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In the past decade, China’s unprecedented urbanization has paralleled a 250% growth in primary energy
demand and urban areas have emerged as the crux of energy and CO2 emissions reduction in China.
In recognition of cities’ importance in mitigating future energy and CO2 emissions growth, the Chinese
government launched a demonstration program of 5 low-carbon pilot provinces and 8 pilot cities in 2010
to promote low-carbon urban development. As one of the ﬁrst national programs to promote low-carbon
urban development, the recent plans and policies adopted by these 8 pilot low-carbon cities can shed
light on if and how low-carbon cities can shape China’s future energy and emission trajectories. This
paper reviews the historical development and context for low-carbon urban development in China and
then presents an ex-ante comparative assessment of the low-carbon development plans and supporting
measures formulated for each of China’s 8 pilot low-carbon cities. We ﬁnd that while the 8 pilot cities
have made progress in establishing low-carbon plans, key barriers such as a lack of explicit deﬁnition
for low-carbon city, complexity and confusion resulting from several parallel programs, and insufﬁcient
supporting policies and market-based instruments may hinder urban development that is truly low
carbon.
Published by Elsevier B.V.

1. Introduction

(Williams, 2007). China has been undergoing fast urbanization,
with the annual migration of approximately 13 million people from
rural areas to urban centers. The number of cities1 in China has
also increased from 193 in 1978 to 657 in 2010. By the end of 2011,
China’s urbanization rate, or the share of urban population, reached
a record 51.3%, and is expected to further rise to 75% by 2050.
Because urban energy use per capita is estimated to be three times
higher than that of rural areas (excluding non-commercial energy
sources such as biomass), and indirect energy use (i.e., embodied energy use) through infrastructure and urban consumption of
goods is even higher, the development of low-carbon cities is crucial to mitigating the growth of carbon emissions in China.
At the beginning of 2008, Shanghai and Baoding became the
ﬁrst cities to join a new World Wildlife Fund (WWF) initiative to
explore low carbon development strategies for China’s urban areas.
Domestically, the National Development Reform Commission

