studying a scheme for linking Guangdong with other carbon
markets. Our experts have maintained regular contacts with their counterparts in EU
and UK, and held discussions with the experts of London School of Economics and
Political Science (LSE) on effective assessment and policy adjustment.

Guangdong ETS is expected to be open and transparent from design to opera-
tion, and exhibit its global impact during interactions with the carbon markets both
home and abroad. At the governmental level, the Guangdong Government con-
ducted in-depth exchanges with the House of Commons Environmental Audit
Committee and California Carbon Office on the implementation effects of policies.
At the nongovernmental level, Guangdong Low-Carbon Economy Promotion
Association (GD LCPA), joined by International Emission Trading Association
(IETA), successively invited foreign low-carbon technology suppliers, emission
reduction consulting firms, and allowance buyers to attend the exchange meetings
with their partners in Guangdong. At the corporate level, several multinational
enterprises, e.g., British Petroleum (BP) and London Office of China National
Petroleum Corporation (CNPC), decided to join in Guangdong ETS, which has
aroused the interest of the Chinese companies to devote themselves into the carbon
market; KPMG and VERCO have made massive work in bringing forth carbon
asset management strategy and enhancing low-carbon competitively of companies.

(3) Defining a scope of coverage in a scientific manner, and coordinating the
relation between the cost and effect of emission reduction.

ETS construction involves seven components, i.e., the scope of coverage, targets
for total emissions, allowance allocation rules, trading management, relevant laws,
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MRV regulations, and links with other carbon markets. Among them, the scope of
coverage is the fundamental component, since it determines the variety and quantity
of covered enterprises and the total trading volume and allowance allocation
approach, which will ultimately affect the ETS operational efficiency.

Guangdong ETS design group, in reference to the characteristics and require-
ments of carbon trading, and taking account of Guangdong carbon emission
structure, economic plan, emission reduction targets, potentials for emission, cost
for emission reduction, and data availability, built a “Selection and Assessment
Model for Industrial Sectors” to define and assess the key industrial sectors to join
in the ETS. Through calculation with this model, four industrial sectors of
Guangdong were finally selected, i.e., electricity, cement, petrochemicals, and steel.
In these sectors, there are 198 covered enterprises with annual carbon emissions
exceeding 20,000 tons. These companies have large emissions, low-carbon leakage,
accessible data, simple technologies (favorable for allowance allocation and veri-
fication), and great potentials for emission reduction. Their combined emissions
account for around 50% of Guangdong’s total emissions, indicating that their
involvement in the ETS will help Guangdong fulfill its targets for emission
reduction during the “12th Five-Year-Plan” Period. Moreover, thanks to less variety
and quantity of covered enterprises, and lower expenses on technology and man-
agement, Guangdong ETS shows more advantages in operation efficiency, man-
agement, and technology costs than other pilot areas.

(4) Initiating a total allowance management system under the prerequisite for
lowering carbon intensity, and exercising separate carbon budget management
and accounting for old and new covered enterprises, which have resulted in
remarkable emission reduction.

In light of China’s overall GHG emission targets, Guangdong’s development
plan for key industries and target for controlling total energy consumption,
Guangdong has conscientiously carried out the “cap-and-trade” mechanism by
transforming the target for lowering carbon intensity into the upper limit of
allowances, indicating that it has adopted the common systems in global carbon
markets, and has the technical strength to link with other markets.

Guangdong is now at the stage of economic transition, so it is obliged to opti-
mize the existing industrial sectors, foster growth of new productivity, and stabilize
socioeconomic development. Based on the “cap-and-trade” mechanism,
Guangdong initiated the separate emission accounting system for both old and new
covered enterprises, established the basic principles for lowering the emissions of
old companies, and strictly controlling the emissions of new companies, so as to
ensure orderly management of provincial carbon emissions while sustaining eco-
nomic growth.

Based on the “cap-and-trade” mechanism, the covered enterprises—holding
about 60% of Guangdong’s total emissions—have achieved significant results in
cutting emissions by means of technical transformation and building internal energy
management system. In 2013, the old covered enterprises in electric and
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petrochemical sectors lowered absolute emissions, i.e., their emissions fell 5–7%
from 2012. All covered enterprises saw their emissions of per unit production drop
by 2–10%, marking a great contribution in fulfilling Guangdong’s target for low-
ering carbon intensity.

(5) Lowering social cost for emission reduction and helping Guangdong transit to
a low-carbon economy.

A multi-tier carbon market system has initially taken shape in Guangdong. It
covers an allowance trading market and a verified VER market that both serve
productive enterprises, a Carbon Inclusive System that benefits residents, as well as
a linking mechanism between markets. Under such a multi-tier framework, covered
enterprises are able to purchase allowances or a certain proportion of verified VER
volume to offset their emissions, which helps covered enterprises lower cost for
cutting emissions, and stimulates noncompliance companies to join in emission
reduction. Under the Carbon Inclusive System, the individuals that have extrava-
gant carbon consumption shall bear some cost for environmental governance, while
those that insist on green consumption and environmental protection will be
rewarded.

In retrospect to the years’ socioeconomic developments of Guangdong, GIEC
built a CGE Model that reflects the dynamic characteristics of the industrial
structure and energy consumption structure of 33 sectors. They used this model to
simulate Guangdong energy consumption and carbon emissions by 2020, and
quantitatively assess the implications of ETS on the provincial socio-economy, cost
of emission reduction, carbon price, and employment, and has come to the fol-
lowing conclusions: First, ETS is able to cut Guangdong total CO2 emissions. By
2020, Guangdong emissions are predicted to reach 690 Mt, lower by 30–60 Mt
than base scenario; it will be enough to fulfill the target for lowering carbon
intensity by 45% at that time, as long as GDP growth remains at 7.5% (per capita
GDP and carbon emissions in 2020 will increase four times and two times,
respectively, from 2005). Second, owing to the cap on total emissions and the
emission constraints on industrial sectors, Guangdong GDP growth may drop 1.23–
1.58% by 2020. However, if the four sectors could join in the ETS, the lower cost
for emission reduction will mitigate the GDP loss by 0.10%, i.e., to save the
economic loss of 9 billion yuan, which will, in turn, greatly improve social welfare
system. Third, the cap on emissions somewhat impacts the employment in the
energy-intensive sectors, but creates new job opportunities on the whole, especially
in the tertiary industry. The government shall, by means of increasing vocational
education and training, help divert the labor force into the tertiary industry and
service sector, which will mitigate the adverse impact on manufacturing and social
stability.

The analysis of the macroeconomic implications of ETS with the CGE Model is
from the perspective of the balanced economic system, and on account of the
assumptions of full market competition, equilibrium carbon price based on market
transparency, and full exploitation of reduction potentials. However, these
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assumptions may somewhat vary from the actual situations in Guangdong carbon
market, indicating that the simulation results will have some ambiguities.

(6) Playing a significant role in expediting the elimination of backward production
capacity and promoting industry transition and upgrading.

In addition to achieving cost-effective emission reduction, ETS shall be able to
promote and guide the fulfillment of socioeconomic targets. This flexible carbon
trading mechanism shall integrate industry transition and upgrading with emission
reduction, in an aim to gradually raise Guangdong’s energy-use efficiency, lower its
total emissions, and upgrade its industrial structure and energy consumption
structure. Guangdong ETS adopts different allowance allocation approaches for
different industries. A set of strict allocation criteria encourages the companies with
high emissions of per unit production to turn to high-tech and low-emission tech-
nologies and energy-saving equipment. As for the enterprises that are blacklisted by
national and provincial departments for their outdated capacity, they have been
pacing up the voluntary elimination of backward capacity or industry transferring
driven by the ETS constraints and profits from allowance trading, which will
quicken the readjustment of Guangdong industrial layout, and balance regional
economic development.

(7) Bolstering the development of low-carbon service sector and increasing job
opportunities in this regard, greatly enhancing the ability and awareness of
companies for controlling emissions.

After the ETS was launched, Guangdong has seen increasing demand for
carbon-related organizational management, operational maintenance, third-party
service, trading finance and publicity, which has given rise to a low-carbon service
sector constituted by emission consulting firms, carbon asset management institu-
tions, and exchange intermediaries. In 2013, Guangdong established 16 institutions
for carbon emission verification, which hire almost 100 inspectors. If the consulting
and service staff members in low-carbon service sector were counted in, then
Guangdong ETS has directly created about 20,000 jobs. Besides, an analysis based
on CGE Model shows that Guangdong carbon market will increase additional
40,000–50,000 jobs by 2020. Along with the continuous development of ETS,
carbon trading will play a more significant role in industry transition and job
creation.

Upon launching the ETS, how to use emission allowances efficiently has become
one of the factors that affect corporate decision-making. Currently, the companies
that have poured funds for technical upgrading and transformation are incorporating
the profit from emission reduction into their return on investment (ROI). Several
Chinese major groups, e.g., Guangdong Yudean Group and China Resources Power
Holdings Co., Ltd. (“CR Power”), attach great attention to carbon budget and
emission management, and they have come up with the group-wide carbon asset
management rules.

1.3 Experiences and Effects of Guangdong ETS 9



(8) Guangdong ETS is receiving attention from domestic and overseas carbon
markets.

Guangdong carbon market features large capacity, extensive coverage, and
diverse allocation patterns. It is the first one to create an allowance auction in China.
Such characteristics have made Guangdong one of the most influential carbon
markets both home and abroad. The international media have been closely watching
the Guangdong carbon market. Reuters complimented Guangdong competent
departments as “brave in transition and daring to be the first” for its boldness in
borrowing experiences from mature carbon markets, initiating allowance auction in
China, motivating companies to pay for emission allowances, and adding new
companies into allowance management (their operation relies on allocation pur-
chase). Guangdong carbon market has risen to the world’s second largest emission
allowance market. In addition, Point Carbon spoke highly of Guangdong ETS for
its transparency and data publicity, believing that it is a correct step toward building
an open, just, and fair carbon market. IETA also expressed interest in Guangdong
carbon market, it co-sponsored two seminars in Guangdong with GD LCPA, in an
aim to encourage companies to learn from mature carbon markets in carbon asset
management, and help Guangdong-based covered enterprises to actively deal with
carbon trading.

In addition, the EU Commission, the UK Parliament and California Air
Resources Board (CARB) also maintain regular policy exchanges and dialogue
with Guangdong to discuss on the possibility of cooperation. The US Energy
Foundation (EF), the UK Global Opportunities Fund (GOF) and other international
funds show expectation for Guangdong carbon market; they have covered
Guangdong ETS into one of their key funding projects to support Guangdong
research institutions and their global counterparts to work together in frontier
research about carbon trading.
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Chapter 2
Global ETS Operation and Their Merits
and Demerits

Since the Kyoto Protocol (KP) was signed in 1997, all parties to the KP have been
actively exploring the path to transit to a low-carbon economy, and using market
mechanism to cut Greenhouse Gas (GHG) emissions and save the cost for emission
reduction. On January 1, 2005, European Union Emission Trading Scheme (EUETS)
was launched, which was followed by Regional Greenhouse Gas Initiative (RGGI),
Midwestern Greenhouse Gas Reduction Accord (MGGRA),Western Climate Action
Initiative (WCI), and California Cap-and-Trade. Australia achieved significant
reduction results from the fixed-carbon emission reduction system. New Zealand
Emission Trading Scheme (NZ ETS) has included agriculture, fishery, and forestry
into governance, since agriculture is the country’s pillar industry. Japan started VER
since 1997 and has formed a cap-and-trade system at the municipal level.

In addition to the contracting parties to the UNFCCC (see Annex I), some
non-contracting parties also pledged to join in this emission reduction campaign.
For example, China defined seven provinces and municipalities to carry out the
ETS pilot program, and then announced at the Paris Climate Conference in 2015
(COP21) to launch the nationwide carbon market in around 2017. Mexico set the
targets and specific measures for emission reduction by 2020. South Korea started
exercising the ETS since 2015. India has been making efforts in developing
renewables and a market-oriented energy mechanism.

2.1 Construction and Operation of Global ETS

2.1.1 EU ETS

EU has all along been an initiator and forerunner in responding to climate change.
From 1992 to 2008, the UK had promulgated 73 policies to deal with the challenges
posed by climate change, and has achieved significant results [1]. After the KP took
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effective since 2005, EU launched the ETS—the largest GHG emission trading
system in the world, for the purpose of helping member countries lower emission
reduction cost. To date, EU ETS has been in operation for almost 10 years, and
passed through the preliminary phase (2005–2007) of “learning-by-doing” and the
interim phase (2008–2012) that is filled with drastic market fluctuations; it is now at
the third phase (2013–2020) which is considered as a “post-KP period” that features
adjustment of both market and institutions. The development of EU ETS is a
process of sparse allowance management transfer to unified management and also a
gradual improvement of the carbon market.

EU ETS, a strategic policy to cope with climate change, covered 50% of EU
CO2 emissions when launched. It scoped over 11,500 fixed emission installations
from electricity generators, heat and steam production, mineral oil refineries, coke
ovens, ferrous metals production and processing, cement, lime glass, bricks and
ceramics, pulp and paper of 28 member countries. Six types of GHGs were emitted
from these sectors (CO2, CH4, N2O, HFCs, PFCs, and SF6) were covered [2]. From
2010, more than 4000 aviation operators were also scoped into EU ETS. The scope
of EU ETS in Phase 3 has further extended to chemical, synthetic ammonia,
nonferrous melting, and aluminum sectors. PFCs arising from electrolytic alu-
minum, and N2O arising from chemistry, ammonia, aluminum, nitric acid, adipic
acid, and glyoxylic acid were covered.

(1) Emission reduction targets

EU ETS set three phases to reach its emission targets. Phase 1 (2005–2007): to
fulfill 45% of EU commitment target under KP. Phase 2 (2008–2012): each EU
member state cuts average 6.5% emissions based on 2005 level. The total target of
these two phases is in accord with the target of KP’s first commitment period
(2008–2012), which is by 2012, the total emissions of 15 European countries will
decrease 8% compared to the emission level of 1990. In Phase 3 (2012–2020), EU
emission reduction target will be formulated according to European “20/20/20”
targets1; i.e., by 2020, European GHG emissions will be cut 20% based on 1990
level. In 2014, The European Council approved a more stringent emission reduction
target for 2030, that: abatement of GHG emissions shall reach to at least 40% from
1990 level. In light of the overall emission reduction targets, EU ETS allowances
allocated in the three phases will decrease gradually, i.e., Phase 1 preserves
2299 Mt CO2e/a; Phase 2 preserves 2081 Mt CO2e/a; Phase 3 cuts preserved
allowances by 1.74% annually; and Phase 4 cuts preserved allowances by 2.2%
annually.

1By 2020, European GHG emissions will decrease by 20% based on 1990 level; the share of
renewables in European total energy consumption will to 20%; European energy-use efficiency
will rise by 20%.
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(2) Allowance allocation scheme

The allowance allocation of EU ETS in Phases 1 and 2 was based on National
Allocation Plan (NAP). European Commission allocated allowances to each
member country based on their reported historical CO2 emissions, such allocation
approach is called “Grandfathering”. In Phase 1, 95% of the allowances were
allocated for free, and each member country was allowed to purchase no more than
5% of allowances through auction. In Phase 3, European Commission canceled
NAP, but adopted “Benchmarking”, which means there was a benchmark for
allocation based on CO2 emissions per unit of production in different industrial
sectors and production activities; the proportion of free allocation was gradually
lowered, while the proportion of allocation auction would be increased.

(3) Flexible mechanisms

The surplus allowances in Phase 1 could be banked or Phase 2, with an aim to
encourage emitters to cut more emissions according to their actual emission volume
and allowance price, and maintain vigor and continuity of the secondary allowance
market.

(4) Compliance

EU ETS imposes penalty on non-compliance companies. In Phase 1, one ton of
excessive emission will be fined €40/CO2e. In Phase 2, one ton of excessive
emission will be fined €100/CO2e. In Phase 3, the amount of fine will increase
along with the European Consumer Price Index (CPI). The compliance ratio in
2005–2009 was above 98% and reached 100% in 2006–2008.

(5) Carbon market performance

EU carbon market has been developing rapidly. In 2010, the trading volumes in
the EU carbon market accounted for 84% of the global total trading. EU carbon
market is the largest market of this type to date. By 2012, the allowances traded in
the EU carbon market reached 7.9 billion CO2e, which was 17 times more than that
in 2006. See Fig. 2.1 [3].

(6) Effectiveness assessment

In Phases 1 and 2, EU allocated all 3 years’ allowances for free. Allowances
were based on historical emissions of member countries without considering the
impact of economic fluctuations, and lack of allowance assessment and an
adjustment mechanism. In 2008 when a global financial crisis broke out, the
European industrial activities fell into a downturn, decreasing carbon emissions
resulted in massive surplus allowances. Moreover, a large quantity of low-price
carbon offset credits was used for commitment, which exacerbated allowance
excess, and pulled down allowance prices further. At the end of Phase 2, the total
allowances surplus of European companies were about 2100 Mt CO2e, which
equaled to an annual allowance volume of EU ETS, thus causing the allowance
price to plunge again after a 2-year stable implement.
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In face of massive surplus allowances and gloomy market, EU was forced to
reform the allowance allocation in Phase 3. First, EU adopted a unified allowance
calculation to prevent unequal allocation among member countries. In order to
reduce allowance inventory and cancel the “windfall profit” of the electricity sector,
all of the allowances allocated to the electricity sector was subject to auction. In
contrast, the industrial sectors facing international competition were receiving free
allowances to safeguard their competitiveness and to prevent carbon leakage. For
example, 85% of the allowances given to aviation operators were free of charge.
However, the ratio of free allowances will decrease year on year, i.e., from 80% in
2013 to 30% in 2020 [4]. Second, EU postponed allowance auction. The
900 Mt CO2e of allowances in Phase 3 are preserved for auction in 2019–2020,
which, in turn, cuts the allowance auction in 2014, 2015, and 2016 by 400, 300, and
200 Mt, respectively. Consequently, the ratio of allowance auction has been
increasing after entering Phase 3: exceeding 50% in 2013, reaching 70% in 2020,
and 100% in 2027 [5]. Third, only the emissions based on Certification Emissions
Reduction (CER)—from either the least developed countries or any country that has
signed a bilateral agreement with EU—are accepted for compliance [6]. Last, EU
plans to introduce an allowance reserve mechanism since 2018 for market stable to
resolve excessive allowance allocation in the long run. Meanwhile, while consid-
ering the allowance supply and demand, EU will adjust the volume of allowance
auction to regulate the supply–demand pattern, and strengthen the capacity of
EU ETS to resist market impact [7].

(7) Carbon Market Linkage

A global common mechanism for tackling climate change through negotiations
is a long-term task, but EU has been attempting to link and cooperate with
worldwide carbon markets, and help different countries establish the
“cap-and-trade” system. EU believes that the market linkage shall meet the fol-
lowing conditions:

Fig. 2.1 EU ETS Phase 1 and Phase 2 Allowance Trading Volume (bln CO2). Source “Evolution
of the European carbon market”, EU Emission Trading System, EU Action, Climate Action,
European Commission official website. https://ec.europa.eu/clima/policies/ets/pre2013_en
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• Compatibility. Different trading systems shall have the same operational envi-
ronment, e.g., 1 ton of CO2 shall have the same equivalent value within different
systems;

• Equivalent policy imperative;
• There is a cap on total emissions for each ETS scheme.

In light of the above requirements, EU and Australia used to negotiate on linking
their ETS, but failed to reach any consensus, as Australia repealed its ETS in 2014
[8].

In order to encourage the development of global carbon market, at the time that
the Paris Climate Conference was about to reach a new global climate change
agreement, EU expects to define the rules for the international carbon market. EU
holds that a new global carbon market mechanism shall be built, which is similar to
the KP-based Clean Development Mechanism (CDM) and Joint Implementation
(JI), in an aim to deepen international collaboration in emission reduction.

2.1.2 ETS in North America

Before the book was finalized, the US has not yet developed a nationwide
cap-and-trade program, but several states have made their first move. Certain
regional cap-and-trade programs, particularly the Regional Greenhouse Gas
Initiative, Midwest Greenhouse Gas Reduction Accord, and Western Climate
Initiative and California Air Resource Board, took shape one after another.

(1) Regional Greenhouse Gas Initiative

The Regional Greenhouse Gas Initiative (RGGI), which was officially launched
in 2009, is the first mandatory market-based program in the US to reduce GHG
emissions. The RGGI is a cooperative effort of nine Northeast and Mid-Atlantic US
states––Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire,
New York, Rhode Island, and Vermont––to regulate and reduce CO2 emissions
from 225 power plants (in operation of 500–600 generator units). For the first
3-year period (2009–2011), the cap for 10 states was 188 Mt. For the second 3-year
period (2012–2014), the cap for the 9 RGGI states (New Jersey dropped out) was
165 Mt per year in 2012 and 2013. A self-assessment in early 2014 revealed that
the reserved allowances were far more excessive than the actual emissions. Based
on this result, several amendments were made to the RGGI Model Rule: the
Emissions Cap in 2014 will be within 91 Mt. The Model Rule language maintains
the original 2.5% per year reduction to the regional RGGI cap for the years 2015
through 2020 [9]. In the meantime, the RGGI will, based on the surplus allowances
in the prior period, preserve a portion of allowances for macro regulation [10].

The RGGI was the world’s first cap-and-trade program that allocated all emis-
sions allowances through auctions. Regional auctions are held on a quarterly basis.
They were initially conducted in a single round using sealed-bid or uniform price
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format, and later conducted in multiple rounds using ascending price formats. The
unsold allowances in each auction will be transferred to the next auction. When
entering into a new period, the RGGI will evaluate the current allowances’ supply
and demand, actual emissions and compliance performance of covered enterprises,
and then decide to either revoke the undistributed allowances or transfer them for
auction in the coming period. The first upset price in the 2009 auctions was set as
$1.86/t, which was adjusted up in each auction after 2009 in reference to the CPI
fluctuations. In addition to the upset price, the RGGI will bring in more allowances
and price regulation mechanisms for easing fluctuations of allowances market. In
light of the amended RGGI Model Rule, the unsold allowances left from 2012 and
2013 auctions will not be transferred into new auctions since 2014, and the Cost
Containment Reserve (CCR) was introduced. The CCR would consist of a fixed
quantity of allowances, in addition to the cap, that would be held in reserve, and are
only to be made available for sale if allowance prices were to exceed predefined
price levels.

In terms of complementary mechanisms, the RGGI covered enterprises, in
addition to obtaining allowances through auctions, may purchase offset credits to
deduct their emissions. Offset credits in the following five project categories may be
eligible for use in the RGGI State regulations: (i) Landfill methane capture and
destruction; (ii) Reduction in emissions of sulfur hexafluoride (SF6) in the electric
power sector; (iii) Sequestration of carbon due to the U.S. forest projects (refor-
estation, improved forest management, and avoided conversion) or afforestation
(for CT and NY only); (iv) Reduction or avoidance of CO2 emissions from natural
gas, oil, or propane end-use combustion due to end-use energy efficiency in the
building sector; (v) Avoided methane emissions from agricultural manure man-
agement operations.

All offset projects must be located within one of the RGGI States, or in any other
state that agrees to implement the RGGI emissions reduction criteria; and com-
mencement of these offset projects should be restricted in a certain period. Finally,
the deduction proportion of CO2 offset credits shall tie to the allowance auction
prices [11].

(2) Midwest Greenhouse Gas Reduction Accord

The Midwest Greenhouse Gas Reduction Accord (MGGRA) is a regional
agreement by six governors of states in the US Midwest (Minnesota, Wisconsin,
Illinois, Iowa, Michigan, and Kansas) and the Canadian Province of Manitoba. It
covered electricity generation and imports, industrial process sources, transportation
fuels, and commercial sectors. The Accord envisions cutting GHG emissions 20%
below 2005 levels by 2020, and 80% below 2005 levels by 2050.

The Accord has been inactive to date with allowance allocation not started, yet a
special Advisory Group—constituted by the environmental division, industrial
department and administrative department in all of the signatories to the Accord—
has begun to provide recommendations regarding the implementation of the
Accord. Allowance allocation is to be calculated in a uniform approach, granting
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the reward of allowances to the early starters, as well as taking account of emissions
increase resulting from economic and population growth in any regulated state and
province. Allowance allocation is first subject to an auction and free distribution,
and gradually replaced by complete auction. The Accord allows for offset credits,
which are no more than 20% of the allowance cap. The Accord shall be developed
in a manner that facilitates linkage with other programs like RGGI, WCI, and
EU ETS.

(3) Western Climate Initiative

The Western Climate Initiative (WCI) is a cooperative effort of seven U.S. states
(Oregon, California, Washington, New Mexico, Arizona, Montana, and Utah) and
four Canadian provinces (British Columbia, Manitoba, Ontario, and Quebec). The
states of Alaska, Colorado, Idaho, Kansas, Nevada, and Wyoming participate as
observers, as do the Canadian province of Saskatchewan and the Mexican border
states of Baja California, Chihuahua, Coahuila, Nuevo Leon, Sonora, and
Tamaulipas.

Western Climate Initiative funded a nonprofit corporation in 2011 to provide
administrative and technical services to support the implementation of state and
provincial GHG trading programs.

Beginning in 2012, the initial compliance period , the program will cover 90%
emissions of involved states with an overall emissions reduction objective of
lowering 2020 emissions by 15% from 2005 levels. The scoped sectors include
electricity, including electricity imports; fossil fuel combustion at large sources; and
industrial process emissions. The second compliance period would begin in 2015,
the program would expand to cover the combustion of natural gas and diesel oil at
transportation sector, fossil fuels used for residents, and commerce, as well as other
industrial fuels.

Generally, allowance distribution will be done independently by each WCI
Partner jurisdiction. For the first compliance period, the WCI Partner jurisdictions
will auction a minimum of 10% of the allowance budget, and to increase the
minimum percentage to reach 25% in 2020.

In order to encourage early initiators prior to the start of the program, WCI
considering to issue “Early Reduction Allowances” as a reward to provide incen-
tives for emission reduction. Each Partner will have the discretion to bank allow-
ances to the next phase.

The WCI Partner jurisdiction will limit the use of all offset credits. The pro-
portion would be no more than 49% of the total cap during 2012–2020. Each WCI
Partner jurisdiction will have the discretion to set more stringent rules for
abatement.

Through a review of the WCI operation, it is only California and Quebec that
have implemented the cap-and-trade mechanism (with the former becoming a
separate executor with the “California Air Resource Board”), and jointly organized
allowance auctions. Other states and provinces are yet to publish any substantial
progress in cutting emissions.
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(4) California Air Resource Board

California Air Resource Board (CARB), which was created in 1967 to aggres-
sively address the serious issue of air pollution in the state, saw its role expanded by
the Global Warming Solutions Act of 2006 (Assembly Bill 32 or “AB 32”) to
development and oversight of California’s main GHG reduction programs.

The CARB regulates 85% of California GHG emissions generated from about
600 emitters with annual emissions above 25,000 tons. They are industrial com-
panies; electric power generators, transmitters, and distributors; fuel producers,
suppliers, and importers; residential and commercial natural gas distributors; LPG
producers; producers and suppliers of transportation fuels and biomass fuels.
The CARB regulation also extends to the six KP-restricted GHGs (CO2, CH4, N2O,
HFCS, PFCS, and SF6) and NF3.

California has set the target to roll back carbon emissions to 1990 levels by
2020, marking an emission drop of around 9% from 2005 levels.

Transportation accounts for 37% of GHG emissions in California.
Reducing GHG emissions from this source category is vital in achieving the goals
of AB 32. Understanding this challenge, the state government exercises emission
regulation over the fuel stations that import fuels to California, i.e., to exert pressure
upon the supply end [12]. Besides, with 31% of the state electricity demand sat-
isfied by outbound sources, the CARB has to impose more cost on electricity
importers to curtail GHG emissions.

The CARB involves three phases: in Phase 1 (2013), the total allowances were
98% of the emissions of the covered enterprises in 2012. In Phase 2 (2014), the
allowances dropped 3% from 2013 levels. In Phase 3 (2015–2020), the allowances
will drop 3% year on year from 2013 levels.

The CARB allowance auction is based on a quarterly basis. Free allowances are
granted to the industrial installations that are prone to industry transfer under the
cost pressure from the cap-and-trade mechanism (a latent danger for carbon leak-
age). The amount of free allowances is calculated on basis of carbon intensity
baseline, so the companies with lower carbon intensity will have access to more free
allowances. The baseline is constantly updated in light of the carbon intensity
reported by companies, so as to encourage the low-carbon development of
California-based companies [12]. In contrast, the free allowances granted to elec-
tricity producers and distributors are merely 24% of their total demand for allow-
ances in 2013–2020. For other industries, the percentage of free allowances range
from 30 to 100% in light of their carbon leakage. In the meantime, in order to guard
against drastic price fluctuations in allowance auctions, California sets the upset
price at $10 t/CO2, and reserves 5% of the total allowances for market regulation,
i.e., setting the price for reserved allowances is a means to control price ceiling in
auctions.

California allows offset credits of nonlocal projects to offset the local emissions.
Companies may use the offset credits to meet up to 8% of their compliance obli-
gations. Yet there are also strict rules on the operation time and location of the offset
projects. The Climate Action Reserve (CAR) only approves the offset credits from
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four categories of projects that are about forestation, urban forestry, livestock
breeding, and ozone depletion. The offset credits from the projects in developing
countries may not be above 25% of the total allowances in 2013; and such per-
centage may not be above 50% through 2014–2020. California also accepts the
offsets from the Reducing Emissions from Deforestation and Forest Degradation
(REDD) in developing countries. The offset credits approval based on the CAR
methodology is about 8.70 Mt, which is estimated at 125 Mt in 2013–2020, i.e.,
equal to about 4% of the total emissions during this period.

In terms of the allowance allocation approaches, several US carbon emission
trading mechanisms adopt allowance auction, which takes account of the emissions
reduction cost and actual allowance demand of covered enterprises, and keeps from
excessive allocation. However, the RGGI operation experience shows the Phase 2
allowance allocation was excessive, because of too many allowances placed in the
auction and extensively sold at lower prices. Such experience tells that allowance
allocation, even by means of an auction, shall be adjusted amid economic fluctu-
ations and abiding by strict allocation principles, instead of setting any unrealistic
lower upset prices.

The US initiated SO2 and NOx emissions trading as early as in the 1990s, the
mature experiences therefrom have laid a solid foundation for each state to develop
their own cap-and-trade system. Local governments have been actively playing a
lead role in caring out carbon emissions reduction programs and mapping out
trading rules. Although a nationwide GHG emissions reduction campaign is still in
absence in the US, the regional emissions reduction endeavors have formed a
bottom-up driving force and good example, which will stimulate the promulgation
of a nationwide emissions reduction policy. In contrast to a nationwide carbon
market, regional cap-and-trade mechanisms—though help to fulfill regional emis-
sions reduction targets—have certain limitations since they are separate from each
other, the varied allowance prices and different marginal reduction cost may hold
back effective allowance allocation and lower reduction efficiency [13].

2.1.3 ETS in Australia

Australia carbon emission trading is carried out in several phases, and each phase
takes on different characteristics. Phase 1 (July 2012–July 2015) was actually a
phase featuring fixed pricing, rather than the typical “cap-and-trade”. During this
period, the government sold allowances to covered enterprises at a fixed price. In
Phase 2 (July 2015–July 2018), fixed pricing is replaced by float pricing, and
“cap-and-trade” is truly carried out.

During the fixed-pricing period, the carbon emissions regulated by AU ETS
accounted for two-thirds of Australian total emissions. About 300 covered enter-
prises—each with annual CO2 emissions above 25,000 tons—are mostly dis-
tributed in the sectors of stationary energy, industrial process, volatiles, and waste.
Natural gas retailers are also included, and they are allowed to transfer their
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emissions obligation to large-scale natural gas users based on the “Obligation
Transfer Numbers” (OTN). The Australian government has been levying liquefied
fuel tax upon the users. The large-scale liquefied fuel users may join in the ETS by
means of joining in emissions pricing mechanism or paying for liquefied fuel tax.

During the fixed-pricing period, the Australian government divided the covered
enterprises into three categories based on their carbon intensity (CO2 emissions/
monthly business income), and allocated allowances based on the benchmark of
varies industries. See company categories and their allowances in Table 2.1.

During the float-pricing period, the companies with high-carbon intensity and
cost hard to pass on to end users will continue receiving free allowances, yet the
specific allocation method is yet decided. The paid allowances will be allocated
through auctions.

The fixed price was initially set as A$23 t/CO2, which will go up 2.5% year on
year by taking account of the inflation rate. The Australian government sets a
ceiling price that it should not be higher than global prices by A$20 t/CO2. During
the float-pricing period, the government sets a floor price at A$15 t/CO2 in 2015–
2016 to guard against drastic price fluctuations, such price will rise 4% year on year
afterward.

The Australian government has unveiled a slew of supplementary measures to
ease the adverse impact of the ETS on socioeconomic growth. First, extending
vigorous support to the export-oriented and emissions-intensive industries during
the fixed-pricing phase. Second, supporting electric power sector (including the
clean energy-based power grid), subsidizing to close outmoded power plants, and
allocating free allowances to the large-sized power plants that may be affected.
Moreover, in order to mitigate the impact upon electricity consumers, at least 50%
of the allowances revenue shall be used for subsiding households, and the amount
of subsidy will gradually increase.

In August 2012, Australia and EU announced to link their carbon markets, and
achieve complete bidirectional linkage by 2018. At that time, the Australian
companies may purchase allowances from EU; the Australian government shall
adjust the current carbon pricing policy; calling off the floor price; and updating the
offset rules. The coverage of linkage involves the MRV, market supervision, and
support to the industrial sectors that are prone to be affected by carbon leakage.

Table 2.1 Categories of companies that receive free allowances

Levels of emission
intensity

Intensity Percentage of free
allocation (%)

Compliance companies

� 2000 tCO2e/
mln AUD

High 94.5 Glass, methanol, aluminum smelting

1999–1000 tCO2e/
mln AUD

Medium 66 Lead–zinc, high-purity ethyl alcohol,
polyethylene, urea

� 1000 tCO2e/
mln AUD

Low 0 Aluminium oxide, coal mine, lime,
LNG, gasoline, paper, ethylene
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2.1.4 ETS in Japan

Japan took an early start in carbon emissions reduction action. To date, Japan has
developed diverse GHG emissions reduction programs. After the KP was con-
cluded, Japan—one of the Annex I Parties—sets an overall reduction target to
lower 2012 emissions by 6% from 1990 levels. Japan did not build a cap-and-trade
system, but embarked on voluntary reduction.

(1) Keidanren Voluntary Emissions Action Plan (KVAP)

In 1997, Keidanren—the most important and influential business federation in
Japan—kicked off the Keidanren Voluntary Emissions Action Plan (KVAP), which
regulates massive companies in fields such as manufacturing, energy, transporta-
tion, construction, and foreign trade. The scope of regulation extended from the
preliminary 38 industrial sectors to 50 industry associations, 1 conglomerate, and 7
railroad companies in 2007. Each industrial sector and company defines the
emission reduction and energy saving objectives on their own. The KVAP does not
include allowance allocation and trading, it is a voluntary action initiated by
companies.

Through a self-assessment, Keidanren acknowledged the accomplishments of
the KVAP in lowering carbon emissions and energy intensity and promoting
low-carbon energy use. The covered enterprises are on the way of cutting emis-
sions, and some of them have effectively lowered their emissions from 1990 levels.
Yet, some nonprofit environmental organizations are skeptical about the reduction
effect of the KVAP, because the KP requires the Japanese industrial sectors to cut
the 2008–2012 emissions by 8.3% from 1990 levels, while the KVAP target is to
cut 2008–2012 emissions to 1990 levels, which is far lower than the KP targets.

(2) Japan Verified Emission Trading Scheme (J-VETS)

In 2005, the Japanese Ministry of the Environment launched the Japan Verified
Emissions Trading Scheme (J-VETS) with the jurisdiction over the
small-to-medium sized companies that are not covered by the KVAP. The gov-
ernment encouraged companies to send applications, and then picked out the eli-
gible ones based on their reduction cost proposals. The selected companies would
receive certain subsidies for installing emissions reduction equipment; meanwhile,
they shall bear emissions reduction obligations and fulfill reduction goals through
allowance trading. There were altogether 303 companies joining in this program in
2006–2010, their allowances were allocated after their 2002–2004 annual average
emissions were calculated and verified.

After the J-VETS was carried out, the annual allowance trading was only at
10,000 tons level on average, i.e., 82,624 t/CO2 in 2006, 54,643 t/CO2 in 2007 and
34,227 t/CO2 in 2008. In contrast, the covered enterprises outperformed their
annual reduction targets: they cut 29% of their emissions in 2006 (base year)
despite of the target at 21%; they cut 25% in 2007, higher than the target at 19%;
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they cut 23% in 2008, far above the target at 8.2%. The operation of J-VETS shows
that small companies have great potentials in emissions reduction.

(3) Tokyo Cap-and-Trade Program

In 2010, the Tokyo cap-and-trade program was officially launched, thus
becoming the world first cap-and-trade program designed for commercial operation,
and the first city-level cap-and-trade program. The program regulates about 1100
industrial and commercial installations, whose emissions accounted for about 40%
of Tokyo’s total emission. The main objects of regulation are large installations
with fuel, heat, and electricity consumption of at least 1500 ton annually. The
Tokyo Cap-and-Trade program has extended its emissions reduction target from the
KP objectives: to cut the 2020 emissions by 25% from 2000 levels. This overall
target is to be fulfilled through two phases. In Phase 1 (2010–2014): to cut annual
emissions by 6% from the base year (the average emissions of 3 consecutive years
in 2002–2007). In Phase 2 (2015–2019): to cut annual emissions by 17% from the
base year. In light of the grandfathering principle, the allowances given to the
covered enterprises are calculated based on the emissions in base year and the
compliance factors set by the government (the allowances for two phases are cal-
culated at one time), and allocated to the companies at the start of each compliance
period for free (Fig. 2.2).

According to the annual summary report released by the Bureau of Environment
of Tokyo, the cap-and-trade program has attained significant results: Tokyo cut
2010 emissions by 13% from the base year. Among the total regulated installations,
64% of them overfilled their 2010 reduction targets (the commercial and industrial
installations, respectively, cut emissions by more than 8 and 6%); 26% of them cut
emissions by more than 17% which was the Phase 2 reduction target; 71% of them
were able to fulfill the reduction target on their own, indicating that the remaining
29% had to purchase allowances. Tokyo adjusted up the 2012–2013 reduction
targets to 22%. In 2014, only 10% of the installations failed to achieve their
intended targets.

(4) Integrated emissions trading market

The KVAP and J-VETS have been developing side by side and complement
each other.

The covered enterprises regulated by different emissions reduction systems may
carry out additional emissions reduction projects to obtain VER, and the VER
would be valid for trading in Japan’s integrated emissions trading market that
started operating since 2008. In addition, the domestic VER that is developed on
basis of the Japan Verified Emissions Reduction (J-VER) could also be traded in
this market, so does the VER based on the KP-recognized CDM. In short, the
Japanese allowance market has a large capacity and extensive scope.
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2.1.5 ETS in Other Countries

(1) Korea Emissions Trading Scheme (KETS)

The Korean Government came up with the “low-carbon green growth” strategy
in 2008, and promulgated the Green Development Law in 2010 which states to
fulfill the GHG emissions reduction target in 2020 (emissions decrease 4% from
2005 levels), which has laid a legal basis for carrying out the cap-and-trade system.
In January 2015, the Korea Emissions Trading Scheme (KETS) was launched to
regulate 68% of the national total emissions, and cut emissions by 37% until 2030,
which is equivalent to emission decreasing by 22% based on 2012 level.

There are 525 companies (including 5 domestic aviation companies), which are
distributed in the sectors like steel, cement, petrochemical, oil refining, electric
power, building, waste, and aviation, under the regulation of the KETS. Six GHGs
prescribed in the KP and the indirect emissions from electricity consumption are
involved in the KETS.

KETS contains three phases. In Phase 1 (2015–2017), 100% of the allowances
are allocated for free, and the quantity of allowances is defined on basis of the
companies’ average emissions in 2011–2013. The allowances for the cement

Fig. 2.2 Relations among the Japanese carbon emissions programs
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clinker, oil refining, and aviation sectors are based on benchmarking and the
companies’ activities in 2011–2013. The government reserves about 5% of the
allowances for stabilizing the allowance market and newly operated projects. In
Phase 2 (2018–2020), 97% of the allowances will be allocated for free, 3% is left
for auctions. In Phase 3 (2021–2025), the free allowances will be no more than
90%, over 10% will be sold in auctions.

The KETS allows for cross-phase allowance banking, yet the allowances are
only available for borrowing within the same phase, the amount of lending is no
more than 10% of the allowances allocated to the covered enterprises.

During Phases 1 and 2, only the domestic offset credits are allowed for use
which are no more than 10% of the total emissions of the covered enterprises. In
Phase 2, the projects in other countries may contribute 5% of the offsets. According
to the KETS rules, the emissions reduction projects started after April 14, 2010 are
compliance projects, and the project owners are noncompliance companies, e.g.,
the CDM, carbon capturing and storage projects within South Korea. The
over-emission companies will be fined three times more than the allowance price.

In order to effectively manage the carbon emissions trading market, the Korean
government put into effect the allowance price management mechanism which
applies to the following three circumstances [14]:

(i) When allowance prices are three times more than the average prices in past
the 2 years for 6 months in a row;

(ii) When allowance prices are two times more than the average prices in the past
2 years for 2 months in a row, and the average trading volume is two times
more than the average volume in the same month in the past 2 years;

(iii) When the average allowance prices in any month is 40% lower than the
average prices in the past 2 years.

The allowance price management mechanism includes the following measures:

(i) Increase the percentage of reserved allowances up to 25% of the total
allowances;

(ii) Develop an allowance regulatory mechanism: no less than 70% and no more
than 150% of the total allowances;

(iii) Increase or decrease the ceiling of allowance borrowing;
(iv) Increase or decrease the limit on offset credits;
(v) Set a short-term price ceiling and price floor. The government reserves no

more than 25% of the allowances to the new participants.

(2) New Zealand Emissions Trading Scheme (NZ ETS)

In September 2008, New Zealand Parliament adopted the Climate Change Act,
which provides for a series of measures to achieve the 10–20% emissions reduction
by 2020, and states to establish the New Zealand Emissions Trading Scheme (NZ
ETS). In addition to the industrial sector, the NZ ETS also regulates agriculture,
fishery, and forestry, but does not set any cap on emissions during the transitory
stage. The quantity of allowances is calculated on basis of the companies’ industrial
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output and emissions intensity, and the percentage of free allowances is based on
the emissions intensity of companies. The fishery and forestry sectors that are prone
to be affected by allowance cost will receive a higher percentage of free allowances.
The agricultural sector of New Zealand features high emission and export orien-
tation, so the agricultural companies are also accessible to free allowances. Some of
the NZ ETS rules which were effective during the transitory period (from July 2010
to December 2013) still prevail, e.g., the allowances are sold at a fixed price of NZ
$25/t CO2. The stationary energy, liquefied fossil fuel, and industrial processing
sectors are entitled to emit 2 tons of CO2 with 1 ton of allowance.

During the KP first commitment period (2008–2012), the NZ ETS permit to use
offset credits from KP, in order to make the NZ ETS allowance prices synchronize
with the global prices.

Some studies show that the emissions reduction cost generated from the NZ ETS
may push up electricity and fuel prices, which will, in an indirect manner, raise
companies’ production cost and household consumption cost. Since the NZ ETS is
still implemented in a short time, its impact on cutting GHG emissions is hard to be
precisely estimated.

(3) Mexico Emissions Trading Scheme (MX ETS)

In April 2012, the Climate Change Act of Mexico was adopted, which states to
cut emissions by 30% until 2020 compared to the Business as Usual
(BAU) scenario. Mexican Government was empowered to work on an emissions
reduction program, including the building of Mexico Emissions Trading
Scheme (MEX ETS). The MEX ETS is made up of two phases: capacity con-
struction and emissions reduction. It was proposed to cover energy production and
consumption, transportation, agriculture, forestry, land use, waste disposal, and
industrial processing.

(4) India Emissions Trading Scheme (IND ETS)

In 2008, the Indian Government announced the National Action Plan on Climate
Change (NAPCC), which states to cut GHG emissions by 20–25% from 2005
levels until 2020. The Indian Government, in addition, to vigorously promote
renewables in lieu of traditional energy and raise energy-use efficiency, started
operating the energy-related market mechanism, i.e., “Perform, Achieve and Trade”
(PAT) and “Renewable Energy Certificate” (REC).

2.2 Gains and Losses of Mainstream Emissions
Trading Schemes

The ETS is recognized as an effective mechanism for promoting GHG emissions
reduction, lowering emissions reduction cost, and responding to climate change. To
date, there are 14 countries either operating or planning for developing the ETS.
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The experiences of the states and regions that took the lead in launching the ETS,
emissions trading not only motivates emissions reduction, but also generates
multiple negative impacts, e.g., carbon leakage and worldwide competitiveness of
enterprises. Moreover, the varied design elements of the ETS may generate different
effects on the fulfillment of the emissions reduction targets. In order to obtain
anticipated effect and weaken the negative effect, it is necessary to analyze the gains
and losses of the ETS, conduct assessment of the entire process of the ETS and
adjust the mechanism.

The ETS is a market-based environmental policy with one of the aims to pro-
mote GHG emissions reduction in countries and regions, with the basic premise of
achieving low-cost emissions reduction. Therefore, when assessing the ETS
implementation effect, the priority is to discuss whether the compliance entities
could deliver abatement and how does the abatement effectiveness; second, whether
the abatement cost is relatively lower.

To date, EU ETS is with the longest performance period; the assessments and
analyses about this mechanism are the most fruitful. This section will introduce and
demonstrate the gains and losses of ETS by quoting relevant literature on the
evaluation of operation of EU ETS.

2.2.1 Evaluation of Abatement Effectiveness

ETS is an environmental policy that parallels with other eco-economic policies. The
economic development, climate change, production decisions, and non-ETS-driven
emissions reduction endeavors may affect the levels of GHG emissions. ETS may
overlap with other policies to have abatement effects. For example, energy prices
adjustment, subsidizing renewables, and other relevant policies are also have
abatement effectiveness. The difficulty faced by researchers is isolating the effect of
the EU ETS from other dominant factors. Yet, it is still an arduous task to do so for
lack of reliable situational data for comparing with the actual emissions [15].

After reviewing related literature, we find out that the ex-ante analysis method is
widely used for calculating the ETS-enabled emissions reduction. Through simu-
lation of scenarios, we can calculate the differences between the emissions reduc-
tion under the ETS and BAU.

When making an assessment of the EU ETS emissions abatement effects,
Ellerman et al. [16] took account of the historical GDP growth and emissions
reduction of the covered enterprises. Through data modeling of 2004 emissions,
they made an estimation of the 2005 and 2006 emissions and found out that the
emissions reduction of the European 23 countries were about 50 Mt (down 2.4%
from 2004); and the cumulative emissions reduction by 2006 was around 100 Mt
(down 4.7% from 2004). Moreover, this study compared the prices for carbon, fuel,
and gas in Phase 1 and Phase 2 of the EU ETS, and found out that the European
electric power generation companies, after shifting from coal-fired power genera-
tion to gas-fired power generation, have become a major driver of emissions
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reduction. In light of the 2004 emissions of the EU members published by the
UNFCCC, Ellerman et al. [17] estimated the BAU-based emissions, which show
that the EU ETS Phase 1 emissions reduction was about 210 Mt (down 3.5% from
2004). Anderson et al. [18] imported the historical emissions data from the
European Statistics Agency into the Dynamic Panel Data Model, adopted energy
prices, level of industrial economic activity and climate factor as main conditions,
built a model that manifests the relations between various factors and carbon
emissions, then estimated the EU ETS BAU-based emissions in 2005–2006. The
result shows the EU ETS Phase 1 emissions are around 247 Mt. The comparison
between the modeling calculation and the EU ETS verified actual emissions shows
that the BAU-based results are overestimated, they shall be around 174 Mt (down
2.8% from 2004). Based on the conclusions made by Ellerman et al. Egenhofer
et al. [19] modified the assumptions for the economic activities in order to accord
with the actual situations in the EU ETS Phase 2, quantified the emissions in the
prior 2 years in Phase 2, and found that contribution ratio of the EU ETS to
emissions reduction rose from 1% annually in 2006–2007 to 3.35% annually in
2008–2009.

Based on the econometric model, Murray et al. [20] studied the emissions
reduction effect of the RGGI, and found out that the contribution ratio of economic
recession to emissions reduction is merely 1%, while the one-third emissions cut of
the natural gas market is attributed to the transition from coal-fired power gener-
ation to mixed fuels-based power generation. Once the aforesaid variable elements
are controlled, the RGGI becomes the major driver of emissions reduction, yet it is
still hard for further quantization resolution of the RGGI allowance prices and
auction procedures, etc., the accurate research result calls for further studies.

The post evaluation of the ETS effects is based on the micro-data from the
companies, yet it is hard to directly gather the corporate data and information, but
resorting to the ETS registration system and competent administrations. Wagner
et al. [21] by consulting with to the energy and fuel consumption data of each ETS
regulated company, calculated the CO2 emissions from the covered enterprises and
found out their emissions were 26% lower than those nonregulated emitters in
2007–2010.

2.2.2 Evaluation of Reducing the Abatement Cost

It is a necessity to evaluate the ETS cost-effectiveness, i.e., whether it is able to
fulfill the emissions reduction targets at a lower cost. An analytical thinking goes
like this, adopting a pre-analysis method, simulating both ETS- and BAU-based
scenarios, and comparing their marginal costs for fulfilling the same emissions
reduction targets. Whether the ETS is able to realize low-cost emissions reduction is
a focal point to be considered and evaluated by the government before the program
is launched.
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Capros and Mantzos [22] built a PRIMES for the European energy market to
compare with the KP-based emissions reduction costs, and observe the changes on
the overall emissions reduction cost along with expanding the scope of covered
enterprises. The comparison shows that a wider transaction scope could save the
expenses on emissions reduction. In case of an ETS-free scenario, the emissions
reduction cost holds 0.095% of EU’s GDP; such proportion drops to 0.06% in the
ETS-based scenario; and it will be as low as 0.025% in a globally industry-wide
trading.

The Institute for Prospective Technological Studies (IPTS), one of the seven
joint research centers under the European Commission, built a POLES2 model to
compare the emissions reduction costs among all EU countries [23]. The study
result shows that the Northern European countries bear more cost for emissions
reduction, which is about 0.48% of their GDP; such proportion in other states, like
Italy, is generally no more than 0.17%. Although the KP-based emissions reduction
targets have increased expenses in this regard, the ETS scenario does bring more
benefits to almost all EU countries than the BAU scenario, e.g., the Southern
European countries cut their emissions reduction cost by 62%, particularly
Germany (50%) and Italy (20%).

The actual carbon market is influenced by supply and demand of emissions
allowances (allowances allocation in primary market and allowances trade in the
secondary market), competition among traders and asymmetric information. The
actual carbon market is not as efficient as the hypothetical market, and the actual
carbon prices differ from the theoretically calculated emissions reduction cost,
which complicates the post evaluation of the ETS role in cutting emissions. The
carbon price is generally affected by fuel price, air temperature, and hydroelectric
power generation that impact the marginal cost for emissions reduction. However,
Hintermann [24] believes that the carbon price at the initial phase of EU ETS may
be affected by the large-scale industrial companies (owner of more free allowances),
market expectations of the speculators that opt for market hedging, which causes
carbon price to deviate from the marginal cost and results in market bubbles.
However, it is fairly difficult to quantify such adverse impacts on the role of the
EU ETS in emissions reduction.

According to the Porter Hypothesis, strict environmental regulations can induce
efficiency and encourage innovations that help to improve commercial competi-
tiveness. In a long-term view, the ETS is able to motivate the high-emission
companies to join in technical innovation and put in place new measures for
emissions reduction, so as to mitigate the higher opportunity cost arising from
inaction. However, the evaluation from the above perspective is neither an easy job,
due to lack of public data about the corporate investment into low-carbon assets and
low-carbon public welfare activities. Some researchers are forced to shift to qual-
itative research to lock up the relevant information. Herve-Mignucci et al. [25]
investigated the operational performance of the Germany-based companies under

2“POLES” is short for Prospective Outlook on Long-term Energy Systems.
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the EU ETS regulation, and found out that most of them realized emissions
reduction through funding technical upgrading or improving the production pro-
cess. Yet the emissions reduction is proved to be a by-product instead of their
foremost objectives. Martin et al. made a survey of more than 800 manufacturing
companies in six European countries, and learned that after joining in the EU ETS,
the large-sized companies called off the investment into high-emission power
generation plants, but diverted their funds into the Carbon Capture and Storage
(CCS) projects, and turn to supporting more small-scale projects with fewer
installments.

Löschel et al., in a qualitative approach, studied the investment of Germany’s
cross-industry companies that are under the EU ETS regulation in the context of
fluctuating allowance prices. The study shows that 77% of these companies have
invested or improved the production process that favors emissions reduction; 64%
of these companies made investment decisions in 2008–2012. However, most
companies (89%) admitted that their original intention was to raise efficiency and
reduce energy-induced cost, rather than lowering the cost of compliance. Most of
the investigated companies, particularly small-sized ones, have been storing
allowances for later. The allowances stored by electricity companies are less than
those stored by industrial companies, indicating that industrial sectors—one of the
external factors—may drive up the demand for emission allowances.

2.2.3 Other Impacts Evaluation

(1) Value redistribution and “windfall profits”

The economic cost arising from the ETS occupies a small share in the GDP, and
free from exerting a significant negative impact on the overall economic perfor-
mance, shown by massive studies. However, the ETS rules and allowances circu-
lation have resulted in the redistribution of emission rights among different
countries, industries, and income earners, and divided value distribution. Any
incompliance of the allowance allocation principles may lead to uneven distribution
of emission rights among countries and “windfall profits” of certain industries, and
widen wealth gap. As a result, the efficiency of the ETS has become a widely
debated issue across the world.

Take the EU ETS for instance. Owing to the disparity in economic development,
different EU countries have varied demand for emission allowances, thus causing
frequent allowance circulation and massive transfer of allowance value among these
countries. In its Phase 1 implementation, the EU ETS traded about €505 million of
allowances [26]. The volume of transferred allowances (from the surplus countries
to the deficit countries) reached 650 Mt, which was 11% of the EU’s total allow-
ances and worth of €5200 million. The total import-and-export allowances were
about 218 Mt, worth of €9.41 billion, mainly flowing from Poland, France, the
Czech Republic, and the Netherlands to such importers as the UK, Spain, Italy, and
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Germany. The allowance sufficiency also varied among industries. Trotignon and
Delbosc [26] revealed that the EU electricity sector was short of 6.1% of allow-
ances, while other sectors were in surplus, e.g., the surplus proportion of cement
and paper sectors was 4 and 20%, respectively.

The EU ETS was abiding by free allowance allocation during the prior two
phases of implementation, it means that when some industries are short of allow-
ances, they may transfer the allowance cost to obtain windfall profit. The occur-
rence of windfall profit is a negative outcome of the value distribution of ETS.
Several studies have shown that the European electricity sector has passed the
allowance cost on to consumers by raising electricity price.

Some studies have shown that the ETS may widen the gap between the rich and
the poor. Terry Dinan and Diane Lim Rogers argue that both the auction-based ETS
and carbon tax will drive up carbon prices and generate income distribution effect.
Feng et al. [27] compared the wealth gap, respectively, induced by the carbon tax
and ETS, and concluded that the cost from carbon tax held 6% of the gains of the
lowest income earners and 2.4% of the gains of the high-income earners. In case of
the ETS-induced cost, it was 4.3% of the gains of the lowest income earners and
1.7% of the gains of the high-income earners.

The transnational allowance circulation and allocation, which directly reveals the
fact the industrial sectors in different countries have varied demand for allowances,
enables efficient distribution of allowances. However, free allowance allocation
fails to fully reflect the real supply–demand pattern of allowances, and may affect
the efficiency of allowance allocation. Moreover, different income earners have paid
great attention to the increasing cost of carbon emissions, which creates an
important basis for adjusting the ETS.

(2) Carbon leakage effect

Carbon leakage occurs when there is an increase in CO2 emissions outside the
country which is under a strict climate policy. In light of the IPCC Fourth
Assessment Report: Climate Change 2007, integrated carbon leakage rate of one
region or country equals to the proportion of CO2 emissions increase outside the
region or country to CO2 abatement inside the region or country. The two parties
shall have trading contacts, resource/energy import or export, or geographic
proximity. Leakage can occur through three channels, including: (i) Carbon leakage
results from transnational/trans-regional trade. Since the local compliance industries
have all along been bearing high-emissions cost, disadvantageous market occu-
pancy, and profit margin, the regulation areas may reduce production and export of
emissions-intensive products in the short run, but an increase in the import of these
products from nonregulation countries, which consequently transfers the production
of such products to the export countries and increases their emissions, instead of
altering the global total emissions, carbon leakage is thereby caused. (ii) An
increase in local fossil fuel prices resulting, for example, from mitigation policies
may lead to the reallocation of production to regions with less stringent mitigation
rules (or with no rules at all), leading to higher emissions in those regions and,
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therefore, to carbon leakage. (iii) Carbon leakage may also arise from technical
spillover—cross-regional technical development and promotion, yet such portion of
carbon leakage is hard to quantify for unavailable direct data and information.

With Gemini-E3 CGE Model, Bernard and Vielle [28] calculated the integrate
carbon leakage rate within the EU ETS framework at about 7%, of which 2.3% is
through trans-regional trading. With GTAP-E Model (comparative-static CGE
Model) and considering the impacts from the Border Adjustment Measures, Kuik
and Hofkes [29] estimated the integrated carbon leakage rate of within the EU ETS
framework at about 8.2–10.2%. The carbon leakage rate of the steel sector drops the
most vigorously owing to these measures, i.e., dropping from 35 to 29% based on
national unified policy; and falls even further to 2% based on the national differ-
entiated policy. FitzGerald et al. [30] ranked the pricing power of different indus-
tries in a top-down order, and took account of the impacts from energy price and
carbon tax, and finally concluded that the European steel sector is the most vul-
nerable to have carbon leakage.