The Chinese government has started to emphasize greenhouse
gas and particularly carbon emission mitigation as part of its
national strategy for development in recent years. In 2007, China
issued its National Climate Change Program (NDRC, 2007); in 2008,
a White Paper on China’s actions and strategy on climate change
was published (State Council, 2008); in 2009, the State Council
announced a target of reducing the carbon intensity of its GDP by
40–45% by 2020 compared to the 2005 level (State Council, 2009).
This emissions mitigation target was incorporated into the national
12th Five Year Plan (FYP) for the very ﬁrst time with the setting of
a binding target of 17% reduction in CO2 emissions per unit of GDP
from 2011 to 2015 (National People’s Congress, 2011).
As the centers of population, industry, transport and infrastructure, cities have a profound impact on global carbon emissions.
Cities and urban areas are estimated to use 75% of the world’s
energy and produce up to 80% of its greenhouse gas emissions
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1
Chinese cities are deﬁned by administrative boundaries and contain at least
100,000 non-agricultural residents. City size classes, however, are deﬁned by the
non-agricultural inhabitants only. Three administrative types of cities (provinciallevel municipalities, prefecture-level cities and county-level cities) exist in China,
and are designated based on non-agricultural population, total GDP and share of
GDP in tertiary sector and on-budget revenues.
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(NDRC) – China’s top planning agency responsible for formulating and implementing national economic and social development
strategies – initiated a low carbon pilot province and city program
in July of 2010, including ﬁve provinces and eight cities across
the country. The eight low carbon pilot cities are located across
the country and include the municipalities of Tianjin, Baoding,
Hangzhou, Chongqing, Nanchang, Guiyang, Xiamen and Shenzhen
and the ﬁve low carbon pilot provinces include Yunnan, Guangdong, Hubei, Shaanxi, and Liaoning provinces (NDRC, 2010).
As low carbon urban development – and particularly the idea of
low carbon cities – is receiving greater attention from Chinese policymakers, an increasing amount of literature has started to look at
the theoretical concepts, tools and methods and case studies of lowcarbon city development in China. For example, Yang and Li (2013)
discusses the motivation and concept of low carbon cities and propose possible actions in different sectors for building a low-carbon
city, while Li et al. (2012) reviews the development of low-carbon
towns in China. Another group of recent literature has focused
on tools and methods for helping cities to plan and evaluate its
low carbon development actions, including Price et al. (2013) and
Cao and Li (2011). There has also been increasing number of case
studies on individual cities’ efforts in promoting low-carbon development, with Feng and Zhang (2012), Bi, Zhang, Wang, Liu, and
Wu (2011), Lehman (2012) and Lehmann (2013) focusing on the
emissions implications for major cities including Beijing, Nanjing
and Shanghai on the path of its low-carbon development. However, because low carbon development is a relatively new concept
and policies have only been introduced within the last few years,
there is very little academic literature evaluating the policy-driven
low carbon urban development efforts being implemented in China
and the strategies and plans being considered and adopted by multiple cities in order to achieve the national goals of becoming low
carbon cities. Moreover, while there is ample literature on the theory and motivation behind low carbon cities, existing literature has
very limited analysis of the actual progress and challenges facing
Chinese cities seeking a path of low carbon urban development.
This paper addresses these gaps by speciﬁcally evaluating the
targets, plans and strategies being adopted by the eight low-carbon
pilot cities under the NDRC’s pilot program. As part of a program
established by China’s top policymaking agency, the experiences
of the eight low carbon pilot cities will likely serve as important
models for the future development of low carbon cities in China.
This paper thus ﬁrst reviews the historical development and context for the pilot low-carbon cities and related eco-city initiatives in
China as strategies for addressing urbanization challenges. An exante assessment of China’s pilot low-carbon cities is then conducted
through comparative desk research and review of the low-carbon
development plans and supporting measures formulated for each
pilot city. These plans are compared and evaluated in terms of the
policy scope, targets and focus areas as well as supporting local
policy measures, strategies and tools already put in place to date.
A case study of the pilot city of Hangzhou’s planning and implementation process is used to illustrate progress in implementing
low carbon plans. The paper ends with key ﬁndings from the evaluation of the pilot city plans and discussion and conclusions on
implications of these ﬁndings for the future development of low
carbon cities and the broader context of the future role of cities in
China’s CO2 emissions mitigation efforts.
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of 287 prefecture-and-above level cities have proposed plans to
develop new “eco-cities”, while 133 of these cities have gone a
step further by setting targets to become “low-carbon cities.” In
addition, China currently has 11 major indicator systems for lowcarbon and eco-city development. Zhou, He, and Williams (2012)
compared the major concepts of eco-city, low carbon city and low
carbon eco-city and found the following deﬁning traits:
Eco-city: enhances well-being of citizens and society through
integrated urban planning and management that harness beneﬁts
of ecological systems and protects and nurtures assets for future
generations.
Low carbon city: emphasizes the climate change challenges that
cities may be confronted to, decouples economic growth from fossil
fuel use by shifting toward consumption characterized by energy
efﬁciency, renewable energy and green transportation.
Low carbon eco-city: combines both concepts by featuring
energy-saving and environmentally friendly city symbolizing low
energy consumption and low environmental impact (e.g., low pollution and low carbon emissions).
2.1. Eco-city program of the Ministry of Environmental Protection
To promote the scientiﬁc development of a “resources saving
and environmental friendly society”, the Ministry of Environmental Protection (MEP) initiated a program to establish eco-counties,
eco-cities and eco-regions within China by issuing the “Development of Indicators for National Ecological County, Municipality and
Province (trial)” on December 13, 2003. The program requirements
were revised by the MEP in 2005. Under the revised plan, basic
requirements had to be met by cities to be considered eco-cities,
including (MEP, 2007):
• Establishing an “eco-city construction plan”, promulgated and
implemented by the Municipal People’s Congress.
• Establishing independent environmental agencies.
• Achieving energy saving levels of beyond government-assigned
targets.
• Achieving eco-environmental quality evaluation index that is
among the best in the province.
• 80% of counties (including county-level cities) must reach the
national ecological construction targets to be named National
Environmental Protection Model City.
By July of 2011, 38 cities have been named “Ecological City
(County)” under MEP’s guideline and assessment, including cities in
Jiangsu, Zhejiang, Shandong, Guangdong, Sichuan, Anhui, Shaanxi,
Liaoning provinces and the municipalities of Shanghai, Beijing and
Tianjin.
2.2. Eco-garden city program of the Ministry of Housing and
Urban–Rural Development