(3) Impact on industrial competitiveness

The covered enterprises of each country’s ETS are mainly distributed in energy-
and carbon-intensive industries. Generally, the companies with low unit production
cost, high-profit margin, and a large market occupancy will be more competitive in
markets. Under the framework of the ETS, the companies with unit emissions
higher than a defined amount of emissions allowances have to pay the additional
environmental cost, which increases the production cost of these companies and
alters their competitive strength. Moreover, owing to different percentages of free
allowances and allowance allocation approaches, the regulation companies will
have varied competitive edge in emissions pace and environmental cost.

Based on a scenario of 100% of allowances allocation, if 15 British industries
would not cut carbon emissions in the short term, Hourcade et al. [31] then cal-
culated the percentage of emissions cost in their industrial added value (IAV).
Through comparison, he found out that both cement and steel sectors have the
highest percentage of emissions cost. The German Federal Ministry for the
Environment, Nature Conservation, Building and Nuclear Safety (BMU) organized
similar studies of the domestic industries, and concluded that the cement, lime,
chemical fertilizer, and steel sectors bear the highest emissions cost.

Based on a scenario of free allowances allocation, Quirion and Demaily [32]
developed the CEMSIM Model3 and GEO Model4 for analyzing the impact of
grandfathering allocation and benchmarking allocation on the European cement
output and profit. Based on grandfathering allocation, even if the allowances are
50% of the historical emissions, the cement sector is still profitable as usual, the

3The CEMSIM Model is developed to assess the energy and technical development trends of the
European cement industry.
4The GEO Model is developed to assess the effect of carbon emissions trading.
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cement output declines remarkably accompanied with serious carbon leakage. In
contrast, based on benchmarking allocation, the allowances are no more than 75%
of the historical emissions, the cement sector is moderately affected with both
output and profit dropping more than 5%.

Through analyzing the differentiated impact of the EU ETS on the marginal
production cost of the British different industries, Oxera finds out that the industrial
marginal production cost will increase along with rising emission allowances pri-
ces, there is also value appreciation of the free allowances granted to the industry at
the same time, which may make up for the loss incurring from rising marginal
production cost. Thus, the selection of allowance allocation approach is fairly
important.

2.2.4 Conclusion and Adjustment to ETS

The ETS is of great significance in helping a society achieving the carbon emissions
reduction targets, and effectively lowering the emissions reduction cost. A review of
the EU ETS operation experiences shows that the prior two phases of operation
generated 50–100 Mt of emissions reduction annually. In order to avert from any
excessive allowances allocation as in Phase 1, more allowances were auctioned in
Phase 2. In contrast to the BAU-based emissions reduction, the ETS motivates
covered enterprises to fulfill emissions reduction target at a lower cost. Meanwhile,
the investigations of the EU companies reveal that the ETS triggers the
high-emissions companies to update emissions reduction technologies, adopt
measures and work out investment plans that favor emissions reduction, in an aim
to lower the potential high opportunity cost arising from inaction in the future.

The impact of the ETS on a society varies among different regions and indus-
tries. In reference to the EU ETS experiences, most of Phase 1 and 2 allowances
were subject to free allocation; the electricity sector passed on the allowance costs
and other costs onto the consumers, which widened the wealth gap and garnered
windfall profit. The integrated carbon leakage rate arising from the EU ETS is about
7–10%. The steel and aluminum sectors are less competitive and the most vul-
nerable to the foreign rival companies; the cement sector is fairly competitive and
free from serious impact from the ETS.

In order to tackle the above problems arising from the EU ETS operation, the EU
plans to adjust and reform the scheme during Phase 3, in an aim to revitalize the
weak emissions trading and prevent from excessive allowance allocation within the
EU.

In addition to helping an area achieve low-cost emissions reduction, the ETS is,
in fact, using allowances prices as a signal to call for companies to divert invest-
ment into low-carbon technologies, and guard against the “lock-in effects” [33]
from continuous funding high-carbon technologies—the great expectation of the
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Table 2.2 Strength and weakness of three allowances supply management mechanisms

Type of
mechanism

Description Strength Weakness

Economic
activity-based

Regulate allowances
supply in light of the
changes in the
macroeconomic
indicators, like GDP,
primary energy
consumption, petroleum
price, and relevant
financial market
indicators that reflect
commodity market
development

The economic indicators
are usually public and
available data, and they
are objective enough to
prevent SMM from
affected by subjective
policies and decisions.
The economic indicators
also exhibit the direct
correlation between
commodity market and
allowances market, thus
making participants
make more accurate
judgment about carbon
market

The macroeconomic
indicators only represent
the overall social
economic activities,
rather than the actual
economic performance
of the ETS covered
enterprises. The data
incompleteness, lagged
updating, or
inconsistency may affect
the implementation
effect of SMM

Allowances
surplus-based

Regulate supply of the
allowances surplus
(verified yet not
auctioned). Set a lower
threshold for the
allowances surplus, if it
is above the threshold,
then withdraw the
allocated allowances
from the carbon trading
market

Such regulation, which
is transparent,
simplified, and
comprehensible, enables
the ETS to flexibly cope
with the emergent
economic shocks and
inrush of international
VERs

The transaction
behavior of the
ETS-based market
players is guided by the
future allowances
policy; therefore, it is
difficult to define the
instant lower threshold
for the allowances
surplus, which, in turn,
affects implementation
effect of SMM

Allowances
price-based

Regulate allowances
supply in light of carbon
price. Set lower
threshold for carbon
price, if it is above the
threshold, then
withdraw the allocated
allowances from the
carbon trading market

Develop an explicit and
definite price signal,
based on which the
companies will limit
their compliance cost
within a designated
price range, and explore
low-carbon technologies
at the lowest cost, which
is favorable for
companies to making
investment decisions.
Open and transparent
data about carbon
prices, basis for SMM,
provide market players
with more clear-cut
bases for
decision-making

The price-based
allowances supply
mechanism is deemed as
distorting the
connotation of carbon
prices reflecting
emissions reduction
cost, and affecting the
price discovery
principle, which may
lead to carbon price
fluctuations between
price ceiling and price
floor, and make SMM
like a dynamic carbon
tax system. The varied
price ranges will hold up
the linkage between
different trading
mechanism
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EU placed on the ETS. Therefore, in case of any extreme situations taking place on
the carbon market, it is necessary to extend interventions to maintain carbon prices
at a reasonable level which is favorable for the fulfillment of the emission reduction
targets.

Kollenberg and Taschini [34] holds that the current EU ETS policy measures are
incapable of market feedback, so the changing EU economic environment will lead
to extreme uneven allowances allocation, yet the ETS itself fails to draw any
effective market feedback. Although the European governments decided not to
allocate the verified 900 Mt allowances before 2020, it could only resolve the
superficial problem as low carbon prices in the short term, rather than essentially
enabling the ETS to be more capable of market feedback. Such one-off measure is
neither able to handle the increasingly complicated economic fluctuations in the
future, nor alter the corporate expectations for carbon price decline. Besides, the
repeated raising or lowering of the percentage of the allowances allocation is
unworkable within the EU policy framework. The amount of allowances should not
be decided by the governments on their own, but through gaming and consultation
among multiple stakeholders.

The building of an ETS feedback mechanism is, therefore, a necessity. Its
essential role is to alter the corporate intrinsic pessimistic expectation of carbon
prices, and turn to adjusting allowances supply flexibly in light of economic
environment, and guide market players to keep a close watch on carbon price trend,
make corresponding strategies and finally develop a virtuous cycle. A feedback
mechanism is able to encourage regulation companies to store up allowances in
case of low carbon prices to boost up the prices; and sell out allowances in case of
high carbon prices to adjust down the prices.

An allowances supply management mechanism shall have the following core
functions:

(1) Increase elasticity of the ETS to deal with external shocks or extreme events,
and improve the policies to be more adaptable to time dimension and desired
effect;

(2) Improve the accuracy of the allowances supply adjustment plan, e.g., explicitly
prescribe when and how the adjustment shall be made;

(3) Exempt from any policy discretionary power in addition to market rules so as to
avert from possible policy intervention.

Currently, there are three allowances supply management mechanisms: economic
activity-based mechanism, allowances surplus-based mechanism, and allowances
price-based mechanism. Each mechanism has its own strength and weakness, and
capable of managing allowances supply in light of real supply and demand. Their
comparison is shown in Table 2.2.
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Chapter 3
Overview of Chinese Pilots ETS
and Characteristics

For the purpose of fulfilling China’s carbon emissions reduction targets by 2020
through a cost-efficient market mechanism, and expediting transformation of eco-
nomic growth pattern and upgrading industrial structure, China’s State Council, at
the end of 2011, issued the Work Plan for Greenhouse Gas Emissions Control
during the 12th Five-Year Plan Period, which requires to “explore and establish a
national unified carbon emissions trading market.” In response to the State
Council’s plan, the NDRC, in October 2011, initiated a carbon emissions trading
pilot program in seven regions, including five municipalities as Beijing, Tianjin,
Shanghai, Chongqing and Shenzhen, and two provinces as Hubei and Guangdong,
the earliest pilot ETS which open its carbon market is Shenzhen ETS in June 2013,
and the latest launched is Chongqing ETS in June 2014. According to NDRC’s
statistics, more than 1900 emitters (companies and institutions) are covered in this
pilot ETS, receiving total emission allowances at around 1200 MmtCO2e. During
the pilot period, the seven pilots ETS have completed the whole procedures, i.e.,
data collection, a stipulation of rules, compliance mechanism, offset rules, etc. Each
pilot ETS designed its proposal according to the local situation, which is the basis
of Chinese national ETS. The structure and characteristics of these pilots ETS are
described as follows:

3.1 Construction and Operation of China’s Pilots ETS

China’s seven pilots ETS which are distributed in the eastern, central and western
regions, involve three administrative levels (province, municipality, and city). The
basic framework of China’s pilots ETS is similar to that of other countries, but
distinguishes between regions in details, such as coverage scale, allowance cap,
coverage standard, etc. (see Table 3.1).

In reference to the Interim Measures for the Administration of Carbon Emission
Permit Trading and relevant policy schemes, the pilots ETS are distinguished in

© China Environment Publishing Group Co., Ltd. and Springer Nature
Singapore Pte Ltd. 2019
D. Zhao et al., A Brief Overview of China’s ETS Pilots,
https://doi.org/10.1007/978-981-13-1888-7_3
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five aspects1: coverage scope, allowances cap, allocation plan, transaction admin-
istration, and compliance mechanism.

With respect to coverage scope, China (Shenzhen) Emission Exchange (CEEX)
has the widest coverage scope. In addition to the industrial and construction sectors,
CEEX has taken the public transportation into its ETS. In terms of total allowances,
Guangdong ranks first among seven pilots in 2013 and 2014, respectively, reaching
388 and 408 Million ton CO2, accounting for around 50% of the aggregated
allowances of all pilots ETS. Moreover, Guangdong exerted the policy of auction to
distribute the allowances first. In terms of carbon market vitality, China Hubei
Emission Exchange is a pioneer in carbon financing innovation and allowances
transaction. As of October 30, 2015, Hubei Emission Exchange had traded
23.71 MmtCO2e, receiving turnover of 570 mln yuan; its carbon market trading
scale has ranked the first among seven pilots ETS in both trading volume and
turnover; moreover, new breakthroughs were made in carbon asset pledging and
inviting overseas investment.2 While speaking of the administration of carbon
emissions trading, Shanghai Environment and Energy Exchange (SEEX) and
Shenzhen Emission Exchange (CEEX) are prominent examples. SEEX took the
lead in coming up with an emissions accounting guideline and accounting
methodology for the covered enterprises. Shenzhen—a special economic zone
vested with legislative power—was the first in enacting a local decree for carbon
emissions trading, which was known as the Provisions of Carbon Emissions
Administration of the Shenzhen Special Economic Zone.

Overall, the above analysis provides us a visualized comparison between the
seven carbon markets: they have the same architectural mechanism, but vary in
specific rules, which may result from their different locations and policy orienta-
tions. For instance, in a region in which its economy heavily relies on the secondary
industry, its ETS coverage focuses on industrial companies. A region with the
sound market economy basis and mature financial environment, its ETS works hard
on more elaborate administration rules. For the ETS that cares more about carbon
emission reduction cost, carbon financing innovation is emphasized. In a word,
each pilots ETS has its own characteristics.

1Currently, China’s carbon trading schemes remain in the pilot period, the concerned areas have
been slow in the legislation work. Despite of Shenzhen, the other six areas have been working on
their Temporary Measures for Guangdong Carbon Emissions Management. All areas have stip-
ulated elaborate technical specifications on Monitoring, Reporting, and Verification (MRV) of the
covered enterprises. MRV is an independent factor for building the ETS, and the ETS in different
areas have diversified coverage scope, so it is of limited meaning in comparing local MRV in
either horizontal or vertical manner.
2China Hubei Emission Exchange. Hubei Carbon Market Watch (Oct. 2017) [EB/OL]. http://
www.hbets.cn/jbXwzx/2332.htm.
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3.2 The Pilot ETS in Five Municipalities

China authorized seven provinces/municipalities to carry out the ETS pilot pro-
gram. Owing to different administrative levels, the municipal and provincial ETS
take account of different factors in system design. They are introduced successively
in Sects. 3.2 and 3.3.

3.2.1 Beijing Pilot ETS

Beijing Pilot Carbon Emissions Trading Scheme (briefed as “Beijing pilot ETS”)
covered CO2 emissions from all fixed installations within the administrative
jurisdiction of this municipality.

(1) Content and procedures of administration

During the pilot period, Beijing pilot ETS constraints covered the following
emitters within the administrative jurisdiction of Beijing Municipality: direct CO2

emissions from the fossil fuel combustion of fixed installations, industrial pro-
duction process, waste disposal, etc., as well as indirect CO2 emissions from
electricity consumption of fixed installations [3]. Two categories of companies fall
into the regulation of Beijing pilot ETS: covered enterprises and reporting com-
panies. The covered enterprises refer to the key emitters with annual total CO2

emissions (direct and indirect) at or above 10,000 tons; they are obliged to control
their CO2 emissions during the compliance period, which is called as the covered
enterprises. The reporting companies, with annual comprehensive energy con-
sumption at or above 2000 tons of standard coal equivalent but below 10,000 tons,
voluntarily receive ETS regulation (in reference to the regulation upon key emitters)
and report their emissions during the compliance period to the ETS administrator.

The covered enterprises shall, before each April 5 during the pilot period, submit
a hard-copy emissions report and verification report to the ETS municipal admin-
istrator, which will carry out review and spot check of the two reports. The
administrator shall also introduce measures for the administration of the verifier, lay
down requirements for the verifier’s recording conditions and monitoring duties,
and exercise dynamic administration of the verifier through an on-site inspection or
irregular spot check.

On September 1, 2014, Beijing Municipal Government released the Beijing
Carbon Emissions Offset Administration Measures (for trial), which authorizes the
covered enterprises use CCERs, emission reductions from energy-saving projects
and from forestry carbon sequestration projects to offset part of their CO2 emis-
sions. According to the measures, 1 ton of verified emission reductions in carbon
dioxide equivalent is able to offset 1 ton of CO2 emissions; and the offsets may not
be above 5% of the year’s allocated allowances. There are elaborate provisions on
the proportion of the offsets from CCERs, emission reductions from energy-saving
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projects and from forestry carbon sequestration projects. For instance, the CCERs
from any offset project outside Beijing may not be more than 2.5% of the year’s
allocated allowances; the CCERs from Beijing-based offset projects shall be over
50%; and the western region-based offset projects are the first choice when looking
for nonlocal offsets.

The reporting companies shall deliver the reports on their last year’s emissions
to the Beijing ETS administrator in the first quarter (no later than March 20) of each
year since 2014. The covered enterprises shall fulfill their compliance in the second
quarter (no later than end of June) of each year since 2014: specifically, the covered
enterprises shall deliver a verification report, apply for additional allowances for last
year’s newly added facilities and for allowances adjustment before April 5; their
application will be approved before April 30; the current year’s allowances to the
established facilities shall be allocated before June 30; the covered enterprises shall
fulfill their compliance (paying off last year’s allowances) before June 15.

(2) Reward and penalty mechanism

In accordance with Beijing municipal laws, any covered enterprises that fail to
perform their obligations as reporting, monitoring, or verification will be punished.
Beijing imposes harsher punishments upon the violators, i.e., a fine that is 3–5 times
more than the market average carbon price will be imposed on the overdue emission
part of allowances. In order to ensure administrative enforcement of law, Beijing
specially provided for the Provisions on Standardizing Administrative Penalty
Discretion over Carbon Emissions Trading (No. 1 [2014] BJ DRC), which was the
first one in doing so among the seven pilot carbon markets.

In order to guard against any potential market manipulation, Beijing pilot ETS is
equipped with two firewalls as control of emission allowances inventory and
trading price.

(i) Restrict overly stocking up

For the covered enterprises, their maximum allowances inventory may not be
over the sum of its annual allowances and 1 million tCO2e. For the reporting
companies, their maximum allowances inventory may not be over 1 million tCO2e.
For any natural person that intends to join in emission allowances trading, their
maximum allowances inventory may not be over 50,000 tCO2e.

(ii) Price early warning

In order to regulate market activity, Beijing Development and Reform
Commission (BJ DRC) conducts open market operation through allowances auction
mechanism or buyback. No more than 5% of the year’s total allowances are
reserved for auction. If the daily weighted average price for the allowances is above
150 yuan/tCO2e for 10 consecutive days, BJ DRC will organize interim allowances
auction to keep down carbon prices. In case such price is below 20 yuan/tCO2e for
10 days in a row, BJ DRC shall, through negotiations with the municipal finance
department and financial supervision administration, decide whether to buyback the
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allowances, and the buyback quantity, price, and approach, and then send the
repurchase instruction to Beijing Climate Change Research Center (BCRC).

(3) Cross-regional cooperation mechanism

In mid-December 2014, Beijing Municipal Development and Reform
Commission, in collaboration with Hebei Provincial Development and Reform
Commission and Chengde3 Municipal Government, released the Notice on the
Matters about Promoting Cross-regional Pilot ETS Program (No. 2645 [2014] BJ
DRC), marking an official start of the Beijing–Hebei joint carbon market. As a
result, both the offsets projects in Beijing and Hebei are recognized by Beijing ETS.

The Beijing–Hebei joint carbon market is the first cross-regional emission
reduction endeavor in China. The covered enterprises in Chengde City of Hebei
province will be treated equally by Beijing ETS. Other qualified institutions and
natural persons in Chengde are allowed to trade in Beijing ETS. Chengde-based
offset projects as valid as those in Beijing. Moreover, Beijing–Hebei joint carbon
market gives priority to developing forestry carbon sink. On September 24, 2014,
Shunyi Forestry Carbon Sequestration Project (Phase 1) was listed on the website
for trading in CBEEX. It is part of the plain forestation project launched by Beijing
Shunyi District Landscape and Forestry Bureau. The project, which covers an
afforested area of 9452.2 mu (630 ha)4 within Shunyi District, pre-issued offsets of
1995 tCO2. On December 30, Chengde City Fengning County Qiansongba
Forestry Carbon Sequestration Project (phase 1)—the first offset project that crosses
Beijing and Hebei—was listed for trading in CBEEX; it sold offsets of 3450 tCO2

and received turnover of 131,000 yuan on the same day. As of January 16, 2015,
this project had accumulatively sold offsets of 15,000 tCO2, and earned a total
turnover of more than 570,000 yuan (averaging at 38 yuan/t), proving that Beijing
and Hebei achieved success in cross-regional eco-compensation through a
market-oriented approach.

3.2.2 Tianjin ETS

In 2013, Tianjin Municipal Government issued the Implementation Plan for
Carrying out the Work for Tianjin Pilot Carbon Emissions Trading Scheme and the
Temporary Measures for Tianjin Carbon Emissions Administration, which lay out
specific instructions for carrying out the ETS pilot work in Tianjin [4]. These two
documents explicitly announce that Tianjin will establish the Cap-and-Trade
(CAT) system and the CAT-based emissions trading scheme, key CO2 emitting
sources reporting system and emissions verification system. On December 24,

3Chengde is one of the cities in Hebei Province and a northeastern city in China. Chengde borders
on Beijing at the southwest.
41 ha = 15 mu.
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2013, Tianjin Development and Reform Commission (TJ DRC) released the Notice
on Carrying out the Work of Carbon Emission Trading Pilot Program, which
requires the relevant institutions to do a good job in emissions monitoring, report
delivery, emissions, and allowances administration, together with such appendixes
as the industrial emissions accounting and reporting instruction, allowances allo-
cation plan and registration system operations guide.

(1) Content and procedures of administration

In light of China’s Standard Industrial Classification (SIC) and the statistics
about the key energy consumers since 2009, Tianjin ETS regulates five major
emitting industrial sectors as iron and steel, chemical, electricity and heat, petro-
chemical, oil and gas recovery, as well as the civilian construction companies with
annual emissions above 20,000 tCO2. Based on the emissions verification results,
Tianjin selected 114 companies as the covered enterprises among the above five
sectors, their combined annual emissions account for 50–60% of Tianjin total,
which also proves that Tianjin GHGs emissions are relatively concentrated. During
the pilot period, the GHG regulated by Tianjin ETS will be carbon dioxide.

In light of the Temporary Measures for Tianjin Carbon Emissions
Administration, Tianjin ETS will mainly rely on free allowances allocation, which
is supplemented by allowances transaction (auction or sales at a fixed price). The
funds that are generated from allowances trading will be spent for special purposes,
like the work for controlling GHGs emissions.

(i) Allowances administration

In December 2013, Tianjin made public the Allowances Allocation Plan for the
covered enterprises under Tianjin Carbon Emissions Trading Scheme (for trial),
which proposes to allocate allowances by following the Grandfathering and
Benchmarking principles, and take account of the companies’ annual emissions
reduction targets, competitiveness, energy-use efficiency, reduction efforts before
joining the ETS, and industrial baseline emissions.

According to the provisions of Tianjin pilot ETS, the covered enterprises may
transfer their annual allowances into the following year of compliance until May 31,
2016. If the covered enterprises dissolve, close down, or move out of Tianjin, they
shall clear the allowances that are equal to their actual CO2 emissions during their
operation in the year of compliance, and turn over the year’s remaining free
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allowances. In case any company is incorporated into the covered enterprises, the
former shall inherit the latter’s allowances and corresponding rights and duties. In
case a regulated company is divided, it shall draw up a plan for dividing its
allowances and obligations, and submit the plan to Tianjin Development and
Reform Commission, and then re-register for amended allowances.

In case any change occurs in the covered enterprises’ organizational structure
owing to incorporation, division, or dissolution, they shall submit the relevant
materials and documents to the competent department to explain such change, the
department shall study the reasons for such change and then decide to either transfer
or recover the allowances granted to these companies.

In terms of the validity period of the allowances, the covered enterprises may
carry forward their non-canceled allowances to the following year of compliance
until May 31, 2016. After that, the validity period of the allowances is subject to the
relevant state regulations.

Tianjin Climate Exchange (TCE) trades emission allowances by means of online
trade, contractual trade, and auction-based trade. In online trade, the object of the
transaction is the emission allowances coded as TJEA; the transaction volume is in
a unit of 10 tons or an integral multiple of 10 tons, and the minimum offer price is
in the unit price of RMB (yuan)/tCO2, with the minimum price movement at
0.01 yuan/tCO2. The trading system acts in accordance with the principle of
“price-time priority”. Besides, in order to control trading risks, TCE has established
the full-amount settlement system, price limit system, large trader reporting system,
position limit system, risk early-warning system, risk reserve system, and auditing
system. The price fluctuation rate may not be above 10%. TCE has specially set a
risk control division to improve the internal administration, safeguard the interests
of investors, and ensure safe and steady performance the of carbon market.

(2) Carbon offsetting

The covered enterprises under Tianjin ETS are allowed to use a prescribed
proportion of CCERs to offset their emissions, i.e., the offsets may not be more than
10% of their actual emissions in the year. One CCER is to offset 1 ton of CO2

emission, and the CCERs may come from any project, any area, or region. On
March 24, 2015, Tianjin Tianfeng Steel Co., Ltd. and China Carbon Futures
(Beijing) Asset Management Co., Ltd. made the first deal to purchase 60,000 tons
of CCERs through TCE online trading.

(3) Characteristics of Tianjin ETS

As compared with other pilot schemes, Tianjin ETS registration takes on two
characteristics: (i) it recommends three options for allowances clarify, i.e., com-
pliance clear, voluntary clear, and mandatory clear. The compliance clarify is an
action for the covered enterprises to fulfill their emissions reduction commitment.
The voluntary cancelation is an option limited to nongovernment users. In terms of
mandatory clarification, the competent department may cancel the allowances
account of the covered enterprises if it fails to fulfill the reduction commitment,
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until its allowance account is empty. Both compliance and voluntary clarify are
carried out by the covered enterprises on their own, while the mandatory clarify is
operated by the ETS system administrator authorized by the government.

(ii) The allowances shall be transferred from register account to transaction
account before the transaction. Such design is to mitigate risks from
misoperation.

3.2.3 Shanghai ETS

After the NDRC announced to carry out the pilot ETS pilot program, Shanghai
Municipal Government spent some time on preparation, and then issued its ETS
implementation plan and opinions [5], which explicitly clarify the guiding princi-
ples, crucial factors, job schedule, and so on.

(1) Content and procedures of administration

When choosing the industries that covered by the ETS regulation, each pilot area
takes account of the local economic development level and the demand for industry
transition in the future. Take Shanghai for instance, since it is now at the transitional
stage of post industrialization, it not only regulates the CO2 emissions from
industrial sectors (iron and steel, petrochemical, chemical, nonferrous, electricity,
building materials, textile, paper, rubber and chemical fiber, etc.), but from non-
industrial sectors (aviation, port, airport, commerce, hotel, finance, etc.).

With respect to the ETS participants, Shanghai Environment and Energy
Exchange (SEEX) only allowed the covered enterprises to join in the trade at the
opening stage. Since September 2014, after SEEX issued the Measures for the
Carbon Trading Market to Implement the Institutional Investor Eligibility System
(for trial), and the Account Opening Guide for Institutional Investors,
Shanghai ETS was officially open to common institutional investors.

As for allowances calculation, most pilot areas comply with the Grandfathering
Principle (in reference to local industrial characteristics and historical emissions),
which is supplemented by the Benchmarking Principle. Shanghai ETS adopts the
Benchmarking Principle widely in such sectors as electricity, aviation, port, and
airport. Hubei chooses the Grandfathering Principle, but switches to the
Benchmarking Principle for computing additional allowances to electricity
companies.

As for allowances allocation, Shanghai allocates most of the allowances for free,
but the government usually reserves a certain proportion of allowances for auction
in order to help companies’ compliance or tackle with abnormal market
phenomena.
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(2) Carbon offsetting

The covered enterprises under Shanghai ETS may use the CCERs to offset 5% of
their total allowances or trade such as CCERs on the trading administration plat-
form. The trading administration platform is made up of the registration system,
transaction platform, and MRV platform. All trading activities are held in Shanghai
Environment and Energy Exchange (SEEX). As for the policy documents, SEEX
has unveiled not only elaborate transaction rules, but detailed requirements for
member administration, transaction settlement, information management, etc.

(3) Reward and penalty mechanism

SEEX has set several supplementary mechanisms like allowances adjustment,
risk control, and default penalty, in an aim to handle any special or abnormal market
phenomena (Table 3.2).

3.2.4 Chongqing ETS

The emitting sources in Chongqing are unevenly distributed, i.e., the emissions
from the central urban area are relatively higher, while the emissions from the
county area are much lower. Such factor shall be taken into account for building the
ETS in Chongqing.

(1) Content and procedures of administration

Chongqing ETS is the only one of the reducing GHG emissions in total but not
the intensity reduction differed from the rest six pilots ETS, with the benchmarking
allocation as a supplement. Both emissions offsetting and banking are acceptable.

When choosing the covered enterprises for Chongqing ETS, several key con-
ditions are taken into account, i.e., energy-use efficiency, large-sized companies
with emissions reduction potentials or large-sized companies in rectification
industries. Chongqing ETS regulates the industrial companies with annual CO2

emissions above 20,000 tCO2e in any year in 2008–2012 (based on the energy
consumption of more than 10,000 tce), including such sectors as electricity, met-
allurgy, chemical, and building materials. Six types of GHGs (CO2, CH4, N2O,
HFCs, PFCs, and SF6) are subject to the regulation [6].

Table 3.2 Shanghai ETS reward and penalty rules

Allowances
adjustment

Review the validation mechanism and the provisions for the covered
enterprises’ closure or removal

Risk control Establish the price limit system (the price fluctuation rate be no more than
30%), position limit system and risk reserve system

Default penalty Urge the covered enterprises to pay off their allowances, and concurrently
impose a fine of no less than 50,000 yuan but no more than 100,000 yuan
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The competent department allocates free allowances to the covered enterprises,
but the amount of allowances for the existing emitter differs from that for newly
emitter, time boundary point is on December 31, 2010. In the case of carbon
emissions from the existing emitter, the baseline allowances are the maximum
annual emissions over 2008–2010, then decrease year by year since 2011. In case of
the newly emitter, the baseline allowances are the maximum annual emissions of
the past 3 years before joining the ETS, then decrease year by year. All the annual
allowances before 2015 are allocated all at once.

Chongqing ETS has two types of the allowance allocation, the allowances
granted to the existing emitter are different from the newly emitter. For the covered
enterprises with existing emitter, Chongqing ETS sets a strict cap based on their
history emissions; for the covered enterprises with newly emitter, the allocation
proposal is in line with their baseline emissions.

Chongqing ETS market trades allowances, CCERs, and other eligible products
authorized by the Chinese central government, which are quantified in the unit of
tCO2e and priced in the unit of yuan/tCO2e. The difference between Chongqing ETS
and other pilot areas is that the former limits the amount of annual tradable allow-
ances, which may not be more than 50% of the annual free allocated allowances.

(2) Carbon offsetting

Chongqing ETS recognizes such flexible mechanisms as offsetting and banking.
The covered enterprises may use the emissions reductions from local offset projects
(e.g., carbon sequestration), which are outside of the coverage scope for offsetting
part of their emissions, and the offsets may not be more than 8% of the total
allowances for each compliance period. The offset projects shall start operation after
December 31, 2010 (excluding carbon sequestration projects) and fall into one of
the following categories: energy saving and higher energy-use efficiency, using
clean energy and non-hydro renewable energy, carbon sequestration, energy-based
activities, industrial production process, agriculture, and waste disposal. The
allowances are available for banking, i.e., the covered enterprises may transfer the
surplus allowances in the current compliance period to the next period.

In contrast to other pilot areas, Chongqing ETS has its own requirements for the
offsetting mechanism: (i) the acceptable CCER offsets are no more than 8%, which
lies at the middle level among the seven pilot areas. (ii) Nonlocal offset projects are
also recognized. (iii) Chongqing set restrictions on the operation time, project type,
and location of the projects that contribute CCERs. The above requirements reflect
that Chongqing ETS competent department pays great attention to CCER, which
could be interpreted as a stance to motivate more and more local companies to join
in clean energy industries.

Chongqing is the only pilot area that permits offsets can be used just in the
condition of existing allowances gap, which implies that if the total allowances and
allowances allocation remain unchanged, there is no allowances gap, the usage of
CCER will not be allowed. It should be noted that Chongqing does not recognize
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hydropower projects as CCER sources. The above regulations will enable
Chongqing carbon market to become a de facto single allowances market.

(3) Reward and penalty mechanism

In order to incentivize the covered enterprises to fulfill their emissions reduction
targets, Chongqing gives priority to supporting these companies to improve
emissions administration; support them undertake such projects subsidized by the
Central Government budget, e.g., the comprehensive demonstration of fiscal poli-
cies to promote energy conservation and emissions reduction, as well as resource
saving and environmental protection; the municipal special funds for energy con-
servation and emissions reduction shall be first diverted to the covered enterprises;
encourage financial agencies to provide green financing services to the covered
enterprises.

In terms of penalty, the Decisions on the Matters about Carbon Emissions
Administration of Chongqing Municipality (Exposure Draft) state that if any cov-
ered enterprises failed to deliver emissions report or rejects verification according to
the ETS regulation rules, the competent department shall order it to make correc-
tions within a definite time; otherwise, it shall be fined by 20,000–50,000 yuan. In
case any regulated company refuse to pay off the allowances or underperforms such
obligation, the competent department shall, in reference to the emissions that are
beyond the allowances, impose a fine that is three times more than the average
allowances trading price in the month ahead of the compliance deadline. If a
third-party verification agency is found to issue a false verification report, the
competent department shall impose a fine of 30,000–50,000 yuan to the unqualified
agency.

3.2.5 Shenzhen ETS

The economy of Shenzhen relies on the tertiary industry, the major CO2 emitters
refer to the industrial, construction, and transportation sectors, Shenzhen ETS
covered 635 industrial companies and 194 public buildings, they can be divided
into three categories in light of their industrial property: (i) there are 13 public
institutions which produce and supply of water, natural gas, and electricity.
(ii) There are 15 large-scale enterprise groups with high output value, e.g., Huawei
Technologies, Zhongxing Telecommunication Equipment (ZTE), and Foxconn.
(iii) Other manufacturing companies. The covered enterprises in the construction
sector are made up of the government office administrations, public buildings with
sole proprietorship, and property management companies [7 and 8].

(1) Content and procedures of administration

In light of the Implementation Plan for Carrying out the Work for Shenzhen
Pilot Carbon Emissions Trade Scheme issued by Shenzhen Government, the
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industries/institutions that are covered by Shenzhen ETS shall satisfy the following
criteria: (i) The companies/public institutions with annual emissions above
5000 tCO2e. (ii) The large public buildings with a floor area above 20,000 m2 or
the government office buildings with a floor area above 10,000 m2. (iii) Other
companies, public institutions, or buildings that apply to join in the ETS voluntarily
and receive approval by the competent department. The covered emission of
Shenzhen ETS accounted for 38% of Shenzhen’s total emissions in 2010.

(i) Allowances setting

Shenzhen ETS adopts the combination approaches of the top-down and
bottom-up method to set the total amount of allowances in reference to Shenzhen’s
emissions reduction targets, GDP growth predictions, and emissions reduction
potentials of industrial sectors.

Shenzhen sets a cap based the consideration both of total amount of emission
control and on emissions intensity. To set the allowances for the covered enterprises
in light of the expecting emission intensity reduction targets and anticipated output,
it is favorable for adjusting the allowances to deal with any drastic economic
fluctuation. However, such an approach complicates the operation of the carbon
trading system, and increases management cost upon the competent department and
the covered enterprises.

(ii) Allowances allocation [9]

Shenzhen ETS allowances are based on free allocation and paid allocation, the
latter is achieved through auction or fixed-price sales.

With respect to the allowances allocation system, Shenzhen ETS prefers
pre-allocation that computes and adjusts the allowances based on the IAV of the
covered enterprises. In order to guarantee the fairness and rationality of allowances
allocation, Shenzhen ETS pre-allocates the allowances to the industrial sectors that
abide by the Benchmarking Allocation, i.e., in light of the allocation criteria,
allocate the free allowances to the covered enterprises in advance, when the
companies’ actual emissions have been verified, the competent department shall, in
reference to the verification results

With respect to the allocation methodology, Shenzhen ETS allocates the
allowances based on the Benchmarking Principle. For a sector with a single pro-
duct, the pre-allocated allowances are the companies’ carbon intensity target mul-
tiplied by their anticipated output. For a sector with nonsingle product, the
pre-allocated allowances are the companies’ carbon intensity target multiplied by
IAV.

In order to define the carbon intensity target of an individual company, Shenzhen
proposes an allowances allocation mechanism based on the theory of Bounded
Rationality in Repeated Games, i.e., categorize the companies with similar industry
type, product type, and business scale into the same group, the government sets a
cap on the total allowances granted to different groups, then ask the companies of
the same group to report their 2013–2015 emissions and IAV targets concurrently
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via a game software; the allowances will be auto computed and pre-allocated to
them based on default rules. If the companies refuse to accept the outcome, they
may repeat the above process again and again until they cease altering the emissions
and IAV data for reporting. At that time, multiply the emissions by IAV (ultimately
accepted by the companies), the outcome will be the companies’ carbon intensity
target. Such methodology increases proactivity of the companies in allowances
allocation, improves administration efficiency, introduces human intervention in
allowances allocation which may guard against such malpractice as power
rent-seeking. However, such methodology is quite complicated, the categorization
of the company calls for massive basic data, the loss or inaccuracy of the basic data
(e.g., IAV) will hold back application of such methodology.

(iii) Allowances administration

Under the framework of Shenzhen ETS, each compliance period for the covered
enterprises is 1 calendar year; the allowances surplus in the previous year may be
banked for use in the coming year. Shenzhen ETS grants the allowances for 3 years
at one time, so it especially provides that the allowances issued for the coming year
may not be used for the previous year’s compliance (Table 3.3).

(2) Carbon offsetting

Shenzhen ETS allows the covered enterprises to use the CCERs to offset no
more than 10% of their emissions. See, Shenzhen ETS provisions on the offset
proportion and project type in Table 3.4.

Table 3.3 Characteristics of Shenzhen ETS allowances administration

Allowances
banking

The allowances left from the previous year are banked for use in the
coming year

Allowances
loaning

The allowances issued for the coming year may not be used for previous
year’s compliance

Allowances
shortage

Make up the shortage before May 30 each year

Allowances
surplus

When the covered enterprises move out, announce bankruptcy or
dissolution, if the pre-allocated allowances are more than 50% of their
fulfilled compliance obligation, such allowances shall be recovered by the
competent department; otherwise, the surplus allowances are disposed of
by the covered enterprises

Allowances
buyback

The allowances bought back by the competent department every year may
not be more than 10% of the year’s valid allowances

Allowances use The covered enterprises are entitled to assign or pledge their allowances in
accordance with law

Allowances
adjustment

Based on the covered enterprises’ actual output (the sector with the single
product) or IAV (manufacturing sector) in the previous year, confirm their
actual allowances, then supplement or deduct the pre-allocated allowances

Allowances
settlement

Each calendar year
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(3) Reward and penalty mechanism

Shenzhen ETS has worked out strict and elaborate rules to punish any violation
or noncompliance of the covered enterprises and institutions by a heavy fine and a
bad credit rating. In contrast to other ETS pilot areas, Shenzhen stresses financial
penalties which are fairly deterrent, if the concerned companies will be fined for
extra emissions, their financial assistance will be ceased. For instance, four covered
enterprises failed to fulfill their obligations on time during the 2013 compliance
period, the competent department, in light of the Interim Measures for the
Administration of Shenzhen Carbon Emissions Trading, report their noncompliance
to the corporate social credit administration and the financial credit management
agency, made public the names of these companies in line with relevant regulations,
and reported their noncompliance to the financial department which ceased their
financial assistance (Table 3.5).

3.3 Introduction to the Pilot ETS in Two Provinces

Hubei and Guangdong are the only provinces of ETS among the seven ETS pilot
areas. Hubei lies in central China, while Guangdong is located in the south. They
are different from each other in economic development level, industrial structure,

Table 3.4 Shenzhen ETS carbon offsetting mechanism

General guideline If the CCERs are generated by the covered enterprises/institutions
within their permissible emissions scope, such CCERs may not offset
their emissions

Acceptable CCER
proportion

The CCER offsets may not be higher than 10% of the covered
company’s actual emissions in the previous year

Valid CCER offset
projects

The valid offset projects for Shenzhen carbon market fall into five
categories: renewable energy and new energy (wind power, solar
energy generation, waste incineration power generation, rural
household biogas, and biomass power generation), clean
transportation, marine ecosystem carbon sequestration, forestry
sequestration, agricultural emissions reduction

Table 3.5 Shenzhen ETS reward and penalty mechanism

Reward for
compliance

The covered enterprises shall strictly abide by the administration rules;
any company that achieves greater reduction results will be commended
or rewarded by Shenzhen Municipal Government

Fines for
noncompliance

The concerned company will be imposed a fine that is three times more
than the average market price for the portion of extra emissions; with
financial subsidy abolished and in ccessible to any municipal financial
assistance within 5 years

Bad credit rating Access to the social credit management system and make public the
noncompliance companies

Implementation Four noncompliance companies were strictly sanctioned in 2013
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CO2 emissions level, and social low-carbon awareness. Meanwhile, they share such
common features as uneven local economic growth, arduous emissions reduction
task, complete industrial structure, and great disparity in emissions structure. In a
word, the ETS pilot work in Hubei and Guangdong is fairly representative.

3.3.1 Hubei ETS

Hubei is a major province in central China, covering an area of 185,900 km2. It
contributed a GDP of 2.95 trillion yuan in 2015, the permanent population reached
58.52 million at 2015 end, and the year’s energy consumption totaled 164.04 Mtce
[10]. Hubei is now at the fast-growth track. After the NDRC announced to involve
Hubei in the ETS pilot program, the province specially made some preparations,
and then the Provincial Government issued the Implementation Plan for Carrying
out the Work for Hubei Pilot Carbon Emissions Trade Scheme, which explicitly
provides for the main principles, essential elements, and work progress for carbon
trading. Before the carbon market was officially open to business, a government
directive was issued to introduce the interim measures for carbon trading admin-
istration, which will support the implementation of the ETS pilot program.

(1) Content and procedures of administration

Regulated industrial sectors: Hubei is now at the phase of rapid industrialization,
the major emitters under the ETS regulation are mostly the industrial sectors.

Allowances calculation: Most pilot areas adopt the Grandfathering Principle that
relies on the characteristics and historical emissions of industrial sectors, the
Benchmark calculation is only a supplement. Hubei ETS also gives priority to the
Grandfathering Principle, while the new electricity plants abide by the Benchmark
principles. Most of the allowances are allocated for free, yet the competent
department may reserve a certain proportion of allowances for auction (to assist
companies in their compliance) or deal with any abnormal market situations. In
light of the Hubei ETS Allowances Allocation Plan, the allowances reserved by the
government shall be no more than 8% of the total allowances; no more than 30% of
the allowances reserved by the government are used for carbon price discovery; any
non-tradable allowances surplus or reserved allowances surplus shall be revoked.

Carbon market participants: The covered enterprises, and the legal person
institutions, other organizations and individuals that join in the ETS voluntarily
(Table 3.6).

(2) Carbon market performance

By the end of March 2015, China Hubei Emission Exchange (CHEX) had been
in operation for almost 1 year, finishing more than 230 dealing days. Its total
trading volume occupied about 43% of the aggregate trading volume of the seven
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pilot carbon markets, and the total turnover was about 30% of the gross turnover of
the seven markets.

In contrast to Shanghai Environment and Energy Exchange, CHEX encountered
robust transactions shortly after it was open to business, then the trading activities
gradually cooled down and become stable, but showed drastic fluctuations as
approaching the end of 2014. In reference to such characteristic developments, the
operation of CHEX could be split into three phases: (i) Phase 1: from April to July
2014. (ii) Phase 2: from August to November 2014. (iii) Phase 3: from December
2014 to March 2015. The trading share in these three phases accounted for 59.4,
14.9 and 25.6% of CHEX total trading volume, respectively.

The strike price in CHEX has been lower than the other six carbon markets.
From the opening in April 2014 to the end of March 2015, CHEX reported an
average striking price at 24 yuan/tce, which was fluctuating moderately from 22 to
26 yuan/tce.

(3) Reward and penalty mechanism

China Hubei Emission Exchange has set several supplementary mechanisms like
allowances adjustment, risk control, and default penalty, in an aim to handle any
special or abnormal market phenomena (Table 3.7).

Table 3.6 Characteristics of Hubei ETS design

Start date April 2, 2014

Criteria for covered
enterprises

The industrial companies with comprehensive energy consumption at
or above 60,000 tce in either 2010 or 2011

Regulated industrial
sectors

Twelve industrial sectors, e.g., electricity, iron & steel, cement,
chemical

Allowances
calculation

Both Grandfathering and Benchmarking Principles are applicable to
electricity sector. The Grandfathering Principle is followed by all the
other sectors

Allocation approach Free allocation. The initial allowances for a compliance period are
allocated to the covered enterprises (after registration) at one time

Allowances
administration

The total allowances are made up of the allowances to established
companies, the allowances to newly operated companies and those
reserved by government
The allowances reserved by government shall be no more than 8% of
the total allowances. No more than 30% of the allowances reserved
by government are used for price discovery

Deadline of
compliance period

The last workday of each May

Main body The covered enterprises, and the legal person institutions, other
organizations and individuals that join in the ETS voluntarily

CCER 10%
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3.3.2 Guangdong ETS

Guangdong is located at the southernmost tip of China’s mainland, covering an area
of 179,700 km2. Guangdong is China’s most developed province, it contributed a
GDP of 7.28 trillion yuan in 2015, the permanent population reached 108 million
at 2015 end, and the year’s final energy consumption totaled 256.62 Mtce.
Guangdong is now at the mid-to-late phase of industrialization, the tertiary industry
accounted for 50% of the provincial GDP; it is an example for the other developed
regions in China.

In terms of Guangdong ETS, its system design and operational experiences are
worthy of learning and popularizing, its institutional organization and administra-
tive accountability have offered inspirations and references for carbon emissions
reduction. Therefore, an all-round interpretation of Guangdong ETS and the pilot
program in other areas is of far-reaching impact on pressing ahead with the con-
struction of a nationwide unified carbon market.

(1) Content and procedures of administration

The CO2 emissions in Guangdong mainly come from industry and manufac-
turing, therefore, industrial sectors become the foremost regulated objects. The
electricity, cement, iron, and steel and petrochemical sectors came under
Guangdong ETS regulation in the first compliance period.

In light of the Implementation Plan for Carrying out the Work for Guangdong
Pilot Carbon Emissions Trade Scheme issued in 2012 [11], all the industrial
companies, which are located within the administrative areas of Guangdong,
emitted CO2 at or above 10,000 t (or consumed comprehensive energy at 5000 tce)
in any year over 2011–2014 are defined as “reporting companies”, i.e., they do not
take allowances administration or join in allowances trading, but report their
emissions to the government every year. The industrial companies, which are
located within the administrative areas of Guangdong, emitted CO2 at or above
20,000 t (or consumed comprehensive energy at 10,000 tce) in any year over 2011–
2014 are “covered enterprises”, which are distributed in electricity, cement, iron
and steel, ceramics, petrochemical, textile, plastics, paper sectors, etc. In 2013, the
electricity, cement, iron and steel, and petrochemical sectors were first came into the

Table 3.7 Hubei ETS reward and penalty rules

Allowances
adjustment

Review the validation mechanism and the provisions for covered
enterprises’ closure or removal

Risk control The government reserves 8% of the total allowances

Default penalty Impose a fine that is 1–3 times (no more than 150,000 yuan) on the
current year’s average carbon price upon the extra emissions. Double
quota deduction for the part of over emission in the next year’s
allowances
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ETS regulation, their CO2 emissions in the year accounted for around 60% in
Guangdong total emissions.

With respect to the allowances allocation system, Guangdong ETS integrates
both free allocation and paid allocation; the latter is achieved through auction or
fixed-price sales. Guangdong ETS prefers pre-allocation that computes and adjusts
the allowances based on the actual production of the covered enterprises. In order to
guarantee the fairness and rationality of allowances allocation, Guangdong ETS
pre-allocates the allowances to the industrial sectors that abide by the
Benchmarking Allocation, i.e., in light of the allocation criteria, allocate the free
allowances to the account of the covered enterprises, when the companies’ actual
emissions have been verified, the competent department shall withdraw or give
more allowance according to the allocation standard.

With respect to the allocation methodology, Guangdong ETS allocates the
allowances based on the Benchmarking Principle; make the average emissions
intensity of industries as the baseline, then raise the baseline year by year through
the annual reduction factor, so as to tighten up total allowances and drive com-
panies to cut emissions. Since Guangdong ETS total amount of allowances and
allocation plan are open and transparent, such methodology may provide an explicit
and stable anticipation to the companies.

Under the framework of Guangdong ETS, each compliance period for the
covered enterprises is 1 calendar year; the allowances surplus in the previous year
may be banked for use in the coming year (Table 3.8).

Table 3.8 Characteristics of Guangdong ETS allowances administration [12–14]

Allowances
banking

The allowances left from the previous year are banked for use in the
coming year

Allowances
loaning

N/A

Allowances
shortage

Make up the shortage before June 30 each year

Allowances
surplus

If the covered enterprises intend to shut down or move out, they shall,
before completing the relevant formalities, settle the allowances based on
their actual and verified emissions in the year; the free allocations for the
non-production months (the operation rate in the month is below 50%)
will be recovered by the GD DRC. The allowances surplus are disposed
by the covered enterprises

Allowances
purchase

The newly comer enterprises shall purchase full-amount allowances
according to the estimated emission at the bidding platform

Allowances use Before the GD DRC verifies their annual emissions, the covered
enterprises may not transfer over 50% of the year’s free allowances in
their registered account into their transaction account for trading

Allowances
adjustment

The actual allowances based on the covered enterprises’ actual output in
the previous year, then supplement or deduct the pre-allocated
allowances. The companies whose production is above their capacity by
no more than 30% are recognized according to the relevant regulations

Allowances
settlement

Each calendar year
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(2) Carbon offsetting

Guangdong ETS allows the covered enterprises to use CCERS (no more than
10% of the year’s total allowances) to offset their emissions. See the characteristics
of Guangdong carbon offsetting mechanism in Table 3.9.

(3) Reward and penalty mechanism

Guangdong ETS has worked out elaborate provisions on reward and penalty of
the covered enterprises and verification institutions. Guangdong ETS usually exe-
cutes the penalty by imposing fines and lowering credit rating (Table 3.10).

Table 3.9 Guangdong ETS carbon offsetting mechanism

General guideline If the CCERs are generated by the covered enterprises/institutions
within their permissible emissions scope, such CCERs may not offset
their emissions

Acceptable CCER
proportion

The CCER offsets may not be higher than 10% of the compliance
company’s actual emissions in the previous year; no less than 70 of
10%, of the CCERs shall come from the local VER projects

Valid CCER offset
projects

Non-hydro electricity generation, non-fossil fuel electricity generation
and heat supply (not based on coal, petroleum, or natural gas, but
CBM is unconstrained), waste energy (heat, pressure, and gas)
utilization
Exclude the CDM projects that have generated reductions before
registration at the UN CDM Executive Board

Others The offsets from the CO2 and CH4 emissions reduction projects are
valid, and CO2 and CH4 reductions shall account for more than 50%
of all GHG emissions from these projects

Table 3.10 Guangdong ETS reward and penalty mechanism

Reward for
compliance

The covered enterprises that, which have fulfilled their obligations, shall
take the precedence to declare the government-subsided projects (incl.
low-carbon emissions, energy conservation and emissions reduction,
renewable energy, circular economy); shall take the precedence to
government financial support

Fines for
noncompliance

The unsettled allowances for the next year shall be fined by 2 times, a
fine of 50,000 yuan is concurrently imposed

Penalty on credit The noncompliance is reported to the credit management system of
financial institutions and Guangdong social credit system; keep the
public informed

Penalty on project No qualify to apply new projects during the period of ETS trial
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3.4 Summary

A unified China carbon market is still at the infant phase. The seven ETS pilot
schemes share common ideas, but vary in details (e.g., general design, coverage
scope, allowances amount, allowances allocation, offsetting, compliance mecha-
nism, and MRV), owing to diversified political conditions, economic growth, stage
of development, and industrial structure. Their similarities and existing problems
are concluded as follows:

(1) Select the covered enterprises or institutions mainly based on their energy
consumption;

(2) Compute total amount of allowances by combining the “top-down” and
“bottom-up” methodologies;

(3) Allocate the allowances to electricity sector based on the “Benchmarking
Principle”;

(4) All of them have built an effective MRV system and carbon trading platform;
(5) All of them set a cap on proportion of offsets (10%), but the sources of the

offsets vary among the ETS pilot areas.

Some problems exist in the current ETS pilot mechanisms:

(1) There are great uncertainties in setting the allowances cap. In terms of the
“top-down” approach, it takes account of the GDP growth of the pilot area, it
is an uncertain factor and not always the same with the GDP growth of the
ETS regulated industries, thus injecting uncertainties into the allowances cap
based on the “top-down” computation. In terms of the “bottom-up” approach,
it relies on the historical emissions and reduction potentials of the covered
enterprises. However, such approach is neither 100% reliable if the pilot area
has a fast-developing economy and robust GDP growth, local companies are
expanding their capacity year by year, and multiple new companies come into
being to generate a rigid increase in emissions.

(2) An extensive coverage scope may lower the economic efficiency of the ETS
pilot scheme. Different pilot areas have their own coverage scope, either big or
small, some only involve large-sized companies with high emissions and high
energy consumption, e.g., iron and steel, electricity, heat, metallurgy, cement,
and petrochemical sectors. In contrast, other may regulate as many as 20–30
industrial sectors, including service, large public buildings, and public insti-
tutions (colleges and government agencies). During the current pilot period,
the ETS coverage scope should not be too extensive, otherwise, it will
inevitably increase the difficulties and costs in allowances allocation, MRV
execution, and companies’ compliance.

(3) The allowances allocation based on the Grandfathering Principle does not fit
the ETS mechanism in the rapidly developing areas. The grandfathering
allocation is based on the historical emissions of the covered enterprises,
which may conflict with the demand for sustainable economic growth; and the
industry prosperity cycle may alter the emissions structure, which will result in
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a gap between allowances supply and demand. Take Beijing for instance, in
around the base year, the iron and steel and cement sectors were sluggish,
many companies halted production; but the electricity generation plants were
operating at a full load, implying that more allowances shall be granted to the
electricity sector. However, after the economy entered into the New Normal
phase, the allowances supply–demand pattern in these sectors reversed, thus
altering the production cost of the covered companies.

(4) The way of linkage between the current pilots ETS and the future national
ETS shall be considered. Pilots ETS vary from each other in allowance setting,
MRV rules, allocation approaches, it is hard to homogenize under the different
value of allowances.

(5) The carbon market functions are fairly weak. As compared with other mature
capital markets, e.g., the securities market, China’s pilot carbon markets are
not strongly functional, particularly weak in mobility, since it is still young
and trading newborn product.
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Chapter 4
Guangdong Carbon Emissions Status
Quo and Main Characteristics

Guangdong energy consumption mix—dominated by fossil fuels—has generated
high level of carbon emissions. The statistics revealed that aggregate energy con-
sumption had been increasing year by year, and the evolution process could be split
into three stages during 1995–2012. In Stage I (1995–2002), aggregate energy
consumption increased with an AAGR at 6%. During this period, Guangdong
economy grew at a slow pace, and consumption of coal, petroleum, and electricity
achieved at an AAGR at 5, 7, and 14%, respectively. In Stage II (2003–2008),
aggregate energy consumption grew with an AAGR at 12%, while GDP reached an
AAGR at 14% (at 2005 constant prices), and the IVA rose with an AAGR at 20%,
the consumption of coal, petroleum, and electricity presented an AAGR at 12, 9,
and 22%, respectively. There was robust energy demand from industrial sectors in
this stage, which led to the electricity demand over the supply. Though the total
capacity of power generation expanded 52% during this period, newly added
coal-fired power plants were not enough to satisfy the shortage. Thus, electricity
imported from western China sharply ascended from 21.3 TW h in 2003 to
92.8 TW h in 2008. In Stage III (2009–2012), aggregate energy consumption
dropped by 10% annually [1, 2]. Due to the impacts of the global financial crisis at
the end of 2018 as well as domestic economic factors like the appreciation of RMB,
GDP of Guangdong slowed down with an AAGR at 12%. Provincial export-
oriented manufacturing sectors, which concentrated in the Pearl River Delta, were
severely stricken. As a result, energy consumption in industrial sectors began to
decrease. The AAGR of coal, petroleum and electricity consumption dropped to 10,
7, and 11%, respectively. Generally, Guangdong aggregate energy consumption
reached 263 Mtce in 2012, accounting for 7.7% of total energy consumption in
China.

This chapter will review the changes of Guangdong energy consumption pat-
terns over 1995–2012, and analyze the characteristic of energy consumption of
Guangdong province, including: carbon emission flow, emissions structure, carbon
emission intensity, per capita emissions, emissions feature of electricity generation,
emissions from energy consumption, and driving forces of carbon emissions.
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4.1 Guangdong Aggregate Energy Consumption Mix

Guangdong aggregate energy consumption, by maintaining an upward trend over
1995–2012 (see Fig. 4.1), reached 263 Mtce in 2012, accounting for 7.7% of China
total energy consumption [2].

4.1.1 Guangdong Aggregate Energy Consumption
and Spatial Distribution

The total energy consumption per unit GDP (TEC/GDP) across Guangdong
maintained a downward trend over 2005–2011, i.e., the TEC/GDP of the entire
province fell from 0.794 to 0.640 tce/104 yuan, dropping by an average of 3.53%
annually. On a national scale, Beijing had the lowest TEC/GDP at 0.549 tce per
10,000 yuan in 2011, accounting for 62–45% of the national average. Ningxia had
the highest TEC/GDP at 3.497 tce per 10,000 yuan in 2011. Guangdong had a
fairly low TEC/GDP. Among all Chinese provinces, Guangdong was the only one
that ranked second to Beijing, indicating that the energy-based economy and
technologies of Guangdong were ranking at a relatively high level. However, owing
to varied industrial structure and technical strength in different areas, the TEC/GDP
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of Guangdong varied greatly among different areas. Among the province’s four
major areas (see Table 4.1), the developed Pearl River Delta had energy use effi-
ciency significantly above the other areas. The delta-based Shenzhen City had TEC/
GDP no more than 0.5 tce/104 yuan, in contrast, Shaoguan in north Guangdong had
the highest TEC/GDP, which was three times or more above Shenzhen [1, 3, 4].

With a view to TEC/GDP spatial distribution in Guangdong, in 2005, only two
cities (Shenzhen and Shanwei) had a TEC/GDP lower than 0.6 tce/10,000 yuan; 13
cities were in range of 0.6–1.2 tce/10,000 yuan; 5 cities in range of 1.2–1.8 tce/
10,000 yuan; only Shaoguan above 1.8 tce/10,000 yuan. In 2011, 5 cities
(Shenzhen, Shanwei, Guangzhou, Zhuhai, and Shantou) had a TEC/GDP lower
than 0.6 tce/10,000 yuan; 13 cities were in range of 0.6–1.2 tce/10,000 yuan; 3
cities in range of 1.2–1.8 tce/10,000 yuan; no city was above 1.8 tce/10,000 yuan.

Table 4.1 Guangdong TEC/GDP in 2005–2011 (Unit: tce per 10,000 yuan)

2005 2006 2007 2008 2009 2010 2011

National 1.28 1.24 1.18 1.12 1.08 1.03 1.01

Beijing 0.792 0.760 0.714 0.662 0.606 0.582 0.549

Ningxia 4.140 4.099 3.954 3.686 3.454 3.308 3.497

Guangdong 0.794 0.771 0.747 0.715 0.684 0.664 0.640

Pearl River Delta Guangzhou 0.782 0.746 0.713 0.680 0.651 0.621 0.590

Shenzhen 0.593 0.576 0.560 0.544 0.529 0.513 0.490

Zhuhai 0.659 0.640 0.624 0.603 0.581 0.560 0.536

Foshan 0.888 0.848 0.811 0.746 0.694 0.664 0.637

Dongguan 0.864 0.822 0.778 0.738 0.705 0.691 0.658

Zhongshan 0.779 0.738 0.701 0.673 0.646 0.636 0.610

Jiangmen 0.872 0.865 0.833 0.777 0.732 0.715 0.688

Zhaoqing 0.988 0.958 0.919 0.887 0.844 0.823 0.793

Huizhou 0.856 0.976 1.016 0.956 0.947 0.892 0.856

North (mountainous area) Shaoguan 2.140 2.038 1.913 1.819 1.737 1.710 1.490

Heyuan 0.962 0.897 0.884 0.840 0.809 0.800 0.771

Meizhou 1.433 1.398 1.333 1.279 1.229 1.189 1.137

Qingyuan 1.734 1.695 1.633 1.540 1.481 1.452 1.394

Yunfu 1.525 1.436 1.389 1.338 1.294 1.274 1.228

West Yangjiang 0.869 0.795 0.763 0.736 0.709 0.702 0.677

Zhanjiang 0.738 0.710 0.682 0.659 0.641 0.639 0.616

Maoming 1.332 1.282 1.256 1.190 1.146 1.097 1.055

East Chaozhou 1.469 1.417 1.368 1.321 1.274 1.232 1.186

Jieyang 1.029 0.973 0.940 0.902 0.874 0.855 0.819

Shantou 0.692 0.662 0.648 0.632 0.608 0.588 0.567

Shanwei 0.579 0.570 0.557 0.559 0.528 0.517 0.497

Note The TEC/GDP is calculated at 2005 constant prices
Source China Statistical Yearbook 2012, Guangdong Energy Statistics 2001–2010 and Guangdong
Statistical Yearbook 2012
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In terms of geographical distribution, the cities with a relatively high TEC/GDP
are concentrated in the northern and eastern areas of Guangdong, while the cities
with a lower TEC/GDP are located in the Pearl River Delta and coastal area which
are fairly developed.

4.1.2 Elasticity Coefficient of Energy Consumption

Elasticity Coefficient of Energy Consumption (ECEC) is the percentage change in
energy consumption to achieve one percent change in national GDP at constant
prices. It is an indicator to demonstrate the relation between energy consumption
and GDP growth. A smaller ECEC represents less dependence of GDP growth on
energy consumption. Figure 4.2 shows that Guangdong ECEC had been fluctuating
over 1995–2012 with both GDP and energy consumption maintaining positive
growth in each year; thus, ECEC could remain as a positive value. There had been
ECEC >1 in 2003, 2005, and 2008, showing Guangdong GDP growth was notably
lower than energy consumption growth. There was ECE <1 in the most part of this
period, indicating that although Guangdong kept developing its socio-economy, its
energy consumption was increasing at a slower pace, but the aggregate energy
consumption did not show any downward momentum [1, 2].

After comparing the ECEC between developed countries/regions and
Guangdong (Table 4.2), we’ve found out that Guangdong had the highest growth
rate in both GDP and energy consumption over 1995–2012. Guangdong had an
ECEC slightly above the national average. In contrast to the US, Germany, UK, and
Japan with a low or negative ECEC over 1995–2012, the ECEC of Guangdong and
China at large remained high, demonstrating that the Chinese economy (including
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Guangdong) was growing at a faster pace though started later, registering a GDP
growth rate significantly above the growth rate of energy consumption, hence
ECEC <1. However, in contrast to Germany, UK, and Japan where the energy
demand kept negative growth, Guangdong had an actively increasing energy
demand with a positive ECEC.

4.1.3 Energy Consumption Intensity

Although Guangdong aggregate energy consumption kept increasing over 1995–
2012, the Energy Consumption Intensity (ECI) dropped from 0.95 tce per 10,000
yuan in 1995 to 0.55 tce per 10,000 yuan in 2012 (calculated at 2005 constant
prices), registering a decrease rate at 43%. In 2012, the ECI of Guangdong was
lower by 41% than the national average, but still higher than that of developed
countries/regions like US, Germany, UK, Japan, South Korea, and Hongkong (see
Fig. 4.3). However, with a view to ECI variation trend over 1995–2012, the ECI of
Guangdong and China at large, respectively, dropped by 43 and 45%, higher than
such decrease between 14 and 38% in US, Germany, UK, Japan, South Korea, and
Hongkong [1, 2, 5].

4.1.4 Energy Consumption Per Capita

In 2012, the GDP (at current prices), population and aggregate energy consumption
of Guangdong, respectively, accounted for 11.0, 7.8 and 7.7% of the national total.
Along with constantly increasing GDP per capita, the energy consumption per
capita (ECpc) of Guangdong rose from 0.92 tce in 1995 to 2.48 tce in 2012,
registering a robust growth rate at 169% (see Fig. 4.4). In 2012, Guangdong ECpc
was 17% below the national average level, and respectively, lower by 74, 55, 43,

Table 4.2 ECEC in certain countries/regions in 1995–2012

Country/Region GDP growth (%) Energy consumption growth (%) ECEC

Mainland China (1) 382 176 0.46

Guangdong (1) 571 286 0.50

US (2) 52 3 0.06

Germany (2) 26 −9 −0.34

UK (2) 43 −11 −0.25

Japan (2) 14 −9 −0.66

S. Korea (2) 111 82 0.74

Hongkong (2) 81 39 0.49

Source (1) China Energy Statistical Yearbook 1996–2013; (2) the World Bank
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51, 67 and 16% in contrast to US, Germany, UK, Japan, South Korea, and
Hongkong. However, with a view to ECpc growth rate, Guangdong ECpc growth
rate was higher by 27% than the national average level over 1995–2012. In the
meanwhile, the ECpc growth rate of US, Germany, UK, and Japan dropped by 12,
7, 19, and 11%, respectively. The ECpc growth rate of South Korea and Hongkong
rose by 64% with 20%, respectively, yet far below that of Guangdong [1, 2, 5].
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4.2 Guangdong Aggregate Carbon Emissions and Carbon
Flow

In light of Guangdong Statistical Yearbook 2013, and calculating method recom-
mended by IEA and U.S.A, [6, 7] Guangdong aggregate carbon emissions reached
573 MtCO2e in 2012; among them, the emissions from consumption of coal, oil,
and natural gas were, respectively, 411, 137, and 25 MtCO2e. Their percentages in
aggregate carbon emissions are shown in Fig. 4.5.

With a view to China’s carbon emissions scale by province/region/
municipality,1 Guangdong was among the heavy emissions rank over 1995–
2005, then joined in the ultra-heavy emissions rank since 2006. Of the emissions
arising from production and livelihood, it was the emissions from the primary
industry were decreasing amid moderate fluctuations, i.e., down from 1.46 tCO2e in
1995 to 1.23 tCO2e in 2011, registering an annual average decrease at 1.03%. The
carbon emissions from the secondary and tertiary industries and from livelihood
kept increasing, i.e., rising from 35.80 tCO2e, 4.03 tCO2e and 3.24 tCO2e to
124.35 tCO2e, 18.38 tCO2e and 8.62 tCO2e, with an AAGR at 8.09, 9.94 and
6.32%. Obviously, the secondary industry was the largest emitter in Guangdong
with the percentage in aggregate emissions remaining in range of (81 ± 1)%. The
tertiary industry was the second largest emitter in Guangdong with a share in
aggregate emissions maintaining an upward trend (Fig. 4.6).

See the carbon flows of Guangdong in Fig. 4.7 [8], electricity production, which
is based on energy conversion, was the largest emitter with carbon emissions of
264 MtCO2e in 2012, holding 46% of the provincial total emissions. The emissions
from heat production reached 19 MtCO2e, holding 3% of the provincial total
emissions. After assigning the emissions from electricity and heat production to
manufacturing sector—the largest emitter (holding 65%) at the end of final energy

Coals, 72%

Oils, 24%

Natural gas, 4%Fig. 4.5 Guangdong
aggregate carbon emissions
breakdown by fuel type in
2012. Note Guangdong
aggregate carbon emissions
reached 573 MtCO2e in 2012

1The Chinese carbon emissions scale are split into four classes: Class I (ultra-heavy emissions)
with emissions larger than 1 � 108 t/year; Class II (heavy emissions) with emissions of (9999–
3000) � 104 t/year; Class III (general emissions) with emissions of (2999–1000) � 104 t/year;
Class IV (light emissions) with emissions at or below 999 � 104 t/year.
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consumption, which was followed by transportation and storing sectors (11%); the
combined emissions from the urban and rural residential consumption held 13%.

4.2.1 Characteristics of Carbon Emissions Composition

Guangdong’s direct carbon emissions from all types of energy over 1995–2012 are
shown in Fig. 4.8. During this period, the carbon emissions from energy con-
sumption remained on the rise, which was attributed to mounting demand for
various fossil fuels arising from the rapidly developing socio-economy. There used
to be low consumption of natural gas in 1995; however, along with the operation of
the receiving terminals and implementation of the “gas transmission from west
China to east China”, Guangdong began to consume more and more natural gas,
which generated increasing carbon emissions. However, natural gas is a low-carbon
energy with carbon emissions coefficient merely 56 and 72% of coal and petroleum.
According to a rough estimation shows that replacing coal or petroleum con-
sumption with natural gas is able to save carbon emissions by 44 and 28%.
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4.2.2 Carbon Intensity

Carbon intensity is a ratio between local aggregate carbon emissions and
GDP. Quantified carbon intensity is able to reflect the dependence degree of eco-
nomic growth on fossil energy consumption, it is closely related to local energy use
efficiency and energy consumption mix. As shown in Fig. 4.9, both GDP and
carbon emissions of Guangdong maintained an upward momentum over 1995–
2012, with carbon intensity remaining at the downside, i.e., falling from
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2.32 tCO2e/10,000 yuan in 1995 to 1.19 tCO2e/10,000 yuan, dropping by an
average of 4% annually.

As indicated in Fig. 4.10, Guangdong carbon intensity was lower by 65% than the
national average level in 2012, but higher by 68, 78, 82, 77, 51, and 67% [5, 9] than
US, Germany, UK, Japan, South Korea, and Hongkong, respectively. But with a
view to the downward trend of carbon intensity, both Guangdong and China at large
reduced carbon intensity by 37 and 39%, slightly higher than such drop in US (35%),
Germany (30%), and UK (38%), and far above Japan (1%), and South Korea (18%),
marking that Guangdong has achieved significant progress in raising energy use
efficiency, energy conservation, and emissions reduction, and in upgrading socioe-
conomic development quality, yet there is still a long way to go for Guangdong to
catch up with the advanced energy use efficiency in the European states and US.

4.2.3 Carbon Emissions Per Capita

Guangdong saw its population increase by 43% over 1995–2012, and reach
106 million in 2012. As shown in Fig. 4.11 the growth of Guangdong carbon
emissions exceeded that of population, which resulted in a year-on-year increase
in carbon emissions per capita (CEPC). In 2012, Guangdong CEPC reached
5.41 tCO2e/person.
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In 2012, the CEPC of Guangdong was 17% lower than the national average
level, and remarkably lower than that of world major economies like US, Germany,
UK, Japan, South Korea, and Hongkong. Over 1995–2012, the CEPC of
Guangdong and China at large kept increasing, but the CEPC of US, Germany, and
UK remained on the downside, falling by 16, 10, and 19%, respectively. The CEPC
of Japan, South Korea, and Hongkong, though situated in Asia as Guangdong, was
increasing slowly with a growth rate of 11, 55, and 61% [5, 9], respectively.
Though the CEPC of Guangdong is currently lower than that of developed states/
regions in Europe and America, it has been increasing rapidly; moreover, the
cardinal number of Guangdong population is large and remaining stable, and the
provincial economy keeps sustainable growth, which makes control of carbon
intensity an especially important task (Fig. 4.12).

4.2.4 Carbon Emissions from Electricity Production

In 2012, the total carbon emissions from electricity production of Guangdong
reached 264 MtCO2e, not counting into the indirect emissions from consumption of
purchased electricity. Of the total emissions, the coal-based, natural gas-based, and
petroleum-based electricity production accounted for 94.4, 4.9, and 0.6%, respec-
tively. As shown in Fig. 4.13, total carbon emissions from electricity production
were assigned to each consumption end based on their percentage of total electricity
consumption, so as to identify the emissions from end users. Industrial sectors—the
largest emitter—contributed to 64% of total carbon emissions from electricity
production; while the combined emissions from urban and rural household con-
sumption shared another 16%.
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The characteristics related to energy consumption and carbon emissions from
electricity generation of Guangdong could be analyzed by three stages, which are as
follows:

Stage I (1995–2002): During this period, the economy of Guangdong was devel-
oping at a slow pace, with the energy consumption for electricity production rising
at an AAGR of 14%. Of the total electricity, respective 60 and 27% were generated
from coal-fired power plants and petroleum-fired power plants, 2% was from
purchased electricity, and 11% was supplied by nuclear power, hydropower, and
wind power together. The carbon emissions from Guangdong electricity production
rose with an AAGR at 9%.
Stage II (2003–2008): During this period, the GDP of Guangdong was rising with
an AAGR of 14% (calculated at 2005 constant prices), such growth of IVA was
20%, and the energy consumption for electricity production was increasing with an
even higher AAGR of 22%. The coal-based installed capacity increased 52%. The
share of coal-based electricity in total electricity output rose to 66%, the share of
petroleum-based electricity dropped to 14% under the pressure from mounting
generation cost and strict environmental protection, while the combined share of
nuclear power, hydropower and wind power was 9%. In order to make up for the
shortage in electricity demand, Guangdong increased electricity purchase from the
project as “electricity transmission from west China to Guangdong”, i.e., from
21.3 TWh in 2003 to 92.8 TWh in 2008. The share of purchased electricity in
Guangdong total electricity output rose to 13%. Owing to the sharp increase in
energy consumption for electricity production, and shrinking share of nuclear
power, hydropower, and wind power, the carbon emissions from Guangdong
electricity production rose with an AAGR at 10% during this period.
Stage III (2009–2012): Under the impact from several economic factors at the end
of 1998 like the global financial storm and appreciation of RMB, the GDP of
Guangdong was increasing with a lower AAGR at 10% during this period. Such
growth of the electricity consumption in industrial sectors dropped from 13% over
2003–2008 to 7%. Such growth of the energy consumption for electricity pro-
duction fell to 7%. Of the total electricity output, the share of electricity from
coal-fired generators rose to 72%. Owing to sharply increasing generation cost of
petroleum-fired power plants and intensified efforts in air pollution control, small
thermal power plants with a capacity of about 12.1 GW were shut down during
2006–2010, the share of petroleum-based electricity dropped to 1%. Along with
Shenzhen Dapeng LNG Receiving Terminal stating to operate in 2006, the share of
electricity from natural gas-fired power plants achieved to 7%. The amount of
electricity purchased from other provinces based on the program of “electricity
transmission from west China to Guangdong” steadily ascended, and its share in
total electricity supply increased to 11% consequently. Meanwhile, electricity
supplied by nuclear power, hydropower, and wind power together took account for
rest 9%. Overall, the carbon emissions from power sectors increased with an AAGR
of 8% in this stage (Fig. 4.14).
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4.3 Decomposition of the Driving Force for Carbon
Emissions

In order to analyze the characteristic carbon emissions from end users, emissions
from electricity and heat generation were then allocated to respective end users
based on energy consumption percentage. Overall, the aggregate carbon emissions
of Guangdong from energy consumption rose from 166 MtCO2e in 1995 to
573 MtCO2e in 2012, and emissions from all end users had kept an upward trend
(see Fig. 4.15).

In the percentage of emissions, manufacturing sector was ranking the top (64–
68%) over 1995–2012. During this period, the percentage of emissions from
transport, warehousing and postal sectors, wholesale-retail sectors, and other ser-
vice sectors rose 3, 1, and 2%, respectively; such percentage of agriculture, animal
husbandry, and fishery sectors dropped 2%.

With a view to the growth rate of emissions, the AAGR of the emissions from
transport, warehousing and postal sectors, wholesale-retail sectors, and other ser-
vice sectors was 10%, higher than that of the provincial total emissions (8%). The
manufacturing sector, which belongs to the secondary industry, is the largest
emitting source. The AAGR of carbon emissions from manufacturing sector leveled
off the growth of provincial total emissions. In contrast, such growth of agriculture,
animal husbandry and fishery sectors, which belong to the primary industry, was
merely 2%. Such situation is mainly attributed to the industry restructuring in
Guangdong, i.e., the focus is shifting from the primary industry to tertiary industry,
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yet the adjustment to the secondary industry is limited; in other words, the sec-
ondary industry remains as the predominant emitting source.

With a view to the increments in carbon emissions, the aggregate carbon
emissions of Guangdong increased 407 MtCO2e over 1995–2012. Of the total
increments, 64% was contributed by the manufacturing sector, 12% were from
transport, warehousing, and postal sectors, and 13% from urban and rural
livelihood.

In order to dissect the driving forces for carbon emissions from energy con-
sumption end, we use LMDI approach to interpret the Kaya and Johan models that
represent development of industrial sectors, and the ImPACT model indicating
development of population and society, so as to analyze the 10 driving forces which
are distributed in production sector (i.e., economic activities, industry structure,
energy intensity, energy consumption mix, and emissions coefficient of energy
consumption) and in people’s livelihood (i.e., population growth, urbanization
level, degree of prosperity, energy consumption mix, and emissions coefficient of
energy consumption).

Of the total the increments in carbon emissions of Guangdong over 1995–2012,
64% was contributed by manufacturing sectors; 2% by “transport, warehousing and
postal sectors”; 8 and 5% by urban and rural livelihood, respectively; 6, 5, and 1%
by the other service sectors, wholesale-retail and hotel catering sectors and con-
struction sector, respectively (see Fig. 4.16).
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4.3.1 Driving Force in Carbon Emissions from Production
End

The increments in carbon emissions from production end2 reached 356 MtCO2e

over 1995–2012, accounting for 87% of the total increments. The carbon emissions
from production end were increasing at a varied pace over 1995–2012 (see
Fig. 4.17). The increments over 2003–2009 were ever larger and averaging at
32 MtCO2e per year, which was 55% higher than the average increments over
1995–2012. It was attributed to the robust development of the export-oriented
economy of Guangdong since China’s accession to the WTO, the production scale
of all economic sectors began to expand, and the carbon emissions from energy
consumption were increasing at a fast pace, such increments topped at 42 MtCO2e

over 2008–2009.
With a view to driving force, it is the economic output that mainly drives up the

growth of carbon emissions from production end. Despite of the 2011–2012 period,
the driving force had exerted a positive effect and contributed 152% of the incre-
ments over 1995–2012. Energy intensity is a major driving force for cutting back
the increments in emissions (cutting 42% over 1995–2012). Energy structure,
industry structure, and emissions factor of the production end were of moderate
effect on carbon emissions over 1995–2012, and fairly fluctuating; they contributed
6, 4 and −11% to the increments in carbon emissions over 1995–2012.

Agriculture, 
animal 

husbandry & 
fishery, 0%

Manufacturing,
64%

Construction ,
1%

Transport, 
warehousing & 

postal, 12%

Wholesale-retail
& hotel 

catering, 5%

Other sectors, 
6%

Urban life, 8%

Rural life, 5%

Total increments: 407 MtCO2e
(100%)

Fig. 4.16 Breakdown of
Guangdong carbon emissions
increments by energy end-use
in 1995–2012

2“Production end” refers to agriculture, manufacturing and catering sectors despite of the energy
consumption for people’s livelihood. The “consumption end” shown in the previous subsector is
made up of both production sectors and people’s livelihood. In this subsection, “production end”
and “resident end” are cited to differentiate all production sectors and people’s livelihood.
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4.3.2 Driving Force in Carbon Emissions from
Resident End

Over 1995–2012, the increments in carbon emissions from resident end reached
51 MtCO2e, accounting for 13% of the total increments and registering a
year-on-year increase. The annual average increments were as high as 5 MtCO2e

over 2003–2011, far exceeding the increments of 1 MtCO2e over 1995–2002,
because along with constantly developing economy and increasingly affluent life,
the residents have more disposal income, and widely applied transport means and
home appliances, which, in turn, increased carbon emissions. The increments
topped at 15 MtCO2e over 2010–2011 (see Fig. 4.18).

Over 1995–2012, despite the expanding population size that exerted a positive
role in driving up carbon emissions, all the other driving forces were fluctuating
greatly. Overall, people’s affluent life was the major driving force, contributing
76% of the increments over 1995–2012, followed by population size (26%),
livelihood energy consumption mix (5%), and urbanization (4%). In addition,
emissions factor—owing to optimized energy structure—slowed down increments
in carbon emissions by 13%.
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Chapter 5
Guangdong Pilot ETS Coverage Scope
and Allowances

The ETS is comprised of seven components: coverage scope, allowances setting,
allowance allocation, transaction management, legal framework, MRV rules, and
linkage with external carbon markets. The coverage scope is the primary part, since
its reasonable coverage, to a certain extent, decides the operational efficiency of the
ETS. However, most of the Chinese current researches focus on total allowances
calculation and allocation, instead of on industry coverage of the ETS. In fact, the
number and ownership of the covered companies decide the allowances total
amount and allocation standard of the ETS. Therefore, the research on the coverage
scope shall be the fundamental work. The coverage scope of regional ETS is based
on categories of GHGs and the covered industry selection. In light of the IPCC
Fourth Assessment Report: Climate Change 2007, CO2 is the predominant
anthropogenic GHG, and also the main target in China’s emissions reduction
program [1]. This chapter elaborates on how to define the coverage scope appro-
priately for constructing ETS.

5.1 Overview the Coverage of Global ETS

The EU ETS is the world’s largest GHG cap-and-trade system. It has developed
all-round criteria for guiding industry selection. The EU ETS established two
guiding principles for selecting the covered enterprises: First, making a narrow the
coverage scope at the infancy of the ETS. Second, take the larger emitter into ETS
[2]. The EU ETS had set the following five criteria for industry selection:
(i) Environmental effectiveness; (ii) Economic efficiency; (iii) Impact on industrial
competitiveness; (iv) Management feasibility; and (v) Substitution policy. Based on
these criteria, such industrial sectors as electricity, steel, petroleum refining, glass
(incl. ceramics and cement), and paper, with annual CO2 emissions accounting for
42.6% of the total emissions of EU, were designated into the EU ETS Phase-1
regulation.
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The coverage scope of the Tokyo-ETS shall satisfy the following criteria: (i) All
the buildings and installations within the administrative region of Tokyo are subject
to CO2 emissions regulation; (ii) All the buildings and installations within the
administrative region of Tokyo, with annual consumption of fuels, heat, and elec-
tricity above 1500 kLOe, are involved in the ETS. The statistics show that the
annual regulated CO2 emissions account for 20% of Tokyo’s total emissions [2].

The German ETS defines its coverage scope based on category and annual
emissions of installations [3]. Through surveys of installations and their emissions
of all companies, German Emissions Trading Authority defined that the installa-
tions (above 20 MW) as primary emitters, and they are obliged to set a cap on
emissions and join in allowances trading as provided by law.

Whether the above global ETS experiences can be directly borrowed by China
for building a nationwide ETS shall be first undergoing applicability analysis.
A summary of the world prevailing ETS reveals that an ETS coverage scope usually
satisfies the following criteria [4, 5]:

(1) Annual CO2 emissions

The purpose for building an ETS is to fulfill regional emissions reduction goals
at a lower cost. The existing ETS in all countries unanimously takes the amount of
carbon emissions as a key criterion for defining regulation industries. Since “a small
ship makes a good turn,” the foreign countries start regulating the emitters with
annual emissions taking up a small share of the regional total emissions, i.e., as
small as 20–30% during Phase 1 regulation. Similarly, China shall also take account
of such percentage while selecting regulation industries for the ETS. In reference to
the foreign ETS experiences and the corresponding cost, while the ETS is still at its
infancy, it is wise to control the percentage of regulated emissions in the country/
region’s total emissions at no more than 40%.

(2) Carbon leakage rate

In order to mitigate the impact of carbon trading on the domestic economy and
carbon market, each country, when defining the ETS coverage scope, shall take
account of the issue of carbon leakage.1 The Kyoto Protocol targets at regulating
emissions from the building; the EU ETS focuses on electric and industrial
installations; the German ETS directs at industrial installations. The ETS designers
at all levels shall pay special attention to carbon leakage, since it is much easier for
inter-regional industry transfer. Some companies under the ETS framework may
remove their high-emissions industrial production to other non-compliant areas,
which may discourage the economic and industrial development of the areas of
origin, and fail to fulfill the target of restricting carbon emissions. According to

1Carbon leakage under the Kyoto Protocol occurs when certain compliant countries transfer
high-carbon industries to other noncompliant countries, thus increasing CO2 emissions in the
latter. Yet the “carbon leakage” herein occurs within one country, i.e., an area or province with a
strict emissions regulation policy removes the local high-carbon industries to other areas, which
may affect the economic development of the original area.
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China’s “12th Five-Year Plan” (2011–2015), all provinces and cities shall reduce
carbon emissions, yet their reduction targets varied. Different regions were either
strict or relaxed at the control of carbon emissions, which created objective con-
ditions for carbon leakage. Therefore, the areas that set higher emissions reduction
targets shall pay special attention to this issue.

(3) Management feasibility

Among the five criteria for selecting industries for the ETS regulation, “man-
agement feasibility” is especially important, since it relates to manageability of
industry nature, feasibility of monitoring measures, and acceptability of manage-
ment cost. These factors vary greatly among the Chinese industries, because of
weak data foundation of carbon emissions and imperfect legal system about CO2

emission. Therefore, management feasibility is a particularly important criterion for
China to select ETS regulation industries.

All the ETS regulation industries in the EU, German, and Japan satisfy one
common criterion: the high-emissions sources are covered to fulfill national/
regional emissions reduction targets, lower average management cost, which meets
the requirements for the ETS trial operation. Therefore, when selecting regulation
industries for the ETS, the priority shall be given to the high-emissions sources.

5.2 ETS Coverage Selection Model Building

While designing a coverage selection mechanism of ETS, those elements of the
national/regional carbon emissions structure, economic development plans, and
emissions reduction targets shall all be taken into account.

5.2.1 Principles of Model Constructing

The following principles shall be followed for building an indicator system for
industry selection:

(1) Integration of universality and comparability

The modules and elements in the indicator system shall be understood and
accepted by all stakeholders, and able to reflect the ETS characteristics and regional
differences, i.e., the selected indicators shall be of versatility and compatibility. The
comparable indicators shall be selected to ensure both space–time comparison and
vertical–longitudinal comparison.
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(2) Scientificity and operability

When building the indicators for both element layer and base layer, the repre-
sentation indicators that are scientific and able to reflect the ETS connotation and
industry requirements shall be selected. Moreover, the indicators shall be easier to
be collected, with authoritative and reliable data sources.

(3) Completeness and independence

The cap on regional total emission allowances trading, allowances allocation
approach, and MRV design are essential contents of the ETS, thus calling for
complete industry information. The indicators that are capable of satisfying the
three requirements shall be selected. Besides, each indicator shall reflect unique and
significant information, rather than different indicators reflecting the same fact, so as
to ensure a small number of indicators reflecting the overall information of the ETS.

5.2.2 Model Construction

In light of the principles for selecting indicators, Guangdong Province designed an
indicator system for the “regional ETS coverage Selection”, which consists of the
indicators at four levels of system layer, module layer, elements layer, and base
layer for identifying the industries accessible to the ETS. This indicator system
involves one Tier-1 indicator, 4 Tier-2 indicators, 10 Tier-3 indicators, and 26
Tier-4 indicators. The former three indicators are synthetic and indirect indicators,
the Tier-4 indicators are objective, direct, and measurable indicators that should
occupy a basic position in the indicator system.

(1) Build an indicator system for the regional ETS coverage scope

Tier-1 indicator, the only one indicator at system layer, refers to the regional
industries joining in the ETS. It is a comprehensive and systematic indicator for
defining the scope of ETS-regulated industries. Tier-2 indicators, which are in the
module layer (below system layer), consist of four representation indicators, i.e.,
physical quantity, technicality, economy, and quality. Tier-3 indicators, which are
an element layer, consist of 10 elements as industrial carbon emissions, emissions
reduction space, emissions reduction cost, the operability of emissions adminis-
tration, industrial development prospect, carbon leakage rate, trading willing, rel-
evant policies, technical advancement, and economic efficiency. Tier-4 indicators,
which are in a base layer, are made up of 26 directly measurable indicators, which
mark the operability of the indicators for selecting the ETS-regulated industries.

(i) Preconditions:

Manageability of carbon emissions data is precondition or threshold for indus-
tries to join in carbon trading. It is the industries with C3 score above 0.65 that are
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covered in the indicator system (this precondition is numbered as B2, since it
essentially attached to B2).

(ii) Module of physical characterization

This module is made up of two elements: emissions amount and possible carbon
leakage. The coverage of large emitters in the ETS help fulfill regional emissions
reduction targets, and activate carbon trading market. Carbon leakage concerns the
sustainable development of regional economy. If there was a cap on total emissions
of an industry, which is fairly mobile and less dependent on resources, there would
be capital flight, thus exerting a negative impact on local economy and employ-
ment, and hurt stability of the ETS operation.

(iii) Module of technical advancement

“Emissions reduction space” measures the possibility of emissions reduction
through technical improvement, so as to manifest the emissions reduction potentials
of the industry. “Technical advancement” represents the overall technical condi-
tions of an industry, judge the position of the industry in the carbon market, i.e.,
buyer or vendor.

(iv) Module of economy

“Emissions reduction cost” measures the expenses spent for cutting emissions.
Economically, a company will not adopt any costly technology even though it is
able to cut CO2 emissions. Such potential for emissions reduction is theoretical,
instead of operable. “Industry prosperity” is able to differentiate sunset industries
from emerging industries.

(v) Module of quality advancement

Such indicators are used to express and deal with the fairly important infor-
mation that is hard to be conveyed with visual data. “Trading will” and “relevant
policies”, mainly through interpretation of regional emissions reduction policies
and basic industrial conditions, are used to judge the attitude of stakeholders, and
the obstacles for the industries to join in carbon trading.

(vi) Explanations of indicators

There are three categories of indicators in Table 5.1, quantitative indicators,
nominal indicators, and sequencing indicators. D7, D8, D23, D24, and D25 are
nominal indicators; their value only differs in categorical attributes, and means
equal or unequal; if the value of D7, D8, D24, and D25 is set at “1 or 0” which,
respectively, represents “Yes or None” or “Concentrated or Scattered”. The value of
D23 is −1 (very high: fully competitive market), −0.6 (high: monopolistic com-
petition market), −0.3 (relatively low: oligopoly market), and −0 (low: adminis-
trative regulation).

5.2 ETS Coverage Selection Model Building 87



T
ab

le
5.
1

C
om

pr
eh
en
si
ve

as
se
ss
m
en
t
in
di
ca
to
rs

fo
r
E
T
S-
re
gu

la
te
d
in
du

st
ri
es

T
ie
r-
1

T
ie
r-
2

W
ei
gh

t
T
ie
r-
3

W
ei
gh

t
T
ie
r-
4

T
ot
al

w
ei
gh

t
N
am

e
W
ei
gh

t

P
re
co
nd

iti
on

P
1

C
3

M
an

ag
ea
bi
lit
y

1
D
7
E
m
is
si
on

s
m
on

ito
ri
ng

an
d
ve
ri
fi
ca
tio

n
0.
40

0.
40

D
8
D
is
tr
ib
ut
io
n
of

em
is
si
on

s
so
ur
ce
s

0.
60

0.
60

In
du

st
ry

ac
ce
ss
ib
ili
ty

A

Ph
ys
ic
al

B
1

0.
25

C
1
C
ar
bo

n
em

is
si
on

s
0.
7

D
1
A
m
ou

nt
of

em
is
si
on

s
0.
48

0.
08

4

D
2
Pe
rc
en
ta
ge

of
em

is
si
on

s
fr
om

en
er
gy

an
d

te
ch
ni
ca
l
pr
oc
es
s

0.
21

0.
03

7

D
3
Pe
rc
en
ta
ge

of
re
gu

la
te
d
em

is
si
on

s
in

re
gi
on

al
to
ta
l
em

is
si
on

s
0.
21

0.
03

7

D
4
U
ni
t
ca
rb
on

in
te
ns
ity

0.
10

0.
01

8

C
2
C
ar
bo

n
le
ak
ag
e

0.
3

D
5
R
es
ou

rc
e
de
pe
nd

en
ce

0.
42

0.
03

2

D
6
Fi
xe
d-
as
se
t
lo
ck
-i
n
ra
te

0.
58

0.
04

3

T
ec
hn

ic
al

B
2

0.
25

C
4
E
m
is
si
on

s
re
du

ct
io
n
sp
ac
e

0.
6

D
9
E
m
is
si
on

s
re
du

ct
io
n
po

te
nt
ia
ls
in

pr
od

uc
tio

n
pr
oc
es
s

0.
41

0.
06

2

D
10

Po
te
nt
ia
ls
in

en
er
gy

co
ns
um

pt
io
n

0.
41

0.
06

2

D
11

R
an
ki
ng

of
in
du

st
ri
al

em
is
si
on

s
re
du

ct
io
n
sp
ac
e

in
th
e
re
gi
on

0.
18

0.
02

7

C
5
T
ec
hn

ic
al

ad
va
nc
em

en
t

0.
4

D
12

N
um

be
r
of

co
m
pa
ni
es

us
in
g
lo
w
-c
ar
bo

n
te
ch
no

lo
gi
es

0.
46

0.
04

6

D
13

M
ax
im

um
di
ff
er
en
ce

va
lu
e
of

un
it
ca
rb
on

in
te
ns
ity

in
si
de

th
e
in
du

st
ry

0.
19

0.
01

9

D
14

R
an
ki
ng

of
in
du

st
ri
al

av
er
ag
e
ca
rb
on

in
te
ns
ity

am
on

g
th
e
na
tio

na
l
sa
m
e
in
du

st
ri
es

0.
35

0.
03

5

(c
on

tin
ue
d)

88 5 Guangdong Pilot ETS Coverage Scope and Allowances



T
ab

le
5.
1

(c
on

tin
ue
d)

T
ie
r-
1

T
ie
r-
2

W
ei
gh

t
T
ie
r-
3

W
ei
gh

t
T
ie
r-
4

T
ot
al

w
ei
gh

t
N
am

e
W
ei
gh

t

E
co
no

m
ic

B
3

0.
25

C
6
E
m
is
si
on

s
re
du

ct
io
n
co
st

0.
4

D
15

A
ve
ra
ge

em
is
si
on

s
re
du

ct
io
n
co
st

0.
63

0.
06

3

D
16

M
ar
gi
na
l
em

is
si
on

s
re
du

ct
io
n
co
st

0.
37

0.
03

7

C
7
E
co
no

m
ic

ef
fi
ci
en
cy

0.
1

D
17

T
ot
al

fa
ct
or

pr
od

uc
tiv

ity
0.
42

0.
01

1

D
18

C
ar
bo

n
pr
od

uc
tiv

ity
0.
58

0.
01

4

C
8
In
du

st
ri
al

pr
os
pe
ct

0.
4

D
19

In
du

st
ry

pr
os
pe
ct

0.
22

0.
02

2

D
20

Pe
rc
en
ta
ge

of
ne
w
ly

ad
de
d
ca
pa
ci
ty

in
in
du

st
ri
al

pl
an

0.
63

0.
06

3

D
21

Pe
rc
en
ta
ge

of
in
du

st
ri
al

G
D
P
in

re
gi
on

al
to
ta
l

G
D
P

0.
15

0.
01

5

Q
ua
lit
y
B
4

0.
25

C
9
T
ra
di
ng

w
ill

0.
7

D
22

M
an
da
to
ry

em
is
si
on

s
re
du

ct
io
n

0.
46

0.
08

1

D
23

M
ar
ke
tiz
at
io
n
de
gr
ee

0.
28

0.
04

9

D
24

E
xp

er
ie
nc
es

in
C
D
M

0.
26

0.
04

5

C
10

R
el
ev
an
t

po
lic
ie
s

0.
3

D
25

Su
bs
tit
ut
io
n
po

lic
y

0.
32

0.
00

2

D
26

Pe
rc
en
ta
ge

of
el
im

in
at
ed

te
ch
no

lo
gi
es
/

co
m
pa
ni
es

0.
68

0.
05

1

5.2 ETS Coverage Selection Model Building 89



Both D11 and D19 are sequencing indicators, D11 could be ranked in a top-down
order after calculation with Formula 5.1. D19 could be directly traced back to the
statistical yearbooks.

Emissions reduction space ¼ BAU - based emissions� ETS - based emissions
BAU - based emissions

ð5:1Þ

Other indicators are quantitative indicators that are available from statistical
yearbooks, industry development plans, study reports, and other public channels.

(2) Model for industry selection

After the assessment indicator system is built, we shall build an industry
selection model in the following three steps:

Step 1: Based on the fuzzy membership function model [6, 7], nondimension-
alize the B1–B4 indicators. Quantify positive indicators with the upwards
semi-trapezoid fuzzy membership function model (Formula 5.2).
Quantify contrary indicators with the lower semi-trapezoid fuzzy
membership function model (Formula 5.3).2

C Xið Þ ¼ Xi � Xmin

Xmax � Xmin
¼

1 Xi �Xmax
Xi�Xmin

Xmax�Xmin
Xmin �Xi �Xmax

0 Xi �Xmin

8
<

: ð5:2Þ

C Xið Þ ¼ Xmax � Xi

Xmax � Xmin
¼

1 Xi �Xmin
Xmax�Xi
Xmax�Xmin

Xmin �Xi �Xmax

0 Xi �Xmin

8
<

: ð5:3Þ

In Formulas 5.2 and 5.3, C(Xi) is the membership value of the actual
value, Xmax and Xmin are, respectively, the maximum and minimum
value of Di; the impact of a dimension could be eliminated with the
fuzzy membership function model, and then subject to mathematical
calculation.

Step 2: The Delphi Technique and the Analytic Hierarchy Process are used to
evaluate the weight of indicators. The weight of indicator P is 1, and the
weight of B1–B4 is the same at 1/4 (due to basically the same importance
degree) based on the average weighting method.

Step 3: In terms of the industries with the weight of P above 0.65, the weight of
B1–B4 is calculated with Formulas 5.4, 5.5, and 5.6.

2Positive indicator is the indicator whose higher score means better assessment result. The contrary
indicator is the indicator whose lower score means better assessment result, like cost indicator.
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T ¼
X4

i¼1

X9

j¼1

X24

k¼1

XijkWijk ð5:4Þ

Yi ¼
X9

j¼1

X24

k¼1

XijkWijk ð5:5Þ

Zj ¼
X24

k¼1

XijkWijk ð5:6Þ

In Formulas 5.4, 5.5, and 5.6, “T” is the integrated score of the four
modules (B1–B4), Yi is the score of Module i, Zj is the score of Element j,
Xijk is the weight of Base Indicator k (Element j of Module i) after
nondimensionalization. Element C3 and Base Indicators D7 and D8 are
separately listed as preconditions, rather than covered in these formulas.
Through the above calculations, the “T” value, i.e., the score marking the
“industry accessibility”, of each industry is finally obtained.

(3) Industry selection principles

With reference to the calculation results, we ranked the pool of industries in a
top-down order based on their scores. Higher score indicates the industry is more
appropriate for joining in the ETS. The global ETS experiences show that in its
infancy, there should be not many regulation industries. While taking account of the
fact that the Chinese overall economic development level is not high, and there is
uneven economic growth among regions, it is better for the ETS to cover 2–4
industries during the trial run. In the areas that are fairly marketized and having set
higher emissions reduction targets, 3–4 industries may be involved.

5.3 Methods to Define the Coverage
of Guangdong Pilot ETS

5.3.1 Industry Alternatives Pool Construction

In 2010, Guangdong’s gross energy consumption in all industrial sectors was
271.98 million tons (Mt) of coal equivalent; of that, 85.5% was occupied by such
sectors as manufacturing, electricity, and transportation [8]. They are an epitome of
all industrial sectors that use different technologies. Theoretically, all industries
should be separately tested based on the above industry selection model. However,
while considering data availability and cost efficiency, we streamlined the scope of
sectors in this article based on the criterion that the annual energy consumption of
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the sector shall exceed 2% of Guangdong’s total [9]; then nine sectors have won
out, their combined energy consumption holds 55% of Guangdong’s total (see
Table 5.2).

5.3.2 To Sort out the Qualified Sectors

By referring to the metrics in Table 5.1, we assembled, collated, and calculated the
data about these nine sectors, and found out that only five of them meet the
preconditions, i.e., electricity, textile, petrochemistry, cement, and steel. Yet their
accessibility to the ETS is subject to further assessment (see Table 5.3).

In light of Guangdong’s Plan for Adjustment and Revitalization of
Petrochemical Sector, and the layout program for key industries during the 12th
Five-Year-Plan period (2011–2015), the province will quadruple the production
capacity of its petrochemical sector, and place the sector at the core of industrial
restructuring in the coming five years since 2011. Guangdong has great potentials to
reduce carbon emissions with a large cardinal number of emissions volume. The
province’s petrochemical sector mostly out-purchases raw materials, but in essence,
it is a highly resource-dependent sector, coupled with high percentage of occupancy
for fixed assets, so it is less likely to cause carbon leakage.

Likewise, the electricity sector, with a high percentage of occupancy for fixed
assets, is neither likely to cause carbon leakage. And, this sector also has great
potentials to reduce carbon emissions, which is attributed to its low-carbon energy
consumption mix, application of CCS and similar technologies, relatively high
economic efficiency and Industry Climate Index (ICI).

In case of textile sector, it is at risk of carbon leakage if a cap was placed on its
emissions volume which is too small to allow for massive reduction; moreover, it
has a low ICI and small motive power to join in the ETS, which explains its lowest
score among the five sectors that meet the preconditions.

In light of Guangdong’s 12th Five-Year Plan for Development of Cement Sector,
its cement sector shall expedite industrial restructuring in 2011–2015. In such
context, quite a number of the cement enterprises with backward capacity elimi-
nated are able to sell the permits to emit carbon, and those holding newly operated
capacity will become the buyer. In a word, the cement sector will play an active role
in Guangdong ETS.

Steel sector ranks itself at a low-to-mid place in the scores of five metrics, while
there are altogether nine metrics; yet the discrepancy between other sectors is still
moderate, indicating that steel sector may be embraced by Guangdong ETS if its
scope is extended.
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5.3.3 Result and Conclusion

The industry alternatives pool for the ETS will play a crucial role in Guangdong’s
energy saving and carbon emissions reduction in the future, yet the above analysis
reveals that not all sectors with high-carbon emissions are eligible to be covered by
the ETS. Only five of them meet the preconditions, i.e., petrochemistry, electricity,
cement, steel and textile, which are herein placed in a descending order of their
synthetic scores (see Table 5.3). Being one of China’s low-carbon pilot provinces,
Guangdong boasts favorable economic conditions and industry environment to
implement the ETS. We hereby suggest that Guangdong ETS shall involve elec-
tricity, petrochemical, and cement sectors for the following reasons:

First, the combined energy consumption of the three sectors accounted for
20.7% of Guangdong’s total in 2010, similar to the percentage within the Tokyo
Protocol and qualified for the trial run of the ETS.

Second, petrochemical, electricity, and cement sectors are able to constitute a
self-run carbon emissions trading market, where petrochemical sector buys the
permits to emit carbon, while cement sector can sell the permits, it seems that they
are able to go through the complete process of the ETS, and;

Last, Guangdong’s electricity and petrochemical sectors are dominated by a
small number of large-sized enterprises. In contrast, the cement enterprises are in a
large number, yet they only rely on four types of cement-making kilns, which are
easier for ETS administration.

Carbon emissions mainly stem from two sources: energy consumption and
production process. When making a model calculation based on energy con-
sumption, the result thereof may be somewhat deviated from the calculation based
on carbon emissions volume, and the difference exists in two basic metrics as the
potential for carbon emissions reduction and emissions volume, yet such deviation
is of little impact on the overall calculation result.

5.4 Guangdong Total Carbon Emissions Allowances

The carbon trading competent department will, by taking account of several ele-
ments like local GHG emissions reduction targets, historical emissions of the
regulation industries, and emissions reduction space of covered enterprises, set an
upper limit on the emissions allowances of covered enterprises at certain point, and
finally total up all upper limits on the emissions, which will be the total carbon
emissions allowances. A reasonable design of total carbon emissions allowances is
one of the essential elements for safeguarding ETS smooth operation.

In light of the Notice on Carrying out the Work of Carbon Emission Trading
Pilot Program in China, and the Program for Carrying out the Carbon Emissions
Trading Pilot Work in Guangdong Province, Guangdong ETS shall undergo a pilot
period from 2013 to 2015. In order to comply with its emissions reduction
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obligation required by the “12th Five-Year Plan” (2011–2015), an estimation of the
ETS-based total emissions allowances shall be made, then integrated with different
economic growth rate estimated in scenario setting, and finally evaluate whether the
ETS-regulated industries are able to fulfill the total emissions allowances of
Guangdong Province.

5.4.1 Economic Growth, Energy Consumption, and Carbon
Emissions

Guangdong—a fairly developed province in east China—has been a bellwether of
China’s reform and opening-up endeavor. With continuous economic growth, the
province witnessed its 2010 GDP aggregate exceed 4.5 trillion yuan, which
accounted for 1/9 of China’s total, thus ranking first in the whole country.
Moreover, Guangdong has kept optimizing its industrial structure, with the output
value of the primary, secondary and tertiary industry holding 5.52, 51.55, and
42.93%, respectively, of its 2008 GDP, such percentage became 5.0, 50.4, and
44.6% in 2010. The ratio of the primary industry kept falling, while that of the
tertiary industry was steadily going up; highlighting the predominant role of both
industrial and service sectors. Guangdong attempted to control the permanent
resident population at no more than 97.30 million in 2010. The province will make
a continuous effort in pressing ahead with industrialization and urbanization, and
sustaining economic growth. The GDP aggregate of Guangdong is estimated to
reach 8.73 trillion yuan by 2020 (calculated at 2005 constant prices). At that time,
the urbanization rate of registered population will reach 65%, and that of the
permanent resident population will reach 74%.

In 2010, Guangdong total energy consumption reached 268 Mtce, with per unit
GDP energy consumption at 0.66 tce/10,000 yuan, marking a level of energy
efficiency among the front rank in China, and fulfilling the provincial overall target
for energy saving and consumption reduction during the 11th Five-Year-Plan
period (2006–2010). Guangdong has been insisting on developing new energy and
renewables, the provincial nuclear power sector is about to release production
capacity. Guangdong ranks first with a grand scale of nuclear power installed
capacity: 5 GW was already completed, and 11 GW is still being built. The pro-
vince is ready to vigorously develop hydropower generation projects and absorb
more electricity transmitted from West China. Of the provincial primary energy
consumption in 2010, raw coal, petroleum and natural gas, respectively, accounted
for 48.1, 29.1 and 3.7%. Of the provincial final energy consumption, raw coal,
petroleum, and natural gas, respectively, made up 11.4, 18.9, and 47%; while other
types of energy held 22.7%.

Continuous industrialization and urbanization will improve the level of energy
consumption of Guangdong. The industrialized characteristics of urbanization are
an outcome of the rapid development of highly energy-consuming industries. The
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urbanization process promotes massive construction of urban infrastructure and
housing, and drives up both per capita energy consumption and energy intensity.
Urbanization gives rise to rigid growth in energy demand, and the emissions from
increasing energy consumption have become a crucial challenge against
Guangdong emissions reduction endeavor.

In light of the general arrangement of the Program for Carrying out the Carbon
Emissions Trading Pilot Work in Guangdong Province, during the pilot period
(2013–2015), Guangdong will carry out the emission allowances regulation over
the companies (with annual CO2 emissions above 20,000 tons) distributed in
electricity, steel, petrochemical and cement sectors. Through verification of the
companies’ historical emissions and in reference to Guangdong Statistical
Yearbook 2011, the above four industrial sectors emitted a total of about 340 Mt of
CO2 in 2010. As for the 202 ETS-regulated companies (including 62 electricity
companies, 63 steel companies, 9 petrochemical companies, and 68 cement com-
panies), their combined emissions held 80% of the total emissions of the four
industrial sectors, and accounted for around 54% of Guangdong’s total emissions.

5.4.2 Approach for Calculating Total Quantity
of Allowances

The ETS is essentially an emission allowances trading mechanism with a cap on
total emissions; thus, a reasonable estimation of total allowances is of great
importance. An overly large total quantity is unable to constrain the emissions of
covered enterprises, which offsets the effect of the ETS. Yet the total quantity
should not be too small, otherwise, it may impede the normal production and
operation of covered enterprises. The operational experiences of the ETS both home
and abroad demonstrate that the total emission allowances shall be calculated with
both “top-down” and “bottom-up” approaches.

Thinking of the “bottom-up” approach: verify the production and emission
statistics of the covered enterprises, in order to learn about their quantity of
emissions, potentials for emission reductions with the current technologies and the
best accessible technologies; set different scenarios, calculate the emission reduc-
tion space of different companies distributed in all compliance industries, and add
up to a total amount of allowances; evaluate the feasibility of the total amount of
allowances under all scenarios (varied costs and technologies), and rehearse the
allowance allocation; pay visit to industry associations and corporate representa-
tives, discuss with them, and finally define the total quantity of allowances that are
cost-effective and technically feasible.

Conduct a cross-comparison between the total emission allowances, respec-
tively, based on “top-down” and “bottom-up” estimation approaches, take account
of the emission demand and reduction potentials of the currently covered enter-
prises, and reserve a portion of allowances for newly operated projects and for
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government regulation. Through discussions among all stakeholders, a total amount
of allowances will be finalized. And, the sum should be divided into two portions
by their use: one is left for the covered enterprises, and the other is reserved for new
projects and government regulation.

Calculation of the total amount of allowances shall abide by the following
principles:

• Define the total quantity of allowances for compliance industries under the
framework of fulfilling the emission reduction targets of Guangdong;

• The emission reductions of the regulated industries should not be lower than
Guangdong’s targets for emission reduction (a drop of 19.5%);

• Set a cap, respectively, on the emission allowances for covered enterprises and
newly operated projects;

• Double counting of emissions from power generation (based on different power
sources) is allowed, owing to data accessibility, and;

• Take account of the emission reduction potentials of each industry, the total
quantity of allowances may not obstruct the normal operation of covered
enterprises.

Overall, Guangdong ETS shall combine both “top-down” and “bottom-up”
approaches for calculating the total quantity of allowances, and set a reasonable
range for the total quantity.

5.4.3 Calculation Process and Result of Total Quantity
of Allowances

(1) For the currently covered enterprises (top-down calculation)

Assumption: By 2015, the share of the emissions of the regulated industries in
Guangdong’s total emissions will remain unchanged from 2010, and Guangdong’s
total emissions will drop by 19.5% from 2010 levels.

Based on the above assumption and several scenarios with different GDP growth
rate, we calculated the upper limit of the emissions of the currently covered
enterprises by 2015. The result shows that the emission space of these companies
varies greatly. With an average GDP growth rate at 8–10%, the provincial total
emission allowances should be 640–660 Mtce in 2015.

Scenario A (GDP growth rate at around 8%): the total allowances of the covered
enterprises will be 342 Mtce by 2015 based on their constant share in Guangdong’s
total emissions.
Scenario B (GDP growth rate at 10%): the total allowances of the covered enter-
prises will be 353 Mtce by 2015 based on their constant share in Guangdong’s total
emissions.
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(2) For the currently covered enterprises (bottom-up calculation)

First, verify the historical carbon emissions of the covered enterprises of
Guangdong ETS, process and analyze their emission data, and figure out their
average emissions in past years. Second, screen the four industrial sectors involved
in Guangdong ETS, and define the typical companies; investigate the production
and technologies of different covered enterprises, draw up a conclusion about their
BATs3 for emissions reduction and capacity.

Third, in light of the national plan for lowering emissions by 2020, the State
Council’s Work Plan for Greenhouse Gas Emissions Control during the 12th Five-
Year Plan Period, and Guangdong Province to Carry out the National Low-carbon
Province Pilot Implementation Plan, three scenarios are set to estimate the emis-
sions space of the covered enterprises, and add up to total allowances; with respect
to cost and technical conditions, analyze the ability of these companies to handle
such quantity of allowances in three scenarios. Through visits and exchanges with
industry associations and corporate representatives, rehearsal and adjustment of
total allowances, finalize the allowance budget that is cost-effective and technically
feasible.

(3) Guangdong ETS allowance budget in 2013–2015

In light of Guangdong’s plan for new installations during the 12th Five-Year
Plan period, and in reference to the criteria for allocating allowances to the
industries where these installations are distributed, the total emissions of these new
installations by 2015 could be figured out.

Here is a formula: Guangdong ETS allowance budget = allowances to covered
enterprises + allowance reserve for new installations + allowance reserve for
government regulation.

The quantity of the allowance reserve for government regulation is determined
by the emission reduction potentials of covered enterprises and the overall reduc-
tion targets of the ETS. Table 5.4 shows Guangdong ETS allowance budget and
composition during the pilot period (2013–2015).

3“BAT”: best available technology
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Chapter 6
Guangdong Pilot ETS Allowances
Allocation Mechanism

6.1 Foreign and Chinese Emission Allowance Allocation
Criteria

The “cap-and-trade”-based ETS follows two principles for free allowance alloca-
tion: “Grandfathering” and “Benchmarking”, which apply to different conditions
and objects [1]. Grandfathering is a free allocation based on average historical
emissions of covered enterprises. It is applicable to the companies (e.g., in chemical
and electronics sectors) that have a complex process, multiple categories of tech-
nologies, and a great variety of products. And, it costs much to gather their emission
data. In the case of Benchmarking Allocation, the allowances are the production/
value of a working procedure or a product, which is multiplied by unit emissions.

The above basic approaches give rise to several mixed allocation approaches,
e.g., “Historical Benchmarking” and “Correction Benchmarking”; the former cal-
culates the companies’ allowances based on their historical production/value and
unit emissions; the latter differs from the former in a procedure for compliance
period accounting, i.e., when the allowances for each compliance period are about
to be settled, the competent departments will reverify the year’s allowances by
taking account of the companies’ actual production/value, and following the prin-
ciple of “any excess payment shall be refunded and deficiency shall be repaid.”

During the prior two trading phases of EU ETS, most Member States adopted
the Grandfathering Allocation, which was replaced by the Historical Benchmarking
during the third trading phase after the carbon trading system was improved and
more data were accumulated. Such benchmarks are made up of product benchmark,
heat benchmark, fuel mix benchmark, and process emissions benchmark (listed in
order of priority). The product benchmark involves the benchmark value for 52
products in 21 sectors. The CAL ETS also applies the Historical Benchmarking,
which incorporates product benchmark and energy benchmark. The product
benchmark involves 28 products in 18 subsectors. With respect to China’s seven
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carbon markets, they adopt Grandfathering, Historical Benchmarking, and
Correction Benchmarking in light of their respective characteristics.

Grandfathering is a common allocation approach and fairly practicable, yet it
seems unfair for the companies with low emissions or already enforced emission
reduction measures, thus giving rise to the so-called “whipping the fast and
hard-working”. Moreover, once the base year for the Grandfathering Allocation is
defined, it should not be altered; otherwise, the covered enterprises may lose
motivation for cutting emissions, leaving the carbon market to exist in name only.
In order to incentivize the emitters to reduce emissions, the depreciation factor shall
be introduced in reference to base year’s emissions, and gradually lower the
emission allowances to the companies.

The definition of a base year is fairly important for both Grandfathering and
Historical Benchmarking, because different base years may diversify allowance
quantity and emission reduction effect, which calls for comprehensive data about
the companies’ historical emissions and operation. Since these two approaches
adopt static historical data, whenever there are economic fluctuations, the covered
enterprises’ production and emissions may deviate greatly from their historical
records, which will then cause serious surplus or deficiency of emission allowances,
drastic carbon price swings, and finally impede smooth operation of the carbon
market.

The Correction Benchmarking is able to avert such problem, and the companies
will exempt from meeting the total allowances through reducing production based
on Grandfathering. The benchmarks could be emissions from unit production and
emissions from unit value.

Emissions from unit production equal to unit consumption or benchmark value,
the value may be industrial benchmarks or average value, global, national, or local,
the average value of the covered enterprises (or the companies in the top rank), or
historical unit consumption of each company.

In light of the working procedures and diversity of products of different sectors,
set a benchmark value of a working procedure (e.g., the clinker working procedure
of cement sector and long-flow process in iron and steel sector), or set a benchmark
value for a product (e.g., the benchmark value for the 52 products during the third
trading period of EU ETS).