2. Overview of low carbon and eco-city development
programs in China

The Ministry of Housing and Urban–Rural Development
(MOHURD) initiated the National Garden City program as early
as 1992 and by the end of 2010; MOHURD had announced the
selection of 13 groups of National Garden Cities with a total of
184 participating cities under this program. In June 2004, MOHURD
decided to initiate the establishment of Eco-Garden City based on
the program on National Garden City.
The general requirements to be qualiﬁed as an Eco-Garden City
include (China Society for Urban Studies, 2010):

In addition to the low carbon pilot program launched by the
NDRC, parallel programs have also been initiated at both central
and local government levels in recent years. By February 2011, 230

• Developing complete urban ecological development strategy,
measures and action plans.
• Establishing a complete urban green space system.
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•
•
•
•

Emphasizing both cultural landscape and the natural landscape.
Improving city infrastructure.
Providing environmentally friendly urban living environment.
Active participation by the community and the general public in
the public interest policies and measures related to the formulation and implementation of the Eco-Garden City.
• Implementing exemplary national and local urban planning, ecological and environmental protection laws and regulations.

Those cities already awarded as “National Garden City” can
apply to be nominated as Eco-Garden Cities. Going further than
the requirements of a Garden City, an Eco-Garden City places
more emphasis on the urban environmental quality. Compared to
the “Garden City” evaluation standards, “Eco-Garden City” assessment includes additional indices such as measurement of ecological
protection, ecological construction and restoration standards, comprehensive species index, index of native plants, the proportion of
urban heat island effect, urban ecological environment, and public
satisfaction evaluation.

2.3. International programs
In addition to domestic government programs, many organizations and research institutions have partnered with government
and other stakeholder to start exploring the planning and best practices of low carbon cities in China (The Climate Group, 2010). In the
fall of 2007, the Rockefeller Brothers Fund started to support a study
in order to develop a low-carbon economy roadmap for Guangdong province and Hong Kong. In 2008, WWF launched its pilot
project on “low carbon city development program” and selected
Baoding and Shanghai as the ﬁrst two pilot cities in recognition
for their leadership. In October 2008, the United Nations Development Programme, the Government of Norway and the European
Union jointly launched a project to support Chinese provincial climate change programs and projects. By end of 2010, more than 30
provinces, autonomous regions and municipalities in China have
started to prepare for provincial level climate change action plans
with cities identiﬁed for key parts of the program.
The United Kingdom Strategic Programme Fund (SPF) has
provided support to Jilin City, Nanchang, Chongqing and Guangdong province in its low carbon city development research and
planning. With support from the Energy Foundation’s China Sustainable Energy Program, Tsinghua University and Suzhou and
Shandong research institutions conducted preliminary studies of
developing a low-carbon strategy for Suzhou. In June 2010, the
Switzerland–China Low Carbon Cities Project was launched, and
Yinchuan, Beijing Dongcheng District, Dezhou and Meishan were
selected as pilot cities, with emphasis on city management, low
carbon economy, transportation and green buildings.

2.4. Current status of eco- and low-carbon city programs
The recent launch of several domestic eco- and low-carbon city
programs have resulted in some overlaps; the cities of Zhangjiagang, Nanjing and Kunshan qualify and participate in both the MEP
and MOHURD programs while Hangzhou is in both the MOHURD
and NDRC programs. In addition, with the policy push by NDRC
on low carbon development, many other cities have proposed
establishing targets to become low carbon cities. By conducting
city-wide low carbon planning and setting up city-level energy and
emission targets, these cities aim to receive the central government’s policy and program support. Those efforts, along with the
ongoing efforts of international programs, have strengthened the
movement to develop low carbon cities in China.