If there are overly many differences between companies, or there are no data
accumulation about carbon emissions for unit production, emissions for unit value
(e.g., the manufacturing companies involved in Shenzhen ETS). Such allocation
approach presents higher requirements for carbon verification. As such, Shenzhen
Carbon Emission Exchange established accounting audit for carbon verification.
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6.2 Foreign and Chinese Allowance Allocation
Approaches

(1) Free allocation

Free allocation is at present the most broadly applied by the world carbon
emissions trading schemes at the initial phase, i.e., the government will, after setting
a cap on the national or local total emissions, compute the emissions space of the
covered enterprises in line with certain principles and criteria, and then grant the
emissions permit to the covered enterprises for free (usually called emission
allowances) to sustain their normal operation and production. It is, in fact, an
instrument for directing the participants to realize low-carbon production process.

The rationale behind the free allocation is as follows: if the free allowances fail
to cover the companies’ actual emissions, they have to pay for additional emission
permit; if the companies cut their emissions below the allowances through active
reductions, they are entitled to sell the surplus allowances to gain profit. It is a
common practice for the world carbon emissions trading schemes to choose free
allocation at the infant phase. Take EU ETS—the world largest “cap-and-trade”
system—for instance, most of the allowances were allocated for free during its prior
two trading periods (2005–2007 and 2008–2012); the percentage of free allowances
will go down to approximately 50% during the third period (2013–2020). Free
allocation also prevails in other countries and regions, e.g., CAL ETS allocates free
allowances to the industrial sector that is exposed to significant risk of carbon
leakage, NZ ETS adopts the same attitude toward the forestry, fishery, and industry
that are prone to be affected by international competition, as well as China’s seven
pilot carbon markets.1

(2) Fixed-price sales

Allowance sales are a supplement to free allocation. The government usually
sets a price for emission allowances. In case the free allowances are not enough for
the covered enterprises to sustain normal production, they are able to purchase
additional allowances from the government at a fixed price.

During the initial operation of EU ETS, the carbon prices experienced marked
ups and downs, which is a lesson for its counterparts in other countries. For
instance, AU ETS adopts a strategy of “progressive marketization”, i.e., sell the
allowances at a fixed price in the first 3 years, allow price fluctuation within a
permissible range in the coming 3 years, and ultimately apply market pricing, for
the purpose of sending a stable price signal to meet the anticipation of all partici-
pants, give them enough time for adjustment and adaptation, or even divert funds
and capital to flow into emission reduction projects. Similarly, NZ ETS specially

1With the exception of Guangdong ETS that also adopts allowance auction, the other six pilot
carbon markets mainly rely on free allocation.
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arranges a transitional period, where the government sells the additional allowances
at a fixed price of 25 NZ$/t.

(3) Auction

Paid allocation of allowances is mainly realized through auction. There are a
sealed auction and dynamic auction based on rounds of biddings. Currently, it is
sealed auction that prevails in the current carbon markets. The dynamic auction is
applicable to mature traded products, it is unable to incentivize the entrants to the
newborn carbon market, because the potential bidders who are less competitive may
be deterred from participating; moreover, it is possible to breed conspiracies. Such
aftermath will distort the healthy price signal and allocation results.

The sealed auction is made up of uniform-price auction and discriminatory
auction. In case of uniform-price auction, bid winners pay for the allowances at the
uniform market-clearing price. In case of a discriminatory auction, bid winners pay
for the allowances at their own bidding prices, which are diversified and above the
uniform market-clearing price [2]. Uniform-price auction is easier to operate, and
able to draw more bidders and promote reasonable competition. In contrast, in case
of a discriminatory auction, the smaller and unsophisticated bidders are prone to
think that it is hard to predict the market-clearing price, so they dare not join in the
bidding for fear of false judgment. Particularly at the initial phase of the ETS, the
secondary market still lacks mobility, and there are uncertainties in sending a stable
price signal. Summing up, uniform-price auction is more appropriate for increasing
participating companies; specifically, uniform-price sealed auction is deemed as the
best option for initial allowance allocation.

EU ETS distributes more and more allowances via auction during the first three
trading periods. The Member States obtain at most 5% of allowances via auction in
the first period, such proportion goes up to 10% in the second period, and some
sectors may receive allowances solely via auction in the third period. During the
three periods, the auction-based allowances granted to different sectors are in
various proportions. For instance, EU ETS distributes 100% of the allowances to
electricity sector via auction by 2020, such proportion for other sectors goes up year
by year to reach 70% by 2020, and ultimately reaches 100% by 2027. The US
Regional Greenhouse Gas Initiative (RGGI), which has been implementing
allowance auction since it was launched in 2003, is the world’s first cap-and-trade
system that solely relies on allowance auction.

In contrast to free allocation and fixed-price sales, allowance auction boasts lots of
advantages, e.g., simplified procedure, explicit rules, clear-cut targets, fair, and
cost-effective, which are fit for exploring authentic prices for emission credits.
Allowance auction is able to motivate the companies to cut emissions more actively,
create a fairly competitive environment for the new entrants, promote the application
of the latest production technologies, and ultimately increase energy-use efficiency
and lower emissions. Furthermore, the government may use the gains from allowance
auction to sponsor the emission reductions in underdeveloped areas, foster R&D, and
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application of clean technologies, or subsidize the carbon-intensive export-oriented
companies to tackle with international competition.

The biggest resistance in front of emission credit auction is actually from the
ETS-regulated companies, since all of them will suffer mounting emission cost. In
order to urge the companies to cut emissions conscientiously, there shall be explicit
laws and regulations, the companies shall form strong low-carbon awareness and
properly use the income from emission credit auction. Besides, the auction
mechanism has intrinsic problems that cannot be ignored. Since different sectors
and companies have greatly varied total emissions and reduction potentials, a
cover-all auction mechanisms seems unfair for some of them, i.e., the privileged
sectors or large companies may monopolize credit trading via auction, thus
depriving the vulnerable sectors or small companies of their advantages.

(4) Combined allocations

The above allocation approaches have their respective strengths and shortcom-
ings and the best applicable industries. If an emissions trading scheme involves a
large number of sectors and greatly distinguished emitting installations, it usually
combines the two allocation approaches to make use of their advantages. Free
allocation is usually preferred by a newborn carbon market, allowance auction is
then gradually introduced after the market matures. Alternatively, an ETS is able to
combine both free allocation and auction at its infant phase.

In its first and second trading periods and early stage of the third period, EU ETS
combines free allocation and allowance auction, but gradually increases the auc-
tioned allowances.

CAL ETS learned from the experiences of EU ETS, and then refined the
methodologies for allowance-free allocation and auction. The competent depart-
ment is entitled to auction 10% of the allowances directly, leaving the rest 90%
allocated to companies for free; yet it asks the companies of different categories to
handle the allowances differently. For instance, the industrial sectors and inde-
pendent power plants can use the free allowances directly; the Publicly Owned
Utilities (POU) may auction their surplus emission credits voluntarily; the Investor
Owned Utilities (IOU) shall auction all of their free allowances, and return the
income therefrom to electricity consumers.

The ETS operational experiences in Europe and America prove that the partially
auctioned allowances are more effective in boosting the companies to cut emissions
and energize the carbon market.
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6.3 Foreign and Chinese Allowance Allocation Frequency
and Effectiveness

For the purpose of making the ETS administration more compatible with the actual
situations of an economic society, the allowances are allocated in prescribed time
frames, and different allocations are chosen in different time frame, e.g., allocation
by year or by stage, different allocation approach decides the validity period of
allowances, which also gives rise to the issues of allowance storage and loaning.

The European Commission provides that the EUAs can be either stored or
loaned within the same trading period. The EUAs are distributed annually, but
every date of issuance is 2 months ahead of the deadline of the previous compliance
year, which implies that if a company is short of EUAs in 1 year, it may use next
year’s allowances. By analogy, if a company has surplus EUAs, they may store
them for next year within the same trading period, rather than saving them for the
next period. As for China’s seven pilot carbon markets, their allowance allocation
systems vary from each other. For allocation frequency, Shanghai ETS allocates 3
years’ allowances all at once, but the covered enterprises shall fulfill their annual
obligations on time; other ETSs allocate the allowances annually and require ful-
fillment of annual obligations; the allowances in all ETSs are available for storage,
rather than loaning; the allocation methodologies are basically uniform for all
sectors (these seven markets abide by the Benchmarking Principle for allocating
allowances to electricity sector, but set up different allocation criteria).

Allowance banking, on one hand, incentivizes the companies with low reduction
cost to further reduction efforts and start earlier, and on the other hand buffers the
short-term impact from varying demand and mitigate allowance price fluctuations.
But the banking is valid for the same period, cross-period banking is not allowed
unless the carbon market becomes fairly mature and stable. The operational
experiences of the existing ETSs reveal that the target for capping total emissions
seems unreasonable, because of lacking historical data and experiences in pro-
jecting emissions. At this point, the main objective of ETS is to obtain accurate
emission data and operational experiences, a ban on cross-period allowance
banking is a better option. After the ETS becomes more mature, the upper limits on
total emissions will be coherent, and cross-period allowance banking may receive a
better result.

Allowance borrowing may lure the companies to shift the emission reduction
pressure to the last year of a trading period, which is not a good news for either
administration of the covered enterprises, or for discovering the problems existing
in the carbon market at an early date. Currently, on China’s pilot carbon markets, it
is government reserved allowances that take charge for easing the situation of short
allowances.
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6.4 Guangdong ETS Allowance Allocation

6.4.1 Interpretation of Guangdong ETS Allowance
Allocation Plan

Guangdong Province Development and Reform Commission (GD DRC) takes
charge of the overall work of the Guangdong Carbon Emissions Trading Scheme,
e.g., allowance administration, monitoring, and guidance. In order to work out a
scientific and appropriate allowance allocation plan, GD DRC, in conjunction with
the relevant departments, established the Allowance Allocation Assessment Panel
and Industrial Allowance Assessment Review Board to evaluate the ETS allocation
methodologies, criteria, and rationality, the concrete work may be undertaken by
the accredited social organizations or institutions. The development and reform
commissions at or above the prefecture level are obliged to coordinate with
GD DRC in allowance administration. They are responsible for reviewing the
allowance purchase application filed by the new project proponents under their
jurisdiction, and urge the covered enterprises under their jurisdiction to fulfill their
obligations.

Fairness and efficiency are core elements of an allocation mechanism, but their
status may not be equal under different policy goals, which leads to greatly varied
allocation plans. Before an allocation plan is determined, the policy goal and
guideline for each trading period shall be clarified. A pilot carbon market is obliged
to make explorations for the ETS, and compatible with the local emission reduction
targets and industrial structure over 2011–2015 (the Five-Year Plan period). If an
ETS covers a great variety of sectors, the corresponding allocation plan shall stress
allocation efficiency, like what Shenzhen ETS has done; otherwise, a fairer allo-
cation plan is preferred. Guangdong ETS has been following the guideline as
“efficiency comes first, balances fairness, promotes emission reduction and safe-
guards development,” which is interpreted as follows:

(1) Promote emission reduction and safeguards development: Stick to the overall
target for controlling total emissions, and in the meantime leaves appropriate
space for continuing steady development of socioeconomy. Guangdong is
China’s top developed province; its economic aggregate and growth have been
ranking first since China introduced the reform and opening-up policy in 1978.
However, it should be noted that the entire Guangdong is unevenly developed,
the gap between the developed areas and underdeveloped areas is even wider
than such a gap across the nation, i.e., Guangzhou and Shenzhen within
Guangdong’s jurisdiction are the top developed cities in China, yet the
counties at both the eastern and western wings and in mountainous areas are
the nationally designated poor counties. As such, Guangdong ETS shall make
effort to fulfill the target for controlling total emissions, and pay attention to
safeguard the development of the less developed areas.
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(2) Control existing emissions and restrict emission increments: Motivate the
existing covered enterprises to cut emissions step by step, and set strict
emission criteria for new project proponents. The existing production facilities
can only make limited emission reductions, because massive reduction calls
for energy-saving transformation, which takes a long time to finish and incurs
higher expenses, it is impossible for most of the existing covered enterprises to
upgrade and update all equipment within the pilot period; instead, they rely on
administration of energy conservation and consumption of low-carbon mate-
rials to cut emissions. Overall, a reasonable allocation plan shall ask the
existing covered enterprises to gradually lower their emissions so as to control
their current total emissions; while the new projects do not have such tech-
nology or equipment lock-in, they shall satisfy stricter allocation criteria to
become advanced emitters.

(3) Efficiency comes first, balances fairness: Take account of both the benchmark
emissions by sector and historical emissions by company, support the
advanced sectors/companies, and winnow out the outdated ones. Emission
allowance allocation is actually a configuration of development space.
A proper allocation plan shall take full consideration of the local industrial
development policies, take a strict position on the companies “blacklisted” by
the government due to high emissions, and high pollution, but incentive those
sunrise industries. Different sectors have greatly distinguished emissions,
some of them, with fairly low emissions, could be compared to the interna-
tional advanced level; while some of them have middle-level emissions.
Therefore, when developing the allocation criteria by sector, we should take an
overall account of the sector’s unit CO2 emissions, and then come up with a
set of allocation criteria that satisfy the emission demand of most companies.

(4) Paid allocation and implementation step by step. Rely on free allocation with
paid allocation as a supplement, and gradually increase the proportion of paid
allocation. According to the Report to the Eighteenth National Congress of the
Communist Party of China delivered by the then China’s president Hu Jintao
on 8 November 2012, China shall deepen the resource product price and
tax-fee reform, establish the paid use system of resources and
eco-compensation system that are able to reflect resource supply–demand
pattern, resource scarcity, ecological value and intergenerational compensa-
tion. Paid allocation of emission allowances is an irresistible trend. Both EU
ETS and RGGI have started paid allocation in an all-round manner, and
Guangdong ETS has been making attempts in this regard. However, for the
sake of lowering emission cost of companies and reducing ETS operational
resistance, Guangdong ETS still relies on free allocation, only a small portion
of the allowances are distributed via auction with an aim to send a signal that
resource has its price.
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6.4.2 Allowance Allocation Methodology

Guangdong Development and Reform Commission (GD DRC) takes charge of
drawing up emission allowance allocation plan for Guangdong ETS, by taking full
account of the baseline emissions, reduction potentials, and historical emissions by
sector. Such plan shall be first reviewed by Guangdong ETS Allowance Assessment
Review Board, and then reported to and ratified by Guangdong People’s
Government. GD DRC had issued three allowance allocation plans respectively for
2013, 2014, and 2015, which define the covered enterprises, new projects, annual
total allowances, and percentage of free and paid allowances, allocation principles,
methodologies, and procedures, allowance quantity via auction, transaction plat-
form, and rules.

Guangdong ETS allowances are made up of the compliance allowances and
reserve allowances; the latter is left for new entrants (to satisfy their emissions
demand) and for the government (to regulate carbon market in case of allowances
shortage). Guangdong ETS allowances are subject to both free and paid allocation.
The allowances for new entrants are estimated in light of their production capacity
and the allocation criteria. The allowances for market regulation are determined in
certain proportion to the compliance allowances.

(1) Allocation plan

An allowance allocation plan involves main body, schedule, channel, procedure,
and price. Generally, the main body for allowance allocation refers to the competent
government department. Take Guangdong ETS, for instance, it is under the lead-
ership of Guangdong Development and Reform Commission (GD DRC); its
allowances allocation is in line with the Guangdong ETS allowance allocation
plans, respectively, for the compliance year as 2013, 2014, and 2015.

Guangdong ETS adopts both free and paid allocation. In order to coordinate the
work for free and paid allocation, they are scheduled at different times and through
different channels. In principle, GD DRC shall distribute the free allowances to
Guangdong ETS Allowance Registration System on every July 1, the covered
enterprises shall register an account in this system and apply for 95–97% of these
free allowances. Paid allocation is undertaken by an auction platform titled China
(Guangzhou) Emissions Exchange in each quarter, both covered enterprises and
new entrants can bid for the allowances via this platform at their own emissions
demand. Guangdong ETS allowance allocation plan is briefed in Table 6.1.

Owing to a limited pilot period (2013–2020), Guangdong ETS allowances are
allocated annually for two aspects of considerations: on one hand, such allocation
shall enable the administrator to acquaint with the administration process and gain a
thorough understanding of the allocation mechanism; on the other, it shall favor
adjustment to the allocation plan, and leave a time window for such adjustment after
a period of market observation and feedback.

If the basic data are fairly complete, the allowance allocation shall center on
emitting installations to prevent from wrong identification of regulatory boundary.
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At the initial phase of Guangdong ETS, the basic data about covered enterprises are
incomplete, since lots of them do not store any emission data about emitting
installations, thus making companies become the focus of allowance allocation.

In order to define the regulatory scope or boundary, the covered enterprises shall
submit an emissions monitoring plan to the administrator for examination and
approval, report their emissions data based on the plan. Later, based on the report
and allocation criteria, the administrator shall calculate the allowances to be
distributed.

(2) Allocation criteria

After a thorough comparison of the Benchmarking and Grandfathering
Principles, Guangdong ETS gives priority to the Benchmarking Principle, and turns
to the Grandfathering Principle when the Benchmarking is inappropriate. For
instance, the Benchmarking Principle is applicable to the single generating set in the
electricity sector, the clinker production and grinding in cement sector, and the long
process in iron and steel sector. In contrast, the Grandfathering Principle is appli-
cable to co-generation in electricity sector, mining of cement mine, oil refinery, and
ethylene production in petrochemical sector, a short process in iron and steel sector,
and other sectors with diverse types of products and sophisticated process.

The allowance allocation criteria of Guangdong ETS are briefed as follows. The
years’ allowance allocation plans are available for downloading from the website of
Guangdong Development and Reform Commission (http://www.gddrc.gov.cn/
was5/web/search) for the readers that care about Guangdong ETS.

(i) Electricity sector

In light of Guangdong ETS allowance allocation plan, the emission allowances
are granted to electricity sector by following the Benchmarking Principle.

The electricity sector that falls under regulation by Guangdong ETS consists of
electricity generation companies and electricity–heat co-generation companies. The

Table 6.1 Essential elements of Guangdong ETS allowance allocation plan [3–5]

Free allocation (compliance companies) Free allocation (compliance
companies, new entrants)

Schedule Each July 1 Each quarter

Channel Allowance registration system Guangzhou Emissions
Exchange

Approach Direct distribution Bidding

Price Free Floor price

Quantity 2013 97% of total verified allowances Purchase 3% of total
verified allowances

2014–
2015

95% of total verified allowances for
electricity sector; 97% for other sectors

Purchase at their demand

Source The Guangdong ETS allowance allocation plans, respectively, for the compliance year as
2013, 2014, and 2015
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generation companies of the same category have different types of generating sets
which are made up of those based on coal and natural gas. The coal-fired generating
sets are further divided into four subcategories based on the size of installed
capacity; the big and small generating sets have greatly varied energy consumption
and emissions owing to varied technical parameters. Therefore, the allocation cri-
teria are established on basis of the average energy consumption of the
same-category generating sets, which not only reveals the emissions disparity
among various generating, but motivates the companies with the same fuels and
generating sets to seek energy-efficiency modification or automatic elimination.

a. Electricity generating units

The total allowances granted to covered enterprises are made up of free and paid
allowances; the former is computed in light of allocation criteria, while the latter is
decided by the companies at their special demand. Therefore, the percentage of paid
allowances shall be ignored when setting up the allocation criteria. Formula 6.1 is
the allocation criteria for electricity generation companies.

EA ¼
Xn

i¼1

HPi � BMi � CF� 1� PAð Þ ð6:1Þ

EA is free allowances allocated to the companies with generating set i; HPi is the
electricity output of generating set i; BMi is benchmark emissions from generating
set i of the same category; CF is annual decline factor; PA is the percentage of paid
allowances.

HPi is electricity output of generating set i (average historical output in 2013
allocation, and actual output in 2014 and 2015 allocation). It is provided that the
electricity output for allowance computation may not be larger than the designed
capacity of the generating set. BMi is determined on basis of the unit emissions of
all types of generating sets. The allocation criteria are finally determined in refer-
ence to the emissions reduction target (total allowances) of the electricity sector.
See the benchmark emissions of Guangdong ETS-regulated electricity generation
companies in Table 6.2.

b. Heat-electricity generating units and resources comprehensive utilization gen-
erating units2

The Grandfathering Principle is applicable to the allowance allocation for the
heat–electricity generating units and the resources comprehensive utilization gen-
erating unit, because the former has greatly varied heat–electricity ratio and inad-
equate data accumulation; the latter has low energy use efficiency, fuel grade
notably lower than the generating units based on general fossil fuels.

2Resources comprehensive utilization generating units are those mainly rely on coal gangue and oil
shale as fuel.
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Companies0 allowances ¼ historical average emissions� CF� 1� PAð Þ

(ii) Cement sector

The production of cement follows three fundamental stages as quarrying, clinker
production, cement grinding, and micro-grinding. The total allowances granted to
cement plants are a sum of allowances for the four stages. The Benchmarking
Methodology applies to clinker production and cement grinding, while the
Grandfathering Methodology applies to quarrying and micro-grinding.

Similar to the calculation formula for the allowances for electricity sector, HPi is
cement production (average historical output in 2013 allocation, and actual output
in 2014 and 2015 allocation). Since cement overproduction happens from time to
time, it is provided that the cement production for allowance computation may not
be 1.3 times more than the designed capacity of the cement kiln. The categorization
and value of BMi are given in Table 6.3.

Table 6.2 Benchmark emissions of Guangdong ETS-regulated electricity-generating sets

Category of generating sets Benchmark emissions
(gCO2/kWh)

2013 2014 and
2015

Coal-based 1000 MW 770 825

600 MW Ultra Super-critical (USC) 815 850

Super-critical (SC) 865

Sub-critical (SubC) 880

300 MW Non-circulating fluidized bed
(NCFB)

865 905

Circulating fluidized bed (CFB) 927

<300 MW Non-circulating fluidized bed
(NCFB)

930 965

Circulating fluidized bed (CFB) 988

Natural
gas-based

390 MW 415 390

<390 MW 482 440

Source The Guangdong ETS allowance allocation plans, respectively, for the compliance year as
2013, 2014, and 2015

Table 6.3 Benchmark emissions of Guangdong ETS-regulated cement sector

Benchmark emissions
(CO2/t)

Cement clinker production line Cement
grinding� 4000 t/d 2000 � CO2/t < 4000 t/d <2000 t/d

2013 0.874 0.921 0.945 0.0237

2014 and 2015 0.893 0.937 0.950 0.027

Source The Guangdong ETS allowance allocation plans, respectively, for the compliance year as
2013, 2014, and 2015
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Clinker production efficiency is in direct proportion to the capacity of the pro-
duction line. In order to mobilize the initiative of cement producers,
Guangdong ETS exercises differentiated allowance allocation criteria toward dif-
ferent clinker production lines. For the production lines at or above 4000 t/d, the
BMi is the unit average emissions from the producers of the same technical
group. For the production lines no less than 2000 t/d and less than 4000 t/d, the
BMi is the unit average emissions from the leading 75 producers of the same
technical group. For the production lines less than 2000 t/d, the BMi is the unit
average emissions from the leading 50 producers of the same technical group.

(iii) Iron and steel sector

Iron and steel sector is made up of long-flow and short-flow iron and steel
companies. In this study, the focus will be placed on long-flow companies. Their
coke and lime input (raw materials) and crude steel production (product) are
directly related to CO2 emissions. The Benchmarking Principle is herein feasible.

Similar to the calculation formula to the allowances for electricity sector, HPi is
raw material input or crude steel production i (average historical input/production in
2013 allocation, and actual input/production in 2014 and 2015 allocation). In order
to safeguard the fairness of allowance allocation, it is provided that the steel pro-
duction for allowance computation may not be 1.1 times more than the designed
capacity. The categorization and value of BMi are given in Table 6.4.

The BMi of the existing long-flow iron and steel companies in Guangdong is
defined through weighted calculation. The carbon-bearing substances directly
emitted from crude steel production is made up of scraps, slags, steel, pig iron, lime,
dolomite, carburant, and coke. For lime roasting, the emissions are from decar-
bonation and energy consumption. The emissions from coking process are beyond
consideration because the exhaust from coking is inflammable gas with high heat
value and recyclable, the coking by-products as benzene (solid) and coal tar (liquid)
are either solid or liquid, and the coke will be directly filled in the iron-making
furnaces.

Summing up, the emissions hereby are from energy consumption during coal
preparation, coking, and gas purification, after deducting the energy for
self-recycling and for supply to external costumers.

Table 6.4 Benchmark
emissions of Guangdong
ETS-regulated long process in
iron and steel companies

Raw material/Product Benchmark emissions
(CO2/t)

2013 2014 and 2015

Coke (raw material) 0.3307 0.2976

Limestone (raw material) 0.8280 0.5796

Crude steel (product) 2.1274 1.9785

Source The Guangdong ETS allowance allocation plans,
respectively, for the compliance year as 2013, 2014, and 2015
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(3) Allocation approaches and procedures

There are free and paid allowance allocations. Paid allocation a unique feature of
Guangdong ETS, its approaches and procedures will set an example for the ETS in
other areas and the nationwide uniform carbon market.

(i) Receivers of allowances and allocation approaches

As soon as the pilot work for Guangdong ETS started in December 2013, the
paid allocation was put into effect, catering to both covered enterprises and new
entrants. As approaching the end of the first compliance year 2013, a paid allocation
system was established and started the smooth trial run. In addition to covered
enterprises and new entrants, there were other opt-in entities. Therefore, since the
second compliance year 2014, the investment institutions and other market par-
ticipants are able to join in an auction for paid allowances.

For covered enterprises, the legal persons are entitled to determine the quantity
of free allowances, and whether and when to auction for paid allowances based on
their emissions demand.

For new entrants, the owners shall, before the projects are completed and subject
to acceptance check, purchase adequate verified paid allowances at China
(Guangzhou) Emission Exchange (CGEX). After the projects are put into operation
for 12 months, the new entrants will access the same allocation methodologies as
the covered enterprises.

(ii) Allocation procedures and rules
a. Free allocation

The competent department of Guangdong ETS will, in reference to the basic
emissions data supplied by the covered enterprises, calculate their respective free
allowances based on allocation criteria, submit the result to the Allowance
Allocation Review Board for rectification, and then issue the allowances to the
companies’ registered account at CGEX.

After these companies have fulfilled current year’s obligations, the competent
department will issue next year’s allowances to their registered account. The
allowances used for covering current year’s emissions will be revoked, and the
surplus allowances are still valid. The benchmark values of these companies will
directly affect the quantity of allowances, therefore, when defining the benchmark
values, the competent department shall take account of production stability and
sustainability of these companies, so the benchmark values for the year 2013 are an
average of the verified emissions data over 2010–2012.

The allowances given to the companies with abnormal production are defined in
line with the two principles as follows: First, the projects, either newly operated or
going through substantial technical revamp, fail to reach the prescribed period of
operation. If such projects are operated within 1 or 2 years, or if the technical
revamp brings significant changes upon their original categorization, production
process, or capacity, their allowances shall be based on the emissions from the
period of normal production, for the sake of fairness. The specific rules are given
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like this, if the projects fail to reach 12-month operation in a current year, then the
allowances shall be based on the average emissions of a full year, or in reference to
the average historical emissions from the counterpart companies. Second, special
circumstances may take place during the production process within the years for
drawing the basic data. Any inappropriate production management, external natural
environment, and social environment may lead to abnormal production, which will
then bring uncertainties upon allowance determination. When deciding the quantity
of allowances, full consideration shall be given to the reasons, duration, and impact
of abnormal production. If the abnormal production arises from changes on
demand–supply pattern or equity structure, or from technical revamp, all the risks
therefrom are due to borne by the companies themselves, so allowance determi-
nation shall follow the regular procedure, in other words, there is no special
treatment.

Special consideration is given to the following two situations: Any abnormal
production arises from force majeure, e.g., typhoon, earthquake, flood, fire, or
explosion, and extends over 1 month. Any abnormal production under government
mandate (excluding electricity generation dispatching) and extends over 1 month.
Under such circumstances, the allowances may be calculated disregard of current
year’s emissions, or converted based on the emissions from normal production.

a. Paid allocation

From December 2013 to June 2014, China (Guangzhou) Emission Exchange
altogether held five rounds of allowance auctions with reserve price determined by
the government. Such an auction reserve price in 2013 was set at 60 yuan/tCO2.
This is a sealed auction at uniform price. The companies shall declare their intended
purchase quantity and price via the electronic transaction system. Upon closure of
the auction, the transaction system shall rank the declarations by price, then rank the
same-priced declarations by time. If the total declared quantity is no more than the
total issuance quantity, all the transactions will be concluded at declared quantity at
the reserve price. If the total declared quantity is above the total issuance quantity,
then all the transactions will be concluded at issuance quantity at the minimum offer
price.

Starting from the second compliance period of Guangdong ETS, the competent
department decided to hold an allowance auction at the last month of each quarter.
In the compliance year of 2014 (from September 2014 to June 2015), the auctions
were exercising a staircase reserve; such price for the four auctions was, respec-
tively, 25, 30, 35, and 40 yuan/tCO2. In the compliance year of 2015 (from
September 2014 to June 2016), the auction reserve price was 80% of the weighted
average transaction price for the listed tradings at CGEX during the 3 calendar
months before the Notice Date when the auction price is made to public. The
companies shall declare their intended purchase quantity and price via the electronic
transaction system. They are allowed to make multiple offers with each one no less
than 1000 tCO2; no offer may be canceled after submission. And, the accumulated
offers may not be over 50% of total issuance quantity. The auction is a
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uniform-price auction, both the transaction quantity and price shall meet the fol-
lowing conditions: (i) Upon closure of the auction, the transaction system shall rank
the declarations by price, then rank the same-priced declarations by time. (ii) If the
total declared quantity is no more than the total issuance quantity, all the transac-
tions will be concluded at declared quantity at reserve price. (iii) If the total declared
quantity is above the total issuance quantity, then all the transactions will be
concluded at issuance quantity at the minimum offer price.

6.4.3 Allocation Correction

The covered enterprises under Guangdong ETS regulation vary from each other in
business scale and industry categorization. To safeguard fairness and efficiency of
allowance allocation, the competent department of Guangdong ETS, while stitching
to established allocation methodologies and approaches, has laid out the following
adjustment mechanism to deal with special situations in real economic operations:

(1) Fall-back correction to benchmarking allocation

Since benchmarking allocation is closely related to companies’ production scale,
it is logic to base on the historical average output of covered enterprises for
benchmarking allocation. However, historical output, which is a reflection of the
past, varies from a company’s present production, particularly the companies that
are more sensitive to the changes in national economy. Thus, an allocation plan
with historical output as the major parameter tends to differ greatly from the
companies’ actual demand for allowances. When the national economy takes a
downward trend, the allowances based on historical output will exceed the actual
demand, then leads to surplus allowances, which will weaken the ETS effect
emissions abatement. On the contrary, there will be a tight allowance supply if the
allowances are below the actual demand, which will impose great cost pressure on
the companies’ normal production. Therefore, a fall-back correction to bench-
marking allocation will enable scientific management of allowances in light of the
companies’ real production activities.

(2) Cement, petrochemical, and iron and steel sectors: set a cap on allowances
allocation

Benchmarking allocation is available for fall-back correction, yet such correction
may not be unrestrained. It is a feasible option to adjust the upper limit of output in
light of designed capacity. If the output is above the capacity, then switch the
output-based allowances to the capacity-based allowances, and allow the companies
to purchase additional allowances to make up for the deficiency. Such approach, on
the one hand, satisfies the development demand of companies, and on the other
levels the playing field and controls aggregate emissions of a given industry, and
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injects vitality into carbon market, which is ought to be accepted by most
participants.

(3) Deal with special circumstances

Since the economic practice is always sophisticated, it is natural to see some
special circumstances during the pilot period of Guangdong ETS. The citation of
some typical circumstances and resolutions are given as follows:

The 2013 allocation is, in principle, based on the verified annual average
emissions over 2010–2012 reported by the covered enterprises. But the adoption of
historical data may follow some special rules in case of the following exceptional
circumstances: (a) If the companies (production lines or generators) are put into
operation (or major technical revamp) in any year over 2010–2012, if their normal
production fails to reach 12 months in a row in 1 year, then the emissions of next
year (12 months) will be defined as the benchmark data. (b) Over 2010–2012, if the
companies (production lines or generators) are halting production for over 1 month
in any year owing to force majeure, then the emissions data from that year will be
put aside. (c) If the companies (production lines or generators) are put into oper-
ation in 2013, yet fail to report the emissions data from more than 6 months of
stable operation, then they shall abide by the rules that apply to New Entrants in the
carbon market. (d) If the companies (production lines or generators) autonomously
halt production for over 6 months in any year over 2010–2012, and fail to start up
till December 2013, then the allowances for 2013 will be frozen, and subject to
reassessment by the competent department after they officially resume operation.
(e) If the companies (production lines or generators) are blacklisted for elimination,
whether they are closed in a given year over 2010–2012, the allowances are for
only valid for that year. If the closure is carried out in advance, their remaining
allowances shall be withdrawn.

6.5 Crucial Elements of Guangdong Pilot ETS Allowance
Allocation Plan

An overall allowance allocation plan is made up of methodologies, criteria, and
distribution cycle, which may implicate detailed aspects of the practical operation.
This section, by drawing the experiences from implementation of Guangdong ETS
pilot program, sheds light on some crucial elements of the allocation plan.

6.5.1 Objects of Regulation

By drawing the experiences from carrying out the pollutant discharge standards,
and other mandatory measures for control over energy consumption, which regulate
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emissions from companies and gather their emissions data; and the companies are
adapt to reporting wholesale emissions data instead of breaking down to the
emissions from installations. Therefore, China’s seven ETS pilot programs define
companies as objects of regulation and sources of data, in contrast to EU ETS and
other foreign cap-and-trade systems that regulate installations. Take
Guangdong ETS, for instance, it is the covered enterprises that report emissions
data and receives allowances, and their business scope is defined via an exclusive
Organization Code; in other words, each Organization Code accesses to a registered
account. However, such regulation with companies as centerpiece has the following
problems:

(1) Inexplicit emitting sources. Each company may have different types and
quantity of emitting sources. The companies, despite the same industrial
property, may have diverse emitting sources, which is a resistance for
benchmarking allocation. Therefore, the special emitting sources shall be
handled separately, which inflicts difficulties upon allowance administration.
Take cement sector, for instance, some cement plants buy minerals directly,
while other have self-run quarries, in this case, the CO2 emissions from
extracting quarries are combined into the aggregate emissions of this cement
plant; otherwise, additional allowances for emissions from quarrying shall be
distributed. Guangdong ETS chooses the second option.

There is an alternative better for clarifying emitting sources: split a company’s
different emitting sources into working processes (generators or products), develop
a specific allocation criterion for each working process (generator or product), and
add these allowances into the sum for the companies.

(2) Changing production activities cause a gap between planned allowances and
actual emissions. Any technological modification or product switching is a
challenge against the allowance allocation to the companies. This is a
non-distinctive issue for the companies with stable raw material or product
mix or for the single electricity producers. Yet it is another landscape for
petrochemical companies, particularly those small-sized ones. Owing to varied
raw material sources and oil demands, petrochemical companies are forced to
substitute their large equipment (emitting sources), so the allowances defined
before such changes will notably vary from the current actual emissions.
Under such circumstance (significant changes on production activities), the
Guangdong ETS-regulated companies will revise their emissions monitoring
plan within 3 months as of the change takes place, and resubmit the plan to the
competent department for recording; then the competent department shall
designate experts and verification institutions to conduct on-site verifications
to the companies, and then ratify proper adjustments to their previous
allowance allocation plan.
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6.5.2 Rediscussion on Responsibility Division for Emissions
Reduction

In view of energy consumption and CO2 emissions, the entire electricity system
could be divided into the production side and demand side. For both Guangdong
and the national uniform carbon market, whether electricity producers—generating
and supplying electricity to consumers—shall take charge for the emissions from
electricity generation is a foremost issue for developing allowance allocation plans.

Through surveys of electricity companies and other stakeholders, we found three
dominant opinions about responsibility division for emissions reduction [6]: (a) The
emissions that fall into the ETS regulation stem from electricity consumption by
both power plants and consumers. Those who hold such viewpoint believe the
power plants take sole responsibility for the emissions from their own electricity
use; as for the electricity supplied to consumers, any emissions therefrom shall be
compensated by the consumers. Anyway, the consumers will turn to other fossil
energy for power in absence of electricity. (b) The emissions shall be compensated
by the companies in the places where the emissions are generated. Such viewpoint,
which features clear-cut division of responsibility and helps implementation of
emissions credit transaction, is widely executed by the world leading emissions
trading systems, e.g., EU ETS and RGGI. (c) Both electricity production side and
demand side shall be covered by the ETS mandatory regulation.

The electricity pricing in China is relatively fixed, the administration of emis-
sions allowances tends to increase the cost of power plants, yet they are confined to
pass the additional cost onto consumers. Though Viewpoint A may somewhat
resolve such contradiction, it has pronounced limitations: the electricity consumed
by power plants is generally 5% of their total electricity output, implying that the
consumption side—all sectors that consume electricity—shall fall into strict regu-
lation and restriction of the emissions trading scheme. However, a high-degree
dependence on the cutback efforts of the consumption side is from enough to fulfill
the overall emissions reduction target; after all, CO2 is mostly emitted from elec-
tricity producers. Moreover, the emissions restriction upon the consumption side is
fairly complicated, since a great number of sectors and entities are involved, and
they have disparate emissions reduction technologies. Therefore, Viewpoint A is
hardly able to restrict the emissions from such leading emitters as fossil fuel-based
power plants, which, of course, weakens the ETS effect and encumbers fulfillment
of the overall emissions reduction target.

Viewpoint B holds that the electricity consumption side should not fall under
mandatory compliance for cutting emissions; instead, if they can generate any
cutbacks from emissions reduction efforts, these cutbacks may be traded for earn-
ings in the form of CERs under the framework of CDM, GS (the Gold Standard) of
other global voluntary emissions reduction organizations, or the CCERs stated in
China’s Interim Measures for the Administration of Voluntary Greenhouse Gas
Emissions Reduction Transactions (NDRC [2012] No. 1668). But the current
emissions trading market across China remains inactive with low carbon prices,
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which is hard to motivate the consumption side to save electricity consumption and
reduce emissions.

Viewpoint C argues that there is double counting of CO2 emissions arising from
both electricity production and consumption. Under the ETS framework, the
allowances to be issued will exceed the needed amount, which may lead to a
misconception that the ETS-regulated emissions are more than actual emissions, but
in fact it is only a matter of statistics. Such double counting is easily resolved by
providing an explanation or taking off the double-counted portion when keeping
statistics of the aggregate emissions. This viewpoint, at the production side, appeals
the electricity companies to raise the efficiency of generating units and switch to
clean energy; while at the consumption side, it calls the energy-intensive compa-
nies, particularly cement plants, steel mills and shopping malls, to adopt advanced
technologies and raise electricity-use efficiency. The significance of Viewpoint C
lies in the equal emphasis on controlling electricity-induced CO2 emissions
(emissions magnate) from upstream and downstream sectors, which is able to
maximize the effect of ETS, complete the task of capping on aggregate emissions
and fulfill the regional emissions reduction target.

Guangdong ETS is now regulating CO2 emissions from both electricity pro-
duction and consumption sides—a core of Viewpoint C as noted.

6.5.3 Problems in Defining Benchmark Value
and Resolutions

The accuracy and integrity of companies’ benchmark emissions is of great signif-
icance for safeguarding the effectiveness of allowances allocation. Yet, the data
accuracy is affected by the following factors:

(1) Unstable production of covered enterprises during reference years

Owing to volatile macro-economy or changing supply–demand patterns of
certain products, the companies may generate different amount of emissions every
year. In order to mitigate the disparity in annual emissions, the benchmark value
shall be the companies’ annual average emissions in past 3 years or in several given
years.

(2) Companies failing to reach prescribed production duration due to newly
started operation or major technical revamp

If a company (production line or generator unit) fails to reach 12-month oper-
ation in the current year, then the allowances shall be based on its average emis-
sions of the next full year. For a company (production line or generator unit) that is
operated in a year or so, the allowances shall be based on the emissions from a
normal production period (12 months in a row). If the duration of normal pro-
duction is shorter than 1 year, then the allowances may be converted on basis of the
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emissions during the months of normal production, or in reference to the average
historical emissions from the counterpart companies.

(3) Special circumstance during the data-collection period

During the production process within the years for drawing the basic data, any
inappropriate production management, changing natural environment or social
environment may lead to abnormal production, which will then bring uncertainties
upon allowances determination. When deciding the quantity of allowances, full
consideration shall be given to the reasons, duration, and impact of abnormal
production.

If the abnormal production arises from changes on demand–supply pattern or
equity structure, or from technical revamp, all the risks therefrom are due to borne
by the companies themselves, so allowance determination shall follow the regular
procedure, in other words, there is no special treatment.

Special consideration is given to the following two situations: Any abnormal
production arises from force majeure, e.g., typhoon, earthquake, flood, fire, or
explosion, and extends over 1 month. Any abnormal production under government
mandate (excluding electricity generation dispatching) and extends over 1 month.
Under such circumstances, the allowances may be calculated disregard of current
year’s emissions, or converted based on the emissions from normal production.

6.5.4 Matters Needing Attention When Defining
Benchmark Values

In light of the allocation methodologies and benchmarking experiences in the
foreign emissions trading systems, the benchmarking value for the same group of
products is usually the average value of the ETS-regulated products or the top 10
emitters, or the benchmark value of such products. China is now at the period of
economic transition, different regions vary greatly in technological strength,
sweeping approach is not recommended. For instance, for some small-sized cement
plants that use shaft kilns, they are confined by production scale and production
process, their efficiency in cutting CO2 emissions never catches up those large and
advanced companies. For the generating units with different production capacities,
uniform benchmark value is, of course, unfair; moreover, some small coal-fired
power plants in remote areas, despite of low efficiency, are still a backbone for
people’s livelihood.

Such a situation calls for fairness. Define benchmark value based on types of
production lines or generating units. Take account of the situation of small com-
panies and leave them a buffer zone and gradually integrate into the carbon market.
In the meantime, in order to protect the leading companies, the priority shall be
given to efficiency, the benchmark value of different production capacity may be
defined by different approaches. In order to mobilize the initiative of cement

6.5 Crucial Elements of Guangdong Pilot ETS Allowance Allocation Plan 123



producers, Guangdong ETS exercises differentiated allowance allocation criteria
toward different clinker production lines. For the production lines at or above
4000 t/d, the BMi is the unit average emissions from the producers of the same
technical group. For the production lines no less than 2000 t/d and less than 4000 t/
d, the BMi is the unit average emissions from the leading 75 producers of the same
technical group. For the production lines less than 2000 t/d, the BMi is the unit
average emissions from the leading 50 producers of the same technical group. In
addition, adjust the range of benchmark value in light of the domestic or global
level of the same technologies, so as to guide the companies to step onto a
high-efficiency and low-carbon development path.

In sum, the definition of benchmark values shall ensure efficiency and fairness of
allowances allocation; in other words, when computing quantity of allowances,
both industrial baseline emissions and companies’ historical missions shall be taken
into account, with an aim to protect the advanced companies and winnow out the
outdated ones.

6.5.5 Allowances Correction

The CO2 emissions from companies vary from time to time amid volatile economy
and uneven industry development. As a result, an elaborate allowance allocation
plan shall either involve an ex-ante approach that applies to economic ups and
downs or fall-back approach that deals with production fluctuations. All the pilot
carbon markets in China have established an allowance adjustment mechanism.
Nevertheless, with regard to the integrity of an emissions trading scheme, an
ex-ante approach that foresees all possibilities is better for ETS steady performance.

In order to ensure stability and continuity of the relevant policies and allocation
system, the fall-back approach shall be able to solve the practical problems in line
with the established basic principles and allocation methodologies, as well as the
guidelines for efficiency and fairness. The fall-back approach is not allowed unless
the companies indeed have inadequate allowances, increased production, and
higher efficiency.
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Chapter 7
Emissions Monitoring, Reporting
and Verification

7.1 Concept of MRV and Foreign and Domestic Studies

Carbon emissions transaction is made up of several links, e.g., emissions
Monitoring, Reporting and Verification (MRV), allowances allocation, carbon
pricing, transaction platform and transaction rules. MRV is an indispensable
component, since data accuracy and truthfulness determines allowances computa-
tion, allocation efficiency and fulfillment of emissions reduction target. In aggre-
gate, an appropriate MRV regime is an essential part for smooth operation of an
emissions trading scheme [1].

7.1.1 Definition of MRV

MRV regime, which is a process of monitoring, reporting and verifying the GHG
emissions data of the ETS covered enterprises, is the backbone for normal operation
and healthy development of a carbon market. The emitters (companies) are
responsible for monitoring and reporting their GHG emissions, while a third-party
verification institution accredited by government undertakes emissions verification.

“Monitoring” refers to measuring, acquiring, analyzing and recording the rele-
vant emissions data (e.g., energy and supplies) of the covered enterprises with a
slew of technologies and measures.

The validity, reliability and accuracy of monitoring are the basic principles of
MRV regime. Data quality control—the foremost part of MRV—runs through the
entire MRV process. The content of monitoring is made up of three parts:

(1) Review and cross check all record sheets, including the invoices or receipts for
purchasing energy and supplies, energy and supplies consumption records,
product sales invoices, activity data summary sheets, and checklists.
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(2) Further examination of all elements of carbon verification, including the
definition of organizational and operational boundaries, identification of
emitting sources, collection of activity data, selection of emission factor,
application of quantitative methodology, and calculation of emissions.

(3) Conduct horizontal and vertical comparisons of the emissions data from the
same industry and from the same-sized companies, and compare carbon
intensity within the same industry.

“Reporting” deals with processing, integrating and computing the monitored
data, and delivers the final version of monitored facts and data to the competent
department in a standardized manner, e.g. spreadsheet or paper document in report
template.

“Verification” is carried out by an accredited third-party verification institution.
Through document review and on-site surveys to the covered enterprises, this
institution validifies the companies’ emissions data, produces a verification report,
and endorses authenticity and reliability of the data. Verification is an independent
process with an aim to validify the reported data and information are substantially
accurate, and subject to monitoring as requested.

An integrate MRV regime helps build confidence of the stakeholders in the data,
and in the entire emissions trading system.

7.1.2 Significance of MRV

MRV usually manifests itself in the form of government document, which lists out
the monitored GHG emissions data of the regulated emitters, reporting and veri-
fication rules (including fill-in requirements and technical norms), in an aim to
ensure consistency, integrity, transparency and accuracy of the reported data.

“Integrity” indicates the monitoring and reporting shall cover all emitters within
the companies’ organizational boundary; neither omission nor concealment is
allowed. Besides, in addition to the emissions from normally-operating installa-
tions, the emissions from switching on or down the installations and from other
emergencies are also monitored and reported.

“Transparency” means transparent acquisition of actual emissions and trans-
parent computation of allowances. All the data stored and managed shall be
transparent, clear-cut and traceable. All data sources and computation approaches
are explainable. There are elaborate historical proofs, records and accessory evi-
dence. Avoid to use of ambiguous data.

“Consistency” refers to consistent monitoring methodologies for different
industries, regions and timescales; in other word, there are emissions from a specific
installation at different times, and the emissions from the same-type installations
owned by different companies within the same period, the monitoring method-
ologies shall be always uniform. Explicit explanations shall be made for possible
inconsistency.
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“Accuracy” requires accurate computation of the CO2 emissions from the
companies’ production and management activities, and minimization of deviations
and uncertainties.

7.1.3 Basic Flow of MRV

Basic flow of MRV mainly consists of two parts: (1) The companies report their
emissions, monitoring plan and annual emissions data to the competent department;
(2) The competent department or an accredited third-party verifier validates the
reported data.

The companies shall produce an emissions monitoring plan which covers all
important information about their monitoring system, so as to prove the accuracy of
the measurement and reporting about the emitting sources. Such plan is then
delivered to the competent department for approval. The monitoring plan is subject
to dynamic adjustment, i.e., whenever an significant change happens to the mon-
itoring system, the monitoring plan is placed under continuous revision and
re-applied to the competent department for approval and recording, and then the
companies shall start monitoring of all regulated emitting installations, and report
their annual emissions (in standardized report template) to the competent
department.

The competent department reviews the monitoring plan submitted by the com-
panies, and then conducts spot check of the emissions reports in reference to the
monitoring plan.

At the authorization of the competent department, an accredited third-party
verification institution reviews and validates the monitoring plan and emissions
reports submitted by the companies, then produces validation opinions and reports
to the competent department.

MRV basic flow is shown the in Fig. 7.1.

7.1.4 Foreign and Domestic MRV Studies

The core content of MRV regime comprises formulation of rules and criteria,
definition of verification objects and data quality control. The MRV rules and
criteria adopted by different countries usually involve companies’ monitoring,
quantification and reporting guidelines, verif

The EU ETS regulation is split into three phases where the content of MRV
regime changes accordingly [2]. With respect to the scope of monitoring, increasing
categories of GHGs are involved by the ETS: Phase 1 and 2 only regulates CO2

emissions, while Phase 3 regulates CO2, N2O and PFCs emissions. With respect to
the monitoring procedures, more emphasis is given to the monitoring plan. With
respect to the monitoring methodology, a uniform verification system and
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accreditation criteria are established: an accredited third-party verifier takes charge
of emissions verification, and the competent department validates the emissions
reports.

The EU MRV regime is backed up by a series of rules and criteria: 280/2004/
EC,1 2007/589/EC,2 Verification of Greenhouse Gas Reporting and Accreditation
of Third-Party Verification Institutions [3]. The scope of verification involves five
industrial sectors, i.e., energy supply (electricity, heat and steam generation), oil
refinery, iron and steel, building materials (cement, lime and glass), pulp and paper.
In addition, the accreditation authority is subject to peer assessment in line with
ISO/IEC17011:2004.3 The verification institution is under administration in line
with ISO 14065:2007.4

As for Tokyo ETS, the MRV regime is backed up by a series of rules and
criteria: Quantification Guidelines for GHG Emissions from Installations,
Verification Guidelines for GHG Emissions, Guidelines for Registration and
Application of Third-party Verification Institutions. There are 1100 commercial
installations and 300 factories falling into the scope of verification. In 2008, the
Bureau of Environment of Tokyo founded Japan Verified Emissions Reduction
(J-VER) which takes the following characteristics:

Companies

Competent 

department

Monitoring plan Emissions report

Approval, record-keeping Supervision Spot check

Third-party 

verifier Validation

Fig. 7.1 MRV basic flow

1280/2004/EC Decision of the European Parliament and of the Council concerning a mechanism
for monitoring Community greenhouse gas emissions and for implementing the Kyoto Protocol.
22007/589/EC Guidelines for the monitoring and reporting of greenhouse gas emissions.
3ISO/IEC17011:2004 Conformity assessment—General requirements for accreditation bodies
accrediting conformity assessment bodies.
4ISO 14065:2007 Greenhouse gases—Requirements for greenhouse gas validation and verification
bodies for use in accreditation or other forms of recognition.
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(1) A top-down administration model is adopted for developing methodologies
and defining benchmark values.

(2) Relevant systems are established in reference to the international norms. For
instance, ISO14064-25 is consulted for setting up the framework of MRV
regime, monitoring and computation rules; ISO14064-36 is consulted for
drawing up verification guidelines; and ISO140657 is consulted for defining
the matters for accrediting verification institutions.

California began to ask the regulated emitters to report their annual GHG
emissions since 2008. The covered enterprises are not allowed to access to the
carbon market unless they have registered via Air Resources Board (ARB) and are
ready to take mandatory verification by an accredited third-party verifier. In addi-
tion to the six GHGs that are regulated by all leading cap-and-trade mechanisms,
California extends its coverage scope to NF3 and other fluorides. About 350
companies and over 600 installations have joined in Cal ETS, i.e., extending from
electricity sector and large industrial installations to fuel distributors in a stepwise
manner. Cal ETS has developed emissions computation methodologies for 20
industrial sectors, insists on third-party verification, and organizes strict training and
accreditation of such verification institutions. Currently, there are over 40 accred-
ited third-party verification institutions with more than 200 verifiers [4].

Similar to the MRV rules in the EU and California, China’s MRV regime also
requires submission of annual emissions report, and third-party verification of
emissions and companies’ compliance. China is now developing a GHG emissions
accounting and reporting system for key companies (institutions). It has already
defined the reporting threshold, and published the GHG emissions accounting and
reporting guidelines for 24 sectors (10 guidelines have become a national norm). It
will build an administration system for verification institutions at both national and
provincial/municipal levels. The current MRV regime in China’s seven pilot carbon
markets is briefed as follows:

Shenzhen has built an expert team for establishing GHG verification criteria,
developed two universal guidelines, a set of methodologies for two special
industrial sectors, and two universal technical specifications. There are also the
GHG Emissions Quantification and Reporting Methodologies for Electricity Sector,
GHG Emissions Quantification and Reporting Methodologies for Water-supply
Sector, Notice on Defining the Technical Requirements for Carbon Emissions
Verification, and Specification on Uniform Adoption of Emissions Factors. The
objects of verification are those legal person-led organizations. In order to safeguard

5ISO 14064-2: Greenhouse gases—Part 2: Specification with guidance at the project level for
quantification, monitoring and reporting of greenhouse gas emission reductions or removal
enhancements.
6ISO14064-3 Greenhouse gases—Part 3: Specification with guidance for the validation and ver-
ification of greenhouse gas assertions.
7ISO14065 Greenhouse gases—Requirements for greenhouse gas validation and verification
bodies for use in accreditation or other forms of recognition.
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data quality, Development and Reform Commission of Shenzhen Municipality has
developed a ‘statistics sheet for major energy-intensive equipment in organizations’
for cross-checking accuracy of data.

Beijing has published the emissions counting guidelines for six industrial sec-
tors, i.e., heat production and supply, thermal power generation, cement production,
petrochemical production, tertiary industry and enterprise industry. For the key
emitters (the aggregate direct and indirect emissions from fixed installations are at
or above 10,000 tCO2/year), conduct actual measurements of the activity level and
emissions factors in the annual report, and calculate their GHG emissions during the
reporting period. For the key installations (the direct emissions are above
10,000 tCO2/year), conduct separate measurement. The reporting entities shall
deliver their previous year’ emissions report (in electronic form) to Beijing
Municipal Development and Reform Commission (BJ DRC) before each March 31.
The key emitters shall submit their previous year’ emissions report and verification
report (in paper form and sealed) to BJ DRC before each April 30. Conduct
dynamic administration of the third-party verification institution, set strict rules for
accession and a strict penalty mechanism, and constantly improve professionalism
of verifiers.

Tianjin asks the ETS covered enterprises to deliver their next year’s emissions
monitoring plan to Tianjin Development and Reform Commission (TJ DRC) before
each November 30, produce the previous year’s emissions report in the first quarter
of each year, and deliver both emissions report and verification report produced by
a third-party verification institution to TJ DRC before each April 30. Besides,
Tianjin has established a mandatory reporting system for key CO2 emitters, i.e.,
even if the reporting companies are not qualified to join in the ETS, they are obliged
to deliver previous year’s emissions report before each April 30, but monitoring
plan and verification report are exempted.

Shanghai asks the ETS covered enterprises to deliver their next year’s emissions
monitoring plan to Shanghai Municipal Development and Reform Commission (SH
DRC) before each December 31; both regulated and reporting companies shall
deliver their previous year’s emissions report before each March 31. A third-party
verification institution recording system and verification rules are established, the
name list of such institutions are made to the public. The third-party verification
institution shall submit the verification report to SH DRC before each April 30.

Chongqing asks the ETS covered enterprises to deliver previous year’s emis-
sions report and project-based emissions reduction report to Chongqing
Development and Reform Commission (CQ DRC) before each February 20; and
upload the annual emissions and reductions to the online reporting system.
CQ DRC shall, within 5 business days upon receipt of the written emissions reports,
entrusts a third-party verification institution to conduct emissions verification of the
concerned companies.

Hubei MRV regime focuses on resolving major issues, i.e., it only regulates the
CO2 emissions from key emitters. The scope of regulation involves direct emissions,
emissions from production processes and indirect emissions, but disregards of
fugitive emissions. Hubei has established the Hubei ETS Monitoring, Quantification
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and Reporting Guidelines, Hubei GHG Emissions Verification Guidelines, and
Recording and Administration Measures for Third-party Verification Institutions.
The ETS covered enterprises are asked to deliver next year’s emissions monitoring
plan to Hubei Provincial Development and Reform Commission before the last
workday of each September, and submit previous year’s emissions report before the
last workday of each February; the third-party verification institution shall submit
the verification report before the last workday of each April.

Guangdong ETS is now regulating the CO2 emissions from four sectors (elec-
tricity, petrochemical, cement and iron and steel). It started counting the emissions
from paper, glass, textile, non-ferrous, aviation and ceramics sectors since 2015.
Guangdong has come up with the Carbon Dioxide Emissions Reporting Guidelines
for Companies (for trial), which lists out both general provisions and the specific
rules for electricity, petrochemical, cement and iron and steel companies. The MRV
rules of Guangdong will be elaborated in Sect. 7.3.

7.2 Current Emissions Metering and Monitoring
in Guangdong

In light of the JIF 1001-1998 General Terms in Metrology and Their definitions,
‘metering’ is an activity for unifying measurement units and providing accurate
magnitude; ‘metrology’ is part of measurement, but stricter than common mea-
surement, since it covers the entire area of measurement, and plays a role of
guidance, supervision and assurance in measurement.

Metering of energy and supplies involves inspection, measurement and com-
putation of the quantity, quality, performance parameters and characteristic
parameters of energy and supplies at each link. Metering is an instrument that
provides accurate analysis of energy and material utilization, and forms scientific
and unbiased basis for energy and supplies administration [5].

The metering and monitoring of energy and supplies in Guangdong is in line
with the Metrology Law of the People’s Republic of China, Energy Conservation
Law of the People’s Republic of China, Energy Conservation Regulation of
Guangdong Province, Measures for the Implementation of the Metrology Law of
the People’s Republic of China in Guangdong, and the General Principle for
Equipping and Managing of the Measuring Instrument of Energy in Organization
of Energy Using (GB17167-2006). The major content of metering and monitoring
is shown as follows:

(1) In reference to GB17167-2006, all of the energy input-and-output organizations,
secondary energy input-and-output organizations and major energy-using
equipment shall be equipped with metering instrument. Regular detection and
calibration are required to ensure accuracy of such instrument. Gross energy is
made up of non-renewable energy (gas, coke, heat, crude oil, natural gas, gas,
LPD, refined oil products and biomass energy), and other useful energy through
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direct or indirect processing or conversion. The metering instrument consist of
electricity meter, water meter, Natural gas flowmeter, loadometer and steam
flowmeter [6].

(2) The supplies not only include materials or raw materials, but all the goods that
are related to product production, e.g., raw materials, accessories, semi-finished
products and finished products. Without uniform criteria, supplies metering
mainly relies on the companies’ uniform criteria administration system which
records supplies warehousing, circulation, utilization and depletion.

(3) A specialized metering administration shall be set up. Experienced metrologists
—with professional background and holding at least an intermediate technical
title—are invited to take charge of metering administration. Occupational
trainings for metrologists and statisticians are held from time to time. All
energy and supplies data shall be collectable and traceable.

The companies’ emissions verification of Guangdong reveals a fact that large
companies are doing a better metering job, particularly electricity companies, they
have a full variety of data that are available for cross-checking. Even the companies
of different business scope, industrial property and production scale have common
ground in energy metering, which is shown as follows:

(1) Weak awareness of metering. Several companies have not yet realized the
importance of metering for energy conservation. Owing to incomplete energy
metering administration, and halfway implementation of accountability system,
the front-line workers regard energy metering as the responsibility of leaders.

(2) Unappropriate metering instrument. The energy metering instrument fails to
satisfy the standard and trace the emission sources. The energy input-
and-output organizations and secondary energy input-and-output organizations
have complete metering equipment, but the major energy-using equipment do
not, which is hard to meet MRV’s requirements that all monitored data shall be
traced back to equipment and units.

(3) Disordered metering administration. Energy and supplies metering is a fairly
complicated system that involves companies’ supplies purchase, production,
consumption and record-keeping. The on-site investigations show that the
production department usually keep the metering instrument, the supplies
department takes charge of purchasing, the workshops use the instrument, and
the statistics department keep metering records, i.e., each department is doing
its own way and sometimes passes the buck to the other.

7.3 Compilation of the Guidelines for Reporting of
CO2 Emissions

After Guangdong was designated as one of the first seven areas to carry out the pilot
ETS program, Guangdong Government, after making preparations, promulgated the
InterimMeasures for Guangdong Carbon Emissions Administration (No. 197 [2014]
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GD Gov) [7] in January 2014, stating explicitly to establish a corporate-level emis-
sions reporting and verification system. In light of the “InterimMeasures” and the job
requirements for carrying out the ETS program, Guangdong Provincial Development
andReformCommission (GDDRC) organized the compilation of the Implementation
Rules for Guangdong Corporate Emissions Reporting and Verification (for trial) [8]
and theCarbonDioxide Emissions ReportingGuidelines forCompanies (for trial) [9];
the latter is split into the separate guidelines for electricity, cement, petrochemical and
iron and steel sectors, which take full account of the distinctive production processes
of the four sectors as noted, and integratewith the actual levels of production,metering
and detection, have become important basis for quantifying the corporate carbon
emissions.

The construction experiences of the global carbon markets prove that normal
operation and healthy development of a carbon market depends on reliable and
accurate corporate-level emissions data, which are based on a standardized emission
reporting system. The guidelines for corporate-level emissions reporting have laid a
technical basis in this regard, and provided scientific methodologies for emissions
quantification, thus vigorously propping up the normal operation of Guangdong
carbon market. They play a positive guiding role in the ETS study, companies’
transition to low-carbon development path, assessment of energy conservation and
low carbon emissions, and implementation of the work for regulating the emissions
from key sectors. Besides, they are able to promote low-carbon development of
Guangdong-based electricity, cement, petrochemical and iron and steel sectors, and
build up their product competitiveness on global market.

The authors of this book joined in compiling the emissions reporting guidelines
for electricity, cement, petrochemical and iron and steel sectors of Guangdong, and
took charge of the guidelines for cement sector. Their train of thought, compiling
principles and relevant policies are introduced in Subsects. 7.3.1 and 7.3.2, which
will reveal the key points, difficulties and distinctive creation in the MRV regime
for Guangdong ETS.

7.3.1 Compiling Principles

The compilation of the guidelines at the corporate level for reporting of CO2

emissions is strictly in line with GB/T 1.1-2009 Directives for Standardization, and
abiding by the basic principles as “correlation, consistency, accuracy, transparency
and authenticity”.

(1) Correlation: Choose appropriate methodologies for calculating companies’
CO2 emissions. Decomposition calculation is able exhibit the emissions from
each production process and their correlations. With feasible technologies and
reasonable cost, the companies shall improve monitoring conditions and
upgrade quality of the reported data.
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(2) Consistency: Use uniform methodologies to define the emissions reporting
scope, data gathering, calculation and reporting, and to compare relevant CO2

emissions information.
(3) Accuracy: Calculate CO2 emissions from the companies’ production and

administration activities in an accurate manner.
(4) Transparency: The data gathering and calculation process shall be clear-cut

and verifiable. There shall be explanations for the calculation methodologies
and data sources.

(5) Authenticity: The data provided by the companies shall be authentic; and the
content of monitoring plan and emissions report shall truly reflect the actual
emissions.

In addition to the above principles, Guangdong ETS research group proposed to
add another two principles for compiling the guidelines at the corporate level for
reporting of CO2 emissions, for the purpose of maintaining practicability and
creativity of these guidelines.

(6) Sustainability:

The compilation of the guidelines for companies’ reporting of CO2 emissions
shall follow the principle of sustainability, which embraces the calculation
methodologies at different levels (whether there are equipment-level metering or
measured emissions factors). The information modules for emissions reporting
covers the companie’s basic information, major product information, emitting
installations and emitting sources, and production situation, so as to reflect the
companies’ emissions in an all-round manner, build a linkage with the potential
methodologies and allowances allocation mechanism in the national uniform car-
bon market in the future. The principle of sustainability helps maintain continuity
and stability of the calculation methodologies, sustain the emissions information for
the national uniform carbon market, and mitigate any adverse impact from changing
calculation methodologies or inadequate information modules.

Sustainability also represents that the guidelines shall be applicable to the
reporting demands of the companies of varied size or during different period, and
the guidelines are effective during both historical emissions reporting period and
official reporting period. For large companies that are capable of measuring emis-
sions, the reporting may adopt measured emissions factors and measured calorific
value, the emissions data may be traced back to emitting equipment. For small
companies incapable of measuring emissions, the reporting may adopt reference
emissions factors and default value (calorific value) free from measurement. For the
historical emissions reporting period, in case of data vacancy or incompleteness,
relevant default value is used. For the official reporting period, a measurement
method is recommended after the emissions data are standardized and refined.

(7) Operability:

The compilation of the guidelines for companies’ reporting of CO2 emissions
shall follow the principle of operability: the data sources and statistics shall be
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based on the companies’ current monitoring level and metering system; the data
sources at different levels shall be provided to enable the companies, at the pre-
requisite of operability, improve monitoring and metering. Moreover, the guidelines
shall involve standardized filing method and template, detailed filling items, and
explanations for the filling content, so as to reduce the reporting difficulties, raise
the accuracy and standardability of the reports, and facilitate the third-party veri-
fication institution to verify and trace back the companies’ emissions reports and
monitoring plan.

7.3.2 Basic Framework of the Guidline [9]

The Carbon Dioxide Emissions Reporting Guidelines for Companies (see No. 16 in
References) consists of ten parts: scope, criteria for quotations and references,
glossary and definition, principles, reporting scope, emissions computation
methodologies, data monitoring and quality control, monitoring plan, emissions
report and appendix. The essential components are explained as follows:

(1) Reporting scope

In light of the Carbon Dioxide Emissions Reporting Guidelines for Companies,
the reporting scope refers to the year of reporting, identification of organizational
boundary, identification of CO2 emissions activities, identification of CO2 emis-
sions unit and equipment, and selection of data reporting hierarchy.

(a) Definition of organizational boundary:

Definition of organizational boundary, which aims to clarify the legal statistical
scope of a company, consists of an accounting report with the legal person as basic
unit, and the company’s foundation date, production capacity, business scope,
equity structure, asset situation, ownership condition, plan area layout plan and
organization chart. Furthermore, detailed explanations shall be made in case there is
a corporate group legal person, trans-provincial subsidiary, changes upon organi-
zational boundary or business outsourcing,

(b) Definition of CO2 emissions activities:

From the perspective of technologies and in light of the physical and chemical
properties of CO2 emissions, CO2 emissions activities consist of direct and indirect
emissions activities, as well as special emissions activities.

Direct emissions are generated from fossil fuel combustion, alternative fuel
combustion (excluding biomass fuel), carbonate decomposition, organic carbon
decomposition, carbon precipitation and flue gas desulfurization. Indirect emissions
arise from consumption of purchased electricity and heat. There shall be detailed
definitions and explanations of special emissions.
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(c) Definition of CO2 emissions units and facilities:

CO2 emissions units and facilities refer to the specific physical location where
the emissions activities are taking place. Based on organizational boundary and
definition of CO2 emissions activities, we are able to further identify the corre-
sponding emissions equipment owned by the emissions unit, and the energy and
carbonaceous supplies used in the installations. Emissions unit is made up of all
fixed or mobile units that directly link with CO2 emissions (Table 7.1).

Deciding on levels of emissions reporting:
Levels of emissions reporting indicate that, under certain conditions, for each

type of emissions activity, the company may choose the emissions data at different
levels for computation and summarization. The reported data are from the levels of
company, emitting unit or equipment. As for the company’s emissions reporting
and verification system of Guangdong, the default emissions data are assigned to
the corporate level; however, if the emitting unit or equipment is available for better
metering, and the accuracy of metering instrument is not lower than the

Table 7.1 Exemplary CO2 emissions scope [9]

CO2 emissions scope Exemplary activities Exemplary
emissions unit

Exemplary
emission
facility

Direct Stationary
combustion

Combustion of solid,
liquid and gas fuels
occurring on fixed
production equipment,
or combustion of other
alternative fuels or
combustible substance
fossil carbon, e.g., coal,
petroleum, natural gas,
gaseline, LNG, gas,
solid waste, liquid waste

Cement:
clinker
calcination
Electricity:
generating unit
Iron and steel:
sintering,
iron-making
Petrochemical:
constant
pressure
reducing
device

Cement:
decomposing
furnace, rotary
kiln
Electricity:
boiler
Iron and steel:
blast furnace
hot-blast stove,
blast furnace
Petrochemical:
heating furnace

Mobile
combustion

Fuel combustion
(gaseline or diesel) from
transport activities with
the transport means
(vehicle, ship) owned by
the company/unit itself

Proprietary
transport
means

Vehicle, ship

Industrial
processes

Carbonaceous raw
material processing and
non-fossil fuel
utilization, e.g., cement,
ceramics and lime
production (there are
CO2 emissions from
decarbonation process),

Cement:
clinker
calcination
Iron and steel:
lime
calcination

Cement:
decomposing
furnace, rotary
kiln
Iron and steel:
lime kiln
Petrochemical:
hydrogen

(continued)
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corporate-level metering, the priority shall be given to the emissions data from the
level of emitting unit or equipment.

(2) Methodology of CO2 emission calculation

The Guidelines for the Corporate-level Emissions Reporting introduce the
methods and formulas for quantifying direct and indirect CO2 emissions. Direct

Table 7.1 (continued)

CO2 emissions scope Exemplary activities Exemplary
emissions unit

Exemplary
emission
facility

iron and steel
manufacturing (there are
CO2 emissions from
iron-making flux
decomposition and
steel-making carbon
reduction)

Petrochemical:
catalytic
cracking

production
plant

Indirect Consumption
of purchased
electricity and
heat

Consumption of
purchased electricity and
heat arising from
operational process of
company or unit.

Cement: raw
meal
preparation,
cement
grinding
Iron and steel:
catalytic
cracking
Petrochemical:
catalytic
cracking

All
installations
that use
purchased
electricity

Special Biomass
fuel-based
emissions

(i) Biomass fuel
combustion:
impregnated wood
chips, dried sludge,
wood, non-impregnated
wood chips, agricultural
wastes, organic waste,
textile waste
(ii) Partial biomass fuel
combustion: waste tire,
waste leather

Cement:
clinker
calcination
Electricity:
generating unit

Cement:
decomposing
furnace, rotary
kiln
Electricity:
boiler

CO2 transfer CO2 is one of the raw
materials for producing
carbonated drinks, dry
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emissions stem from fuel combustion and production, and indirect emissions are
generated by consumption of purchased electricity and heat. Such calculation relies
on Emission Factor Approach and Material Balance Approach. In addition,
Calorific Value Approach and Carbon Content Detection Approach are available
for calculating the emissions from fuel combustion.

In order to ensure sustainability and operability of emissions reporting, the
Guidelines for the Corporate-level Emissions Reporting also provide several ref-
erence values for detection, e.g., net calorific value and emission factor of all fossil
fuels, and carbon content of alternative fuels, in case the direction detection is
infeasible. The reference values and detection technics about emission factor are
quoted from the world, domestic and provincial levels and from multiple depart-
ments (e.g., the national norms, the NDRC-initiated accounting guidelines, inter-
national files, the list of regulated GHGs released by Guangdong), and subject to
certain adjustment in light of the special situation of Guangdong.

(3) Data monitoring and quality control

In order to standardize data monitoring and quality control, the Guidelines for
the Corporate-level Emissions Reporting specify the relevant requirements for data
monitoring, recording, filing and uncertainty evaluation; and also clarify the tech-
nical norms, detection methods, monitoring frequency and requirements for
defining data sources, and for preserving necessary evidence like fuel purchase
invoice and test reports produced by technical institution.

There may be uncertainties in obtaining activity data and emission factor.
Currently, the cement, electricity, iron and steel and petrochemical sectors of
Guangdong are not suitable for quantitative evaluation of uncertainties, so the
activity data and emission factor are subject to qualitative explanation; and the
companies are obliged to explain the measures that they have adopted to reduce
such uncertainties.

(4) CO2 emissions monitoring plan

In oder for the companies to obtain emissions data, standardize emissions data,
and abide by the principles of operability, consistency and sustainability, the
Guidelines include templates for emissions monitoring, refine the filing items, make
detailed explanations for the content for filing, for the understanding of companies
and third-party verification institution. The Guidelines ask the companies, when
significant change occurs to emissions data, they shall amend their monitoring plan
and not lower the monitoring requirements. Moreover, when any major change
occurs to the emissions data, the companies shall retain intact internal record for
verification by the third-party verification institution (the template for the CO2

monitoring plan is attached in the appendix).

(5) CO2 emissions report:

In light of the principles of operability, consistency and sustainability, for the
companies to finish their emissions report in an accurate and convenient manner,
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the Guidelines include the template for the CO2 emissions report, and detailed
content for filing, and offers detailed explanations for the content for filing, so as to
lower the difficulties in filing the report, and facilitate verification by the third-party
verification institution (the template for the CO2 emissions report is attached in the
appendix).

(6) Appendix

For the purpose of enabling the companies to complete their CO2 emissions
report in an accurate and convenient manner, the Guidelines provide detailed and
complete appendix which involves treatment of special situation of organizational
boundary, direct emissions from fuel combustion, emission factor of indirect
emissions, net calorific value and emission factor of certain alternative fuels,
template for CO2 emissions monitoring plan and report, for the sake of filing and
verification by third-party verification institution.

7.4 Verification Rules and Quality

In the entire MRV design of Guangdong ETS, the covered enterprises are main
bodies in report, they shall develop a monitoring plan in light of the Implementation
Rules for Guangdong Corporate Emission Reporting and Verification (For Trial)
[8] (no amendments to the monitoring plan in case of no significant change) and a
report on previous year’s emissions, and report to Guangdong Provincial
Development and Reform Commission (GD DRC) via the Emissions Reporting and
Verification System, and coordinate with the third-party verification institution to
verify the monitoring plan and emissions report. Through the government-initiated
bidding for third-party verification institutions, GD DRC will define one institution
to conduct CO2 emissions verification. Such institution carries out verification
according to law and in an independent and impartial manner, take responsibility
for standardization, authenticity and accuracy of their verification report, and per-
form the duty of confidentiality as required by law. The development and reform
commissions at all levels administration of such institutions. GD DRC take charge
for organization, implementation, comprehensive coordination and supervision of
the entire province’s emissions administration. The municipal people’s govern-
ments at and above the prefecture level shall guide and support the emissions
administration within their administrative area. The municipal development and
reform commissions at and above the prefecture level are responsible for organizing
verification of the companies’ emissions report (Fig. 7.2).
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7.4.1 Verification Principles

The Guidelines for the Corporate-level Emissions Reporting is a scientific basis for
quantifying companies’ CO2 emissions in a standardized and normalized manner;
they are also a technical cornerstone for the entire MRV regime by providing a
consistent quantification criterion for the emissions from different sectors, different
areas or in different time frame, thus enabling transparent calculation of actual
emissions and projected emissions. The work of verification, in an aim to check and
confirm the integrity and accuracy of emissions data, involves all emitters without
exception. Relevant materials for tracing, certification and summarization are
backed up during verification.

When carrying out the verification, the third-party verification institution shall
follow the principles of independence and impartiality, and moral conduct that is
credible, integrate, confidential and prudent. Meanwhile, the verification institution
and the company to be verified shall have no conflict of interest for the sake of
independent verification.

Provincial-level DRC
Supervision & 
administration

Third-party verifier
Verification

Define a verifier

Review monitoring plan

Verify companies’ 
annual emissions 

amount and produce
verification report

Prefecture-level DRC
Assist in administration

Summarize monitoring 
plan, emissions report & 

verification report

Deliver report to
 provincial-level DRC

Compliance companies
Monitoring & 

reporting

Define covered 
enterprises

Produce monitoring 
plan

Process and calculate 
emissions data, filling in 

and submitting

Submit verified 
monitoring report and 
emissions report and 
3rd-party verification 
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Fig. 7.2 MRV flow in Guangdong ETS
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7.4.2 Requirements for Verification Competence

(1) Verification institution

Being the principal party in undertaking the verification, the third-party verifi-
cation institution shall make sure that all the participating verifiers are capable of
fulfilling their assignment and professionally qualified. The verification institution
shall establish competency criteria for verification chief, verifier and technical
reviewer, particularly for verification chief and technical reviewer, devise the
methods for evaluating competence and performance of verifiers regularly, and
maintain occupational trainings for verifiers so that they are able to finish the
verification successfully within the time limit.

(2) Verifiers

The verifiers shall have enough professionalism and occupational ethics, be
skilled in utilizing the principles, procedures and technologies for verification,
ensure consistency and systematization of verification, and confirm that the verified
evidence is adequate and suitable to draw the verification conclusion. The verifi-
cation chief, in addition to the abilities of common verifiers, shall be able to preside
over an efficient and orderly verification, and lead the verification team to work out
the conclusions and produce a verification report. The technical reviewer take
charge of reviewing the verification report and internal verification documents, they
shall be as competent as the verification chief, and have necessary professional
background to judge the integrity and authenticity of the verified information, then
accurately assess the verification result.

7.4.3 Verification Process

The entire verification process is made up of five parts: contract review and
acceptance, verification startup, on-site verification, compilation of verification
report and closeout of verification. In order to make sure the verification quality, the
third-party verification institution shall, in addition to a verification group, appoint
an independent reviewer who conducts final examination of the on-site verification
plan, data sampling process, verification findings and conclusions, so as to lower
the risks in verification. The process of verification can be represented in the
following framework diagram (Fig. 7.3).

The focus of on-site verification is placed on examination of data quality
administration system, which is basis and instrument for tracing and confirming the
emissions data. The examination of such system shall follow the three steps in the
flow chart hereunder (Fig. 7.4):

Data collection focuses on gathering and maintaining the emissions data from
major emitting installations, and calibration of detecting devise and metering
instrument.
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As for validation of data and computation methods, it is used for examining the
relevant records and methods in reference to the activity data, computation meth-
ods, emissions factor and emissions amount that are covered in the emissions
report, and based on the high-risk links (e.g., key emitters) that are clarified in the
sampling plan. The aim of validation is to find out the abnormal value, fluctuations,
trends and data deficiency in the emissions report, and confirm if there is any major
deviation amid the data provided by the verified party.

Fig. 7.3 Verification process [8]

Fig. 7.4 Verification data chain
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(1) Trace the emissions data back to their original records.
(2) Predict the emissions trends through comparison of the historical emissions

data.
(3) Evaluate the consistency of the emissions data through comparison of the

emissions from similar emitters.
(4) Cross check the emissions data from diverse sources.

The third-party verification institution shall preserve their verification records
and relevant papers (in both electronic and paper forms) for ten 10 years since the
end of the entire verification work. The materials kept by the verification institution
include the materials provided by the verified party, the internal verification papers
(important work records and auxiliary materials) and the verification report.
Without authorization of the development and reform commission, the verification
institution may not disclose any information about the verified party.

7.4.4 Improvement of Verification Quality

Verification quality is affected by the following factors: the competence of verifi-
cation institution and its verifiers, the competence and coordination of the verified
party (regulated companies), and supervision and administration of the competent
authority. Therefore, the improvement of verification quality is determined by the
competent authority, the verified party, verification institution and its verifiers.

(1) Competent authority

Under the MRV framework, the competent authority takes charge for coordi-
nation and supervision of companies’ emissions reporting and verification.
A properly-designed verification system, selection and supervision of the verifi-
cation institution are part of the determinants for smooth execution of the verifi-
cation work. The establishment of a third-party verification system, and fair,
objective and transparent selection of a verification institution not only improves
verification quality, but foster high-quality verification institutions, which will
provide professional services to government and companies.

Guangdong ETS is under administration of Guangdong Provincial Development
and Reform Commission (GD DRC) which takes charge for coordination, super-
vision and administration of the provincial MRV regime, and defines the third-party
verification institution by means of bid invitation. GD DRC has announced the
strict requirements for verification of in such bidding documents for the verification
of the emissions from key companies/institutions and qualifications of verification
institutions. Such documents state GD DRC has one-vote veto for qualifications and
suitability of verification institution, and present strict requirements: technical and
commercial review, understanding of the focal point of the verification work,
implementation ideas and plan of verification, basis for work, qualifications,
research experiences and requirements for personnel, setting a high threshold for
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accession of verification institutions. As for administration of verification quality,
the verification institution shall, in light of the Notice on the Provisions for
Emission Reporting and Verification of Companies (For Trial) [9], The Guidelines
for the Corporate-level Emissions Reporting, the Carbon Dioxide Emissions
Reporting Guidelines for Companies (For Trial) [10], as well as the CO2 emissions
report, re-examination of verification report, and double check of verification
quality.

(2) The verified party

Being the main body that receives verification, the verified party itself (abilities
in monitoring and metering emissions and making statistics, and coordination with
the verifier) significantly affects verification quality. And their possession of some
essential statistics, traceable documents and invoices that concern CO2 emissions
also affects verification quality. In sum, the emissions administration office and
energy administration office and staffing of the verified party have significant
impact on verification quality.

CO2 emissions reporting and verification is a wholly new experience for com-
panies, most of them have yet built an emissions reporting and administration
system, and not clarified the emissions metering responsibility. At the initial phase
of Guangdong ETS, four industrial sectors fall into the ETS regulation, some
companies were not at the level playing field for emissions data monitoring, and
some companies failed to carry out the work for energy metering and making
statistics, and failed to properly record and make archive for monitored data, thus,
they were somewhat resistant to CO2 emissions reporting and verification.
Therefore, it is a great stimulus to upgrading verification quality by holding
trainings about carbon transaction, emissions reporting and verification, and culti-
vating talents in carbon and energy management. Along with continuous operation
of the ETS, the companies have become highly aware of the importance of the
emissions reporting and verification, from passive acceptance to active coordina-
tion, which has greatly improved verification quality.

(3) Verification institution

Being the executor of the verification work, the verification institution plays a
critical role in ensuring verification quality. The verification institution shall, in
light of the verification specifications, carry out the verification work (including
document review and on-site verification) according to law and in an independent
and impartial manner, take charge for the standardability, authenticity and accuracy
of the verification report, perform duty of confidentiality, and bear legal liability.
The verification institution shall make sure that all participating verifiers are capable
for fulfilling their tasks, particularly the verification chief and technical reviewer,
and evaluate comprehensive quality of all participants. Moreover, all verifiers shall
attend regular occupational trainings so as to improve verification quality.
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(4) Verifiers

The verifiers—direct participants in verification work—play a decisive role in
verification quality. Owing to particularity of verification work, and varied capa-
bility and understanding of verifiers, there may be disparity in verified emissions
that are assigned to individual verifiers with varied common sense and verification
scope. Therefore, there shall be standardized and normalized verification proce-
dures, the verification institution shall strengthen occupational trainings and quality
improvement of verifiers, so as to mitigate the disparity in verification result arising
from individual verifiers.

The verifiers shall bear in mind of the verification principles and procedures and
apply them into the practice to achieve a consistent and systematic verification
result. They shall have a full understanding of the production processes of the
verified party, so that they will be able to distinguish between true information and
the fake one when dealing with massive information and data, and then cross check
the relevant information. Moreover, they shall be able to examine and analyze the
data systematically, giving priority to important issues, particularly the key emitting
sources that are exposed to major deviations.

7.5 Dissection of Key Issues and Suggestions

Carbon trading is a newborn event in China, while a standardized and normalized
MRV regime, which is foundation for normal operation and sound development of
carbon trading, is also new to China. Among one of the first pilot carbon markets in
China, Guangdong Province is fully aware of the importance of the MRV regime,
so it has poured massive energy into MRV design. When developing the Guidelines
for the Corporate-level Emissions Reporting, which is recognized as technological
basis for the MRV regime, Guangdong had paid attention to lots of practical issues.

7.5.1 Key Issues in Developing the Guidelines

(1) Reasonable definition of companies’ organizational boundary

Guangdong Province is home to a large number of companies, yet their orga-
nizational boundary is fairly complicated, e.g., different companies share the same
energy sources, inexplicit property rights, non-independent corporate enterprise,
conglomerate and cross-regional enterprises, which has caused great difficulties in
defining their organizational boundary. As such, when developing the Guidelines
for the Corporate-level Emissions Reporting, the authors consulted and surveyed
lots of authorities and channels to improve their definition of companies’ organi-
zational boundary, and to fix a scientific statistical boundary for companies.
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(2) Taking account of the differences in emissions monitoring, metering and
detecting among companies

Most companies have yet built a carbon emissions data monitoring system, nor
clarified the duties of emissions metering. They are not on a level playing field of
emissions data monitoring, e.g., some of them have failed in metering and keeping
statistics for energy or failed in recording and archiving the monitoring data. Under
such difficult situation, the authors have taken full account of the differences in
emissions data monitoring, metering and detecting among companies when
developing the Guidelines, and they designed varied data hierarchies, defined
emissions factor, net calorific value of fuels and other relevant default values, so as
to guide the companies to finish the emissions report. The default values are firstly
based on the reference values announced by NDRC, NBS and other competent
authorities.

(3) Effect implementation of the Guidelines

The companies in Guangdong actually have tremendous differences. It is a core
mission to develop applicable calculation methodologies during compilation of the
Guidelines. As such, the authors organized extensive surveys of relevant compa-
nies, industry associations and research institutions, held discussions to draw
opinions and suggestions from companies and industry experts on the framework of
the Guidelines and calculation methodologies. Moreover, the authors invited some
companies with different production scale and metering strength to produce trial
report on emissions and try out the Guidelines, and then draw the feedbacks from
companies to amend and improve the Guidelines. The text of the Guidelines is
published via official websites, emails, symposiums, seminars and trial operation to
solicit the opinions from the electricity, cement, iron and steel and petrochemical
companies, research institutions and industry associations for further improvement.
The Guidelines were finally applied by the electricity, cement, iron and steel,
petrochemical companies in producing historical emissions reports in 2013.

7.5.2 Key Issues in Emissions Verification

The MRV regime of Guangdong has been constantly improved. Local companies
have paid more attention to emissions reporting and verification, and most of them
have shifted stance toward active collaboration with the verification institutions.
Through deliberate cultivation and regulation, local verification institutions and
verifiers have become more competent. Yet some problems remain in existence:

(1) MRV policies and regulations and administration remain weak

Guangdong has so far accumulated some experiences in MRV construction and
operation, but the relevant policies and regulations and administration remain
somewhat defective, the technical supporting system needs to be further refined and
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improved, and the capacity building and financial support in relevant fields shall be
strengthened.

(2) Lack of a perfect emissions data monitoring system, levels of data monitoring
and metering vary greatly

Among Guangdong-based companies, the current emissions monitoring equip-
ment are built in line with the existing energy conservation and emissions reduction
system. Despite of online monitoring in some companies, their focus is placed on
such conventional pollutants as dust, nitrous oxide and SO2, which is to satisfy the
general environmental protection standards, instead of the specific parameters (fuel
element, calorific value and carbon content) marking GHG emissions. The com-
panies shall strengthen their awareness in energy metering and statistics keeping,
and make up for the deficiency in inept recording and archiving of monitored data
which may lead to missing of tracing materials and affect the verification result.

(3) Lack of functional divisions and professionals

Without functional divisions or professionals, most companies are incompetent
in organizing professionals in quality control and supervision of emissions moni-
toring, metering, statistics making, data processing, reporting and verification, and
in division of responsibilities. It is a common practice for the companies to transfer
personnel temporarily from other departments to take charge of emissions reporting
and verification, yet they lack basic emissions knowledge, which worsens quality of
emissions report and increases difficulties in verification. Therefore, Guangdong
Provincial Development and Reform Commission have input massive manpower
and material resource into building the carbon transaction skills of companies,
organized trainings on emissions reporting and verification, seminars joined by
companies’ representatives, on-site surveys to companies, on-site guidance of
producing emissions reports, invited industry experts to provide professional
guidance, helped companies cultivate talents and enhance their carbon occupational
skills.

(4) Lack of carbon asset management division and professionals

In Guangdong carbon market, only a small number of companies have set up a
specialized carbon asset management division to make statistics of the company’s
own emissions and evaluate the company’s potential asset value. Such weak
awareness of carbon asset directly impacts the activity of carbon market. Although
the situation is constantly improved, it still needs to be further strengthened.

(5) Administration and cultivation of verification institutions shall be further
improved

Although Guangdong has established the admittance criteria for the verification
institutions and exercised strict supervision and administration, more work shall be
done to further improve their administration and cultivation. For the purpose of
improving verification quality, monitoring and management and verification
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institutions shall be strengthened, the spot check of verification institutions shall be
strengthened to assess their verification level. There shall be a system for archiving
credit of verification institutions, which will include their wrong doings (receiving
bribes from the verified party or any major deviations in the verification result) into
the archives. Any institution with a bad record for dishonest behavior shall be
disqualified and exposed to the public.

(6) The qualifications and professional skills of verifiers shall be further improved

Guangdong has established strict admittance criteria for the verification insti-
tutions, but lack of specific requirements for qualifications of verifiers. The verifiers
vary greatly in their competence, which may affect the qualification result. The
verification institutions shall strengthen professional trainings and management of
their verifiers to prevent from any deviated verification arising from verifiers’
individual differences. Moreover, the verification institutions shall improve the
professional skills and credit of verifiers, so that they will not muddle through their
work; establish an accreditation system that not only benefits standardized man-
agement of the institutions, but raises work efficiency and sustains the work of
emissions verification. The verification quality will be improved through sustain-
able supervision of verification institutions and improvement of verifiers’ quality.

(7) Tight schedule for verification

The emissions verification of Guangdong concentrates before the deadline of
companies’ compliance, which exerts high pressure upon both arrangement of
verifiers and schedule for on-site verification, which will leave major impact on the
verification quality. It is better for the competent authority to shift the emissions
reporting to an earlier date, so the third-party verification institution may start
verification as early as possible. Besides, the competent authority may call up the
verification institutions to report their working progress and the problems before the
deadline of the verification, which helps enure smooth completion of the
verification.

References

1. Kedi Jing. Mechanism Design of China Carbon Market and International Comparative Study
[D], Nankai University, 2014.

2. Liyuan Zhang. Study on EU Emissions Trading Scheme and Inspirations [D], Nanjing
Agricultural University, 2010.

3. Lijun Guo, Kai Meng. Design and Application of the MRV Regime in Carbon Trading [J],
China Opening Herald, 2013, (3): 109–110.

4. Introduction to north American carbon emissions trading systems. http://wenku.baidu.com/
link?url=z-5ChdcawRzw7r6HcUY_THGA9.

5. Yingjun Wang, Reviewing the Past and Looking into the Future: Energy Metering Remains a
Long-term and Arduous Task [J], Industrial Measurement, 2012, (Z1): 1–2.

6. Ke Li, Energy Metering from the Perspective of Corporate-level Energy Conservation and
Emissions Reduction [J], Energy Conservation Technology, 2010, (04).

150 7 Emissions Monitoring, Reporting and Verification

http://wenku.baidu.com/link%3furl%3dz-5ChdcawRzw7r6HcUY_THGA9
http://wenku.baidu.com/link%3furl%3dz-5ChdcawRzw7r6HcUY_THGA9


7. Interim Measures for Guangdong Carbon Emissions Administration. Guangdong Provincial
Development and Reform Commission, 2013.

8. Implementation Rules for Guangdong Corporate Carbon Emission Reporting and Verification
(for trial). Guangdong Provincial Development and Reform Commission, 2014.

9. Carbon Dioxide Emissions Reporting Guidelines for Companies in Guangdong Province (for
trial). Guangdong Provincial Development and Reform Commission, 2014.

10. Rules for Corporate Emissions Verification in Guangdong Province (for trial). Guangdong
Provincial Development and Reform Commission, 2014.

References 151



Chapter 8
Development Track and Policy Context
of Guangdong Carbon Market

Since implementing the reform and opening-up policy in 1978, China has been
making considerable progress in building a socialist economy with Chinese char-
acteristics, and exhibiting the intrinsic value of land, labor force, and capital which
function as production factors in value creation and distribution. While the Chinese
economic volume keeps expanding the resources and environment, energy and
carbon emissions credits have become scarce elements that have received attention
of policymakers. As such, establishing a market mechanism with energy con-
sumption and carbon emissions as basic elements has become an especially
important task. The Decision of the CCCPC on Some Major Issues Concerning
Comprehensively Deepening the Reform calls for “implementing sound compen-
sation systems for use of resources and for damage to the ecological environment”,
and presents that “we will implement a trading system for energy conservation,
carbon emission, waste discharge, and water usage rights.1

In a stance to respond to the call of the State, Guangdong Province dared to be a
pacesetter in exploring control of GHG emissions via market mechanism. In 2013,
Guangdong launched the provincial-level pilot carbon market which has maintained
smooth operation for 4 years, accumulated rich carbon trading experiences for the
nation, and blazed a new trail in combining government administration with market
mechanism. In contrast to other pilot carbon markets, Guangdong carbon emissions
trading scheme, after being put into online operation, has kept enhancing market
mobility, improving the multitier carbon trading market (focusing on paid alloca-
tion of allowances), and has made several new breakthroughs, e.g., the first pilot
carbon market that realized a more than 1 billion yuan transaction amount; the first

1Adopted at the Third Plenary Session of the 18th Central Committee of the Communist Party of
China on November 12, 2013.
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pilot carbon market that finished forward transaction of allowances; the first pilot
carbon market that attempted an online platform for green financial services; and
the first pilot carbon market that has sophisticated experiences in paid allocation of
allowances.2

It should be mentioned that the development of Guangdong carbon market has
undergone ups and downs, rather than a plain sailing. There have been disputes
about market positioning, function and effect, and the relevant policies were subject
to partial adjustment. Despite all this, Guangdong insists on discovering problems
while designing and fostering the pilot carbon market, drawing up experiences and
lessons, and then presenting pragmatic solutions, and ultimately forming a basically
complete regulatory framework for the carbon market. While sustaining steady
operation of the market, Guangdong has made innovative attempts in carbon
financing which was highly praised by NDRC. Some innovative policies of
Guangdong were even included in the construction plan for a nationwide carbon
market; so to speak, an incoming nationwide market is somewhat a reflection of
Guangdong market. Being witnesses to the growth of Guangdong carbon market,
we believe that a truly mature carbon market shall at least have two kinds of roles:
First, discovering prices and regulating supply-demand pattern, enabling
low-carbon technologies more commercially feasible. For those companies that are
active in emissions reduction, we should grant them with incentives rather than
government rewards, which will reduce their dependence on government. Second,
efforts should be made to build financial service companies, control compliance
cost with the acceptable range of companies, reduce risks, lower the emissions
reduction cost of the entire society, innovating financial products, let financial
agents join in allocation of carbon market elements, enable carbon assets to be
allocated to the sectors, and companies with higher output and better economic
efficiency.

In fact, through review of the relevant policies for Guangdong carbon market,
since it was opened in 2013, it is obvious that the competent authority of
Guangdong carbon market acts within this large logic framework, abide by market
rules, optimize relevant policies in a prudent manner, and made sure smooth
operation of Guangdong pilot market. At this point that a nationwide carbon market
is about to be built, we are trying to, from the perspective of researchers, sort out the
development of Guangdong carbon market, analyze Guangdong primary and sec-
ondary carbon markets, and put forward suggestions.

2Guangdong carbon market won total transaction amount above 1 billion yuan, becoming an
inaugurator in several aspects across China http://economy.southcn.com/e/2016-05/13/content_
147636109.htm.
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8.1 Carbon Market Elements

A complete set of carbon market elements consists of trading actors, trading
products, and reward and punishment mechanism. This section, with focus placed
on certain key elements, will introduce the changes on the relevant policies about
Guangdong carbon market and the logic behind them [1].

8.1.1 Trading Actors

Market exchange is an inevitable outcome when social productivity has developed
to a certain historic stage, and when carbon emissions credits become a scarce
resource and materialized as private rights and interests, a marketplace for
exchanging emissions credits comes into being. In a complete carbon trading
market, trading actors are made up of the regulated companies, investors, specu-
lators, carbon asset management institutions, and financial institutions.

(1) Regulated companies

Regulated companies are key suppliers and buyers of carbon emissions allow-
ances, their performance directly impacts the vitality of the carbon market. The
regulated companies in carbon market are divided into two categories: (i) The
companies whose actual emissions are above their granted allowances, they are
forced to buy additional allowances to fulfill their emissions reduction obligation.
(ii) The companies with actual emissions lower than their granted allowances, and
they can sell the additional allowances at their own discretion. Through investi-
gations, we have found out that in case of loose allowances supply, there will be
sparse transaction demand in the secondary market. Such situation is associated
with the industry properties and ownership of Guangdong-based regulated com-
panies, i.e., there is inadequate effect demand in carbon market. At the preliminary
stage of Guangdong ETS, lots of companies had excessive allowances and did not
need to buy additional allowances. Moreover, the ETS remains under adjustment,
the companies do not have a clear anticipation for the future transactions, they
would store up the allowances rather than selling them out, for fear that they may
not buy them back in future. In addition, the administrators with state-owned
enterprises usually take a conservative strategy to trade in carbon market because
they think that “making no mistake is better than making contribution”. Such
reasons are weakening the mobility and price discovery function of the carbon
market.

(2) Investment institutions and speculators

To introduce more trading actors in the secondary carbon market, China
(Guangzhou) Emissions Exchange (CGEE) has designed a more proactive guidance
policy by incorporating investment institutions and speculators into carbon trading
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market, since these trading actors will increase mobility to market transaction, and
release a signal for both current and future carbon prices, which will enable the
companies to take account of profit and loss when making financial investment
decisions about energy conservation and emissions reduction projects. Speculators
(including individuals), through analysis of the short-term fluctuations of policies
and close watch of the companies’ compliance, make “buy low, sell high” deci-
sions. Being rivals of investment and financial institutions, these speculators
increases transaction mobility and invigorates the carbon market. Moreover, the
investment institutions and speculators are able to make reasonable analysis, predict
the low-carbon policies both home and abroad, follow the developments of
low-carbon technologies, make objective evaluation of allowances value, adhere to
long-term value investment philosophy, and divert funds into the resources element
market. In order to absorb these traders, they are allowed to enter the secondary
carbon market of Guangdong, and join in the allowances auction during the second
compliance period. In terms of trading system, Guangdong has lowered the market
threshold and adjusted down formality fees to encourage participation of investors
(speculators). Qualified foreign investment institutions are welcome in Guangdong
carbon market. Several foreign companies have so far opened a CGEE account. At
the end of October 2014, British Petroleum Co. Ltd (BP) opened a CGEE account
to become the second foreign investor of Guangdong carbon market. By the end of
2014, there were altogether 19 nonregulatory investment agencies, including two
foreign agencies and 45 individual speculators.3

(3) Carbon asset management agencies

Carbon asset management agencies, which are different simple investors/
speculators, are active participants in the secondary carbon market for providing
regulated companies with such services as technical services for energy conser-
vation and emissions reduction, allowances trusteeship and replacement. Their
participation in the secondary carbon market is to assist regulated companies in
fulfilling remissions reduction obligations at a lower cost and in mitigating risks.

Carbon asset management agencies, through professional carbon market oper-
ation, make risk hedging and seek profits by integrating them with other businesses.
For the regulated companies that do not hire professional staff to manage their
carbon asset, but expect to gain revenue and fulfill obligations, they may pay for the
service of allowances trusteeship to a carbon asset management agency. In May
2016, Guangzhou VCarbon Investment Co., Ltd signed an allowances trusteeship
contract worth of 3.50 Mt with two subordinate companies of Shenzhen Energy
Group Co., Ltd.4

3Allowances auction revenues to be injected into carbon fund for boosting emissions reduction
[EB/OL]. Nanfang Daily [2014-12-11] http://epaper.southcn.com/nfdaily/html/2014-12/11/node_
8.htm.
4Guangdong carbon trading turnover ranked first in China, a nationwide carbon trading platform is
brewing [EB/OL]. Clean Development Mechanism in China (http://cdm-en.ccchina.org.cn/)
[2016-7-14].
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(4) Financial institutions

Financial institutions, through active participation in green financial activities,
provide companies with financing services in energy conservation and emissions
reduction to facilitate their carbon transaction. While providing the financing ser-
vices, the security of mortgage is an essential content for credit risk rating by
financial institutions. The emissions allowances issued by the government are a
certificate of rights and interests, and an invisible asset with both value and use
value, thus conforming to the property of mortgage. With extensive participation of
financial institutions, the green financing function of carbon market will be sub-
stantially displayed.

The above analysis shows that Guangdong is vigorously constructing a multi-
player carbon market with regulated companies playing a leading role, supple-
mented by investors, speculators and carbon asset management agencies, and
backed up by financial institutions. Regulated companies and institutions, new
project proponents, other qualified organization, and individuals are allowed to
trade the allowances. China (Guangzhou) Emissions Exchange (CGEX) has
established a member management rule, involving general members, broker
members, and proprietary members (basic and dominant members that trade
directly via their own account or agents). Both regulated companies and new
project proponents are rightful proprietary members that are exempted from
CGEX’s ratification. The entry criteria set by CGEX are fairly relaxed, i.e., any
financial or investment institutions with net asset no lower than 30 million yuan are
accessible.

In addition, in order to guard against any market manipulation, Guangdong has
set a cap on the annual allowances held by trading actors: (i) Before Guangdong
Provincial Development and Reform Commission verifies their annual actual
emissions, no trading actor may transfer more than 50% of their free allowances for
the current year to their registered CGEX trading account for transaction. (ii) The
allowances held by investment institutions and individuals may not exceed 3 Mt.

8.1.2 Trading Products

The products traded in Guangdong carbon market are Guangdong emissions
allowances (GDEA) and Chinese Certified Emission Reduction (CCER). The
competent authority of Guangdong carbon market has been considering linking the
Points System (associated with the Generalized System of Preference, GSP) with
carbon transaction, so as to create a landscape where all social members are joining
in emissions reduction. Through cooperation with financial institutions, Guangdong
carbon market is making constant innovations, i.e., transforming the traded carbon
products into green financial products, with an aim to provide better services to
regulated companies.

8.1 Carbon Market Elements 157



(1) Guangdong emissions allowances

Guangdong Emissions Allowances (GDEA) are quantified rights to emit CO2

granted by the competent authority of Guangdong carbon market to trading actors.
GDEA is both territory and time bounded: on one hand, GDEA flows within
Guangdong, and the interregional distribution may not be included into local carbon
intensity, which somewhat reduced local government intervention with companies’
allowances trading.

On the other, GDEA is allocated annually, and not confined to a certain period; it
can be stored, but not loaned, which restricts allowances speculation and stabilizes
the allowances market. In addition, in order to prevent from any adverse impact
from production fluctuations, the allowances may be pre-allocated to the regulated
industrial sectors based on benchmarking methodology, and then subject to ex post
adjustment, which helps relieve the situation of either overly tight or overly loose
allowances supply arising from fluctuating production; but such practice is adverse
for regulated companies to form clear anticipation of allowances quantity, which is
bad for invigorating carbon market.

(2) Chinese Certified Emission Reduction

Unlike GDEA, Chinese Certified Emission Reduction (CCER) is defined by the
Interim Measures for the Administration of Greenhouse Gas Voluntary Emission
Reduction issued by the NDRC, put on file by NDRC and registered via the
National Carbon Trading Registry. In order to trigger local nonregulated companies
to save energy consumption and cut emissions, the Interim Measures for Carbon
Emissions Administration in Guangdong Province states that “the CCERs for offset
may not be over 10% of the concerned company’s last year’s actual carbon
emissions, and over 70% of the CCERs shall arise from the GHG VER projects
within Guangdong” (Article 19). Regarding the policies on CCER offset,
Guangdong is still the most open and transparent pilot carbon market in China. In
the compliance year of 2015, Guangdong carbon market used about 4.20 Mt
CCERs for offsetting actual emissions; such quantity of CCERs ranked top among
all pilot carbon market. These CCERs, which mainly came from the offset projects
in the western provinces like Guizhou, Inner Mongolia, Yunnan, and Qinghai,
vigorously promoted the regional coordinated development and made due contri-
bution to China’s two markets (domestic and foreign markets).

In order to mobilize the entire society to join in the low-carbon drive,
Guangdong has made explorations in building a carbon GSP5 mechanism that
involves emissions cutbacks in both everyday life and work. In addition to com-
mercial incentives and encouraging policies at the initial phase, Guangdong took
the lead in establishing a positive guidance mechanism that integrates GSP with
CCER, which is named “PHCER”.6 While considering market maturity and CCER

5GPS: generalized system of preference.
6The letters “P” and “H” in “PHCER” are two initials of Chinese Pinyin, respectively representing
“generalized” (P) and “preferences” (H).

158 8 Development Track and Policy Context of Guangdong Carbon Market



offsets, the PHCER only involved a small number of highly appropriated partici-
pants at the preliminary stage, with focus placed on innovation.7

8.2 Allowances Allocation and Transaction in Primary
Market

8.2.1 Logic Behind Market Regulation

The commodities in the primary carbon market of Guangdong are the emissions
allowances granted by the government to regulated companies, including both free
and paid allowances. Paid allocation of allowances is a distinctive option of
Guangdong with an aim to build a primary carbon market, and enhance the
awareness of the compensated use of emissions allowances. But it should be noted
that companies are main body of a socio-economy, what they are seeking for is
development. For that reason, the foremost task of the primary carbon market is to
price carbon without inflicting too much burden upon companies. With respect to
market design, when formulating the policies for paid allocation of allowances, the
following factors shall be taken into account:

• Arouse companies’ awareness of compensated use of emissions allowances:
Natural resources and environmental space are limited and compensable. Under
the prerequisite of limited resource environmental carrying capacity, companies
shall use emissions space more efficiently, otherwise, they have to bear eco-
nomic cost. Paid allocation of allowances is, in fact, inserting carbon prices into
companies’ decision-making and operation, so as to force the decision makers to
care about energy conservation and emissions reduction and pay attention to
environmental protection. Based on such consideration, Guangdong Province,
when distribution emissions allowances for the first time in 2013, asked all
regulated companies to purchase 3% of total verified allowances in the first
place, and then apply for the remaining 97% free allowances. By doing so, most
regulated companies have accepted the concept of compensated use of allow-
ances, become more active in environmental protection, and keenly felt the
pressure from energy conservation and emissions reduction. They expressed that
the extensive development should be put aside.

• The percentage of paid allowances shall reflect industrial differences: For dif-
ferent sectors, the potentials or cost for emissions reduction are varied. While
considering the correlation between industrial sectors, and the pressure for
sustaining GDP growth and creating job opportunities, there must be a soft
transition; specifically, when exercising paid allocation of allowances, different
sectors need to buy varied amount of allowances. For electricity sector, the

7http://www.tanpaifang.com/CCER/201701/1958337.html.
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percentage of paid allowances shall increase from 3 to 5%, such percentage for
other sectors will remain generally unchanged.

• The prices for purchasing the allowances may not cause too much burden upon
companies: In case a carbon market exerts any negative impact on the local
economy as a whole, or heavily weighs on most companies, then the carbon
prices shall be reconsidered. For instance, in the compliance year of 2013,
Guangdong Government set the floor auction prices for emissions allowances at
60 yuan/t, in an aim to seek market-based carbon pricing. However, during the
five rounds of auctions in 2014, such floor price at 60 yuan/t was above market
expectation, thus failing to reach the objective of mark pricing. The companies
said that such prices would occupy a great portion of their cash flow.

• The paid allocation of allowances shall boost up the market expectations: The
primary carbon market that deals with scarce allowances and show slow ox to
go shall incentivize the companies to pay for these allowances. The competent
authority of Guangdong carbon market has come up with the policy for tiered
carbon pricing. From September 2014 to June 2015, one auction would be held
in each quarter in principle, with prices stepping up from 25, 30 and 35 to
40 yuan/t. Such regulation intends to foster an upward expectation for carbon
pricing.

• The primary market shall link with the secondary market: Although the tiered
carbon pricing was adopted in 2014, the prices in the primary market were
above the prices in the secondary market. At the later phase of auction, the
companies preferred buying allowances at the secondary market. Such a situ-
ation proved that the primary and secondary markets shall link with each other,
any price inversion is temporary, and adverse for sales of government reserve
allowances. In 2015, Guangdong brought into a pricing mechanism that links
with the secondary market, i.e., define the 80% of the weighted average trans-
action price during the 3 calendar months before the date of bidding
announcement as the minimum valid price; such policy forces the companies to
focus on both primary and secondary markets.

• The Catfish Effect shall be brought into subscription of allowances, investment
institutions are encouraged to join in the primary market auctions, so as to
vitalize market and increase value of allowances. On September 21, 2016, China
(Guangzhou) Emissions Exchange held the first bidding for allowances, five
investment (financial) institutions took part in subscription, their subscribed
volume (510,000 t) accounted for almost 60% of the total subscribed volume,
far more than the total subscribed volume of the four regulated industrial sectors
[2]. The total subscribed volume was more than the total paid allowances, and
all of these subscriptions were valid. Besides, it was the first time for the
financial institution to join in the bidding, i.e., there were altogether two
investment institutions and one financial institution that won the bid for 35.76%
of the total auctioned allowances, their allowances were only next to electricity
sector [3]. The reasons for these institutions to join in the bidding: (i) The
auction reserve price was fairly low, only 62.3% of the closing price of the
secondary market a day ago, there was a strong expectation for appreciation of
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allowances. (2) The participants were holding optimistic attitude toward
nationwide and Guangdong carbon markets. Guangdong allowances were of
fairly high investment value. The participation of investment institutions
reflected that Guangdong carbon market has entered into a new stage. The
attention and practice of financial institutions will further optimize the major
structure of Guangdong carbon market and improve the function of price for-
mation mechanism and bidding mechanism in paid allocation of allowances.

The above factors shall be taken into account while making adjustments to the
carbon market. Through a follow-up analysis of Guangdong carbon-related poli-
cies, we have found that Guangdong has made bold explorations in paid allowances
distributions, conducted promote evaluation, and achieved a favorable result.

8.2.2 Transactions in Primary Market

Guangdong launched the first auction for paid allowances on December 16, 2013,
and cumulatively traded 25.84 Mt of allowances with gross turnover of 997 mil-
lion yuan by March 29, 2016. The primary and secondary markets traded at 15.66
and 10.18 Mt, respectively; the traded CCER reached 1.39 Mt. In the compliance
year of 2013, Guangdong organized five rounds of auctions which traded around
11.12 Mt with turnover of 667.40 million yuan; in the compliance year of 2014,
Guangdong organized two rounds of auctions which traded around 2.70 Mt with
turnover of 73.04 million yuan [4]. The details about these auctions are given in
Table 8.1.

Table 8.1 shows that in the first auctions in 2013 and 2014 (on December 16,
2013 and September 26, 2014), all of the allowances to be auctioned were sold out,
and the number of bidders far exceeded the final bid winners, marking that the
allowances supply was short of demand. In the first auction in 2014, the trading
price was even higher than the floor price. As of February 2015, despite the first
auction of each year, in all the remaining auctions where the trading volume was no
exceptionally lower than the total issued volume. Under such circumstance of
oversupply, Guangdong allowances were generally traded at the floor price, and all
bidders achieved what they wanted for.

Regarding the sectors that joined in the auctions, electricity sector ranked first
with the largest trading volume; i.e., it had altogether bidded for 8.91 Mt of
allowances, accounting for 64.48% of the total auctioned volume, followed by
cement sector, investment institutions, iron and steel sector, and petrochemical
sector. As for the turnover, electricity sector again ranked the first place a turnover
of 489.49 million yuan (66.11% of total turnover), followed by cement sector, iron
and steel sector, petrochemical sector and investment institutions (see Fig. 8.1;
Table 8.2).
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8.3 Transactions in Secondary Market

8.3.1 Overview

Guangdong secondary carbon market was officially launched on December 19,
2013, and cumulatively traded 20.59 Mt of allowances with total turnover of
918 million yuan by July 27, 2015, accounting for 36.12% of the total trading
volume and 45.28% of the total turnover of the seven pilot markets [5].

Four models of transaction are approved by Guangdong secondary carbon
market: choosing listing candidates, one-way bidding, negotiating transfer and
listed bidding. So far it is choosing listing candidates and negotiating transfer are
adopted.

In reference to the statistics provided by China (Guangzhou) Emissions
Exchange [6], in December 2013 when the secondary carbon market made its
debut, it traded 120,100 ton of allowances, after that the transaction turned to slack.
During June and October 2014 (within the compliance year of 2013), the allow-
ances trading demonstrated blowout growth, with combined trading volume
accounting for about 87% of the total of the compliance year. The electricity and
cement companies were the most active traders. After September 2014, the trans-
actions again fell into gloom.

Through review of the trading volume, we found out the transactions remained
the most active from July 8 to 15, 2014, the daily average trading volume even
exceeded 75,000 ton, and the date of July 15 happened to be the last day of the
compliance period of 2013. Thus, it can be seen that during the phase when the ETS
was just launched, the secondary carbon market was mainly motivated by the

Table 8.1 Auctions for paid allowances in Guangdong Province

Auction date Total
issued
volume (t)

Traded
volume
(t)

Strike price/
Floor price
(yuan/t)

Number
of
bidders

Number of
bid
winners

December 16,
2013

3,000,000 3,000,000 60/60 56 28

January 6, 2014 5,000,000 3,892,761 60/60 46 46

February 28,
2014

2,000,000 1,130,557 60/60 24 24

April 3, April
17, May 5,
2014

3,600,000 1,737,151 60/60 80 80

June 25, 2014 1,865,000 1,362,870 60/60 46 46

September 26,
2014

2,000,000 2,000,000 26/25 33 19

December 22,
2014

1,000,000 701,442 30/30 12 12

Source China (Guangzhou) Emissions Exchange. http://www.cnemission.com/article/hqxx/

162 8 Development Track and Policy Context of Guangdong Carbon Market

http://www.cnemission.com/article/hqxx/


allowances administration system. While the compliance deadline is approaching,
and successive execution of the policies for opening the market to institutional and
individual investors, Guangdong secondary carbon market has remained robust
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Fig. 8.1 Guangdong allowances trading volume (a) and turnover (b) by industrial sector
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before the end of the compliance period, with demand for allowances increasing
continuously.

As for the allowances prices, the prices remained in range of 50–70 yuan/tCO2

by the end of the 2013 compliance period amid moderate fluctuations. In
mid-August 2014, Guangdong Provincial Development and Reform Commission
released the Allocation Plan for Guangdong’s Carbon Emissions Allowances in
2014 which adjusted the allocation plan for paid allowances. As result of such new
polices (e.g., the auction floor prices were vigorously adjusted down), the allow-
ances prices at the secondary market plummeted, and even dropped below the floor
price (25 yuan/t) in the first auction in 2014, after that the prices had remained in
the range of 12–25 yuan/t.

In terms of the traders, China (Guangzhou) Emissions Exchange (CGEX) have
more than 300 members as of end of February 2015, they are made up of regulated
companies, new project proponents, institutional and individual investors, service
providers and strategic partners. There are 92 members (one-third of the total)
joining in the secondary market. Among the total members, there are 53 regulated
companies, nine institutional investors and 30 individual investors; cement plants
(21) and electricity companies (22) are main traders regulated companies. It can be
seen that regulated companies are major players in the secondary market, while
institutional/individual investors are emerging forces, they become increasingly
active and indispensable in the carbon market.