The implementation details of recent eco-city plans and targets have not been adequately addressed and there is limited
public information on the plan implementation process, in part
because of the relatively broad guidelines for all three domestic
eco-city related programs. Moreover, because qualiﬁcation for the
three domestic programs was based on mostly qualitative criteria,
quantitative indicator systems have been developed for evaluating
low-carbon eco-cities. However, Zhou et al. (2012) found that the
methodology for selecting and using the indicators vary across systems and are insufﬁcient for helping meet the needs of low-carbon
eco-city development in China.

3. Assessment of NDRC low carbon pilot city plans
Besides the eco-city programs introduced in Section 2, China’s
NDRC introduced its pilot program on low carbon development
for 5 pilot provinces and 8 pilot cities in 2010. These pilot cities
and provinces were selected based on geographic, social and economic diversity and representativeness, existing foundation and/or
preparation work in low carbon development and demonstrated
interest by the local regions to be a pilot location (NDRC, 2010).
Fig. 1 shows the geographic distribution of the pilot locations and
the eight pilot cities’ announced energy and carbon-related reduction targets. The carbon and/or energy intensity targets for each of
the pilot cities were set by the local government, using the national
targets as a baseline.
As part of the pilot program, each pilot city was asked by NDRC
to develop and propose a low carbon development plan, formulate supporting policies, develop low carbon industry, establish CO2
emission statistics and data management system and encourage
low carbon lifestyles and consumption. As a low carbon pilot city
under both the WWF and NDRC programs, Baoding was the ﬁrst to
propose its low carbon action plan and program while Chongqing’s
low carbon action plan was approved by NDRC as recently as March
2012. In fact, half of the 8 pilot cities – namely Baoding, Hangzhou,
Xiamen and Tianjin – had already developed plans for building a
low carbon city two years prior to the launch of the pilot program. The other four cities – Guiyang, Nanchang, Shenzhen and
Chongqing – adopted action plans for becoming low carbon pilot
cities between July 2010 and March 2012. The timeline of the development of low carbon city plans illustrates that he pilot cities are in
different stages of developing and implementing their action plans.
Table 1 lists some key socioeconomic parameters of the eight
low carbon pilot cities in 2010. It illustrates the divergence of these
cities in terms of population size, urbanization, economic development and industrial structure. The urbanization rate of these
eight cities range from 38.9% in Baoding to 100% in Shenzhen, and
the per capita GDP of Shenzhen is almost 5 times that of Baoding. Additionally, the size of each city’s population varies vastly
among the eight cities; the population of the provincial-level city
Chongqing is approximately 8 times that of Xiamen. Agriculture
contributes a mere 0.1% of Shenzhen’s GDP compared to nearly
one-third in Chongqing, where the service sector remains relatively
undeveloped – 28% of total GDP – compared to over half in Guiyang
and Shenzhen. Industry (including construction) accounts for more
than half of GDP in all cities except Hangzhou, Guiyang, and Shenzhen. The divergences in socioeconomic indicators underscore the
cities’ differing stages of urbanization and hint at possible differences in priorities, focuses and strategies for pursuing a low-carbon
pathway of development.
After brieﬂy introducing some of the parallel low-carbon and
eco-city development programs currently being implemented in
China, this paper will focus primarily on the actions and progress
to date of the eight NDRC low carbon pilot cities. The NDRC program requirements mandate that the pilot cities’ low carbon plans
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Fig. 1. Location and major targets of NDRC’s eight low carbon pilot cities.

include clear targets as well as key achievements and speciﬁc measures for reducing CO2 emissions, industrial structure adjustment,
energy structure optimization (i.e., structural change), energy efﬁciency improvement and the increase of carbon sinks. However, the
NDRC has neither provided a deﬁnition for a low carbon city nor recommended speciﬁc guidance and methods on how to compile a low
carbon city plan. In order to highlight the key elements behind low
carbon city planning, we compare and assess the low carbon city
plans of the eight pilot cities in terms of their targets, scope, planning procedure and measures. The comparison and assessment is
based on desk research of individual city action plans (Low Carbon
City China Alliance, 2012; People’s Government of Chongqing
City, 2012; People’s Government of Guiyang City, 2010; People’s
Government of Hangzhou City, 2009; People’s Government of
Nanchang City, 2011; People’s Government of Shenzhen City, 2012;
People’s Government of Tianjin City, 2010; Xiamen Municipal
Commission of Construction and Administration, 2010), discussions with local government ofﬁcials involved in the development
of low carbon plans and in-depth review of published reports
and documents on the low carbon strategies in these eight
municipalities.