From the perspective of trading volume, as of February 28 2015, the top three
allowances traders had been electricity and cement sectors and investment insti-
tutions (see Table 8.3); their combined trading volume held 95.7 and 93.4%,
respectively, of the total sales volume and total purchase volume. In terms of the
average trading price, the sales prices were leveling off the purchases prices in
electricity sector. Institutional/individual investors and petrochemical companies
were buying low and selling high, which was especially significant among indi-
vidual investors, and their purchase volume was above the sales; in other word,
their participation in carbon trading was speculative, they were storing up allow-
ances and waiting for the right price to sell. With respect to net purchase and net
sales, both electricity and iron and steel companies had more sales than purchase,
indicating surplus allowances and smaller pressure for compliance. In contrast,
cement companies had more purchase than sales, marking shortage of allowances in
the entire cement sector. In light of the study report produced by Guangdong

Table 8.2 Guangdong allowances auctions in 2014

Bidder sector Number of bidder winner Percentage of bid winners (%)

Electricity 65 34.76

Cement 57 30.48

Iron and steel 51 27.27

Petrochemical 10 5.35

Investment institution 4 2.14
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Provincial Cement Industry Association, there used to be massive outdated cement
production capacity in Guangdong before 2012, and they had high market occu-
pancy, yet the new production lines were operated constantly since 2010, thus
making the cement clinker capacity of regulated companies not fully utilized. As a
result, the amount of allowances to be issued in 2013 based on the average cement
clinker output over 2010–2012 varied greatly with the actual production of the
regulated companies, most of them reported short allowances.

Overall, the allowances traded on the secondary market mainly flow from
electricity, iron, and steel sectors to cement sector and institutional investors.

8.3.2 Market Mobility

During the compliance period of 2013 (from December 19, 2013 to July 15, 2014),
Guangdong secondary carbon market traded 119,1300 ton of allowances with gross
revenue of 65.32 million yuan, yet the allowances turnover rate was below 3.4‰.
By the end of February 2015, the allowances turnover rate went up to 3.9‰, and the
percentage of the secondary market in Guangdong’s total allowances trading vol-
ume increased remarkably to exceed 10%, though remaining at a low level. Without
enough mobility, the carbon market will be unable to perform its normal investing
and financial functions, which may somewhat offset the effect of carbon trading—
an incentive marketization means—in saving energy and cutting emissions.

In order to increase carbon market breadth and mobility, Guangdong has been
actively expanding the channels for both institutional and individual investors to
assess to the market on the heels of the first institutional investor that entered
Guangdong carbon market on March 14, 2014, the first batch of individual
investors did so on 5 June.

Such practice as bringing in investors (nonregulated entities) is of great signif-
icance in increasing breadth and depth of carbon market. As of 2015-end,
CGEX-registered institutional investors have traded 770,200 ton of allowances
with total revenue of around 36.62 million yuan; while individual investors have

Table 8.3 Transactions in Guangdong secondary carbon market in 2014

Trading
participant

Sales
volume (t)

Average sales
price (yuan/t)

Purchase
volume (t)

Average purchase
price (yuan/t)

Investment
institution

354,051 49.37 416,141 45.99

Individual
investor

12,932 58.64 34,271 35.65

Iron and steel 30,066 36.12 26,468 52.99

Cement 363,617 43.82 473,283 53.18

Electricity 626,844 59.61 422,813 59.61

Petrochemical 17,426 55.18 31,960 42.75
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traded 47,200 ton with total revenue of 1.98 million yuan. The combined trading
volume and revenue of the two investors, respectively accounted for 29.09 and
26.25% of Guangdong’s total trading volume and revenue. In short, Guangdong
carbon market has been increasing varieties of participants and broadening market
breadth.

8.4 Market Outlook and Suggestions

From the fixed-price allowances auction in 2013 to the present bidding mechanism,
Guangdong has formed a primary carbon market for allowances auction with its
own characteristics. Its secondary carbon market has drawn diverse participants.
The overall carbon market of Guangdong has been expanding in both width and
depth with the carbon pricing function deepening constantly.

At this point when the nationwide carbon market is about to be in full swing,
Guangdong is actively introducing its distinctive ETS and attempting to link with
the national market. In the meantime, there is a necessity for Guangdong to keep
improving relevant policies and regulations, so as to provide better services to the
low-carbon undertaking. We hereby put forward the following suggestions:

(1) Give priority to emissions reduction and stick to the core function of “carbon
pricing”

Guangdong secondary carbon market has slack transactions and less active than
other pilot carbon markets, which has limited profitability of speculators. The
steady performance and positioning of Guangdong carbon market are closely
associated with its functions in emissions cutbacks and price discovery. In our
opinion, an important criterion for examining the validity of carbon market design
is to see its effect in lowering the cost of cutting emissions and promoting
low-carbon technologies. Any assessment that deviates from market positioning is
worth of discussion. While making effort to realize the objectives of a carbon
market, the interests of market participants are taken account and maximized, which
is no doubt an optimal outcome. We believe that when low-carbon technologies in a
certain area remain stable during a given period, the carbon market situation seems
like a “Zero-sum Game”, indicating that technical breakthroughs are required to
improve environmental quality which will benefit the common population.

(2) Excessive expectation on functions of carbon market may inflict its healthy
development.

Carbon market, based on clearly defined property, is in essence for achieving
optimal allocation of scarce resources with an invisible hand. The definition of the
total amount of allowances seems, especially, important, any perfunctory adjust-
ment to the allowances that caters to the so-called “economic growth” is not
allowed. In addition, some experts recommended to link PHCER with carbon
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market to enable regulated companies to purchase PHCER credits to fulfill their
ETS obligations via a new path. But we believe that such opinion will increase
unnecessary functions to carbon market, which will somewhat dampen the com-
panies’ activity in saving energy and cutting emissions. In this case, the carbon
market may finally become an ornament, since large emitters remain unaffected,
while the small emitters are pressed to cut emissions.

(3) Actively innovate carbon financial products with carbon pricing as basis.

The basic function of carbon market is to allocate emissions rights and interests
with market-oriented means. Promoting financial resources to converge on the green
and low-carbon sectors will continuously power the transition to a low-carbon
society and benefit the in-depth development of a carbon market. Carbon financing is
unable to develop unless there is a complete carbon market with the basic carbon
pricing function, and capital input and withdrawal mechanisms. Guangdong has a
bright prospect in this respect. Actually, the province has started innovating carbon
financial products, e.g., allowances buyback, carbon asset management for corporate
groups, allowances trusteeship, carbon business, carbon fund, conversion between
allowances and CCER, and mid-to-long-term trading contract. We believe that there
should be a green financing system that resembles IPO.

(4) Build a low-carbon development fund led by government but based on
market-oriented operation.

It is advised that there shall be a provincial-level low-carbon development fund
which is sponsored by government finance and incorporated with the current special
funds for energy conservation and environmental protection, by following the
principles of government guidance, industrial support, low-carbon impact, inde-
pendent operation and risk control. We hereby present the following suggestions for
such fund: (i) Diversify fund sources. The capital input at the preliminary stage
shall come from the revenue from paid allocation of allowances. Expand channels
(legitimate operating income and government subsidies) for drawing capital input.
(ii) Most of the fund shall be diverted to support regulated companies to transform
to low-carbon technologies, develop new energy and renewable energy-based
projects and energy-saving projects. (iv) The funded projects are made up of
“policy-initiated project” and “market-based project” which are subsidized with
separate capital pool and subject to different decision-making mechanisms. Overall,
the policy objectives of this carbon fund are to mobilize and consolidate carbon
market resources, vitalize trading activities and expand market participation.
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Chapter 9
Micro-impact Assessment
of Guangdong ETS

9.1 Assessment of ETS Operational Efficiency

The ETS is an organic system that requires an all-round assessment from the per-
spective of systematology. In order to evaluate the administration efficiency of
Guangdong ETS, our research team computed the relative efficiency of
Guangdong ETS with DEA Model. The outcome is considered as a key criterion for
judging appropriateness of Guangdong emissions allowances allocation. For
employing this model, we used the 31 provinces/municipalities as the study samples,
and 26 of them were defined Decision Making Unit (DMU) through screening.

In light of the Notice of the State Council on Issuing the Work Plan for
Greenhouse Gas Emissions Control during the 12th Five-Year Plan Period
released in 2012, there are 31 Chinese provinces/municipalities are about to cut
carbon emissions, though to a different extent. After preliminary screening, we
removed 6 of them (Inner Mongolia, Hainan, Tibet, Qinghai, Ningxia, and
Xinjiang) from our study samples, since they do not need to cap the total amount of
emissions, while the remaining 26 (Shenzhen Municipality and 25 provinces/
municipalities due to cut emissions) are defined as DMU for model-based evalu-
ation. We used C2GS2 Model to evaluate the administration efficiency of the 26
areas [1, 2].

9.1.1 Model Building

Assumption:
Each ETS represents a unit, called as DMUið1� i� 26Þ. Each DMU is consti-

tuted by six input factors (X) and four desirable output (Y)—Y is generated from
ETS operation, then the Production Possibility Set (PPS) is defined as follows [3]:
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P ¼ X; Yð Þ;X[ 0;Y [ 0;X 2 Et; Y 2 Emf g

The input and output vector of the ith DMU is

Xi ¼ x1i; x2i; x3i; . . .; xtið ÞT [ 0 ð1\t� 6Þ
Yi ¼ y1i; y2i; y3i; . . .; ymið ÞT [ 0 ð1\m� 4Þ ð1� i� 26Þ

xti denotes the tth input indicator of the ith DMU; ymi denotes the mth output
indicator of the ith DMU. Both xti 和 ymi are observed values calculated on the basis
of historical statistics or predictions.

Based on the rationale of C2GS2 Model, bring non-Archimedean infinitesimal
eðe ¼ 10�6Þ into the linear programming equation, then convert the equation into
the Dual Model of LP:

min hk � e � ðceT S� þ eTSþ
n o

s:t:

P26
i¼1

ki � Xi þ S� ¼ hk � Xk

P26
i¼1

ki � Yi � Sþ ¼ Yk;

P26
i¼1

ki ¼ 1; ki � 0

Sþ � ; S� � 0

8>>>>>>>>>><
>>>>>>>>>>:

ð9:1Þ

where ceT ¼ ð1; 1; . . .; 1Þ 2 En, eT ¼ 1; 1; . . .; 1ð Þ 2 Em; S�; Sþ , respectively,
denote slack variable of input and output.

When h ¼ hðXk; YkÞ ¼ 1, the input Xk can no longer decrease by the same ratio
h, then DMU has a technical efficiency (weak DEA efficiency); when h ¼
hðXk; YkÞ ¼ 1 and Sk− = Sk+ = 0, then DMU has DEA efficiency, indicating PPS is
at the effective production frontier.

If h 6¼ 1, it indicates that technical efficiency of DMU is available for further
improvement, then use a distance function to figure out the “projection” of DMU at
the effective production frontier:

bXk ¼ hXk � S�; bYk ¼ hYk þ Sþ ð9:2Þ

In order to obtain the adjusting information for converting it to technical effi-
ciency. Through statistical analysis of adjustment vector, we will find out the major
problems that affect the efficiency of DMU:

Adjustment vector of input: DXk ¼ Xk � bXk ¼ ð1� hÞXk þ S�

Adjustment vector of output: DYk ¼ bYk � Yk � Sþ
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9.1.2 Input–Output Indicator Design

Choosing appropriate indicators for assessment based on characteristics of study
samples is one of the crucial steps for developing models. While considering the
characteristics and construction objectives of ETS, we designed the input–output
indicators used for C2GS2 calculation in this report. After a preliminary estimation
and expert review, we sorted out the following six input indicators and four output
indicators.

(1) Input indicators

We designed input indicators for the efficiency evaluation model based on the
major components of an ETS. Through literature analysis, we have found eight
indicators that are closely related to ETS operational efficiency: regulated emissions
quantity, allowances total quantity and allocation, MRV, transaction system, offset
mechanism, legal framework, and linkage with external carbon markets. We visited
and consulted the stakeholders (ETS designers, researchers, government officials,
and corporate representatives) in the pilot areas, and found that the current ETS
pilot programs only involve the former six indicators, and they are at the beginning
to link with each other. Among the six indicators, allowances allocation plan
occupies the core position. Most pilot areas adopt the “top-down” and “bottom-up”
approaches for determining the total amount of allowances, and the latter is closely
related to allowances allocation. It is believed that the allocation plan somewhat
affects allowances total quantity, carbon price, companies’ efforts in emissions
reduction and economic efficiency.

According to the on-site surveys of Guangdong and other ETS pilot areas, we
learned that they have roughly the same frequency of allowances allocation.
Guangdong was the only one that exercised mandatory allowances purchase in
2013 but turned to voluntary purchase in 2014. Moreover, through an initial model
calculation, we found that the two factors (allocation frequency and mandatory/
voluntary purchase) have no significant direct impact on evaluating the allocation
efficiency with DEA Model. After removing these two factors, the model-based
evaluation outcome turned out to be significant, so we used the following six
indicators as input factors for model calculation.

X1 percentage of the carbon emissions from ETS-regulated industrial sectors in
local total emissions in year t0 (2010);

X2 comprehensive emissions reduction rate of ETS-regulated industrial sectors
(criterion for allowances allocation);

X3 percentage of the IVA of ETS-regulated industrial sectors in local total GDP;
X4 allowances trading price;
X5 percentage of CCER for offsets;
X6 fines for excessive emissions.

The ETS framework in the pilot areas also covers newly built projects. The
national industry development plan has presented requirements for the scale and
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technical norms of newly built projects, e.g., their CO2 emissions per unit of
production shall be lower than their existing counterparts, meaning that these
projects only account for a small share in local total emissions. Therefore, all pilot
areas usually allocate free and sufficient emission allowances to these projects,
which exert limited impact on the ETS efficiency evaluation. So the newly built
projects are excluded from the input factors for evaluation.

(2) Output indicators

Under the restraint of the same total amount of emissions, the ETS-regulated
companies have lower emission reduction cost than those nonregulated companies,
which is an essential benefit of the ETS; therefore, relative decline rate in emission
reduction cost is a key output indicator for evaluating ETS. During the investiga-
tions, we also found that local governments are especially caring about the impact
of ETS on local overall emission reduction target, GDP growth, and development of
low-carbon service sector, which concerns the sustainable development of the ETS
in China. Based on the above considerations, we took the following four output
indicators for measuring the ETS efficiency.

(i) Relative decline rate in emission reduction cost (Y1): The ETS features “lower
cost in achieving emission reduction”, thus making Y1 an important factor for
measuring the effect of the ETS in all pilot areas. Theoretically, Y1 is calculated
through comparison between the homogeneous companies within or outside the
ETS framework.

Y1 ¼
Xn
k¼1

ckða; e; pÞ
Ckðm; e; rÞ

Under the prerequisite of control over carbon intensity and gross energy con-
sumption, Ck 和 ck, respectively, denote the sectoral average emission reduction
cost of sector K and the average emission reduction cost of ETS-regulated com-
panies within sector K.

The parameters a, e, p, r, and m, respectively, stand for the amount of allow-
ances, level of emissions, carbon price, potentials in emission reduction, and
intensity of environmental constraint. However, when the ETS is yet officially
operated, it is hard to compute Y1 of ETS-regulated companies. As such, the above
formula is better converted into the following formula:

Y 0
1 ¼

Pn
k ack
AC

¼
Pn

k¼1 10:9� 108 � ln 1� Rð Þð Þk
AC

ð9:3Þ

In Formula 9.3, ack denotes the average emission reduction cost of the
ETS-regulated sector K, AC denotes the social average emission reduction cost, and
R denotes the emission reduction rate of sector K. If the upper limit on emissions of
ETS-regulated companies is above the social emission reduction target, then
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ack [AC. In light of the ETS design rationale, the ETS-regulated companies are
able to trade allowances to lower ack which may finally level off AC. In this section,
we use Formula 9.3 to expound the advantages of the ETS in cutting emission
reduction cost.

(ii) ETS economic efficiency (Y2): Measure Y2 by comparing the growth rate of
IVA of ETS-regulated companies and local GDP growth rate. Y2> 1 indi-
cates ETS economic efficiency is higher than the sectoral average economic
efficiency, which proves that the ETS is of small negative impact on the local
economy.

Y2 ¼
Pn

k¼1 GDPk t1ð Þ � GDPk t0ð Þ
� �

=
Pn

k¼1 GDPkðt0Þ
GDPðt1Þ � GDP t0ð Þ
� �

=GDPðt0Þ
ð9:4Þ

(iii) Developments of low-carbon sectors (Y3): The design of ETS aims to foster
new economic growth points, create more job opportunities and promote the
development of low-carbon sectors. Y3 is measured by a third-party verifier
or carbon trading service agency on basis of the quantity (q), scale (s), and
human sources (h) of new companies that are directly related to the ETS.

Y3 ¼ w1qi1 þw2si2 þw3hi3
3

i ¼ 1; 2; . . .; n ð9:5Þ

(iv) ETS contribution ratio to local emission reduction target (Y4): Compare the
decline rate in carbon intensity of the ETS-regulated sectors ðDekÞ and the
local carbon intensity reduction target ðDeÞ, we can figure out Y4.

Y4 ¼ Dek
De

¼
Pn

k¼1

Ek t1ð Þ
GDPkðt1Þ

� Ek t0ð Þ
GDPkðt0Þ

Et1

GDPt1

� Et0

GDPt0

ð9:6Þ

9.1.3 Input–Output Indicators

In reference to the information and data in relevant statistical yearbooks and
websites of competent authorities [4–12], as well as the industry materials and our
survey findings, we used Formulas 9.3, 9.4, 9.5, and 9.6 to process and compute the
data about 26 DMUs which are needed for model evaluation. Considering the
limitations of coverage, we only introduced the input–output indicators in
Table 9.1.
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9.1.4 Model Solving

After being processed and computed, the input–output data are plugged into
Formula 9.1, then we can apply EXCEL Programming Solver Function to resolve
the respective operational efficiency of the 26 pilot areas:

Take Guangdong ETS for instance, the equation set for evaluating the impact of
the allowance allocation plan on ETS operational efficiency is shown as follows:

Objective function: min h1 � e � ðs�1 þ s�2 þ s�3 þ s�4 þ s�5 þ s�6 þ sþ1 þ sþ2 þ sþ3 þ sþ4 Þ� �

ð9:7Þ

Similar equations are applicable for evaluating the ETS operational efficiency of
other pilot areas, but the right-hand side of the equations shall be replaced with the
factors and hi of the concerned area.

9.1.5 Outcome of Model Evaluation

Tables 9.2 and 9.3 show that among the 26 DMUs, 15 have DEA efficiency, 2 have
weak DEA efficiency, and 9 have non-DEA efficiency.

Among the seven ETS pilot areas, Beijing, Shenzhen, Chongqing, and Hubei
have DEA efficiency, and the optimal solution of their ETS operational efficiency is
given as follows:

Table 9.1 Input–output indicators of ETS

Input indicators Output indicators

Percentage of ETS-regulated emissions Decline rate in emission reduction cost

Carbon intensity reduction target Economic efficiency

Percentage of IVA of ETS-regulated companies MRV employees

Percentage of CCER Contribution ratio to emission reduction

Carbon price

Fines for excessive emissions

174 9 Micro-impact Assessment of Guangdong ETS



h1 ¼ h2 ¼ h21 ¼ h26 ¼ 1, s�1 ¼ s�2 ¼ s�21 ¼ s�26 ¼ 0, sþ1 ¼ sþ2 ¼ sþ21 ¼ sþ26 ¼ 0;
therefore, DMU2 (Beijing), DMU4 (Hubei), DMU5 (Shenzhen), and DMU7

(Chongqing) have DEA efficiency (C2GS2), i.e., maximized output in contrast to
input, and all of them lie at efficient production frontier.

Table 9.2 Calculation results of ETS operational efficiency and slack variables

Areas h S1
− S2

− S3
− S4

− S5
− S6

− S1
+ S2

+ S3
+ S4

+

Guangdong 0.87 0.21 0.82 0.00 0.00 0.00 78.44 0.02 0.17 0.00 0.00

Beijing 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01

Tianjin 0.88 0.00 0.25 5.69 0.00 3.80 0.00 0.00 0.00 2.83 0.01

Hubei 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Shenzhen 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Shanghai 0.90 17.33 0.00 0.03 0.00 0.00 0.00 0.00 0.05 0.00 0.04

Chongqing 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Hebei 0.95 0.27 0.00 4.39 0.00 0.00 0.00 0.00 0.00 0.00 0.02

Shanxi 0.94 0.69 0.00 6.92 0.00 0.00 0.00 0.00 0.00 6.68 0.00

Liaoning 0.99 0.60 0.00 3.62 0.72 0.00 0.72 0.00 0.00 0.00 0.01

Heilongjiang 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Jiangsu 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Zhejiang 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Anhui 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Fujian 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Jiangxi 0.93 0.00 0.00 0.00 0.25 0.00 0.21 0.01 0.00 0.00 0.00

Shandong 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Henan 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Hunan 1.00 0.45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Guangxi 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sichuan 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Guizhou 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Yunnan 1.00 0.05 0.00 0.00 0.02 0.00 0.02 0.00 0.00 0.22 0.00

Shanxi 0.97 0.00 0.17 5.97 0.00 0.12 0.00 0.00 0.00 1.42 0.01

Gansu 0.99 2.63 0.04 0.00 0.00 0.00 0.00 0.00 0.00 51.98 0.00

Table 9.3 Emission reduction cost of 300 MW generating units

Carbon price (yuan/tCO2) Percentage of paid allowances Overall cost (yuan)

3% 5% 10% 100%

5 38 63 125 1251 1,094,210,000

60 451 751 1502 15,017 1,094,210,000

120 901 1502 3003 30,035 1,094,210,000
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As for the ETS in Guangdong, Shanghai, and Tianjin, they have input–output
slack variable >0, indicating that the efficiency of both input and output shall be
improved. Among the 19 DMUs, 11 have DEA efficiency, 6 have non-DEA effi-
ciency, and 2 have weak DEA efficiency. The efficiency value of non-DEA effi-
ciency is h1\1, indicating that Hebei, Shanxi, Liaoning, Jiangxi, Shaanxi, and
Gansu are now at the stage of progressively increasing scale. The ETS in Hunan
and Yunnan have technical efficiency and weak DEA efficiency (Figs. 9.1 and 9.2).

Through analysis of the ETS operational efficiency of 26 DMUs, we found that
Guangdong ETS had non-DEA efficiency over 2013–2014, which exhibits in the
following three aspects:

(1) The CO2 emissions covered by Guangdong ETS are overly high. In 2013, the
regulated emissions accounted for 54% of Guangdong total emissions, and 12%
points higher than the optimal efficiency point;

(2) In case of a high coverage of CO2 emissions, the fines for excessive emissions
will be on the high side, which further lowers allowance allocation efficiency.
Through comparisons, we find that at the state of optimal efficiency, the fines
for excessive emissions are around 37 yuan/t. In light of the carbon trading
implementation plan of Guangdong, if an ETS-regulated company has exces-
sive emissions, an amount of allowances that are twice more than the extra
portion of emissions will be deducted from its next year’s total allowances; in
other words, it will be imposed a fine at 88 yuan/t which is two times more than
carbon price and remarkably higher than efficiency value;

(3) Under the scenario that Guangdong ETS targets to reduce carbon intensity by
33%, covered enterprises will find the decline rate in emission reduction cost

Fig. 9.1 Efficient production frontier of ETS operational efficiency of seven pilot areas
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and economic efficiency deviate from efficiency value. The carbon intensity is
about to be cut by 21.5%, then there will be higher economic efficiency
(Fig. 9.3).

Fig. 9.2 Actual efficiency of seven pilots ETS
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Fig. 9.3 Comparison between Guangdong ETS actual allocation efficiency and efficient
production frontier
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9.1.6 Analysis and Suggestions

Regarding the influencing factors of ETS operational efficiency, the quantity of
regulated emissions, upper limit of emission allowances, covered enterprises’
profitability and potentials in emission reduction play a crucial role in determining
ETS operational efficiency. ETS operational efficiency is determined by its input–
output scale and various factors, meaning that the operational efficiency of DMU is
affected by various factors. For some DMUs, their regulation coverage is so wide
that weighs on operational efficiency; for others, the covered enterprises are bearing
overly high task for cutting emissions, which presses down the efficiency; or some
loose allowance supply which is hard to restrict emissions.

Various input factors are closely correlated and interlocked, which means that an
adjustment of the appropriateness of an input factor is related to other factors, there
shall be no horizontal comparison of single factors or placing it under standardized
processing. Take Guangdong and Chongqing, for instance, their ETS has similar
input factors, and input–output value exceeding the average level, but
Chongqing ETS has DEA efficiency, while Guangdong ETS has efficiency loss
since it covers a large quantity of emissions. For the ETS of Guangdong and
Chongqing, their regulated emissions account for more than 50% of local total
emissions, and they have the same-level carbon prices and IVA of regulated
companies, but as for the fines for over emissions, Guangdong ETS is twice more
than Chongqing ETS, such a severe penalty deviates Guangdong ETS operational
efficiency from its optimal scale. Therefore, all input factors of ETS are mutually
confined and linked, so the ETS design shall closely focus on the characteristics of
covered enterprises, and prepare for scale design of input factors (Fig. 9.4).

Percentage of CCER is closely related to allowance price, the percentage of
available CCER is better adjusted down. Owing to sufficient supply and lower
emission reduction cost, CCER price is usually lower than the allowance price. In a
relatively closed market, if covered enterprises are able to buy a large quantity of
CCER, they will have less demand for allowances, which will then bring down
allowance price. Gloomy allowance price is sure to hold back the ETS from
exhibiting its intrinsic advantage in saving emission reduction cost, because the
companies that are highly potential in cutting emissions will lack motivation in
investing emission reduction technologies or selling allowances amid low carbon
prices, while the companies that are less potential in cutting emissions may pur-
chase CCER for compliance in case of inadequate allowances, which will discount
the ETS advantages and meaning of existence. Table 9.2 demonstrates that the ETS
of Tianjin and Shanxi has a lower percentage of CCER projection value than its
designed value at efficient production frontier. As mentioned above, a wholly
applicable percentage of CCER does not exist, but it is feasible to adjust down
(rather than instead of vice versa) such percentage.

The emissions covered by the ETS shall be no more than 50% of local total
emissions at the preliminary stage. The emission reduction tasks assigned to the
covered enterprises shall be properly designed in light of their characteristics,
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safeguard their normal development while urging them to save energy and cut
emissions, so as not to dampen local economic growth.

Link allowance administration with CCER offset mechanism, i.e., in case of tight
allowance supply, allow the covered enterprises are to turnover more CCER for
offsetting their emissions; conversely, adjust down the percentage of available
CCER. Set up an allowance reserve, motivate third-party institutions to join in the
ETS so as to vitalize the carbon market.

In case the regulated industrial sectors function as an economic pillar of a given
area, the upper limit on CO2 emissions (emission reduction rate) should not be too
tight, otherwise, it may discourage the sustainable development of local economy.

Any excessive emission shall be fined to demonstrate the deterrent effect of the
ETS. In this sense, severe punishment helps to achieve the ETS objectives.
However, when the ETS covers a large quantity of emissions, sets a tight upper
limit on total emissions and has low percentage of available CCER, then the penalty
mechanism for excessive emissions will not only be the sword of Damocles, but a
sharp device for increased cost in emission compliance. An overly high amount of
fine may inflict development of the real economy.

Fostering new economic growth, especially developing low-carbon service
sector, is another important function of ETS. The operation of ETS calls for a large
number of MRV institutions and professionals, which will create job opportunities
and optimize local economic structure. Theoretically, more employees working for
MRV prove that ETS is able to promote the development of the local low-carbon
sector. But the employment scale of MRV differs among different areas with dis-
parate labor cost, because the expenses on MRV are finally borne by the companies
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Fig. 9.4 Comparison between Guangdong and Chongqing ETS IO indicators
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under verification. For the central and western regions where the per capita wage is
relatively low, more personnel shall be trained to join in MRV; moreover, most of
the employees in these regions lack of advanced knowledge or technical skills,
cultivating more professional verifiers is able to enhance the accuracy of verifica-
tion. For the eastern and other developed provinces, the scale of MRV should not be
too large.

9.2 Impact of Allowance Allocation on Companies’ Cost
and Economic Efficiency

Under the condition of limited CO2 emission space, the emission allowance allo-
cation is actually a distribution of potential resources and wealth, which will exert
an impact on macro-economy and companies’ production cost from different
dimensions. The design of the emission allowance allocation system shall take
account of local emission reduction target, industry development demand, energy
consumption mix, companies’ technical strength and bearing capacity. Companies,
being micro-economic agent, are the most directly under the impact from emission
allowance allocation. Therefore, this section focuses on evaluating the impact of
Guangdong ETS emission allowance allocation on companies’ cost and economic
efficiency [13].

9.2.1 Comparative Analysis of Companies’ Operational Cost

The electricity and heat generation–supply sector (hereinafter briefed as “electricity
sector”) is a dominant GHG emitter and also a major ETS-regulated object. So all of
the seven ETS pilot areas have included electricity sector into their regulation, and a
study focused on this sector is widely representative. This sector, with
Guangdong-based coal-fired electricity generating units as study samples, will
evaluate the impact of the emission allowance allocation system on companies’
economic efficiency, and sum up the crucial factors of the system that impact
companies’ operational cost.

There are four types of coal-fired generating units that are regulated by
Guangdong ETS: <300, 300, 600, and 1000 MW. The CO2 emissions from these
four generating units were used as a benchmark for defining the allowances for
Guangdong’s total regulated coal-fired generating units in 2013. The 300 MW
generating units have the largest number, the 600 MW generating units have the
largest aggregated installed capacity; both the quantity and aggregated capacity of
1000 MW generating units are on the rise; the generating units less than 300 MW
are being phased out. As such, the 300, 600, and 1000 MW generating units
become study sample in this section. With a view to actual production, the power
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plants, for the sake of stable production and maximized efficiency, usually operate
two generating units or more at the same time; and the production parameters and
cost of the two generating units are assessed together. Therefore, in this sector, we
make two generating units as one analytical unit for evaluating the ETS impact on
the production cost of power plants.

(1) Operational cost breakdown of Guangdong-based regulated electricity
companies

Our research team investigated the CO2 emissions from Guangdong-based
power plants, and consulted with the Reference Construction Cost Index for Quota
Design of Fossil Fuel-based Power Plant projects, and found out that in 2014 the
coal prices were about 800 yuan/tce, the limestone prices were about 100 yuan/t,
the annual utilization hours of generating units were 4500 h, the electricity price
was 0.502 yuan/kWh, the economic operational cycle of power plants were
20 year, the loan accounted for 80% of total static investment, the loan term
averaged at 15 year, the loan interest rate averaged at 6.55%, the depreciable life
was 15 year and the residuals rate was 5%, insurance and reparation expenses,
respectively, held 0.25 and 2% of total investment, the employees’ average wage
was around 50,000 yuan/year (plus an additional 60% of welfare). The working
efficiency of the sample generating units is an average efficiency of homogeneous
generating units, the coal consumption per unit electricity output is converted from
the benchmark value of allowances.

Power plants with 2 � 300 MW generating units: unit investment of 4394 yuan/
kW; number of employees at about 234; material expense at about 6 yuan/kWh;
other expenses at about 12 yuan/kWh; limestone consumption at 8 t/h (sulfur
content of coal at about 2%); discharging fee of SO2, NOX and dust was, respec-
tively, 1.43 million yuan/year, 1.62 million yuan/year, and 80,000 yuan/year.
Based on our estimation, such power plants have an overall cost of about
1094.21 million yuan.

Power plants with 2 � 600 MW generating units: unit investment of 3367 yuan/
kW; number of employees at about 247; material expense at about 5 yuan/kWh;
other expenses at about 10 yuan/kWh; limestone consumption at 16 t/h (sulfur
content of coal at about 2%); discharging fee of SO2, NOX and dust was, respec-
tively, 2.60 million yuan/year, 2.93 million yuan/year and 150,000 yuan/year.
Based on our estimation, such power plants have an overall cost of about
1913.10 million yuan.

Power plants with 2 � 1000 MW generating units: unit investment of
3334 yuan/kW; number of employees at about 300; material expense at about
4 yuan/kWh; other expenses at about 8 yuan/kWh; limestone consumption at 8 t/h
(sulfur content of coal at about 0.9%); discharging fee of SO2, NOX and dust was,
respectively, 3.60 million yuan/year, 4.10 million yuan/year and 240,000 yuan/
year. Based on our estimation, such power plants have an overall cost of about
3032.55 million yuan.
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The cost breakdown of the above three generating units is respective shown in
Figs. 9.5, 9.6 and 9.7:

As shown in the above figures, the expenses on coal, depreciation, loan interest,
reparation, and other items account for more than 95% of power plants’ overall
cost. Among all cost items, the expenses on coal rank first, which are about

Fig. 9.5 Cost breakdown of
300 MW generating units

Fig. 9.6 Cost breakdown of
600 MW generating units
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two-thirds of overall cost, indicating that coal consumption quantity and coal price
are key factors that determine production cost of power plants. Along with
expanding installed capacity, the marginal cost for labor force, material and
administration has been decreasing progressively under the scale effect. Moreover,
since the 1000 MW generating units require higher for feed coal quality (with much
lower sulfur content), the percentage of desulfurization and discharge expenses are
significantly lower than the other two generating units. However, coal consumption
has kept increasing, holding an increasing share in the overall cost.

(2) Impact of allowance administration on the cost of Guangdong-based regulated
electricity companies

Being an external environmental governance mechanism, ETS will bring a series
of influences, both short term and long run, on covered enterprises. These com-
panies may receive benefit from carbon trading, but pay for extra expenses in the
meantime. In the short term, the companies have to increase manpower and material
resources for making accounting of carbon emissions and taking care of carbon
assets; purchase additional allowances if their actual emissions are much higher; or
sell surplus allowances to gain profit in case of significant emission reductions, so
as to offset all or partial of reduction cost. Different allowance allocation plans will
incur different compliance costs upon covered enterprises. If 100% of the allow-
ances are allocated for free, and the allowance benchmark is industrial average
emissions, the ETS will exert a small impact on the cost of the power plants with
production efficiency on industry average, such impact is almost ignored. While the
emission administration is going deeper and carbon emissions are about to enter the

Fig. 9.7 Cost breakdown of
1000 MW generating units
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peak time, the upper limit on aggregate emissions tends to be tightened, so as to
ensure the fulfillment of the established reduction target. Meanwhile, the total
amount of allowances shall be strictly managed. When the allowance benchmark
remains unchanged, the percentage of free allowances shall be reduced; in this case,
for the covered enterprises, if their quantity of emissions remains unchanged or the
emission cutbacks are lower than the reduction in allowances, they have to purchase
additional allowances from government or market, which will, of course, increase
their cost.

In light of Guangdong carbon emission allowance allocation plans, and based on
the study samples of selected power plants, we analyzed the impact of ETS on their
production cost under different scenarios. We made the following assumptions:

(i) The emission reduction cost discussed in this section is limited to the direct
expenses for the purchase of allowances, while disregard of such invisible
cost for manpower and material resources injected into carbon trading;

(ii) Regarding the study samples, the energy consumption for electricity gener-
ation is an average level of the same generating units. When the allowance
benchmark is based on the average energy consumption of the same gen-
erating units, the total allowances granted to the companies shall be equal to
their actual emissions;

(iii) If the free allowances are lower than companies’ actual emissions, they have
to adopt certain emission reduction technologies to cut emissions or purchase
additional allowances on market in order to fulfill their reduction obligation.
But they have to pay for the expenses no matter what option they choose.
There are diversified emission reduction technologies, which complicate the
cost accounting, so we prefer estimating their reduction cost from the pur-
chase of additional allowances;

(iv) The Interim Measures for Carbon Emissions Administration in Guangdong
Province state that “the emission allowances granted to covered enterprises/
institutions are based on free and paid allocation, with the percentage of free
allocation reduced gradually,” “electricity companies will receive 95% of
free allowances, while iron and steel, petrochemical and cement companies
will receive 97% of free allowances separately.” In reference to the foreign
experiences, e.g., EU ETS cancels free allowances to electricity sector
(during Phase 2 and 3), and US RGGI never distributes allowances to
electricity sector for free, so we estimate that Guangdong will gradually cut
the percentage of free allowances, the electricity companies will have to buy
3, 5, 10, and 100% of allowances step by step;

(v) In 2013, Guangdong set the carbon price at 60 yuan/tCO2 for auction. The
carbon prices vary greatly among the seven pilot areas, some top at
120 yuan/tCO2 (China Shenzhen Emission Exchange), while some lower at
5 yuan/tCO2 (Shanghai Environment and Energy Exchange). As for
Guangdong-based electricity companies, the carbon prices for different
scenarios are set as 5, 60, and 120 yuan/tCO2.
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In light of the above assumptions and the characteristics of electricity sector, we
developed a formula for calculating the emission reduction cost:

Emission-reduction cost ¼ installed capacity� generating hours

� allocation benchmark� percentage of paid allowances� carbon price

The computed emission-reduction costs of the above-mentioned three generating
units are shown in Tables 9.4 and 9.5 and Figs. 9.8, 9.9, and 9.10.

Fig. 9.8 Share of emission reduction cost in overall cost of 300 MW generating units

Table 9.5 Emission reduction cost of 1000 MW generating units

Carbon price (yuan/tCO2) Percentage of paid allowances Overall cost (yuan)

3% 5% 10% 100%

5 111 186 371 3713 3,032,550,000

60 1337 2228 4455 44,550 3,032,550,000

120 2673 4455 8910 89,100 3,032,550,000

Table 9.4 Emission reduction cost of 600 MW generating units

Carbon price (yuan/tCO2) Percentage of paid allowances Overall cost (yuan)

3% 5% 10% 100%

5 70 117 234 2336 1,913,100,000

60 841 1401 2803 28,026 1,913,100,000

120 1682 2803 5605 56,052 1,913,100,000
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Fig. 9.9 Share of emission reduction cost in overall cost of 600 MW generating units

Fig. 9.10 Share of emission reduction cost in overall cost of 1000 MW generating units
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We can draw up the following conclusions from the above emission reduction
costs:

In case of low carbon price (5 yuan/tCO2), the emission reduction cost accounts
for a small share in overall electricity generation cost. Even if the company has to
buy 100% of allowances, the emission reduction cost only holds around 1% of the
overall cost, indicating that the ETS is of limited impact on the overall cost of
electricity companies.

In case of high carbon price (120 yuan/tCO2), the emission reduction cost
accounts for a larger share in overall electricity generation cost. If the company has
to pay for 3% of allowances, the emission reduction cost only holds around 1% of
the overall cost; if the company buys 100% of allowances, then the share of the
emission reduction cost will rise to one-third, becoming the second largest cost item
next to coal consumption, indicating that the ETS is of significant impact on the
overall cost of electricity companies. It can be seen that the impact of ETS on the
cost of companies is closely related to the carbon price and amount of free
allowances. When the level of emissions is fixed, less free allowances will force the
companies to buy more allowances; at this point, the expenses on allowances are
decided by carbon price: low carbon price saves the emission reduction cost and
exerts limited impact on companies’ overall cost; on the contrary, high carbon price
greatly affects companies’ overall cost. In the case of high carbon prices and the
company needs to buy a large quantity of allowances, its production cost will
increase sharply, which may even alter its production decisions. In light of the
Guangdong allowance allocation plan, the electricity companies only access to a
certain portion of free allowances, they have to pay for an additional 3–5%
allowances. The carbon price in 2013 and 2014 start was set at around 60 yuan/
tCO2. Based on such price and the demand for allowances, for Guangdong-based
regulated electricity companies, their emission reduction cost accounts for around
0.5% of their overall cost, such proportion levels off that of desulfurization and
discharge expenses, which is of limited impact on their overall cost.

Since electricity sector is the largest emitting source, their free allowances are
less than the other three sectors. The ETS-based cap on total allowances may have
the most significant impact on the electricity sector. Based on the above analysis,
under Guangdong ETS framework, electricity companies have to pay for certain
emission reduction cost, which is of limited impact on their overall cost. Such
conclusion accords with our investigations of Guangdong-based electricity
companies.

9.2.2 Impact on IRR of Generating Units

Subsection 9.2.1 analyzes the static impact of emission reduction cost on compa-
nies’ overall cost. For understanding the dynamic impact of emission reduction cost
on the entire production cycle, we hereby use Internal Rate of Return (IRR) to
compare and analyze the changes on IRR of the power plants with three types of
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generating units (2 � 300 MW, 2 � 600 MW, 2 � 1000 MW) based on the
assumptions (i), (ii), and (iii) in Subsect. 9.2.1, in an aim to find the acceptable
emission reduction cost which sustains normal profitability of different power
plants. In order to gain an insight into the ETS impact on companies’ economic
benefit under different upper limits on carbon emissions, we split the percentage of
paid allowances into seven grades (3, 5, 10, 20, 30, 50, and 100%) and divide the
carbon prices into 36 multistep prices from 5 to 300 yuan/tCO2, i.e., a price range
split by 5 yuan/tCO2 below 60 yuan/tCO2 and a price range split by 10 yuan/tCO2

above 60 yuan/tCO2.
Based on above-mentioned parameters of generating units, we estimated the

cash inflow and outflow of the electricity companies within their operating cycle,
and then used EXCEl tools to figure out the IRR of different power plants
(2 � 300 MW, 2 � 600 MW, 2 � 1000 MW) without ETS, i.e., 8.72, 15.58, and
17.65%. According to the Reference Construction Cost Index for Quota Design of
Fossil Fuel-based Power Plant projects, the Baseline IRR of fossil fuel-based
power plants is 8%, which is to say that if IRR > 8%, the power plant has economic
viability. This shows that, without emission reduction cost, these power plants have
an IRR > 8%, which is worthy of investment. In contrast, the implementation of
ETS incurs emission reduction cost upon the power plants and affects their IRR.
Based on different carbon prices and percentage of paid allowances, we compared
calculated and analyzed the changes in IRR of these power plants.

In light of the assumed percentage of paid allowances (PA) and carbon prices,
we can figure out the emission reduction cost of a power plant under a given
situation. Based on the increase in emission reduction cost and changes on cash
flow, we can compute the IRR of this power plant under such scenario. See the
calculation results in Tables 9.6, 9.7, and 9.8.

Tables 9.6, 9.7, and 9.8 demonstrate that for the power plants with 300 MW
generating units, in case of PA = 3%, carbon price >180 yuan/tCO2; PA = 5%,
carbon price >110 yuan/tCO2; or PA = 10%, carbon price >55 yuan/tCO2, their
IRR is lower than Baseline IRR. In another case, for the power plants (600 and
1000 MW), based on PA = 3%, PA = 5% or PA = 10%, even if the carbon price is
as high as 300 yuan/tCO2, their IRR is much higher than the Baseline IRR.

In case of PA = 20%, carbon price >262 yuan/tCO2, the 600 MW power plants
have an IRR lower than the Baseline IRR, but the 1000 MW power plants still have
economic viability. In case of PA = 30%, carbon price >236 yuan/tCO2, the
1000 MW power plants will have an IRR lower than the Baseline IRR.

In case of PA = 100%, the 300 MW power plants (carbon price > 5.5 yuan/
tCO2), 600 MW power plants (carbon price > 52 yuan/tCO2) and 1000 MW power
plants (carbon price > 71 yuan/tCO2) will have an IRR lower than the
Baseline IRR and lost economic viability.

Through illustration of the changes on IRR based on different PA–carbon price
portfolios, we have funded the relationship between carbon price, the percentage of
paid allowances, and IRR, which reflect the ETS impact on companies’ IRR.

Figures 9.11, 9.12, and 9.13 demonstrate that companies’ IRR declines along
with increasing emission reduction cost.
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Table 9.6 IRR of 300 MW generating units with varied PA and carbon price portfolios

Carbon
price
(yuan/
tCO2)

IRR

PA = 3% PA = 5% PA = 10% PA = 20% PA = 30% PA = 50% PA = 100%

5 8.7% 8.7% 8.7% 8.6% 8.5% 8.4% 8.1%

10 8.7% 8.7% 8.6% 8.5% 8.3% 8.1% 7.4%

15 8.7% 8.6% 8.5% 8.3% 8.1% 7.7% 6.7%

20 8.6% 8.6% 8.5% 8.2% 7.9% 7.4% 6.0%

25 8.6% 8.6% 8.4% 8.1% 7.7% 7.1% 5.3%

30 8.6% 8.5% 8.3% 7.9% 7.5% 6.7% 4.5%

35 8.6% 8.5% 8.3% 7.8% 7.3% 6.4% 3.7%

40 8.6% 8.5% 8.2% 7.7% 7.1% 6.0% 2.9%

45 8.5% 8.4% 8.1% 7.5% 6.9% 5.6% 2.1%

50 8.5% 8.4% 8.1% 7.4% 6.7% 5.3% 1.2%

55 8.5% 8.4% 8.0% 7.3% 6.5% 4.9% 0.2%

60 8.5% 8.3% 7.9% 7.1% 6.3% 4.5% -0.8%

Note The figures (italic) represent the PA–carbon price portfolio under the scenario IRR > 8%

Table 9.7 IRR of 600 MW generating units with varied PA and carbon price portfolios

Carbon
price
(yuan/
tCO2)

IRR

PA = 3% PA = 5% PA = 10% PA = 20% PA = 30% PA = 50% PA = 100%

5 15.6% 15.5% 15.5% 15.4% 15.4% 15.2% 14.9%

10 15.5% 15.5% 15.4% 15.3% 15.2% 14.9% 14.2%

15 15.5% 15.5% 15.4% 15.2% 15.0% 14.6% 13.5%

20 15.5% 15.4% 15.3% 15.0% 14.8% 14.2% 12.8%

25 15.5% 15.4% 15.2% 14.9% 14.6% 13.9% 12.1%

30 15.5% 15.4% 15.2% 14.8% 14.4% 13.5% 11.4%

35 15.4% 15.3% 15.1% 14.6% 14.2% 13.2% 10.7%

40 15.4% 15.3% 15.0% 14.5% 14.0% 12.8% 9.9%

45 15.4% 15.3% 15.0% 14.4% 13.7% 12.5% 9.2%

50 15.4% 15.2% 14.9% 14.2% 13.5% 12.1% 8.1%

55 15.4% 15.2% 14.8% 14.1% 13.3% 11.8% 7.6%

60 15.3% 15.2% 14.8% 14.0% 13.1% 11.4% 6.7%

70 15.3% 15.1% 14.6% 13.7% 12.7% 10.7% 5.0%

80 15.3% 15.0% 14.5% 13.4% 12.3% 9.9% 3.1%

90 15.2% 15.0% 14.4% 13.1% 11.8% 9.2% 0.9%

100 15.2% 14.9% 14.2% 12.8% 11.4% 8.0% -1.6%

Note The figures (italic) represent the PA–carbon price portfolio under the scenario IRR > 8%
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If PA = 3%, the IRR curve tilts slightly when carbon price <150 yuan/tCO2, it still
look likes a straight line, it does not tilt downwards until carbon price >150 yuan/
tCO2.
If PA = 5%, the IRR curve tilts slightly when carbon price <100 yuan/tCO2, it does
not tilt downwards until carbon price >100 yuan/tCO2.
If PA > 10%, the slope of IRR curve changes notably along with rising carbon
price.

The impact of ETS on IRR is related to the installed capacity of generating units.
Our calculations show that the larger the installed capacity is, the smaller the IRR
slope will be; a higher initial IRR (IRR without implementation of ETS) marks the
company is able to bear higher emission reduction cost.

Table 9.8 IRR of 1000 MW generating units with varied PA and carbon price portfolios

Carbon
price
(yuan/
tCO2)

IRR

PA = 3% PA = 5% PA = 10% PA = 20% PA = 30% PA = 50% PA = 100%

5 17.6% 17.6% 17.6% 17.5% 17.5% 17.3% 17.0%

10 17.6% 17.6% 17.5% 17.4% 17.3% 17.0% 16.4%

15 17.6% 17.6% 17.5% 17.3% 17.1% 16.7% 15.8%

20 17.6% 17.5% 17.4% 17.1% 16.9% 16.4% 15.1%

25 17.6% 17.5% 17.3% 17.0% 16.7% 16.1% 14.5%

30 17.5% 17.5% 17.3% 16.9% 16.5% 15.8% 13.8%

35 17.5% 17.4% 17.2% 16.8% 16.3% 15.4% 13.1%

40 17.5% 17.4% 17.1% 16.6% 16.1% 15.1% 12.5%

45 17.5% 17.4% 17.1% 16.5% 15.9% 14.8% 11.8%

50 17.5% 17.3% 17.0% 16.4% 15.8% 14.5% 11.1%

55 17.4% 17.3% 17.0% 16.3% 15.6% 14.1% 10.4%

60 17.4% 17.3% 16.9% 16.1% 15.4% 13.8% 9.6%

70 17.4% 17.2% 16.8% 15.9% 15.0% 13.1% 8.0%

80 17.3% 17.1% 16.6% 15.6% 14.6% 12.5% 6.5%

90 17.3% 17.1% 16.5% 15.4% 14.2% 11.8% 4.8%

100 17.3% 17.0% 16.4% 15.1% 13.8% 11.1% 3.0%

110 17.2% 17.0% 16.3% 14.8% 13.4% 10.4% 0.9%

120 17.2% 16.9% 16.1% 14.6% 13.0% 9.6% -1.6%

Note The figures (italic) represent the PA–carbon price portfolio under the scenario IRR > 8%

190 9 Micro-impact Assessment of Guangdong ETS



Fig. 9.11 Impact of emission reduction cost on IRR of 300 MW power plants

Fig. 9.12 Impact of emission reduction cost on IRR of 600 MW power plants
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9.2.3 Critical Threshold of Electricity Companies
for Bearing Emission-Reduction Cost

In reference to the above analysis about the power plants (300, 600, and
1000 MW), given the paid allowances (PA) and carbon prices, the IRR of the three
types of power plants can operate economically (IRR = 8%) and drew up Fig. 9.14
to exhibit the critical point where the emission reduction cost could affect com-
panies’ profitability.

For the 300 MW power plants, the PA–carbon price portfolios are set as (3%,
180 yuan/tCO2), (5%, 110 yuan/tCO2), (10%, 55 yuan/tCO2), (20%, 27 yuan/
tCO2), (30%, 18 yuan/tCO2), (50%, 11 yuan/tCO2), and (100%, 5.5 yuan/tCO2),
and IRR as 8%. The dots on the curve indicate the maximized acceptable PA for
maintaining IRR > 8% at a carbon price. The dots on the bottom left curve indicate
the PA–carbon price portfolios, where the IRR > 8%; the dots on upper right curve
indicate the PA–carbon price portfolios where the IRR < 8%.

By analogy, for the 600 MW power plants, the PA–carbon price portfolios are
set as (20%, 262 yuan/tCO2), (30%, 175 yuan/tCO2), and (50%, 105 yuan/tCO2),
and IRR as 8%. For the 1000 MW power plants, the PA–carbon price portfolios are
set as (30%, 236 yuan/tCO2), (50%, 142 yuan/tCO2), and (100%, 71 yuan/tCO2),
and IRR as 8%. Based on these dots, we are able to draw curves that depict the
impact of emission-reduction cost on companies’ economic efficiency (see
Fig. 9.14).

Fig. 9.13 Impact of emission reduction cost on IRR of 1000 MW power plants
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We can use the above curves to compare the impact of emission-reduction cost
on different power plants with varied PA–carbon price portfolios. In order to sustain
normal profitability in case of carbon price = 90 yuan/tCO2, the 300 MW power
plants can buy no more than 7% of allowances, such percentage for the 600 and
1000 MW power plants is 58 and 79%, respectively. If a power plant has to buy
30% of allowances and maintains profitability in the meantime, the 300 MW power
plants can bear a carbon price at no higher than 20 yuan/tCO2, such price for the
600 and 1000 MW power plants is 175 and 238 yuan/tCO2, respectively.

Moreover, Fig. 9.14 also demonstrates that the power plants with smaller
installed capacity and higher unit energy consumption are harder to maintain
IRR > 8%, and weaker to bear high emission reduction cost. From 300 to
1000 MW, the generating units have increasing generation efficiency, and a critical
curve farther away from the axis, a wider range of profitability, and stronger to bear
high emission reduction cost. If carbon price � 60 yuan/tCO2, the PA shall be
lower than 10% to ensure economic viability of all generating units. Along with
increasing carbon price, PA shall decrease accordingly.

The allowance allocation adopted by US RGGI is similar to the PA = 100%
scenario discussed in this subsection. From 2010 to 2015, the average auction price
set by RGGI was $1.86, $1.89, $1.93, $2.92, $4.72, and $6.10. Through compar-
ison, we found that the RGGI auction prices at the preliminary stage are similar to
the bearable carbon price (5.5 yuan/tCO2) of Guangdong-based 300 MW power
plants. From 2013 to 2015, the RGGI auction prices are similar to the bearable
carbon price (52 yuan/tCO2) of Guangdong-based 600 MW power plants. An
evaluation report shows that the RGGI-regulated emissions over 2011–2013
dropped 19.8% from the 2006–2008 period, with unit emissions decreasing

Fig. 9.14 Bearable PA of different generating units
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141 kgCO2/MWh. Such fact tells that within the RGGI framework, the unit
emissions shall decrease along with an annual reduction in total emissions. As for
Guangdong-based power plants (300, 600 MW), their unit emissions also
demonstrate a year-on-year downward trend, which proves that our analysis of the
bearable carbon price of power plants is reasonable on the whole.
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Chapter 10
Impact of Guangdong ETS
on Macroeconomy

10.1 Macro-evaluation of Carbon Trading Policies

Policy evaluation is an analysis and study of the policy scheme’s effect and effi-
ciency using some methodologies during formulation and implementation of
regional policies or afterward, which is for the purpose of improving rationality and
effect of the policy. By setting up a series of evaluation criteria and indicators,
policy evaluation is able to inform policy-makers and the public of the imple-
mentation effect of emissions reduction policies, and demonstrate the essence of
such policies and commitments of the proponents.

Being a market-oriented environmental policy instrument, the ETS is already
executed in several countries and regions. In order to make a scientific and objective
evaluation of the ETS effect, both domestic and foreign researchers, from different
perspectives, have been evaluating the implementation of the carbon trading
policies.

There is a sequential evaluation of the policies, such as from the beforehand,
halfway, and afterward. The evaluations, for taking account of the ETS structure
and efficiency, consist of market operational evaluation and economic efficiency
evaluation; the former is for evaluating allowance allocation and carbon price
formation, while the latter is for evaluating industrial output, number of employees,
carbon leakage, quantity of carbon emissions, and impact on GDP growth.

The core of ETS is to create carbon price and apply it to economic system. While
evaluating the carbon price formation, Daskalakis and Markellos [1] took the EU
ETS-based carbon pricing, for instance, to analyze the influencing factors of carbon
price, distributional characteristics of carbon price, and pricing of allowance
derivatives. Through study of the carbon market empirical data, they concluded that
carbon price is under impact from trading principals, allowance supply demand
balance, and GDP growth, and they also found out that allowance allocation and
carbon price are not the only factors that affect companies’ investment and oper-
ation; other economic factors (e.g., capital cost and anticipated fuel price) are
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essential considerations when companies are making investment decisions. In their
studies, Zhang and Wei [2] found out that financial viability, emissions reduction,
and randomness are major factors that decide flow of allowances and vitality of
transactions. Though carbon price is associated with the marginal cost of emissions
reduction, the formation of carbon price is usually affected by multiple factors.

Through evaluation of the industrial output and trade competition in the
European carbon market, Hourcad et al. [3] found out that the EU ETS has
increased energy consumption cost of high-emitting companies. Electricity com-
panies managed to pass their increased cost onto downstream sectors. Whether
electricity companies are ready to try on new technologies is affected by carbon
price, and mainly by electricity demand and fuel price. Through evaluation, they
have found out that the free allowance allocation during EU ETS Phase 1 has
brought windfall profit to certain companies, but not provided appropriate incen-
tives in emissions reduction; in the meantime, the sectors that are exposed to fierce
global competition were endowed with free allowances by the European
Commission, and the ETS impact on these sectors are regularly evaluated.

Currently, the mainstream carbon trading evaluation methods refer to statistical
analysis, random model simulation, partial equilibrium model, multifactor model,
system dynamics model, and computable general equilibrium model. Each evalu-
ation method has its own merits and demerits. An evaluation method is chosen on
basis of the demand from both the evaluation subjects and objects. For instance,
multifactor model and random model simulation need long-term data and infor-
mation about trading principals and carbon prices. Such methods are apparently not
fit Guangdong carbon market which is still a newborn event without sufficient
trading data. Partial equilibrium model is appropriate for evaluating the emissions
reduction cost of trading participants and allocation plan, but it hard to assess the
impact of carbon trading policies on macroeconomy and employment, since it is
unable to describe the correlations between the carbon trading participants and other
entities. Statistical analysis, historical data comparison, partial case analysis, and
cost-benefit analysis are able to back up the qualitative and quantitative analysis of
allowance allocation and carbon price formation, and better judge the operational
effect of the ETS internal modules. Computable general equilibrium (CGE) model,
which is based on the input–output sheet, funds flow statement and energy balance
sheet of multiple trading participants, is able to reflect the impact from changing
macro-policies on micro-industrial sectors, and on sectoral carbon emissions and
employment; on this basis, the economic and environmental impacts of carbon
trading policies in different scenarios can be made, which will provide decision
makers and stakeholders with some integral and all-round evaluation results about
carbon trading policies.

CGE Model is widely used for evaluating the impact of carbon trading policies
on GDP, employment, and society. Wissema and Dellink [4] analyzed the impact of
carbon tax and energy tax on the Irish economy with CGE Model, and found out
that carbon tax is able to significantly alter production and consumption patterns,
promote adjustment to energy consumption mix, and form low-carbon economy;
carbon tax and energy tax, if imposed concurrently, may generate better emissions
reduction effect than single energy tax.
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Edwards and Hutton [5] evaluated the UK carbon trading and allowance allo-
cation with CGE Model, Böhringer and Welsch [6] analyzed the impact from
transboundary carbon trading on global economy and trading, their analyses
demonstrate that short-term emissions reduction will exert certain negative impact
on GDP and industrial sectors, but the impact is not significant. When analyzing the
transmission function and economic impact of the energy conservation and emis-
sion reduction policies (e.g., cap-and-trade on total emissions, carbon tax, and
carbon trading), macroeconomic models are commonly used, such models mainly
refer to optimization model, computable general equilibrium model, simulation
model, behavioral model, data envelopment analysis (DEA) [7]. CGE Model,
which is coupled with the technical models applicable to electricity sector, is used
to evaluate the impact of carbon restriction policies on energy consumption and
GDP growth [8]. Such model is also used for developing a special CGE Model that
applies to China’s energy-induced carbon emissions, in an aim to assess the
complexity of the target for reducing carbon intensity and its impact on macroe-
conomy and industrial sectors [9], and the impact mechanism of carbon tax and
ETS on supply and demand within the economic framework [10], and the impact
from the adoption of new energy and nonfossil energy on the entire socio-economy
and environment. The model evaluation shows that emissions reduction has dif-
ferent economic impact on different regions (the economic loss is usually 1–8% of
GDP), but realized significant emissions cutbacks.