3.1. Targets
Previous research has identiﬁed the crucial need for clear and
measurable targets that can be evaluated in ensuring effective
policy implementation, particularly in China’s regulatory context.
Yang and Li (2013) proposed setting clear and measurable evaluation indicators such as CO2 emissions per capita or per GDP unit
targets to deﬁne low-carbon cities, while taking into consideration
local differences in climate and industrial structure. Targets are
particularly important at the local level because of the implementation gap between adopted policies and actual implementation
observed throughout China, where enhanced local autonomy in the
economic reform period have resulted in greater implementation
challenges when policy targets are unquantiﬁable or immeasurable (O’Brien & Li, 1999). This implementation gap results because
local ofﬁcials are predisposed to promoting local economic growth
and may not implement policies that are not conducive to local
growth. However, as demonstrated by the Energy Conservation
Target Responsibility System established during the 11th FYP
period, establishing clear and quantiﬁable energy conservation targets and linking achievement of these targets with local ofﬁcials’

Table 1
2010 socioeconomic indicators of low carbon pilot cities.
City
Tianjin
Baoding
Hangzhou
Chongqing
Nanchang
Guiyang
Xiamen
Shenzhen

Population
12,938,224
11,194,379
8,700,400
28,846,170
5,042,565
4,324,561
3,531,347
10,357,938