Overall, CGE Model is widely used for evaluating the impact from the carbon
trading, energy and environmental policies on GDP growth and employment, but
such evaluation at provincial level is still rare at present. Our study, in reference to
the special situations in Guangdong Province, has developed a bi-regional CGE
Model to evaluate the impact from carbon trading policies on industries, GDP, and
employment, and also provide technical support for the quantitative evaluation of
government policies and for improving policies.

10.2 Rationale of Modeling, Objectives,
and Methodologies of Carbon Trading Policy
Evaluation

For the purpose of evaluating the impact of Guangdong’s energy and climate
policies on its socio-economy, Guangzhou Institute of Energy Conversion, Chinese
Academy of Sciences(GIEC, CAS), in collaboration with Japan’s National Institute
for Environmental Studies (NIES), developed the Guangdong–China two-regional
dynamic CGE Model (ICAP-GD Model).

The process for CGE modeling is to transform the general equilibrium theory
from an abstract concept into a concrete model that depicts the real economy and
make it into a computable general equilibrium model. The modeling process has
imported the self-optimization behaviors of all decision-making bodies like
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producer and those in charge of production activities, factor supply, commodity
trade, and external account. The basic idea for CGE modeling is to enable producer,
based on their self-optimization behaviors and under the condition of fixed com-
modity price and factor quantity, obtain the demand for production factors and
intermediate input. It is the demand that drives producers to decide production
quantity and forms social total supply. The owners of all production factors shall
determine the supply based on fixed factor price, make earnings by selling factors,
form the final demand for the products from all sectors, and then, together with
intermediate demand, ultimately constitute total demand. Through market-based
spontaneous organization, total supply will be equal to total demand.

In an abstract macroeconomic operational system, the economic agents are
divided into such four sectors as residents, companies, governments, and foreign
countries; and the available production factors consist of capital, labor force, and
land. Residents are owner of factors and buyer of commodities; they earn income by
supplying factors and confine commodity demand within the acceptable range of
income. Companies are demander of production factors and supplier of com-
modities, while encountering a fully competitive market environment, and con-
straint of policies, laws, and regulations, inject companies’ income into factors and
intermediate products for maximizing their profit. Government is regulator of
macroeconomy with fiscal revenue mainly coming from taxation; it also pays for
infrastructure construction, public services, education, and other government-led
undertakings. Foreign countries interact with companies through import and export,
the foreign trade surplus or deficit will be saved as foreign currency earnings.
Residents’ savings, government’s taxes, and foreign trade surplus/deficit will
constitute national total savings, and be converted into next year’s gross investment
in form of bank loans.

ICAP-GD Model divides China into two regions (Guangdong and the other
provinces/municipalities) and five modules (production sector, residents, govern-
ment, foreign trade, and carbon trading), which is able to learn about the devel-
opments of Guangdong’s energy, economy, and environment, and explore
interprovincial trade (Guangdong and the other provinces/municipalities) and
transnational trade more subtly. Such model is developed and solved by GAMS/
MPSGE.

10.2.1 ICAP-GD Modeling Methodology

(1) Production sector

ICAP-GD Model involves 33 production sectors, among which there are seven
energy sectors (see Table 10.1). While applying ICAP-GD Model, the activities of
all production sectors are marked as CES Production Function, and then input such
parameters as intermediary products, energy commodities, initial labor force, and
capital. Energy commodities are made up of material and fuel.

198 10 Impact of Guangdong ETS on Macroeconomy



In reference to the input–output sheet [11] and the findings of Dai et al. [10], the
electricity–heat production and supply involved in ICAP-GD Model are categorized
into seven subsectors, i.e., the seven types of generating units, respectively, based
on fossil fuel, natural gas, petroleum, wind and solar power, nuclear power,
hydropower and garbage, biomass, and other forms of energy. These seven sub-
sectors have their separate input–output sheet, which will be aggregated into the
gross data of electricity sector, in an aim to understand the impact of new energy on
Guangdong’s economic development and energy consumption.

(2) Resident sector

Residents are the final consumption sector. All of the factor income, government
transfer payment and revenue of residents are used for consumption or investment.
If the investment amount increases at the same pace with Guangdong GDP growth
over 2007–2015, then there will be consumer utility maximization under the con-
straint of both income level and commodity price.

Table 10.1 Classification of production sectors

No. Sectors No. Sectors

1 Agriculture 18 Smelting and pressing of ferrous
metals

2 Mining and washing of coal 19 Smelting and pressing of
nonferrous metals

3 Extraction of petroleum and natural gas 20 Manufacture of metal products

4 Extraction of natural gas 21 Manufacture of purpose machinery

5 Mining and processing of ores 22 Manufacture of electrical
machinery and equipment

6 Manufacture of foods 23 Production and supply of electric
power and heat power

7 Manufacture of textile 24 Production and supply of gas

8 Manufacture of wood 25 Production and supply of water

9 Manufacture of paper and paper
products

26 Construction

10 Other manufacturing 27 Road transport

11 Processing of petroleum 28 Railway transport

12 Coking 29 Urban public transport

13 Manufacture of raw chemical materials
and chemical products

30 Water transport

14 Manufacture of cement 31 Air transport

15 Manufacture of ceramics 32 Other transport services

16 Manufacture of glass 33 Services

17 Other nonmetallic mineral products
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(3) Government sector

Government is also the final consumption sector. Government revenue also
involves taxes. Both resident and government sectors are described by CES
Production Function. Government sector transfers tax revenue to provide services
to the public.

(4) International trade

We assume the countries involved in ICAP-GD Model are small ones, i.e., such
economy will not have any significant impact on the world economy. The energy
prices on the global market have been on the rise year by year, all the other
commodities have fixed base-year price, and the proportion of all products flowing
on the global market is fixed.

(5) Interprovincial trade

The predominant feature of ICAP-GD Model refers to the interprovincial trade
module (between Guangdong and other Chinese provinces/municipalities). The
interprovincial trade is subject to Armington Assumption [10]. The products of
Guangdong are separated from those of other regions, and they are described by
CES. The available formulas are given as follows:

Max pi ¼ pi � Qi � pmd
i � Qmd

i þ
X

pinfi � Dinf
i

h i
ð10:1Þ

s.t.

Qi ¼ ai � dmd
i � Qmd�qi

i þ
X

dinfi � Qinf�qi
i

� ��1
q ð10:2Þ

and

Qmd
i ¼ a�qi

i � dmd
i � pi

pmd
i

� � 1
1þ qi

�Qi ð10:3Þ

Dinf
i ¼ a�qi

i � dinfi � pi
pinfi

� � 1
1þqi

�Qi ð10:4Þ

where pi is gross profit of product i; Qi is aggregate demand of product i; Dinf
i is

total quantity of product i imported from other regions; pi is price of product i; pinfi
is price of product i imported from other regions; ai is production efficiency of
product i; dinfi ; dmd

i , respectively, indicate the proportion of imported product i and
local product ið0� dinfi � 1; 0� dmd

i � 1; dmd
i þ P

dinfi ¼ 1Þ; and qi denotes the
CES for local and imported product i.
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(6) CO2 emissions reduction

ICAP-GD Model takes into account the CO2 emissions from fossil fuel con-
sumption. The emissions reduction is based on the substitution in three aspects [10]:

Fuel substitution: Along with rising carbon prices, production sector may gradually
turn to use natural gas or other nonfossil energy that generates less CO2 emissions.
Factor substitution: Owing to increasing cost in CO2 emissions, production sector
may attempt to use lower cost production factors, and attempt substitution between
labor force, raw material, and capital, in order to cut CO2 emissions.
Product substitution: Owing to rising prices for high-carbon products, residents tend
to cut consumption of such products, which will indirectly lead to less CO2

emissions from high-carbon products.

(7) Carbon trading

ICAP-GD Model sets an upper limit on carbon emissions on an exogenous basis,
then figure out the profit loss from emission reduction endeavor on an endogenous
basis, i.e., the emission reduction cost. When simulating carbon trading activities,
there are inter-sectoral transactions, so as to balance the average marginal emission
reduction cost (carbon price) of all trading sectors.

Carbon trading module is represented by the cap-and-trade system and trans-
action system. ICAP-GD Model assumes that the government transfers the income
from selling allowances to resident sector. The curves in Fig. 10.1 depict the
allowance demand from sectors C1 and C2; the axis (x) denotes the quantity of
allowances to the sector, and the axis (y) indicates the marginal emission reduction
cost. When carbon trading is allowed, C1 tends to purchase the allowances of ΔQ1

in carbon market, while C2 tends to sell the allowances of ΔQ2. ICAP-GD Model is
able to discover new balance points for market clearing. See the following
Formula 10.5 and 10.6:

X
s

DQs ¼
X
b

DQb ð10:5Þ

X
s

ZP0

Ps

Cs pð Þdp ¼
X
b

ZPb

P0
Cb pð Þdp ð10:6Þ

where s and b, respectively, denote the seller and buyer in carbon market; ΔQ is
sectoral carbon trading quantity; C(p) is sectoral demand (for allowances) function;

P is sectoral marginal emission reduction cost; S ¼ R P0

P C pð Þdp represents gov-
ernment transfer payment (from selling allowances) to resident sector (Fig. 10.2).
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10.2.2 Data Sources

(1) 2007 Input–Output Table

Input–Output (IO) Table is an important data source for constructing Social
Accounting Matrix (SAM). In this study, we used China IO Table and
Guangdong IO Table [11] (both the latest versions in 2007), but redivided the
sectors therein. In order to conform to the four carbon trading sectors (electricity,
cement, petrochemical, and iron and steel) of Guangdong Province, we separated
out oil and natural gas extracting sectors, merged certain sectors, and then built the
SAM with cross-entropy method.

(2) Energy balance sheet

In ICAP-GDE Model, the energy consumption and CO2 emissions of each sector
are measured by magnitude of value, but the actual energy consumption and CO2

emissions are measured by physical quantity. In order to convert the magnitude of
value into physical quantity, we shall refer to the physical quantity of energy
consumption in energy balance sheet. Although the sectoral energy consumption in
energy balance sheet is inconsistent with the data in IO Table, the average prices for
different energy based on current year’s aggregate energy consumption and mag-
nitude of value are consistent. As such, we calculate current year’s average price of
each energy at first, and then convert them to energy consumption and CO2

emissions of each sector in reference to IO Table.
Owing to disparate statistics caliber, the sectoral energy consumption in Energy

Balance Sheet may vary from that in IO Table, it is generally believed that the
physical quantity in Energy Balance Sheet is more reliable. In order to resolve data
inconsistency, we referred to Guangdong Statistical Yearbook [13] which partitions
the sectoral energy consumption of Guangdong, and merged and decomposed the
energy consumption data of 42 sectors, so as to tally with the industrial catego-
rization in Guangdong IO Table, and then adjusted and rebalanced the IO
Table with Least Square Method and cross-entropy method. Such adjustment is of
extreme importance for simulating sectoral energy consumption, CO2 emissions
and carbon trading of Guangdong.

(3) CO2 emissions coefficient

CO2 emission factor is computed with the IPCC recommended method [14];
specifically, CO2 emissions quantity = fossil energy consumption quan-
tity � emission factor � carbon oxidation rate. In a word, CO2 emissions quantity
is product of energy consumption data multiplied by coefficient (i.e., emission
factor). See Formula 10.7:

Qe ¼ Ad � Ef � Of ð10:7Þ
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where

Qe sectoral CO2 emissions quantity measured by the unit of t-CO2;
Ad activities that generate CO2 emissions measured by the unit of t or 104 m3;
Ef emission factor that measured by the unit of t-CO2/t or t-CO2/104 m3.

Calculation of Ef is based on carbon content of fuel or material, or through
actual measurement or quoted from the IPCC proposed reference value.

Qf carbon oxidation rate (90–96% for solids, 96–98% for liquids, and 100% for
gases).

10.3 Evaluation Result of Guangdong ETS on Economy

10.3.1 Setting Basic Parameters

The basic data involved in ICAP-GD Model stem from China IO Table and
Guangdong IO Table in 2007. We separated out several sectors in the IO Table and
merged all of them into 33 sectors. The electricity sector is further divided into
seven subsectors that, respectively, rely on fossil fuel, natural gas, petroleum, wind
and solar power, nuclear power, hydropower and garbage, biomass, and other
energy. The sectoral energy consumption by type is set in light of Guangdong
Energy Balance Sheet. This model sets the basic parameters for Guangdong’s
macroeconomy by integrating with the provincial characteristics, the available
national economic development plan, energy development plan, and industry
development plan.

(1) Investment amount and population growth

In ICAP-GD Model, the investment amount is set for the entire society in light
of the specific situations of Guangdong. In reference to Guangdong Statistical
Yearbook [13] in past years, we defined the total investment amount and GDP
growth rate, and set the GDP growth rate for Guangdong over 2007–2020. In
reference to Guangdong national economic development plan, we set the growth
rate of the provincial population over 2012–2020. The specific parameters are listed
in Table 10.2.

Table 10.2 Parameters for
Guangdong GDP and
population growth rate

Growth rate GDP (%) Population (5)

2008 10.4 2.00

2009 9.7 5.11

2010 12.4 3.07

2011 10 0.61

2012–2015 8 0.64

2016–2020 7.5 0.47
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(2) Clean energy-based installed capacity

Since ICAP-GD Model further divides electricity sector into seven subsectors,
we shall predict and set parameters for Guangdong installed capacity and electricity
output in the future. In light of the Energy Development 12th Five-Year Plan of
Guangdong Province [15] and the Implementation plan for accelerating the con-
struction of clean energy in Guangdong province [16], the model projects
Guangdong installed capacity and electricity output by energy type in 2020 and
defines the structure of electricity sector based on clean energy. All of the
petroleum-based generators tend to be gradually phased out since 2012. The
specific parameters are shown in Table 10.3.

(3) Total factor productivity and energy efficiency index

Total Factor Productivity (TFP), which is usually called Technical Progress
Rate, represents the ratio between output and total factors. TFP is generated by
technical progress, organizational innovation, professionalism, and production
innovation. TFP indicates the extra part that the production growth rate exceeds
factor growth rate.

Energy Efficiency Index (EEI) simply denotes the energy consumption for per
unit of GDP or product. Therefore, the higher the energy consumption is, the lower
the EEI will be. ICAP-GD Model decomposes EEI into four different types of
energy (“S” for solid energy, “L” for liquid energy, “G” for gaseous energy, “E” for
electricity). The TFP and EEI parameters in the model are shown in Table 10.4.

10.3.2 Setting Scenarios

(1) Base scenario

The year 2007 is defined as the base year for ICAP-GD Model. All of the
parameters for GDP growth rate, population growth rate, and new energy-based

Table 10.3 Guangdong clean energy-based electricity sector in 2020

Installed capacity by
energy type (Unit: GW)

Natural
gas

Nuclear
power

Hydropower Wind
power

Biomass
and others

2007 5.2 3.8 7.7 0.3 13.4

2015 15.5 8.3 8.0 4.0 37.8

2020 22.0 18.7 8.0 7.0 40.7

Table 10.4 TFP and EEI parameters of Guangdong

TFP (%) EEI-S (%) EEI-L (%) EEI-G (%) EEI-E (%)

2007–2012 4.0 4 3 2 2

2012–2020 3.5 4 3 2 2
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electricity output are set in reference to Guangdong Statistical Yearbook [13] and
China Electric Power Yearbook [17].

The parameter for new energy-based installed capacity is set in reference to
Energy Development 12th Five-Year Plan of Guangdong Province [18], on this
basis, the installed capacity and electricity output based on all types of energy over
2014–2020 are projected. TFP is set at 5% annually. Under BAU scenario, the
electricity sector by 2020 will develop in line with the historical trend, and the total
installed capacity will reach 132.21 GW, including 81 GW coal-based electricity,
18.41 GW gas-based electricity, 13.97 GW nuclear power-based electricity,
14.53 GW (including pumped) hydropower-based electricity, 2.50 GW wind
power-based electricity, 1 GW photovoltaic electricity, and 0.80 GW biomass and
garbage-based electricity.

(2) Policy scenario

Policy scenario uses the same parameters (for population, investment, EEI, and
TFP) as BAU scenario, but adds two modules as carbon emissions constraint and
carbon trading.

SAV scenario simulates the carbon trading of four sectors (electricity, cement,
petrochemical, and iron and steel). The Carbon Emissions Allowance
Administration and Implementation Rules in Guangdong Province (for trial) [19]
set upper limit on the emissions from these four sectors. The combined emissions
from the four sectors of Guangdong reached 350 Mt in 2012, while the combined
emissions from the newly operated projects in these four sectors reached 59 Mt in
2015. On this basis, Guangdong set an upper limit on their combined emissions in
2013, and established the target for the provincial total carbon intensity in 2015 (to
drop 19.5% below 2010 levels) and 2020 (to drop 34% below 2010 levels); in other
words, Guangdong intends to cut 2020 carbon intensity by 40–45% from 2005
levels. In contrast, SAVET scenario not only sets an upper limit on total emissions,
but allows the four sectors to take part in carbon trading.

LCE Scenario and LCET Scenario set a stricter upper limit on carbon emissions,
manifesting the principle of the Copenhagen Accord that developed regions are
obliged to cut more emissions, Guangdong is just doing so. From 2013 to 2015, the
newly operated projects in the four sectors had 19 Mt of allowances, their carbon
intensity in 2015 dropped 20.5% from 2010 levels, and the carbon intensity in 2020
may drop 19% from 2010 levels, i.e., Guangdong targets to cut 2020 carbon
intensity by 45–50% from 2005 levels. LCE Scenario sets an upper limit on
emissions of each sector, while LCET Scenario not only sets an upper limit on total
emissions, but allows the four sectors to take part in carbon trading.
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10.3.3 Analysis of Simulation Results

With ICAP-GD Model, the research group estimated total CO2 emissions, sectoral
CO2 emissions, GDP growth, and variation trend of emissions reduction cost in
both BAU and SAV scenarios. Based on the simulation results, they assessed of the
impact of ETS on Guangdong’s energy, economy and environment.

(1) CO2 emissions quantity and intensity

In Base Scenario, the total CO2 emissions of Guangdong in 2020 will be at least
two times above 2007 levels; at that time, the emissions of Guangdong will be
merely around 7.4% of the national total emissions, higher than the percentage of
7% in 2007. Moreover, Guangdong’s GDP will hold around 12.7% of China’s
aggregate GDP in 2020, also higher than the percentage of 11.9% in 2007. The
carbon intensity of Guangdong in 2017 was around 2.35 tCO2/10

4 yuan, which
was about 40% lower than China’s average level at 3.88 tCO2/10

3 US$, indicating
that the technical strength, economic structure, and energy utilization efficiency of
Guangdong are more advanced than China’s average level. It is projected that
Guangdong’s carbon intensity will fall to 1.68 tCO2/10

4 yuan by 2020, registering
a drop of 28% from 2007 levels, yet far below the reduction of 40–45% which
China pledged to achieve by 2020 in Copenhagen Summit in 2009. As such, more
stringent energy and climate policies shall be unveiled to restrict the emissions of
Guangdong. As demonstrated by the simulation results, if the emissions from the
four energy-intensive industrial sectors (cement, petrochemical, iron and steel, and
electricity) are constrained, their emissions will remarkably decrease. In SAV and
LCE scenarios, the carbon intensity of Guangdong in 2020 declines 38 and 44%,
respectively, from 2007 levels; and Guangdong will see its CO2 emissions enter
into a peak time in around 2020 in LCE Scenario (Fig. 10.3).
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The changes in CO2 emissions from the four sectors in different scenarios are
shown in Fig. 10.4. By 2020, the combined emissions of the four sectors—holding
around 62% of Guangdong’s total emissions—will be decomposed into electricity
(44.8%), cement (9.4%), iron and steel (5%) and petrochemical (2.9%), which
explains the reasons why Guangdong includes the four sectors into the ETS
regulation.

By 2020, the emissions reduction in electricity, cement, iron and steel, and
petrochemical sectors in SAV Scenario will exceed their reduction in Base Scenario
by 27, 5, 3 and 26%, respectively.

By 2020, the emissions reduction in electricity, cement, iron and steel, and
petrochemical sectors in LCE Scenario will exceed their reduction in Base Scenario
by 40, 23, 23, and 40%, respectively.

(2) Emissions reduction cost

When an economic system is forced to reduce CO2 emissions, a “shadow carbon
price” will arise within CGE Model. Such price may be deemed as the marginal
emissions reduction cost. Owing to existence of such cost, both sectors and con-
sumers will have extra expenses for investing the technologies and equipment that
are more efficient and energy saving. In SAV Scenario, the CO2 emissions quantity
of iron and steel, petrochemical, and cement sectors will be, respectively, lower by
26, 3, and 5% than Base Scenario, and their corresponding emissions reduction cost
will be 1049, 126, and 42 yuan/tCO2. In LCE Scenario, the four sectors will be
subject to more stringent emissions restrictions and face much higher carbon prices.

Carbon price is also impacted by substitution of low-carbon energy. Electricity
sector is the easiest to be impacted by this factor, since massive renewable energy is
available for electricity generation, which will remarkably cut the emissions
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reduction cost for electricity generation. In SAV Scenario, the emissions reduction
rate of electricity sector is as high as 27%, ranking first among the four sectors, but
the emissions reduction cost is fairly low at 121 yuan/tCO2. While taking account
of all factors, the carbon prices of cement, electricity, petrochemical, and iron and
steel sectors are hereby ranked in a low-to-high order.

(3) Carbon price and trading volume under carbon trading

The economic theory manifests that the two commodities, despite the same
category, may have different prices when traded in different sectors, they still have
different prices. Caron emissions allowance is just a virtual product in CGE Model.
Figure 10.5 shows that cement sector has the lowest carbon price, and electricity
sector has the second lowest price, while petrochemical and iron and steel sectors
have relatively higher carbon prices. Therefore, under most circumstances, petro-
chemical and iron and steel sectors are more likely to become potential buyers of
emissions allowances, while electricity and cement sectors are possible to become
sellers.

The SAV and LCE scenarios in Fig. 10.6 show that the cement sector will be
major allowance buyer over 2013–2020. It sold about 13 MtCO2 in 2013 and is
projected to sell 5 MtCO2 in 2020. The role that other sectors are playing in carbon
trading relies on their relative carbon prices.
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Electricity sector will be major allowance buyer from 2013 to 2016, but after
that, the massive application of nonfossil energy will pull down the carbon price in
electricity sector from the average level of the four sectors, mean thing that elec-
tricity sector will turn into allowance seller after 2016. Moreover, petrochemical
and iron and steel sectors will replace electricity sector to become allowance buyer
since 2016.

(4) Impact on employment

ICAP-GD Model is also applicable to analyze the impact of emissions restriction
and carbon trading on employment. In this study, the number of employees in
different sectors is calculated via Formula 10.8:

EMPr;i;t ¼ SAMr;i;lab;t=SAMr;i;lab;2007 � EMPr;i;2007 ð10:8Þ

where EMPr,i,t represents the number of employees of sector i in area r in year t;
SAMr,i,lab,t denotes the labor input of sector i in area r in year t. The data in 2007 are
based on the IO Table of Guangdong in 2007.

The calculation result shows that all of the four sectors joined in carbon trading
are not labor-intensive sectors. In 2007, they only created 377,000 job opportuni-
ties, which were only 0.7% of the total job positions of Guangdong Province.
However, the carbon trading policy that is applicable to these four sectors will
impact the entire labor market (Fig. 10.7). The number of job opportunities mainly
created by the six sectors is agriculture (46,103), iron and steel (41,854), service
(8500), textile (3185), electronic device (2886), and metalware (2692). On the
contrary, the top five sectors that have massive personnel downsizing are manu-
facturing (−17,553), mechanical manufacturing (−13,851), construction (−13,336),
paper-making (−11,712), and chemical (−5575). The above analysis highlights that
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the government shall do a conscientious job in resolving the issue of
unemployment.

(5) Impact on GDP

Since both the overall and sectoral targets for cutting carbon intensity are under
stricter constraint, the aggregate GDP in both SAV and LCE scenarios declines
from the GDP in Base Scenario, registering a drop of 0.9 and 1.4%, respectively;
which demonstrates that stricter target for emissions cutbacks will bring along more
GDP losses. Therefore, the government shall consider how to design more
appropriate climate policies with market as basic means, so as to mitigate GDP
losses.

After comparing the carbon trading in both SAV and LCE scenarios, the
research group found that the GDP losses are notably relieved by 0.8 and 1.1%,
respectively, which is equivalent to saving dozens of billions of RMB. Similarly,
the carbon trading will minimize the losses from emissions reduction, which helps
in lowering the emissions reduction cost of the entire macroeconomy (Fig. 10.8).

(6) Sensitivity analysis

While taking account of TFP and EEI of Guangdong (GD) and other regions of
China (ROC), when elasticity of substitution (r) among products of GD changes by
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±20%, a sensitivity analysis is made for the impact of these changes on the sim-
ulated GDP loss, carbon price, trading volume, emissions reduction cost.

The result of sensitivity analysis shows that whenever there are changes in TFP
and EEI of ROC, the GDP of GD will float in range of (+0.05%, −0.02%), and the
carbon emissions amount will change slightly (−0.1%, +0.1%); the changes on GD’s
three indicators are fairly significant: GDP loss (+5.4%, −5.1%), carbon price
(+8.4%, −8.7%), and carbon trading volume (+10%, −11.3%). The simulation
results show that the changing economic parameters (TFP or EEI) of ROC exert a
notable impact on the carbon emissions and economic situation of GD, and also
influence GD’s emissions reduction cost, because of the close economic ties linking
GD and ROC. By means of altering TFP and EEI of GD, its total carbon emissions
amount will change slightly (+0.2%, −0.2%), but its GDP will change remarkably
(+12.8%, −11.6%), GDP loss (−5.8%, +6.2%), carbon price (+10.2%, −11.6%) and
carbon trading volume (+13.4%, −1.6%) all change to different extent. The changes
on r will impact GDP of GD (+0.2%, −0.2%), such impact on carbon emissions
(+0.03%, −0.04%) and trading volume (+0.4%, −0.6%) are moderate, but the impact
on GDP loss (+3.8%, −3.8%), and carbon price (+4.9%, −5.4%) are fairly
remarkable. The result of sensitivity analysis shows that the changes on TFP and EEI
of ROC have a significant impact on GD’s emissions reduction and GDP, while TFP,
EEI, and r also have a notable impact on GD’s GDP, carbon price, and trading
volume. A comparison of the two consequences shows that the TFP and EEI of GD
have more significant impact on its emissions reduction and GDP (Table 10.5).

-1.6%

-1.4%

-1.2%

-1.0%

-0.8%

-0.6%

-0.4%

-0.2%

0.0%

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

20
20

G
DP

lo
ss

SAV LCE

SAVET LCET

Fig. 10.8 GDP loss in
different scenarios [12]

Table 10.5 Sensitivity analysis of GD relevant parameters

Sensitivity
analysis

GDP
(%)

Emissions
(%)

GDP deficit
(%)

Carbon price
(%)

Trading
quantity (%)

ROC+20% 0.05 −0.1 5.4 8.4 10.0

ROC−20% −0.2 0.1 −5.1 −8.7 −11.3

GD+20% 12.8 0.2 −5.8 10.2 13.4

GD−20% −11.6 −0.2 6.2 −11.6 −1.6

GD ES+20% 0.2 0.03 3.8 4.9 −0.4

GD ES−20% −0.2 −0.04 −3.8 −5.4 0.6
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10.4 Evaluation Conclusions and Suggestions Based
on ICAP-GD Model

The ETS evaluation conclusions based on ICAP-GD Model are shown as follows:

(1) Owing to the target to cut carbon intensity by 19.5%, Guangdong carbon
emissions are projected to reach 646 MtCO2 in 2015 and 754 MtCO2 in 2020,
respectively, lower by 2 and 5% from Base Scenario. In addition to setting a
cap on total emissions, Guangdong will continue carrying out the carbon
trading policies, so its emissions will further fall to 644 Mt in 2015 and
728 Mt in 2020, respectively, lower 1 and 3% from Base Scenario. In a word,
the ETS increases emissions cutbacks by 2 and 26 MtCO2.

(2) In order to fulfill the target to cut carbon intensity by 19.5%, the economic
system of Guangdong will bear an average emissions reduction cost of
18 yuan/tCO2. Based on a cap on total emissions, the four sectors will have to
bear an average cost of 129 yuan/tCO2 to reduce carbon emissions. In con-
trast, in addition to the cap on total emissions, the carbon trading will notably
reduce such cost to 38 yuan/tCO2. It can be seen that the ETS boasts notable
cost-effectiveness under the condition that the four sectors are bound to cut the
same amount of emissions.

(3) In order to fulfill the target to cut carbon intensity by 19.5%, the GDP loss of
Guangdong inflicted by the carbon trading policies is estimated at 0.956% of
the aggregate GDP in 2020. Based on a cap on total emissions, there will be a
GDP loss at 1.106%. Based on the scenario where the four sectors are about to
cut the same amount of emissions, the practice of carbon trading is able to save
economic cost and mitigate GDP loss by about 99.1 billion yuan.

(4) The carbon trading scenario is able to increase 100,000 new job opportunities
in contrast to Base Scenario. These jobs are mainly distributed in service,
agriculture, and mechanic manufacturing sectors, but may exert a negative
impact on cement, extraction, and transportation sectors.

Based on the above analysis, the research group hereby presents the following
suggestions:

(1) Cap on total emissions and carbon trading policy give rise to carbon prices,
allowance transaction, compliance, and clearance by regulated companies
promote carbon price conduction among different sectors. The price conduc-
tion mechanism shall be in line with the objectives of the policy design, so as
to avert form market malfunction resulting from loose policy constraint on
emissions reduction or the circumstance where carbon prices are unable to
incentivize companies to cut emissions and invest low-carbon technologies.
Therefore, relevant and detailed administration rules shall come out to deal
with complicated economic situations and changes on carbon market, form a
valid carbon market and standardize its operation, and facilitate the prices to
be conducted to the competent authorities, companies, and other participants.
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Carry out emissions reduction practice and actions, and gradually form a
low-carbon industry and economy.

(2) The constraint of carbon emissions is of certain impact on energy-intensive
sectors, e.g., impact the employment in these sectors. The government shall
strengthen guidance and administration of labor forces, introduce the policies,
and measures about personnel education and training, guide the labor forces to
tertiary industry and mitigate the impact of carbon emissions reduction on
manufacturing sector and the entire society.

By applying ICAP-GD Model and from the perspective of general equilibrium
economic system, the research group analyzed the implications of the carbon
trading policies on macroeconomy and the influencing factors, and made a quan-
titative evaluation of the impact. The model construction is based on the assumption
of a full market competition. The carbon prices are formed in transparent infor-
mation of market players and complete emissions reduction potentials.

Therefore, the assumptions may vary from the actual situations of Guangdong
carbon market. The simulated carbon price, trading volume, and emissions reduc-
tion cost are related to the economic activities and projected emissions quantity,
which will bring some uncertainties to the simulation result. The elasticity
parameters in the model need further validation and improvement from the actual
carbon market data, in order to support policy-makers to make decisions.
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Appendix

Notice of People’s Government of Guangdong on Issuing the Plan for Carrying
out the Work about the Carbon Emissions Trading Pilot Program in
Guangdong Province

GD GOV [2012] No. 264

All municipal people’s governments at and above the prefecture level, all county
(city or district) people’s governments, and all of the departments of and directly
under the provincial government:

The Plan for Carrying out the Work about the Carbon Emissions Trading Pilot
Program in Guangdong Province is hereby issued for your conscientious imple-
mentation. In case any problem takes place while executing the plan, please notify
the provincial development and reform commission of the matter.

September 7, 2012

People’s Government of Guangdong

Plan for Carrying out the Work about the Carbon
Emissions Trading Pilot Program in Guangdong
Province

In light of the State Council’s Work Plan for Greenhouse Gas Emissions Control
during the 12th Five-Year Plan Period and the Twelfth Five-Year Plan for National
Economic and Social Development of Guangdong Province, as well as the work
deployment of the National Development and Reform Commission in carrying out
the carbon emissions trading pilot program, the Plan for Carrying out the Work
about the Carbon Emissions Trading Pilot Program in Guangdong Province is
hereby formulated to conscientiously implement this pilot program in Guangdong

© China Environment Publishing Group Co., Ltd. and Springer Nature
Singapore Pte Ltd. 2019
D. Zhao et al., A Brief Overview of China’s ETS Pilots,
https://doi.org/10.1007/978-981-13-1888-7
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Province and fulfill the target in controlling greenhouse gas emissions based on
market mechanism and at a lower cost.

1. Guiding Ideology and Work Objectives

(1) Guiding ideology

Center on the core tasks for expediting industry transition and upgrading, con-
structing a happy Guangdong, strengthening government guidance and market
operation, and further raising the awareness of companies and all sectors of society
of the importance in controlling greenhouse gas (GHG) emissions. Give full play to
the role of market mechanism in fulfilling such objectives as energy conservation,
carbon emissions cutbacks, and control of aggregate energy consumption during the
12th Five-Year-Plan period (2011–2015). Make innovations in the institutional
mechanisms for promoting industry transition and upgrading and balancing
development between regions. Learn from the carbon emissions trading experiences
both home and abroad, take account of the specific situations of Guangdong
Province, improve the system design of an emissions trading mechanism, and make
explorations for building a nationwide carbon market in the future.

(2) Work Objectives

By 2015, Guangdong shall have basically built an administration system for rea-
sonable allocation of carbon emissions credit between market principals and
between regions, and initially formed a carbon emissions trading scheme (ETS) that
is based on the provincial situations, and characterized with a well-functioned
structure, standardized administration and sound operation, and ranking a leading
place among the regional carbon markets.

Guangdong ETS shall constantly develop and improve, and an interprovincial
ETS shall take shape by 2020.

2. Overall Arrangement

(1) Trading products

The trading products in Guangdong carbon market mainly refer to the emissions
allowances, i.e., the government will allocate quantified CO2 emissions credit to
companies and other trading principals. After filed with by the national or
provincial development and reform commission, the China Certified Emission
Reduction (CCER) is allowed to be traded as a supplementary product.
Explorations in innovating carbon trading products are encouraged.

(2) Trading principals

The trading principals in Guangdong carbon market refer to the companies that are
involved in the ETS coverage scope (hereinafter referred to as the “regulated
companies”); yet active explorations are also made in drawing in investment
institutions, and other market players into the ETS regulation. The government
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allocates emissions allowances to the covered enterprises and exercises supervision
and administration of these companies which are obliged to cut CO2 emissions in
line with the quantity of allowances, and they are allowed to gain economic benefit
or emissions rights and interests.

(3) Trading platform

China (Guangzhou) Emissions Exchange (CGEE) is a designated carbon emissions
trading platform for Guangdong carbon market, i.e., all of the provincial emissions
trading activities shall be based on the platform.

(4) Phases of ETS implementation

The implementation of Guangdong ETS pilot program is split into three phases:
Phase I (2012–2015) is a trial period; Phase II (2016–2020) is a period where the
ETS operation will be gradually improved; Phase III (2020 onward) is a period
featuring mature operation of the ETS.

3. Major Tasks

Gradually establish and improve a government-led mechanism for supervision and
administration of carbon market principals, form a market mechanism that helps
fulfill the targets in energy conservation and emissions reduction and industry
restructuring, and safeguard smooth progress of carbon trading activities.

(1) Build an emissions information reporting and verification mechanism

i. Build an emissions information reporting system. Define the major com-
panies that shall report their emissions information (hereinafter referred to
as the “reporting companies”) in reference to the scope of key
energy-intensive sectors, and gradually broaden the scope of reporting
companies. All of the covered enterprises are obliged to report their
emissions information.

ii. Build a verification system for verifying the emissions from covered
enterprises. Foster and authorize qualified third-party verification institu-
tions to verify the carbon emissions information reported by the covered
enterprises.

iii. Build an electronic information service system. Establish a corresponding
electronic information system to facilitate companies’ reporting and
third-party institutions’ verification activities.

(2) Build an emissions allowance administration system

i. Strengthen administration of aggregate carbon emissions. Establish the
provincial and municipal (prefectural) targets for emissions cutbacks in a
scientific approach in reference to year-on-year decrease in carbon inten-
sity, year-on-year decrease in aggregate emissions and relevant constraint
indicators, and integrated with the actual situations in socioeconomic
development. Such targets will serve as basis for emissions allowance
administration.
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ii. Scientific and reasonable allocation of emissions allowances. Define the
annual aggregate carbon emissions that fall under government regulation
by taking full account of the socioeconomic growth trend and construction
of key projects. Stipulate relevant rules, issue allowances to the covered
enterprises, and include the newly built fixed-asset investment projects (at
prescribed production scale) into allowance administration. Support rele-
vant companies to establish a carbon asset administration system.

iii. Set up an emissions allowance registration system. Build a corresponding
electronic system for registration of allowance account and for recording
the details about allowance distribution, alteration and cancelation, etc.

(3) Build an allowance trading operational system

i. Standardize construction of CGEE. In accordance with the relevant national
regulations, CGEE shall be built into an emissions allowance trading
platform that facilitates allowance transactions within Guangdong Province
and China at large.

ii. Stipulate business rules for allowance trading. Work out and constantly
improve the business rules for trading matchmaking, price formation,
allowance delivery, review and verification, capital settlement, information
disclosure, risk control, entrustment of an agent and dispute mediation. It is
based on these rules that the transaction activities are carried out. And the
allowance trading activities shall follow the principles of openness, fair-
ness, and impartiality.

iii. Set up an electronic transaction system. Build a supporting electronic
information system that has the functions for online allowance bidding,
opening transaction account, and recording transaction information, and it
is able to create a complete hardware and software environment for car-
rying out allowance trading activities.

iv. Build an allowance trading supervision and administration mechanism.
Strengthen supervision and administration of allowance trading process and
operation of emissions exchange.

(4) Carry out GHG voluntary emissions reduction

Actively promote the provincial institutions, companies, groups, and individuals to
join in the national GHG voluntary emissions reduction in light of the Interim
Measures for the Administration of Greenhouse Gas Voluntary Emission
Reduction.

(5) Explore the construction of an interprovincial ETS

Make explorations in building an interprovincial ETS together with other provinces
(municipalities), strive for government sponsorship and carry out such plan when
the time is ripe.
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4. Guarantee Measures

(1) Strengthen organizational leadership

Under the framework of holding joint conferences on carrying out the national pilot
low-carbon program in provinces, Guangdong has set up a special coordination and
leading group for implementing the pilot ETS program, with the director of the
provincial development and reform commission (DRC) as the chief, and the con-
cerned officials with Guangzhou Municipal People’s Government and the provin-
cial DRC as deputy chiefs; the members of the group come from the provincial
commission of economy and informatization, department of finance, department of
forestry, state-owned assets supervision and administration commission, price
bureau, quality and technology supervision bureau, office of legislative affairs and
finance office, as well as from Guangzhou Municipal Development and Reform
Commission, finance office, and CEGG. The office of the leading group is in the
provincial DRC. The provincial DRC is the competent authority taking charge of
the provincial carbon emissions and allowance trading, coordinating the work on
the ETS. Establish a working group for ETS research and system design with the
provincial experts as members and national experts as advisors. The competent
institutions at both the municipal and provincial levels shall strengthen coordina-
tion, refine their work and tasks, and quicken the pace of work.

(2) Strengthen construction of a legal system

Stipulate the interim measures for the administration of carbon emissions trading in
Guangdong Province, define the scope of carbon trading principals, and work out
the regulations on emissions reporting and verification, allowance allocation,
transaction institution, responsibilities of supervision and regulation. Closely watch
the implementation of the ETS pilot program, draw up experiences without delay,
present legislation plans for tackling climate change or carbon emissions admin-
istration, and kick off the legislative procedure at an appropriate time.

(3) Build up construction of capabilities

Emphasize the basic research about ETS, and constantly improve working ideas
and approaches. Conduct exchanges with the foreign counterparts and learn from
the advanced experiences both home and abroad. Develop the ETS consultation and
verification agencies and strengthen their administration. Hold special trainings
about carrying out the ETS in an extensive manner.

(4) Increase financial support

In light of the relevant regulations, the provincial low-carbon development fund
shall be mostly diverted to the ETS institutional researches and their work systems
that are qualified candidates for receiving the fund.
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(5) Increase publicity and guidance

Broadly publicize the rationale, rules, and relevant policies and measures about the
ETS, and guide companies and other market principals to actively perform their
obligations in cutting GHG emissions and taking part in carbon trading.

5. Major Arrangements in Trial Period (2012–2015)

(1) Scope of the companies that report carbon emissions

The reporting companies refer to the industrial companies within the administrative
area of Guangdong Province and emit 10,000 t/CO2 and above (or consume
comprehensive energy of 5000 tCO2e) in any year over 2011–2014. The name list
of these companies shall be determined by the provincial development and reform
commission and competent authorities after deliberation and consideration of the
ETS implementation process and characteristics of the industrial sectors. They shall
organize such companies to report their carbon emissions information by stages and
step by step, and conduct studies on covering the key companies in transportation
and construction sectors into the scope of reporting companies.

(2) Scope of the companies that cap aggregate emissions and join in allowance
trading

The covered enterprises refer to the industrial companies (electricity, cement, iron
and steel, ceramics, petrochemical, textile, nonferrous, plastics, paper-making, etc.)
within the administrative area of Guangdong Province and emit 20,000 t/CO2 and
above (or consume comprehensive energy of 10,000 tce) in any year over 2011–
2014. The name list of these companies shall be determined by the provincial
development and reform commission and competent authorities after deliberation
and consideration of the ETS implementation process and characteristics of the
industrial sectors. They shall organize such companies to cap their total emissions
and join in carbon trading by stages and step by step. Efforts shall be made to draw
the key companies in transportation and construction sectors to be subject to cap-
ping on total emissions and carbon trading.

(3) Allowance allocation

The provincial development and reform commission shall, in light of the historical
CO2 emissions (2010–2012) of the covered enterprises and the characteristics of the
corresponding industrial sectors, allocate the annual emissions allowances over
2013–2015 to these companies at one time. While considering the macroeconomic
situations and the corporate last year’s emissions, the commission shall appropri-
ately adjust their current year’s allowances. Put in place the allowance paid-use
system, and integrate free allocation and paid allocation at the initial phase of the
ETS, with the former playing a leading role.

Through an evaluation of the newly built fixed-asset investment projects, if their
annual comprehensive energy consumption reaches 10,000 tce and above, then the
provincial development and reform commission shall grant them with free
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allowances or a portion of paid allowances based on the evaluation result and
projected annual aggregate emissions of the province. Whether such projects are
able to access to the allowances that are equal to the evaluation result may serve as
the important basis for the investment authorities at all levels to go through
approval formalities.

(4) Allowance use

The provincial development and reform commission shall, within a prescribed time
span each year, deduct the allowances that are equal to the last year’s actual
emissions (verified) from the allowance account of the covered enterprises, in order
to offset their last year’s actual emissions. The covered enterprises are allowed to
sell the surplus allowances or bank them for use in coming year (invalid by the
2015 compliance period). But they shall purchase additional allowances within a
prescribed time limit to make up for inadequate allowances so as to perform their
obligations in cutting emissions. The economic, legal, technical, and necessary
administrative means shall be integrated to enhance the supervision and adminis-
tration of the compliance of the regulated companies. For the owners of newly built
projects, they may not trade the allowances before operation of the projects; in other
words, their allowances will become tradable after the projects are put into oper-
ation in light of relevant regulations.

(5) Complementary mechanism

The provincial development and reform commission and the competent depart-
ments shall, in light of the special situations of Guangdong Province and the
relevant national requirements, formulate the filing rules and operational approa-
ches for the CCER from forestry carbon sequestration and similar projects.
The CCER or GDCER are allowed to join in Guangdong’s ETS system in light of
relevant regulations.

(6) Working progress

The ETS pilot program of Guangdong places focuses of the Phase 1 work on testing
the ETS pilot program in certain key industrial sectors. Phase I could be split into
three stages:

i. Preparation stage (2012-1H2013). Kick off the trading with project-based
GHG VER. Stipulate relevant specifications and business rules, establish
emissions information reporting and verification systems, emissions allowance
registration, emissions supervision, and administration system. Establish an
official carbon emissions exchange for listed trading.

ii. Implementation stage (2H2013-2014). Kick off the allowances-based trading,
and constantly improve the ETS administration and transaction systems.
Conduct preliminary studies on constructing an interprovincial ETS, and
strengthen coordination on the work for interprovincial ETS.

iii. Deepening stage (2015). Promote the sound progress of GHG VER trading
and provincial allowance trading, and strive to be the first in kicking off the
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pilot work for a constructing interprovincial ETS. Summarize and evaluate the
work about carrying out the ETS pilot program, and study the working ideas
and implementation plan for implementing the ETS during the 13th
Five-Year-Plan period (2016–2020).

Interim Measures for Carbon Emissions Administration
in Guangdong Province

Chapter 1 General Provisions

Article 1 These measures are hereby formulated, in light of the special situations of
Guangdong Province, for achieving the target for greenhouse gas (GHG) emissions
control by giving full play to the role of market mechanism and standardizing
administration of carbon emissions activities.

Article 2 These measures are applicable to the carbon emissions reporting and
verification, allowance allocation, settlement, and transaction within the adminis-
trative jurisdiction of Guangdong Province.

Article 3 The administration of carbon emissions shall abide by the principles of
openness, fairness, and integrity, and insist on government guidance and
market-oriented operation.

Article 4 Guangdong Provincial Development and Reform Commission takes
charge of organization, implementation, coordination, and supervision of the work
on provincial-wide carbon emissions administration.

All municipal people’s governments at and above the prefecture level shall guide
and support the companies within their jurisdiction to cooperate with them in
carbon emissions administration.

All municipal development and reform commissions at and above the prefecture
level shall organize the companies within their jurisdiction to perform the work in
carbon emissions reporting and verification.

All provincial departments that take charge of economy and informatization,
fiscal, housing and urban–rural construction, transportation, statistics, price regu-
lation, quality supervision, or finance shall perform their own duties in carbon
emissions administration.

Article 5 Develop voluntary emissions reduction (VER) projects such as forestry
carbon sequestration, guide companies and institutions to adopt measures for saving
energy and cutting carbon emissions, raise the public awareness of participating in
emissions reduction, and promote low-carbon and energy-saving actions across the
whole society.
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Chapter 2 Carbon Emissions Reporting and Verification

Article 6 Guangdong Province has put in place the system for carbon emissions
reporting and verification.

The industrial companies that emit carbon dioxide (CO2) at and above
10,000 tons annually, together with the institutions (hotels, restaurants, financial,
commercial, and public organs) that emit CO2 at and above 5000 tons annually are
called “regulated companies/institutions”. The industrial companies that emit CO2

more than 5000 tons but less than 10,000 tons annually are called “reporting
companies”.

The norms and scope of the covered enterprises/institutions in transport sector
are proposed by Guangdong Provincial Development and Reform Commission in
collaboration of the transport department. In light of their carbon emissions
administration, they will fall into the scope of reporting and verification in batches.

Article 7 The covered enterprises/institutions shall produce carbon emissions report
for the previous year as prescribed and submit the report to Guangdong Provincial
Development and Reform Commission.

The covered enterprises/institutions shall entrust a verification institution to
verify their carbon emissions report, cooperate with the verification institution and
bear all expenses therefrom.

If the annual CO2 emissions quantity recorded in the carbon emissions report
differ from the result in the verification report by more than 10% (100,000 tons), the
carbon emissions report shall be subject to a reverification organized by Guangdong
Provincial Development and Reform Commission.

All municipal development and reform commissions at and above the prefecture
level shall conduct a spot check of the carbon emissions report submitted by the
covered enterprises, and the expenses therefrom are included into the fiscal budget
at the corresponding level.

Article 8 The verification institutions that verify the carbon emissions report shall
have the corresponding qualifications associated with their verification activities,
and fixed premises and necessary facilities that enable them to conduct verification
within Guangdong Province.

Both the institutions and personnel that undertake verification shall perform
carbon emissions verification according to law and in an independent and impartial
manner; take responsibility for the standardability, authenticity, and accuracy of
their verification report; and perform the obligation of confidentiality according to
law and bear the legal liability.

Article 9 The charging standards for verifying carbon emissions are determined by
the pricing authority of Guangdong Province.
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Chapter 3 Administration of Allowance Allocation

Article 10 Guangdong Province has established a carbon emissions allowance
(hereinafter briefed as “allowance”) administration system. The covered
enterprises/institutions, together with the new entrants (including expanded or
rebuilt ones) that emit CO2 at and above 10,000 tons annually, are under allowance
administration. The other emitting companies/institutions may apply to Guangdong
Provincial Development and Reform Commission for joining in allowance
administration.

Article 11 The total amount of allowances are defined by People’s Government of
Guangdong Province by taking account of the national overall target for GHG
control, Guangdong’s development plan of the provincial key industries and the
objective for reasonable control of aggregate energy consumption.

Of the total amount of allowances, despite the most portion granted to the
covered enterprises/institutions, part of them are used as reserve allowances which
are made up of the allowances distributed to new entrants and those for market
regulation.

Article 12 Guangdong Provincial Development and Reform Commission shall
produce a provincial allowance allocation plan, and clarify the allocation principles,
methodologies, and procedures, which are subject to review by the allowance
allocation review board, and finally reported to People’s Government of
Guangdong Province for ratification and announcement.

The allowance allocation review board consists of the technical, economic,
low-carbon, and energy experts from Guangdong Provincial Development and
Reform Commission and other competent authorities, industry associations, and
companies. The number of experts may not be less than 2/3 of the total number of
board members.

Article 13 The annual allowances distributed to the covered enterprises/institutions
are decided by Guangdong Provincial Development and Reform Commission with
the Benchmarking and Grandfathering methodologies in light of sectoral baseline
emissions, emission reduction potentials, and companies’ historical emissions.

Article 14 The allowances distributed to the covered enterprises/institutions are
based on free and paid allocation, with the percentage of free allowances gradually
decreasing.

Guangdong Provincial Development and Reform Commission will allocate free
allowances to the covered enterprises/institutions pursuant to the prescribed pro-
portions on every July 1.

Article 15 In case any incorporation occurs among the covered enterprises/
institutions, their previous allowances and concomitant rights and obligations shall
be inherited by the later incorporated companies/institutions; or if any separation
occurs within a regulated company/institution, a separate allowance allocation plan
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shall be produced and then reported to the provincial and municipal development
and reform commissions to for archiving.

Article 16 If the covered enterprises/institutions are forced to halt operation/
production owing to changes on category of products and business scope, or
encounter significant changes on their operation/production, they shall submit the
applications to Guangdong Provincial Development and Reform Commission for
redefining the amount of allowances.

Article 17 If the covered enterprises/institutions revoke their business license, halt
operation/production or move out of Guangdong Province, they shall, within one
month before completion of the closure or removal formalities, submit the carbon
emissions report and verification report and return the remaining allowances to the
issuing authority.

Article 18 The covered enterprises/institutions shall, in light of their last year’s
actual carbon emissions, settle the allowances and apply to Guangdong Provincial
Development and Reform Commission for writing off their allowances. The annual
surplus allowances may be banked for compliance in the following compliance
period or used for trading.

Article 19 The covered enterprises/institutions are allowed to use the Chinese
Certified Emission Reduction (CCER) to offset a portion of their actual carbon
emissions; yet the percentage of CCERs may not be over 10% of the companies’
last year’s actual emissions, and more than 70% of the CCERs shall stem from the
VER projects within Guangdong Province.

If the CCERs are generated within the emission boundary of the covered
enterprises/institutions, they are not allowed to offset the carbon emissions of the
covered enterprises/institutions.

One ton of the Chinese Certified Emission Reduction (CCER) in CO2 equivalent
(1 t/CO2e) is able to offset one ton of carbon emissions.

Article 20 The allowances granted to the new entrants are first confirmed by the
municipal development and reform commission at and above the prefecture level
which will validate their emissions assessment results, and then determined by
Guangdong Provincial Development and Reform Commission. The new entrants
may not access to free allowances before they purchase a certain proportion of paid
allowances.

Article 21 Guangdong Provincial Development and Reform Commission, by means
of holding auctions, distributed paid allowances via the trading platform designated
by People’s Government of Guangdong Province regularly every year. The auction
floor price is jointly determined by Guangdong Provincial Development and Reform
Commission and pricing authority.

The allowances allocated via auction are granted to the existing covered
enterprises/institutions and new entrants, and also reserved for market regulation.
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Article 22 All the allowances in Guangdong Province are subject to registered
administration. The allowance allocation, alteration, settlement, and cancelation
shall be registered in the designated allowance registry according to law and comes
into effect as of the date of registration.

Chapter 4 Allowance Trading Administration

Article 23 Guangdong Province is implementing the carbon emissions allowance
trading system. The trading principals are made up of the covered enterprises/
institutions, new entrants, and other eligible organizations and individuals.

Article 24 The trading platform is a carbon emissions exchange (hereinafter
referred to as “emissions exchange”) which shall perform the following obligations:

(1) Stipulate transaction rules;
(2) Provide a transaction venue, system facilities, and services, and organize

trading activities;
(3) Establish a capital settlement system, conduct transaction settlement, liqui-

dation, and fund supervision according to law;
(4) Establish a trading information administration system, publish trading

dynamics, prices and quantity, and promptly disclose the information that
may lead to major market changes;

(5) Establish a risk administration system which takes charge of risk control,
supervision, and administration of trading activities; and

(6) Shoulder other responsibilities that are provided for in accordance with law
and relevant regulations.

The transaction rules shall not be published before examined and reviewed by
the provincial development and reform commission and financial administration.

Article 25 The allowance trading is carried out via open bidding, negotiated
transfer, and other standardized approaches that are permitted by law and relevant
regulations.

Article 26 The allowance trading prices are determined by market participants
based on the allowance supply–demand pattern. Neither entity nor individual may
manipulate the trading prices via fraud, malicious collusion or other means.

Article 27 The trading participants shall pay for the trading formality fees as
required. The charging standard for the formality fee is proposed by the emissions
exchange, and then executed upon validation of the provincial pricing authority.

Article 28 Guangdong Province has been making explorations for building a
trans-regional carbon emissions trading market, so it encourages nonlocal compa-
nies to take part in the provincial carbon trading.
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Chapter 5 Supervision and Administration

Article 29 Guangdong Provincial Development and Reform Commission shall, via
government website or news media, regularly disclose the information about the
implementation of these measures by the covered enterprises/institutions and
reporting companies.

Guangdong Provincial Development and Reform Commission shall make public
the directory of verification institutions, and strengthen supervision and adminis-
tration of these institutions and their verification activities.

Article 30 Guangdong Province shall establish the corporate emissions reporting
and verification system and allowance transaction system. The covered
enterprises/institutions and reporting companies shall, by following the instructions,
open an account in corresponding systems and upload relevant data.

Article 31 If the covered enterprises/institutions disagree with the verification result
about their annual actual emissions or allowance allocation, they are allowed to
apply to Guangdong Provincial Development and Reform Commission for a
reverification according to law. If the dissension arises from verified annual
emissions, Guangdong Provincial Development and Reform Commission shall
entrust a verification institution to conduct a reverification. If the dissension arises
from allowance allocation, the commission shall confirm the fact and make a
written reply to the applicant within 20 days.

Article 32 Guangdong Provincial Development and Reform Commission shall
create credit files for the covered enterprises/institutions, verification institutions,
and emissions exchanges, and record, integrate, and publish the credit-related
information about their emissions administration and trading activities.

Article 33 Under the same conditions, the companies that have performed their
emissions reduction obligations are prioritized to apply for the special funds, e.g.,
national low-carbon development fund, energy saving and emissions reduction
fund, renewable energy fun, and circular economy fund. And they are among the
first applicants to receive support from provincial low-carbon fiscal subsidy and
other special funds for encouraging energy saving and emissions reduction and
development of circular economy.

Article 34 Encourage financial institutions to explore the financing services about
the products traded in carbon market and provide financing support for the
companies/institutions that are subject to allowance administration.

Article 35 The revenue from selling allowances and the expenditure therefor are
under separate fiscal administration.
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Chapter 6 Legal Liabilities

Article 36 Any regulated company/institution or reporting company that violates
Article 7 that are provided for in measures or commits one of the following actions,
it shall to make a correction within a prescribed time limit as instructed by
Guangdong Provincial Development and Reform Commission; otherwise, it shall
be imposed a fine as follows:

(1) If a regulated company/institution makes a false report, conceals or rejects to
perform the obligation of reporting its emissions, it shall be imposed a fine of
no less than 10,000 yuan but no more than 30,000 yuan;

(2) If a regulated company/institution obstructs the verification institution to go for
on-site verification and rejects to turn over the relevant evidence, it shall be
imposed a fine of no less than 10,000 yuan but no more than 30,000 yuan, or a
fine of 50,000 yuan under a serious circumstance.

Article 37 If a regulated company/institution violates Article 18 that are provided
for in measures and fails to pay off the allowances, it shall be urged by Guangdong
Provincial Development and Reform Commission to perform the payment obli-
gation; otherwise, it shall pay twice more than the amount of unpaid allowances in
next compliance period, and imposed a fine of 50,000 yuan.

Article 38 If the emissions exchange commits one of the following behaviors, it
shall be urged by Guangdong Provincial Development and Reform Commission to
make correction, and imposed a fine of no less than 10,000 yuan but no more than
50,000 yuan.

(1) Fail to make public the transaction information as required;
(2) Fail to establish and implement the risk administration system.

Article 39 In case the verification institution violates the provisions in the second
paragraph of Article 8 as provided for in these measures and commits one of the
following behaviors, it shall be urged by Guangdong Provincial Development and
Reform Commission to make correction within a prescribed time limit, and
imposed a fine of no less than 30,000 yuan but no more than 50,000 yuan.

(1) Produce a fake or false verification report;
(2) Use or publish the business secrets and emissions information of the verified

company/institution without permit.

Article 40 If the development and reform commission and other competent
authorities and their staff members violate the provisions as provided for in these
measures and commit one of the following behaviors, they shall be urged by the
superior authority or supervision agency to make correction and subject to public
criticism. Under a serious circumstance, the persons in charge and persons directly
responsible shall receive disciplinary sanction imposed by the department in charge
of appointment and dismiss. Anyone that is suspected of committing a crime shall
be transferred to the judicial organs for investigation of criminal responsibility

230 Appendix



(1) Seek unjust benefit by taking advantage of the work related to allowance
allocation, emissions verification and validation, and administration of verifi-
cation institution;

(2) Fail to correct or punish the illegal activities that he/she has discovered;
(3) Disclose the confidential information about allowance trading in violation of

the relevant regulations and thereby cause serious consequences; and
(4) Commit any other violations like abuse of power, neglect of duty or irregu-

larities for favoritism.

Chapter 7 Supplementary Provisions

Article 41 The specific provisions about the verification of corporate carbon
emissions report, allowance allocation, and financial services are separately pro-
vided by the provincial development and reform commission and financial authority
in reference to the provisions of these measures.

Article 42 Definitions of the terminology in these measures:

(1) Carbon emissions allowance is quantified emissions credit which is issued by
government to companies for their production and operation activities. One ton
of allowance equals one ton of CO2 emissions.

(2) Allowances to new entrants represent the estimated annual CO2 emissions
allowances granted to the newly operated projects; such allowances are defined
and issued by the development and reform commission in light of the CO2

emissions evaluation report for these projects.
(3) Reserve allowances refer to the portion of allowances reserved by government

for adjusting carbon prices so as to tackle the fluctuating carbon market and
volatile economic situations; the quantity of such allowances is 5% of the
combined allowances to the covered enterprises/institutions.

(4) Chinese Certified Emission Reduction (CCER) is generated from the green-
house gas VER projects that are filed by the National Development and Reform
Commission in light of the Interim Measures for the Administration of
Greenhouse Gas Voluntary Emission Reduction.

Article 43 These measures shall come into effect as of March 1, 2014.

Carbon Emissions Allowance Administration
and Implementation Rules in Guangdong Province

Chapter 1 General Provisions

Article 1 For the purpose of strengthening and standardizing the carbon emissions
allowance administration in Guangdong Province, ensuring the authenticity, the
Carbon Emissions Allowance Administration and Implementation Rules in
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Guangdong Province are hereby formulated (hereinafter referred to as the
“Implementation Rules”) in light of the Interim Measures for the Administration of
Carbon Emissions Trading (NDRC No. 17) and the Interim Measures for Carbon
Emissions Administration in Guangdong Province (GD GOV No. 197) and based
on the practical work for carrying out the pilot program for carbon emissions
trading scheme.

Article 2 As regarding the covered enterprises/institutions (hereinafter referred to as
“regulated companies”), new entrants (including expanded and rebuilt companies,
similarly hereinafter), other qualified institutions and individuals within the juris-
diction of Guangdong Province, their carbon emissions allowance (hereinafter
referred to as the “allowance”), clearing for compliance and transactions are subject
to provisions of the Implementation Rules.

Article 3 The allowance administration of Guangdong Province shall abide by the
following principles:

(1) Achieve emissions reduction and promote socioeconomic development. By
means of allowance administration, Guangdong will be able to effectively
control the greenhouse gas (GHG) emissions, fulfill the binding indicators for
saving energy and cutting carbon emissions, and promote sustainable devel-
opment of the entire province.

(2) Put efficiency in the first place and take account of fairness. In light of the
provincial socioeconomic situations, Guangdong shall take full consideration of
the benchmarking emissions of covered enterprises and their historical annual
emissions, so as to ensure fair and reasonable allocation of allowances.

(3) Mainly rely on free allocation and gradually increase paid allowances.
Guangdong shall combine both free and paid allocation of allowances, with free
allocation playing a leading role at the preliminary stage of the ETS program,
and then increase percentage of paid allowances step by step.

(4) Fair transaction and effective supervision. Fair transaction of the allowances
shall be conducted on the carbon emissions trading platform (hereinafter
referred to as the “trading platform”) designated by the provincial government,
the process of transaction shall be conscientiously supervised and managed.

Article 4 Being the competent authority responsible for the provincial allowance
administration, the provincial development and reform commission takes charge of
administration, supervision, and guidance of the ETS implementation, and works
together with other competent departments to build an allowance allocation review
board and a technical assessment panel for defining sectoral allowances, and then
authorize the technical assessment panel or qualified social organizations/
institutions to carry out the related work.

All municipal development and reform commissions at and above the prefecture
level shall collaborate with the provincial competent authority in reviewing the
application from the new entrants with their administrative area for buying paid
allowances, and urging the covered enterprises with their administrative area to
carry out the allowances clearing and compliance.
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Article 5 The provincial development and reform commission shall establish a
carbon emissions allowance registration system in Guangdong Province (here-
inafter referred to as the “registry”) to take charge of unified electronic information
management of allowance creation, allocation, alteration, clearing, and cancelation.
The information recorded in the registry serves as final basis for defining ownership
and obligation of allowances. The allowances will become valid as of the date of
registration, since then the allowance owners are able to make earnings via trading,
transfer or mortgage of the allowances or through other legitimate means.

Article 6 The registry shall create accounts of varied functions for the provincial
competent authority, covered enterprises, new entrants, investment institutions and
other market players. After opening the accounts in light of the requirements of the
competent authority, the market players may start operations about allowances
administration in the registry.

Chapter 2 Allowance Allocation

Article 7 The provincial development and reform commission, by taking a full
account of the sectoral baseline emissions and emissions reduction potentials, and
companies’ historical emissions level, develops the allowance plan for Guangdong
Province. Before published and enforced, the plan shall be first reviewed by the
provincial allowance allocation review board and then ratified by the provincial
people’s government.

The allowance plan shall involve the name list of covered enterprises and new
entrants, and amount of annual allowances; percentage of free and paid allowances;
allocation methodologies, approaches, and processes; quantity of the paid allow-
ances via bidding; and allocation platform and provisions.

Article 8 The technical assessment panel for defining sectoral allowances, which
consists of the experts with industry associations and corporate representatives,
takes charge of collecting, summarizing, and processing the opinions or suggestions
reflected by the companies in the same industrial sector, evaluates the allowance
calculation methodologies, emissions factor, benchmark value and annual depre-
ciation factor in light of economic operation, and development characteristics of
industries, and then submits the evaluation report to the provincial development and
reform commission in a timely manner.

Article 9 In reference to production process, product characteristics, and data basis
of an industrial sector, the provincial development and reform commission adopts
the benchmarking and grandfathering methodologies to define the allowances to the
covered enterprises and new entrants. The allowances granted to companies are a
sum of the allowances for each production process (generating unit or product);
their calculation formulas are shown as follows:
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(1) Benchmarking:

Allowances allocated to covered enterprises = last year’s actual produc-
tion � correction factor for current year’s production � benchmark
value � current year’s depreciation factor;
Allowances allocated to new entrants = designed production capac-
ity � benchmark value.

(2) Grandfathering:

Allowances allocated to covered enterprises = historical average carbon
emissions � current year’s depreciation factor;
Allowances allocated to new entrants = projected annual comprehensive
energy consumption � factor of converted carbon emissions.

The correction factor for sector production, benchmark value, and annual
depreciation factor or calculation approaches shall be clarified in the annual
allowance allocation plan.

Article 10 The provincial development and reform commission allocates free
allowances to covered enterprises via the registry in light of the allowance allo-
cation plan. Regarding the covered enterprises that receive benchmarking-based
allowances, the provincial development and reform commission shall launch a
province-wide emissions verification and then define the amount of allowances, and
finally make up for the deficiency or take back excess allowances via the registry.

Article 11 The provincial development and reform commission organizes auctions
for allocation of paid allowances in light of the allowance allocation plan. The
covered enterprises may purchase the paid allowances voluntarily via the
paid allowance bidding platform (hereinafter referred to as “bidding platform”).
The new entrants, before transforming into covered enterprises, shall purchase
sufficient paid allowances in light of the provisions in Chapter 4 in the
Implementation Rules.

The revenue from paid allowance allocation shall be exclusively spent on the
carbon emissions reduction and construction of relevant capacity.

Article 12 If the covered enterprises or new entrants disagree with the allocation
results, they may apply for a reverification to the provincial development and
reform commission which will send them a written reply within 20 days after
reviewing the application.

If major changes happen to the production or operation of companies owing to
changing economic situations or industrial development, the provincial develop-
ment and reform commission shall authorize the technical assessment panel to
evaluate their amount of allowances, and then draw up an overall program to adjust
the allocation plan.
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Chapter 3 Allowance Clearing and Compliance

Article 13 Before every June 20, the covered enterprises shall fulfill their com-
pliance for turning over sufficient allowances via the registry based on last years’
actual carbon emissions which are verified by the verification institution and ratified
by the provincial development and reform commission. The allowances which are
frozen for mortgage or financing may not be used for the clearing and compliance
of the covered enterprises.

If the allowances are not enough to clear for compliance, the covered enterprises
shall purchase certain allowances via the bidding platform in advance for making
up for the deficiency. In case of any surplus allowances, after the covered enter-
prises have fulfilled their compliance, they shall be used for next year’s compliance
or trading.

Article 14 If the covered enterprises revoke their business license, halt
production/operation and move out of the province, their allowances shall be
handled as follows:

(1) The covered enterprises shall submit their carbon emissions information report
and verification report to the municipal development and reform commissions
at and above the prefecture level within one month before they halt
production/operation or move out of the province, then the latter shall report
such matter to the provincial development and reform commission.

(2) Before completion of the formalities for halting production/operation or mov-
ing out of the province, the covered enterprises shall clear the allowances based
on the verified actual emissions of the current year, the free allowances for the
companies, production lines, generating units or installations during abnormal
production months (operation rate of the month is below 50%, similarly
hereinafter) shall be handed over to the provincial development and reform
commission to be canceled, while the remaining allowances may be used or
traded by the companies.

Article 15 If the covered enterprises (production lines, generating units or instal-
lations) autonomously halt production for over 6 months in the current year, they
shall hand over the free allowances for abnormal production months to the
provincial development and reform commission for cancelation after confirmation.

Article 16 The covered enterprises are allowed to use the Chinese Certified
Emission Reduction (CCER) or the carbon reductions of companies/institutions or
individuals validated and issued by Guangdong Province to offset their actual
carbon emissions. The CCER shall satisfy the relevant provisions in the Interim
Measures for Carbon Emissions Administration in Guangdong Province, uniformly
registered in light of the national relevant regulations and meeting the following
conditions concurrently:
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(1) Mainly come from the carbon dioxide (CO2) and methane (CH4) emissions
reduction projects, i.e., these two gases shall account for over 50% of all GHG
emissions cutbacks;

(2) The electricity generation, heat supply, and surplus energy (waste heat, water
pressure, and waste gas) utilization projects that are free from consumption of
hydropower or such fossil energy as coal, petroleum, and natural gas (excluding
coal-bed methane); and

(3) Exclude the emissions reductions generated by the Clean Development
Mechanism (CDM) projects before registered at the Executive Board of CDM
of the United Nations.

Article 17 If the covered enterprises intend to use the CCER to offset their actual
carbon emissions, they shall submit the offset application and relevant certifications
to the provincial development and reform commission before every June 10 in light
of the provisions of Article 16 in the Implementation Rules; the offset could not be
carried out unless it is confirmed qualified.

The procedures for the offset with CCER or the carbon reductions of
companies/institutions or individuals validated and issued by Guangdong Province
are separately stipulated.

Article 18 If the covered enterprises fail to clear the allowances in full amount in
violation of the provisions of the Implementation Rules, the provincial development
and reform commission shall urge them to make correction; otherwise, the com-
mission may impose a penalty upon such companies in light of the Interim
Measures for Carbon Emissions Administration in Guangdong Province. And the
violations of the companies will be input into the provincial financial credit system
and social credit system according to relevant regulations, and make public via the
official website of government and social media.

Chapter 4 Allowance Administration for New Entrants

Article 19 The companies that are newly operated with annual CO2 emissions at
10,000 tons and above (hereinafter referred to as “new entrants”) shall be included
into allowance administration.

Article 20 The new entrants shall purchase paid allowances in line with the
following procedures and requirements:

(1) The new entrants shall submit the application and relevant certification docu-
ments for buying paid allowances, the content of application involves but not
limited to the following points:

i. Project profile;
ii. The energy-saving evaluation report and review opinions ratified or

archived by the competent authority; and
iii. Projected annual CO2 emissions of the new entrants.
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(2) The application materials shall be first examined by the municipal development
and reform commissions at and above the prefecture level according to the
principle of territory, and then reported to the provincial development and
reform commissions for validation. The provincial companies are able to report
their application materials directly to the provincial development and reform
commission for validation.

(3) Based on the verified quantity of paid allowances to the new entrants, the
companies may purchase paid allowances in full amount via the bidding
platform before acceptance check of the new projects.

Article 21 After the new entrants (production lines, generating units or installa-
tions) have fulfilled the acceptance check and undergone 12 months of operation,
they shall be subject to verification of the verification institution designated by the
provincial development and reform commission, those are fully qualified will
officially join in the rank of covered enterprises.

If the new projects are owned by the existing covered enterprises, the latter shall
revise their carbon emissions monitoring plan in a timely manner. After the new
entrants (production lines, generating units or installations) have fulfilled the
acceptance check and undergone 12 months of operation, they shall be incorporated
into the existing covered enterprises.

Chapter 5 Allowance Transaction

Article 22 The trading principals joining in the allowance transaction are made up
of covered enterprises, owners of new projects, qualified institutional, and indi-
vidual investors. The transaction platform administration institution (hereinafter
referred to as “transaction institution”) shall specially build a professional trans-
action system that for allowance trading. The transaction system shall link with the
allowance registry, enable data exchange, and make sure that the transaction
information could be promptly inputted into in the registry.

Article 23 The institutional investors that join in the allowance transaction shall
meet the following conditions concurrently:

(1) Being an independent legal entity;
(2) Being a well-organized institution with both internal control and risk man-

agement systems;
(3) With sound commercial credit; and
(4) Conform to the national and provincial relevant provisions.

Article 24 The individual investors that join in the allowance transaction shall meet
the following conditions concurrently:

(1) Being a natural person at an age of 18 and above;
(2) Passing the transaction risk evaluation; and
(3) Conform to the national and provincial relevant provisions.
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Article 25 The quantity of allowances held by each trading principal shall meet the
following conditions:

(1) Before their annual actual carbon emissions are verified by the provincial
development and reform commission, the covered enterprises may not transfer
over 50% of their current year’s free allowances in their registered account to
the transaction account for trading. After clearing the allowances for compli-
ance, the covered enterprises may transfer all of the surplus allowances to their
transaction account for trading.
When the covered enterprises intend to deal with all of the allowances in their
registered account owing to revocation of business license, halting production
or removal out of the province, they shall go through the procedures as pro-
vided for in Article 14 in Chapter 3. The remaining allowances are at their own
discretion.

(2) Before being incorporated into the covered enterprises, the owners of new
projects may have unlimited quantity of allowances.

(3) The quantity of allowances held by institutional and individual investors may
not exceed 3 Mt.

Article 26 All trading principals shall register at the registry and open an account at
the transaction system at the same time. The provincial development and reform
commission shall handle the application for opening an account made by the
covered enterprises, the owners of new projects and overseas registered agencies,
and authorize the transaction institution to handle the application for opening an
account made by institutional and individual investors.

The transaction institution shall establish a transaction risk evaluation system,
regularly report to the provincial development and reform commission about the
transaction activities and approval results about the account opening applications
made by institutional and individual investors.

Article 27 The provincial development and reform commission shall build
allowance market regulation mechanism to safeguard market stability and supervise
the business of the transaction institution. The transaction institution shall regularly
evaluate and improve the transaction rules. After being stipulated, the transaction
rules shall be first reported to the provincial development and reform commission
and financial department for review and ratification before execution.

Article 28 The financial agencies are encouraged to explore the financial services
like allowance mortgage finance, while such conduct shall be confirmed at the
registry. The provincial development and reform commission shall entrust the
transaction institution to do a good job in inquiring ownership and obligations of
companies’ allowances and mortgage registration.
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Chapter 6 Supplementary Provisions

Article 29 The Implementation Rules are subject to interpretation of the provincial
development and reform commission.

Article 30 Regarding the time limit as provided for in the Implementation Rules, if
the date of expiration happens to be the national statutory holiday, then the first
workday after the holiday is deemed as the date of expiration.

Article 31 The Implementation Rules come into effect as of March 1, 2015 and
have a period of validity of five years. In case any relevant provision published
before are inconsistent with the Implementation Rules, it is the latter that shall
prevail.

Implementation Rules for Corporate Carbon Emissions
Reporting and Verification in Guangdong Province

(The Implementation Rules for Corporate Carbon Emissions Reporting and
Verification in Guangdong Province (GD DRC Climate Change Office [2015]
No. 80) were issued by Guangdong Provincial Development and Reform
Commission on February 16, 2015 and executed as of March 1, 2015.)

Chapter 1 General Provisions

Article 1 For the purpose of standardizing the corporate carbon emissions reporting
and verification in Guangdong Province, ensuring the authenticity, accuracy, and
reliability of corporate carbon emissions information, the Implementation Rules for
Corporate Carbon Emissions Reporting and Verification in Guangdong Province
(hereinafter referred to as the “Rules”) are hereby formulated in light of the Interim
Measures for the Administration of Carbon Emissions Trading and the Interim
Measures for Carbon Emissions Administration in Guangdong Province.

Article 2 The Rules are applicable to the monitoring, reporting, and verification
(MRV) of carbon emissions information of the covered enterprises/institutions
within the administrative area of Guangdong Province.

Article 3 The provincial development and reform commission takes charge of
overall coordination, supervision, and administration of the MRV of all of
Guangdong’s covered enterprises, and draws up carbon emissions reporting
guidelines and verification specifications in collaboration of the provincial com-
petent authorities. All municipal development and reform commissions at and
above the prefecture level shall take charge of the MRV of the covered enterprises
within their jurisdiction.
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Article 4 The MRV regime of Guangdong Province deals with the covered
enterprises/institutions and reporting companies based on their category. The specific
name list of these companies/institutions is defined by the provincial development
and reform commission and other relevant authorities through deliberation.

By taking account of the carbon emissions administration and progress of carbon
trading, such industrial sectors as electricity, cement, iron and steel, petrochemical,
ceramics, nonferrous, textile, chemical, and paper-making, as well as the public
buildings and the companies/institutions that engage in transportation, are included
into the MRV regime in batches. Any company/institution that intends to partici-
pate in the carbon emissions administration voluntarily shall report to the provincial
development and reform commission for approval, and then join in the MRV
regime in light of the same requirements for the covered enterprises/institutions.

Article 5 If the annual actual carbon emissions of the covered enterprises are
verified to be lower than the prescribed amount for 3 years in a row, they will be
degraded to reporting companies after confirmed by provincial development and
reform commission. If the annual actual carbon emissions of the reporting com-
panies are lower than the prescribed amount for 3 years in a row, they will be
removed out of the carbon emissions administration after confirmed by provincial
development and reform commission.

If the annual actual carbon emissions of the covered enterprises/institutions and
reporting companies are lower than the prescribed amount, which is resulting from
major changes on their production or operation activities, they shall be degraded to
reporting companies or removed out of the carbon emissions administration after
confirmed by provincial development and reform commission. Such major changes
refer to altered production capacity (e.g., dismantled production line), production
scope or product mix, or serious accident, technical revamp, and plant relocation
which halts production for 2 years or more.

Article 6 The covered enterprises/institutions and reporting companies shall
establish and improve the carbon emissions administration system, and perform
monitoring and reporting obligations as required. The covered enterprises/
institutions shall collaborate with the verification institutions to carry out the ver-
ification activities.

Article 7 The provincial development and reform commission shall build the
Carbon Emissions Information Reporting and Verification System (hereinafter
referred to as the “Information System”) to take charge of information management
of the MRV of companies/institutions.

Chapter 2 Carbon Emissions Monitoring and Reporting

Article 8 The carbon emissions monitoring plan is an important basis for the
covered enterprises/institutions and reporting companies to report their emissions
information, and for the verification institutions to carry out the verification
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activities. The covered enterprises/institutions and reporting companies shall pro-
duce an emissions monitoring plan and submit to the provincial development and
reform commission together with their emissions report which is delivered for the
first time.

Article 9 The carbon emissions monitoring plan, which is produced on basis of the
Carbon Dioxide Emissions Reporting Guidelines for Companies in Guangdong
Province, is made up of the following key points:

(1) Basic information about the emitting sources, including process flow diagram
and inventory of main equipment;

(2) Available monitoring devices, approaches, and measurement frequency;
(3) Patterns for data recording, keeping statistics, processing, summarizing and

storing;
(4) Quality control and guarantee measures; and
(5) Other relevant information.

In case any change occurs to the above contents, the covered enterprises/
institutions and reporting companies shall modify their carbon emissions moni-
toring plan and submit the revised plan to the provincial development and reform
commission within 3 months after the change takes place.

Article 10 The covered enterprises/institutions and reporting companies shall
produce an annual emissions monitoring plan and deliver the plan via the aforesaid
Information System by March 15 every year. The reporting companies shall also
deliver an official monitoring plan in written plan to the municipal development and
reform commission at and above the prefecture level. The covered enterprises/
institutions shall, before May 5 each year, deliver the verified annual emissions
report and verification report, both in written form, to the municipal development
and reform commission at and above the prefecture level which shall summarize the
reports and then deliver them to the provincial development and reform commission
before May 10 each year.

Article 11 The carbon emissions information report, which is produced on basis of
the Carbon Dioxide Emissions Reporting Guidelines for Companies in Guangdong
Province, is made up of the following key points:

(1) The basic information about companies’ production and operation;
(2) The information about the energy, materials, and production process associated

with companies’ carbon emissions;
(3) The parameters, methodologies, and results of carbon emissions metering;
(4) Data quality control and guarantee;
(5) Submit the entrustment agreement if a service agency is entrusted to produce

the carbon emissions information report; and
(6) Other matters that need to be explained.

Article 12 The covered enterprises/institutions shall cooperate with the verification
institution to carry out the relevant work, provide necessary documents and
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materials, then modify the carbon emissions information report in reference to the
opinions presented by the verification institution, and finally resubmit the improved
report.

Chapter 3 Carbon Emissions Verification

Article 13 The verification institution shall, by following the verification specifi-
cations and instructions of Guangdong Province, carry out the verification activities
by means of document review and on-site check, and submit the verification report
via the Information System by April 30 each year, and produce a written verifi-
cation report to the covered enterprises/institutions.

Article 14 According to the regulations on government procurement, the provincial
development and reform commission may entrust a verification institution to verify
(including reverification and spot check) the emissions information report submitted
by the covered enterprises/institutions, and bear the corresponding expenses.

Article 15 If any change happens to the verification institution, including the changes
on the legal representative, premises, business scope, verification scope, and verifiers,
it shall report such matter to the provincial development and reform commission
within ten workdays after the change takes place. If the verification institution is
unable to satisfy the verification requirements, provincial development and reform
commission shall confirm suchmatter and no longer invite this verification institution.

Article 16 Before carrying out the verification activities, the verification institution
shall report the name list of the concerned verifiers to the provincial development
and reform commission, and organize the concerned verifiers to take part in the
verification trainings sponsored by the commission.

The verification trainings held by the provincial development and reform com-
mission are free from charge.

Article 17 In light of the verification specifications of Guangdong Province, the
verification institution shall produce a verification report and affix their signatures
and seals on the report for confirmation. The verification report consists of the
following key points:

(1) Basic information about the verification institution;
(2) Information about the personnel composition of the verification team;
(3) Basic information about the verified companies/institutions;
(4) Record of the verification process;
(5) Annual carbon emissions amount of companies/institutions and methodologies

for emissions calculation;
(6) Verification conclusion;
(7) The content of the emissions information report that needs to be clarified or

revised;
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(8) Impartiality statement;
(9) Other matters that need to be explained.

Article 18 The provincial development and reform commission shall hold a review
of the emissions information report produced by the covered enterprises/institutions
and the verification report. If there is no dissent opinion about these reports, the
commission shall confirm the annual emissions amount of the covered
enterprises/institutions and deliver the feedback to them before May 20 each year;
otherwise, the commission shall organize a reverification and feed back the annual
emissions amount to the covered enterprises/institutions before June 5 each year.

Article 19 Upon receipt of the feedback from the provincial development and
reform commission, if the covered enterprises/institutions hold different views
toward the defined annual emissions amount, they are entitled to apply for a
reverification to the commission within seven workdays upon receipt of the
feedback.

Chapter 4 Supervision and Administration

Article 20 The covered enterprises/institutions take responsibility for the authen-
ticity of their emissions monitoring plan, reported data and information. If any
regulated or reporting company/institution fails to receive the mandatory emissions
verification, they shall be fined in light of the Interim Measures for Carbon
Emissions Administration in Guangdong Province.

The provincial development and reform commission shall strengthen supervision
and administration of the carbon emissions monitoring plan produced by the cov-
ered enterprises/institutions, and present opinions for modification if the plan is
found inconsistent with the actual carbon emissions.

If any regulated or reporting company/institution fails to report their carbon
emissions or not collaborate with the verification institution, the provincial devel-
opment and reform commission shall entrust the verification institution to calculate
their annual carbon emissions, which shall be deemed as basis for the concerned
company/institution to perform their obligations in allowance settlement.

Article 21 The provincial development and reform commission shall exercise
dynamic administration of the verification institution, organize assessment and
appraisal of the verification report, and establish a “blacklist” system for the non-
compliant verification institutions.

Article 22 When the provincial development and reform commission or all
municipal development and reform commissions at and above the prefecture level
are performing their obligation of supervising the verification report, the concerned
companies/institutions shall collaborate during the supervision process by provid-
ing relevant files and materials, instead of rejection, obstruction or concealment.
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Article 23 The verification institution and its staff members shall carry out the
verification activity according to law and in an independent and impartial manner;
take responsibility for the standardization, authenticity, and accuracy of the veri-
fication reform; and perform the obligation of confidentiality, bear legal liability,
and accept public supervision. If the verification institution or its staff members
commit one of the following actions, the provincial development and reform
commission shall make public their violation and impose a fine in light of the
Interim Measures for Carbon Emissions Administration in Guangdong Province;
those whose offenses are serious enough to constitute a crime shall be prosecuted
for criminal responsibility according to law.

(1) Produce a false and inconsistent verification report;
(2) Serious mistakes are found in the verification report or the verified emissions

are greatly different from actual emissions.
(3) Use or publish the commercial secrets and carbon emissions information of the

verified companies/institutions without authorization;
(4) Any other acts of violations.

Article 24 The provincial development and reform commission shall create a credit
file for the covered enterprises/institutions, reporting companies and verification
institutions, and incorporate their credit information into the Social Credit System
and Financial Credit System in a timely manner.

Article 25 If the employees with the development and reform commissions at all
levels and competent authorities commit any of the misconduct like abuse of power,
neglect of duty, practicing frauds for personal gains or disclose the confidential
information about the covered enterprises/institutions shall be imposed an admin-
istrative sanction or disciplinary sanction. Those whose offenses are serious enough
to constitute a crime shall be prosecuted for criminal responsibility according to law.

Article 26 The provincial development and reform commission, covered
enterprises/institutions, reporting companies and verification institutions shall make
archive for the carbon emissions report, verification report and relevant files. Such
materials shall be kept by the provincial development and reform commission for
30 years, while such materials shall be kept by covered enterprises/institutions,
reporting companies, and verification institutions for 15 years.

Chapter 5 Supplementary Provisions

Article 27 The Rules are due to be explained by the provincial development and
reform commission.

Article 28 If the last calendar day of the deadline as prescribed in the Rules happens
to be a statutory holiday, then the last workday ahead of the holiday is deemed as
the date of expiration.

244 Appendix



Article 29 The Rules shall come into effect as of March 1, 2015 and have a
period of validity of 5 years. In case the provisions in the Rules are inconsistent
with the provisions that are published before, it is the Rules that shall prevail.

Carbon Emissions Trading Rules of China (Guangzhou)
Emissions Exchange

Chapter 1 General Provisions

Article 1 For the purpose of standardizing the carbon emissions trading activities,
maintaining market order, and safeguarding the legitimate rights and interests of
market players, the Carbon Emissions Trading Rules of China (Guangzhou)
Emissions Exchange are hereby formulated in light of the Interim Measures for
Carbon Emissions Administration in Guangdong Province.

Article 2 The Rules are applicable to China (Guangzhou) Emissions Exchange
(hereinafter referred to as “CGEE”) that hosts and organizes the carbon emissions
trading activities of Guangdong Province.

Article 3 The parties that engage in CGEE-based carbon trading shall observe the
relevant laws and regulations, and the rules and provisions of CGEE, and follow the
principles of openness, fairness, impartiality, voluntariness, equality, honesty, and
credibility.

Chapter 2 Trading Market

Section 1 Venue for Transaction

Article 4 CGEE is obliged to provide a transaction venue, relevant facilities, and
services for the carbon trading parties.

Article 4 A transaction venue and associated facilities shall consist of a trading hall,
data center, information disclosure system, settlement system, and a supporting
system relevant to carbon trading.

Section 1 Participants in Trading Activities

Article 6 Trading participants, which refer to all parties that purchase or sell the
carbon emissions allowances in CGEE, are made up of the following parties:
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(1) The covered enterprises/institutions and new entrants that are involved in the
carbon emissions scheme (ETS) in Guangdong Province; and

(2) Other investment institutions, organizations, and individuals that conform to
relevant regulations.

Article 7 CGEE has established a membership administration system. The trading
parties shall become a CGEE member or entrust a CGEE member to take part in the
allowance trading. CGEE shall report the name list of the members to the provincial
development and reform commission in a regular manner.

The membership administration for emissions allowance trading is separately
provided for by CGEE.

Article 8 The trading parties are entitled to the following rights:

(1) Join in the emissions allowance trading and associated activities;
(2) Attend the relevant trainings organized by CGEE;
(3) Use the relevant equipment and facilities provided by CGEE;
(4) Receive the information and services that concern about the emissions allow-

ance trading that are provided by CGEE;
(5) Supervise the work of CGEE and present suggestions or opinions;
(6) Other legitimate rights that are granted by law.

Article 9 The trading parties shall perform the following obligations:

(1) Abide by relevant laws and regulations, the Rules, and any other administrative
systems that are established by CGEE;

(2) Properly preserve the transaction account and password, bear the legal liability
for the trading directive issued from the transaction account and the transaction
outcome, and bear all liability for the consequences generated by the use of the
transaction account;

(3) Learn about the information, announcements, and systems that are disclosed by
CGEE, and bear the losses arising from underperformed obligation of rea-
sonable concern;

(4) Bear the corresponding risks and legal liabilities for the contract that stipulated
by trading parties, and strictly perform the contract and join in emissions
allowance trading in a fairness, impartial, and open manner;

(5) Take care of the CGEE-based facilities, safeguard its reputation, and pay for
various expenses based on the contract;

(6) Notify CGEE of the major event that may impact the allowances trading;
(7) Ensure the authenticity, integrity, and validity of the submitted materials, and

undertake corresponding legal liabilities therefor;
(8) Perform other obligations according to law.
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Section 3 Objects and Specifications of Transaction

Article 10 The objects of transaction of CGEE mainly consist of the following
products:

(1) The carbon emissions allowances of Guangdong Province (GDEA);
(2) Other tradable products that are approved by the provincial development and

reform commission.

Article 11 The emissions allowance trading in CGEE is measured in the following
basic units:

(1) Trading unit: per ton of carbon dioxide emissions (tCO2);
(2) Price quotation unit: yuan/t (rounded up to percentile);
(3) Minimum trading volume: one ton;
(4) Minimum price fluctuation unit: 0.01 yuan/t.

Section 4 Time of Transaction

Article 12 The transactions in CGEE are held from 9:30 to 11:30 a.m. and from
13:30 to 15:30 p.m. from Monday to Friday (subject to the time of the transaction
server). No transaction is held on the national statutory holidays or any closure day
as announced by CGEE.

If it is required for market development, CGEE is allowed to adjust time of
transaction and make an announcement about this matter.

Article 13 No transaction is postponed even if a market closure takes place within
the trading hours for some reason.

Chapter 3 Trading of Carbon Emissions Allowance

Article 14 Carbon emissions allowance is traded via listed bidding, click choosing,
one-way bidding, negotiated transfer, and any other approaches ratified by the
provincial development and reform commission.

The viable trading approach is decided by CGEE in light of specific situations
and announced to the public.

Article 15 All trading parties shall open an allowance transaction account via the
registry of CGEE, and also open a transaction account and settlement account in
their real name as required.

Article 16 Before sending out the declaration orders to the transaction system, all
trading parties shall make sure that the allowances or funds in their transaction
account are enough to meet the transaction conditions.
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Article 17 Upon completion of the trading activity, the transaction system will
automatically generate an electronic transaction voucher which is of the corre-
sponding legal effect.

Section 1 Listed Bidding

Article 18 In listed bidding, the trading parties shall send out the declaration orders
via the transaction system which will then rank and disclose the declaration orders,
and finally arrange one-time and one-way matching for the declaration orders
within the time span as prescribed by the transaction system.

Article 19 The transaction time span for listed bidding is for sending out decla-
ration orders and paired trading.

During the declaration time span, the trading parties shall send out the decla-
ration orders to the transaction system. The declaration orders are made up of code
of transaction object, quantity, price, and trade direction. Upon completion of the
declaration, the corresponding transaction object and funds will be frozen.

During the paired trading time span, the transaction system shall, by following
the principle of “price priority and time priority”, carry out the paired trading, and
disclose the final result. Any untraded declaration order will enter into the next
transaction time span.

Article 20 The transferor and transferee may cancel their declaration orders within
the declaration time span, then the frozen transaction object or fund will be
unfreezed automatically; the completed declaration orders may not be canceled; as
for the partially completed declaration orders, only the uncompleted portion may be
canceled. During the paired trading time span, neither declaration nor withdrawal is
allowed. The untraded declaration orders will be canceled automatically after the
transaction hours of listed bidding.

Section 2 Click Choosing

Article 21 In click choosing, the trading parties shall propose listed declarations for
sales or purchase to define the quantity and price of transaction object, the inten-
tional transferor and transferee shall view the real-time listed orders, click on the
intentional order, and submit the declarations for sales or purchase.

Article 22 The trading parties shall submit the listed declaration orders to the
transaction system for attracting intentional transferor or transferee. The listed
orders shall include the code of transaction object, quantity, unit price, and trading
direction. Upon completion of the declaration, the corresponding transaction object
or fund will be frozen and enter into the queue of listed orders.

The intentional transferor or transferee shall view the real-time listed declaration
orders, click on the intentional orders, submit the declaration, and complete the
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trading. By following the principle of “price priority and time priority”, the
intentional transferor is only allowed to click on the minimum priced sales order,
while the transferee shall click on the maximum price purchase order. The order is
closed based on its declared price and quantity.

Article 23 All of the untraded listed declarations may be canceled any time. For the
partially traded listed declarations, only the untraded portion may be canceled and
available to be listed again.

Section 3 One-Way Bidding

Article 24 In one-way bidding, transferor shall submit the listed orders to the
transaction system, define quantity, and reserve price of the transaction object, and
the intentional transferee shall conduct online bidding on their own and finish the
transaction with the prescribed time limit.

Article 25 The transferor shall submit the listed orders for one-way trading to the
transaction system for attracting intentional transferee. The listed orders shall
include the code of transaction object, quantity, reserve price, and time limit for the
bidding. Upon completion of the declaration, the corresponding transaction object
will be frozen and enter into the bidding process at the time set by the transaction
system.

The bidding process is made up of free bidding and time-bound bidding. During
free bidding, the intentional transferor is able to give full quotations for the
transaction object; when the quotation price is higher than the existing highest
quotation price (opening price is allowed for the first quotation), it is deemed as
valid quotation price. After completion of the free bidding process, the transaction
system will postpone the preset limit cycle automatically, and enter into the
time-bound bidding process which shall be within the trading hours as announced
by the CGEE. Upon completion of the time-bound bidding, the latest valid quo-
tation price will become the strike price.

Section 4 Negotiated Transfer

Article 26 Negotiated transfer refers to a transaction pattern where the two trading
parties complete the transaction by reaching consensus through negotiations. When
the negotiated transfer is practiced, the quantity of single transaction shall reach
100,000 tons or above.

Article 27 In case of negotiated transfer, the quotation price may not be 130%
higher or 70% lower than the closing price of the previous trading day.

Article 28 The trading parties submit the listed orders based on negotiated transfer
to the transaction system. In addition to the code of transaction object, quantity,
price, and trade direction, the information about the intentional transferee shall be
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included. The transaction is completed upon confirmation by the intentional
transferee in the transaction system and approval of CGEE.

Article 29 The trading price based on negotiated transfer is not included in the
real-time quotations of CGEE; yet the trading volume thereof is reckoned into
CGEE’s gross trading volume of the allowances on that day.

Chapter 4 Fund Supervision, Clearing, and Allowance Delivery

Article 30 CGEE has established a third-party custody system for clearing the
funds for allowance transaction.

Neither institution nor individual may embezzle, occupy, or borrow the trans-
action clearing funds that are deposited in bank in the name of CGEE, or use the
funds for providing guarantee for others without CGEE’s approval.

Article 31 CGEE shall deal with the transaction clearing after completion of the
transactions on the same day. The allowances shall be transferred from the trans-
action account of transferor to that of transferee, while the funds shall be transferred
by the clearing bank from the transaction account of transferee to that of transferor.

The transferor is able to transfer the clearing funds from its transaction account
into its fund account on the following trading day.

Article 32 The allowance delivery is uniformly organized by CGEE. The provincial
development and reform commission shall, in light of relevant regulations and the
clearing results of CGEE, ratify the transfer of the ownership of allowances via the
allowance registry.

Article 33 CGEE arranges fund clearing and allowance delivery from 15:30 to
17:00 p.m. on each trading day. In case the time for fund clearing and allowance
delivery is altered under a special circumstance, it shall be separately announced by
CGEE.

The system for allowance clearing is separately stipulated by CGEE.

Chapter 5 Other Transaction Matters

Section 1 Opening Price, Closing Price, and Increase/Decrease Rate

Article 34 The opening price at CGEE is the closing price of listed bidding or click
choosing of the previous trading day, while the closing price is weighted average
price of aggregate trading prices of the listed bidding or click choosing on the same
day. In case of no closing price or transaction on that day, the closing price of the
previous trading day is deemed as the valid closing price.
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Article 35 The closing price of listed bidding or click choosing shall be ±10% of
the opening price. In case the one-way bidding is practiced, the reserve price shall
be ±10% of the opening price.

Section 2 Suspension, Resumption, and Termination of Transactions

Article 36 In case one of the following circumstances takes place, CGEE shall
suspend the transaction of certain allowances or the entire transaction system. In
case any transaction is made and leads to a serious consequence, CGEE may adopt
appropriate remedial measure and deem it invalid.

(1) Partial or whole transaction is undone owing to technical breakdown or
unlawful intrusion of transaction system, contingency, or matters of force
majeure;

(2) Any transaction that is suspected of violating law or relevant regulations,
trading volume exceeding the prescribed scope, high-frequency transaction, or
other abnormal situations;

(3) Any other circumstance that interrupts normal operation of transactions or the
circumstance where CGEE deems necessary to suspend transactions.

When CGEE decides to suspend transactions, it shall report such decision to the
provincial development and reform commission and make announcement about
such matter.

Article 37 CGEE may decide to resume transactions after dispelling the inter-
rupting circumstances. The specific timing and approach for suspending or
resuming the transactions are decided by CGEE in light of the specific situations.

Article 38 During the period where the transactions are suspended, the transaction
system no longer accepts the declarations about the suspended transactions or all of
the declarations. Upon resumption of the transactions, the directives made before
the suspension shall enter the normal trading process.

Article 39 In case the trading parties or allowances no longer have the trading
qualifications or conditions in light of the relevant laws, regulations, rules or
policies, CGEE shall terminate the relevant transaction activities and make
announcement about such matter.

Article 40 CGEE is exempted from bearing the liability for the losses arising from
transaction suspension, resumption or termination.

Chapter 6 Transaction Information

Article 41 CGEE shall publish the real-time quotations and public information
about the allowance transactions on each trading day.
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Article 42 CGEE shall regularly produce the statistical statement and analysis
report about the allowance transactions and release them on time.

Article 43 CGEE, trading parties, and clearing bank may not disclose the com-
mercial secrets that they have obtained when dealing with the allowance
transactions.

CGEE is allowed to provide relevant information to the competent authority or
other relevant institutions in light of relevant regulations and carry out the regu-
lations on commercial secrets.

Article 44 CGEE is allowed to adjust the means for publishing information and its
content in line with the need for market development.

The system for administration of allowance transaction information is separately
stipulated by CGEE.

Chapter 7 Supervision and Administration

Article 45 CGEE has established the system for limiting the holdings of allowances.
The allowances held by each trading party may not exceed the prescribed limit.

Article 46 CGEE has established the system for control of clearing risks, and
exercises administration of members’ clearing funds based on separate accounts.

Article 47 CGEE shall conduct supervision and inspection of the trading parties,
clearing bank, and other participants in allowance transaction in light the provisions
in these Rules and other relevant regulations, and regularly report such matters to
the provincial development and reform commission.

Article 48 If CGEE has discovered that the trading parties are involved in insider
dealing, market manipulation, abnormal transactions, and other violations by means
of supervision, complaints reporting or notification of competent authority, it shall
order the concerned party to make correction; in light of the seriousness of the case,
CGEE may impose such penalties as conversation reminder, written warning,
public criticism, restriction of transaction, suspension or termination of transactions,
or revocation of their qualifications for other businesses or membership.

CGEE shall preserve a poor credit record for all trading parties, record their
violations during transactions, and make public such discreditable conducts.

Chapter 8 Resolution of Transaction Disputes

Article 49 In case any dispute arises from the allowance transaction, the concerned
trading parties may resolve such matter on their own through negotiations, apply for
arbitration by an arbitration institution according to law or file a lawsuit to the local
people’s court.
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Chapter 9 Transaction Expenses

Article 50 When the trading parties join in the allowance transactions held by
CGEE, or any institution or individual uses the information provided by CGEE,
they shall pay for the transaction service, information use, and other necessary fees
to CGEE.

Article 51 The amount of allowance transaction formality fee is decided in line with
the relevant regulations of the provincial pricing authority, while other charging
items and standards are separately decided by CGEE.

Chapter 10 Supplementary Provisions

Article 52 These Rules are stipulated and explained by CGEE. Based on the
provisions of these Rules, CGEE is able to draw up implementation provisions or
measures.

Article 53 These Rules shall come into effect as of the date of issuance.

China (Guangzhou) Emissions Exchange
July 30, 2015

Trading Rules for Chinese Certified Emission Reduction
at China (Guangzhou) Emissions Exchange

Chapter 1 General Provisions

Article 1 For the purpose of standardizing the transactions of Chinese Certified
Emission Reduction (hereinafter referred to as “CCER”), maintaining market order
and safeguarding the legitimate rights and interests of market players, the Trading
Rules for Chinese Certified Emission Reduction at China (Guangzhou) Emissions
Exchange are hereby formulated in light of the Interim Measures for the
Administration of Greenhouse Gas Voluntary Emission Reduction and the Interim
Measures for Carbon Emissions Administration in Guangdong Province.

Article 2 The Rules are applicable to China (Guangzhou) Emissions Exchange
(hereinafter referred to as “CGEE”) that hosts and organizes the CCER trading
activities.

The parties that engage in CGEE-based CCER trading shall observe the relevant
laws and regulations, and the rules and provisions of CGEE, and follow the prin-
ciples of openness, fairness, impartiality, voluntariness, equality, honesty, and
credibility.
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Article 3 The CCER that is referred to in these Rules represents the Chinese
Certified Emission Reduction that is ratified by the National Development and
Reform Commission (hereinafter referred to as the “NDRC”).

Chapter 2 Trading Market

Section 1 Venue for Transaction

Article 4 CGEE is obliged to provide a transaction venue, relevant facilities, and
services for the carbon trading parties.

Article 5 A transaction venue and associated facilities shall consist of a trading hall,
data center, information disclosure system, settlement system, and a supporting
system relevant to carbon trading.

Section 2 Participants in Trading Activities

Article 6 Trading participants, which refer to all parties that purchase or sell the
CCER in CGEE, are made up of the following parties:

(1) Owners of CCER;
(2) The covered enterprises/institutions and new entrants that are involved in the

pilot program for carbon emissions scheme (ETS) in Guangdong Province; and
(3) Other investment institutions, organizations, and individuals that conform to

relevant regulations.

Article 7 CGEE has established a membership administration system. The trading
parties shall become a CGEE member or entrust a CGEE member to take part in the
CCER trading.

The membership administration for CCER trading is separately provided for by
CGEE.

Article 8 The trading parties are entitled to the following rights:

(1) Join in the CCER trading and associated activities;
(2) Attend the relevant trainings organized by CGEE;
(3) Use the relevant equipment and facilities provided by CGEE;
(4) Receive the information and services that concern about the CCER trading that

are provided by CGEE;
(5) Supervise the work of CGEE and present suggestions or opinions;
(6) Other legitimate rights that are granted by law.
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Article 9 The trading parties shall perform the following obligations:

(1) Abide by relevant laws and regulations, the Rules, and any other administrative
systems that are established by CGEE;

(2) Properly preserve the transaction account and password, bear the legal liability
for the trading directive issued from the transaction account and the transaction
outcome, and bear all liability for the consequences generated by the use of the
transaction account;

(3) Learn about the information, announcements, and systems that are disclosed by
CGEE, and bear the losses arising from underperformed obligation of rea-
sonable concern;

(4) Bear the corresponding risks and legal liabilities for the contract that stipulated
by trading parties, and strictly perform the contract and join in emissions
allowance trading in a fairness, impartial, and open manner;

(5) Take care of the CGEE-based facilities, safeguard its reputation, and pay for
various expenses based on the contract;

(6) Notify CGEE of the major event that may impact the CCER trading;
(7) Ensure the authenticity, integrity, and validity of the submitted materials, and

undertake corresponding legal liabilities therefor;
(8) Perform other obligations according to law.

Section 3 Object and Specifications of Transaction

Article 10 In these Rules, the object of transaction of CGEE refers to CCER.

Article 11 The CCER trading in CGEE is measured in the following basic units:

(1) Trading unit: per ton of carbon dioxide emissions (tCO2);
(2) Price quotation unit: yuan/t (rounded up to percentile);
(3) Minimum trading volume: one ton;
(4) Minimum price fluctuation unit: 0.01 yuan/t.

Section 4 Time of Transaction

Article 12 The transactions in CGEE are held from 9:30 to 11:30 a.m. and from
13:30 to 15:30 p.m. from Monday to Friday (subject to the time of the transaction
server). No transaction is held on the national statutory holidays or any closure day
as announced by CGEE.

If it is required for market development, CGEE is allowed to adjust time of
transaction and make an announcement about this matter.

Article 13 No transaction is postponed even if a market closure takes place within
the trading hours for some reason.
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Chapter 3 CCER Trading

Article 14 CCER is traded via listed bidding, click choosing, one-way bidding,
negotiated transfer, and any other approaches ratified by the competent authority.

The viable trading approach is decided by CGEE in light of specific situations
and announced to the public.

Article 15 All trading parties shall open a CCER transaction account via the
registry of CGEE, and also open a transaction account and settlement account in
their real name as required.

Article 16 Before sending out the declaration orders to the transaction system, all
trading parties shall make sure that the CCER or funds in their transaction account
are enough to meet the transaction conditions.

Article 17 Upon completion of the trading activity, the transaction system will
automatically generate an electronic transaction voucher which is of the corre-
sponding legal effect.

Section 1 Listed Bidding

Article 18 In listed bidding, the trading parties shall send out the declaration orders
via the transaction system which will then rank and disclose the declaration orders,
and finally arrange one-time and one-way matching for the declaration orders
within the time span as prescribed by the transaction system.

Article 19 The transaction time span for listed bidding is for sending out decla-
ration orders and paired trading.

During the declaration time span, the trading parties shall send out the decla-
ration orders to the transaction system. The declaration orders are made up of code
of transaction object, quantity, price, and trade direction. Upon completion of the
declaration, the corresponding transaction object and funds will be frozen.

During the paired trading time span, the transaction system shall, by following
the principle of “price priority and time priority”, carry out the paired trading, and
disclose the final result. Any untraded declaration order will enter into the next
transaction time span.

Article 20 The transferor and transferee may cancel their declaration orders within
the declaration time span, then the frozen transaction object or fund will be
unfreezed automatically; the completed declaration orders may not be canceled; as
for the partially completed declaration orders, only the uncompleted portion may be
canceled. During the paired trading time span, neither declaration nor withdrawal is
allowed. The untraded declaration orders will be canceled automatically after the
transaction hours of listed bidding.
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Section 2 Click Choosing

Article 21 In click choosing, the trading parties shall propose listed declarations for
sales or purchase to define the quantity and price of transaction object, the inten-
tional transferor and transferee shall view the real-time listed orders, click on the
intentional order, and submit the declarations for sales or purchase.

Article 22 The trading parties shall submit the listed declaration orders to the
transaction system for attracting intentional transferor or transferee. The listed
orders shall include the code of transaction object, quantity, unit price, and trading
direction. Upon completion of the declaration, the corresponding transaction object
or fund will be frozen and enter into the queue of listed orders.

The intentional transferor or transferee shall view the real-time listed declaration
orders, click on the intentional orders, submit the declaration and complete the
trading. By following the principle of “price priority and time priority”, the
intentional transferor is only allowed to click on the minimum priced sales order,
while the transferee shall click on the maximum price purchase order. The order is
closed based on its declared price and quantity.

Article 23 All of the untraded listed declarations may be canceled any time. For the
partially traded listed declarations, only the untraded portion may be canceled and
available to be listed again.

Section 3 One-Way Bidding

Article 24 In one-way bidding, transferor shall submit the listed orders to the
transaction system, define quantity, and reserve price of the transaction object, the
intentional transferee shall conduct online bidding on their own and finish the
transaction with the prescribed time limit.

Article 25 The transferor shall submit the listed orders for one-way trading to the
transaction system for attracting intentional transferee. The listed orders shall
include the code of transaction object, quantity, reserve price, and time limit for the
bidding. Upon completion of the declaration, the corresponding transaction object
will be frozen and enter into the bidding process at the time set by the transaction
system.

The bidding process is made up of free bidding and time-bound bidding. During
free bidding, the intentional transferor is able to give full quotations for the
transaction object; when the quotation price is higher than the existing highest
quotation price (opening price is allowed for the first quotation), it is deemed as
valid quotation price. After completion of the free bidding process, the transaction
system will postpone the preset limit cycle automatically, and enter into the
time-bound bidding process which shall be within the trading hours as announced
by the CGEE. Upon completion of the time-bound bidding, the latest valid quo-
tation price will become the strike price.
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Section 4 Negotiated Transfer

Article 26 Negotiated transfer refers to a transaction pattern where the two trading
parties complete the transaction by reaching consensus through negotiations.

Article 27 The trading parties submit the listed orders based on negotiated transfer
to the transaction system. In addition to the code of transaction object, quantity,
price, and trade direction, the information about the intentional transferee shall be
included. The transaction is completed upon confirmation by the intentional
transferee in the transaction system and approval of CGEE.

Article 29 The trading price based on negotiated transfer is not included in the
real-time quotations of CGEE; yet the trading volume thereof is reckoned into
CGEE’s gross trading volume of the CCER on that day.

Chapter 4 Fund Supervision, Clearing, and CCER Delivery

Article 29 CGEE has established a third-party custody system for clearing the
funds for CCER transaction.

Neither institution nor individual may embezzle, occupy or borrow the trans-
action clearing funds that are deposited in bank in the name of CGEE, or use the
funds for providing guarantee for others without CGEE’s approval.

Article 30 CGEE shall deal with the transaction clearing after completion of the
transactions on the same day. The allowances shall be transferred from the trans-
action account of transferor to that of transferee, while the funds shall be transferred
by the clearing bank from the transaction account of transferee to that of transferor.

The transferor is able to transfer the clearing funds from its transaction account
into its fund account on the following trading day.

Article 31 The CCER delivery is uniformly organized by CGEE. The provincial
development and reform commission shall, in light of relevant regulations and the
clearing results of CGEE, ratify the transfer of the ownership of CCER via the
CCER registry.

Article 32CGEEarranges fund clearing andCCERdelivery from15:30 to 17:00 p.m.
on each trading day. In case the time for fund clearing and allowance delivery is
altered under a special circumstance, it shall be separately announced by CGEE.

The system for CCER clearing is separately stipulated by CGEE.

Chapter 5 Other Transaction Matters

Section 1 Opening Price, Closing Price, and Increase/Decrease Rate

Article 33 The opening price at CGEE is the closing price of listed bidding or click
choosing of the previous trading day, while the closing price is weighted average
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price of aggregate trading prices of the listed bidding or click choosing on the same
day. In case of no closing price or transaction on that day, the closing price of the
previous trading day is deemed as the valid closing price.

Article 34 The closing price of listed bidding or click choosing shall be ±10%
of the opening price. In case the one-way bidding is practiced, the reserve price
shall be ±10% of the opening price.

Section 2 Suspension, Resumption, and Termination of Transactions

Article 35 In case one of the following circumstances takes place, CGEE shall
suspend the transaction of certain CCER or the entire transaction system. In case
any transaction is made and leads to a serious consequence, CGEE may adopt
appropriate remedial measure and deem it invalid.

(1) Partial or whole transaction is undone owing to technical breakdown or
unlawful intrusion of transaction system, contingency, or matters of force
majeure;

(2) Any transaction that is suspected of violating law or relevant regulations,
trading volume exceeding the prescribed scope, high-frequency transaction, or
other abnormal situations;

(3) Any other circumstance that interrupts normal operation of transactions or the
circumstance where CGEE deems necessary to suspend transactions.

When CGEE decides to suspend transactions, it shall report such decision to the
provincial development and reform commission and make announcement about
such matter.

Article 36 CGEE may decide to resume transactions after dispelling the inter-
rupting circumstances. The specific timing and approach for suspending or
resuming the transactions are decided by CGEE in light of the specific situations.

Article 37 During the period where the transactions are suspended, the transaction
system no longer accepts the declarations about the suspended transactions or all of
the declarations. Upon resumption of the transactions, the directives made before
the suspension shall enter the normal trading process.

Article 38 In case the trading parties or allowances no longer have the trading
qualifications or conditions in light of the relevant laws, regulations, rules, or
policies, CGEE shall terminate the relevant transaction activities and make
announcement about such matter.

Article 39 CGEE is exempted from bearing the liability for the losses arising from
transaction suspension, resumption or termination.
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Chapter 6 Transaction Information

Article 40 CGEE shall publish the real-time quotations and public information
about the CCER transactions on each trading day.

Article 41 CGEE shall regularly produce the statistical statement and analysis
report about the CCER transactions and release them on time.

Article 42 CGEE, trading parties, and clearing bank may not disclose the com-
mercial secrets that they have obtained when dealing with the CCER transactions.

CGEE is allowed to provide relevant information to the competent authority or
other relevant institutions in light of relevant regulations and carry out the regu-
lations on commercial secrets.

Article 43 CGEE is allowed to adjust the means for publishing information and its
content in line with the need for market development.

The system for administration of CCER transaction information is separately
stipulated by CGEE.

Chapter 7 Supervision and Administration

Article 44 CGEE has established the system for control of clearing risks, and
exercises administration of members’ clearing funds based on separate accounts.

Article 45 CGEE shall conduct supervision and inspection of the trading parties,
clearing bank, and other participants in CCER transaction in light the provisions in
these Rules and other relevant regulations, and regularly report such matters to the
provincial development and reform commission.

Article 46 If CGEE has discovered that the trading parties are involved in insider
dealing, market manipulation, abnormal transactions, and other violations by means
of supervision, complaints reporting or notification of competent authority, it shall
order the concerned party to make correction; in light of the seriousness of the case,
CGEE may impose such penalties as conversation reminder, written warning,
public criticism, restriction of transaction, suspension or termination of transactions,
or revocation of their qualifications for other businesses or membership.

CGEE shall preserve a poor credit record for all trading parties, record their
violations during transactions, and make public such discreditable conducts.

Chapter 8 Resolution of Transaction Disputes

Article 47 In case any dispute arises from the CCER transaction, the concerned
trading parties may resolve such matter on their own through negotiations, apply for
arbitration by an arbitration institution according to law or file a lawsuit to the local
people’s court.
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Chapter 9 Transaction Expenses

Article 48 When the trading parties join in the CCER transactions held by CGEE,
or any institution or individual uses the information provided by CGEE, they shall
pay for the transaction service, information use, and other necessary fees to CGEE.

Article 49 The amount of CCER transaction formality fee is decided in line with
the relevant regulations of the provincial pricing authority, while other charging
items and standards are separately decided by CGEE.

Chapter 10 Supplementary Provisions

Article 50 These Rules are stipulated and explained by CGEE. Based on the
provisions of these Rules, CGEE is able to draw up implementation provisions or
measures.

Article 51 These Rules shall come into effect as of the date of issuance.

China (Guangzhou) Emissions Exchange
January 7, 2016
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