Per capita GDP (RMBa )
72,994
18,462
68,398
27,596
47,174
25,941
71,808
95,000

Primary sector % of GDP

Secondary sector % of GDP

Tertiary sector % of GDP

Urbanization

2%
15%
4%
32%
6%
5%
1%
0.1%

53%
52%
48%
69%
56%
41%
51%
48%

45%
33%
49%
28%
38%
54%
48%
52%

79.6%
38.9%
73.3%
53.0%
65.7%
70.2%
52.7%
100%

Source: National Bureau of Statistics (2011).
a
Note: In 2010, 1 Euro = 8.97 RMB according to the European Central Bank.
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performance evaluation can overcome this gap by incentivizing
local governments to take drastic measures to meet their targets
(Lo, 2014). Quantiﬁable targets and the decomposition of overall
energy or carbon reduction targets into sectoral targets are therefore very important to the development of low carbon cities.
Besides an overall energy and/or carbon intensity reduction target as shown in Fig. 1, the low carbon city plans also include a series
of sub-sectoral targets for industrial, building and transportation
sectors as well as ecological and other targets. The process for deﬁning and setting these sectoral targets is conducted at the discretion
of the local city government leadership, typically by the local Development and Reform Commission (DRC), and may include other
local agencies as seen later in the Hangzhou case study. Table 2
categorizes and summarizes the detailed low carbon targets proposed in the low carbon city plans of the eight pilot cities. Several
differences among municipal low carbon plans can be identiﬁed
from the perspective of target setting and allocation.
The city government needs to decide whether to adopt a relative
or absolute carbon target. Following the country’s commitment to
a carbon intensity reduction target for 2020, all pilot cities except
Xiamen have set a carbon intensity reduction target. Baoding and
Chongqing have both carbon intensity and emission reduction targets. Xiamen has gone a step further than other cities by not only
setting an overall municipal carbon emission target, but also speciﬁc emission targets for industrial, building and transport sectors.
Most pilot cities have set only a ﬁnal target for 2020, but Shenzhen
has proposed both an intermediate target for 2015 and a ﬁnal target
for 2020. Setting an intermediate target helps link the low carbon
plan with the city’s 12th Five Year Plan and enables intermediate
policy evaluation and adjustment.
Because linkages between carbon intensity and energy intensity
targets in the low carbon plans have not been clearly formulated
by the NDRC, only few pilot cities have set energy-related targets.
For example, Tianjin and Xiamen have adopted energy intensity
targets, while Chongqing, Nanchang and Shenzhen aim to improve
their share of non-fossil fuels in the future. In Shenzhen’s plan, the
share of natural gas, solar PV, biomass and wind energy will be at
least 50% and 60% of the total primary energy use in Shenzhen in
2015 and 2020, respectively.
The sectoral targets vary signiﬁcantly among the eight pilot
cities. Even though the sectoral targets do not necessarily represent
the comprehensive efforts required in each sector, they can nevertheless reﬂect each municipality’s sectoral focus to some degree. In
the industrial sector, Baoding, Hangzhou, Chongqing and Nanchang
emphasize developing high-tech industry and increasing its valueadded share in the future; while Chongqing and Shenzhen have set
clear targets for low carbon industry development, focusing on the
manufacturing of wind, solar photovoltaic and electric and alternative fuel vehicles. In the building sector, Shenzhen is the most
ambitious municipality in terms of green buildings, targeting a 40%
and 80% share of new certiﬁed green buildings by 2015 and 2020,
respectively. In the transport sector, Hangzhou and Shenzhen have
both actively promoted public transport and high efﬁciency and
alternative fuel vehicles by creating a set of transport indicators.
For instance, the modal share of public transport in Hangzhou and
Shenzhen is expected to reach 50% and 65%, respectively, by 2020.
Shenzhen has also proposed other innovative and relevant targets
such as the share of R&D investment in low carbon technologies
and public awareness in its low carbon plan.
The energy, carbon and sectoral targets highlighted above reﬂect
the broad spectrum of areas that local policymakers have started
to consider in developing their low carbon action plans. As pilot
cities, local policymakers have an opportunity to consider or begin
emphasizing different aspects of urban development beyond the
traditional priority of economic growth. For example, some cities
such as Tianjin and Chongqing have expanded the focus of local

targets beyond traditional demand sectors into the broader scope
of ecological targets. However, because there has not been clear
top-down direction or sufﬁcient experience at the local level for
comprehensive target-setting, existing targets in the low carbon
plans of these pilot cities appear inadequate and fragmented. For
example, no single pilot city has formed a comprehensive indicator system, in part because an explicit deﬁnition of low carbon city
was missing. In addition, few cities adopted both energy and carbon emission reduction targets, though the vast majority of a city’s
carbon emissions are directly energy-related. Only two of the eight
pilot cities have adopted some kind of targets for all three of the
major energy end-use sectors (industry, buildings and transport),
illustrating that most cities are emphasizing only selected sectors
rather than focusing on all major end-use sectors.
A key possible reason for these weaknesses in target-setting
in the low carbon city plans is the lack of city-scale benchmarks
and carbon emission inventories in China. While greenhouse gas
accounting methodologies such as the International Council for
Local Environmental Initiatives’ have been applied to cities in
developed countries such as the United States, there have been
virtually no established bottom-up methodologies or studies of
energy consumption or greenhouse gas emissions conducted to
identify and quantify the CO2 emissions sources and sectoral mitigation potential in Chinese cities. In recognition of this information
gap, Bi et al. (2011) provided the ﬁrst comprehensive, bottom-up
accounting of carbon emissions on a city-scale in China. Price et al.
(2013) and Fridley, Zheng, and Zhou (2012) provided two additional
methodologies for tracking energy consumption and carbon emissions for Chinese cities, and the World Resources Institute recently
launched a pilot version of their Greenhouse Gas Accounting Tool
for Chinese Cities in September 2013 (World Resources Institute,
2013). The introduction of more methodologies and tools such as
these to city ofﬁcials can help improve low carbon target-setting in
the future by clearly identifying and highlighting the close linkages
between carbon mitigation and energy conservation and the need
for coordinated policies.
3.2. Scope
The speciﬁc content and strategies of the municipal low carbon
plans of the NDRC programme can be summarized and categorized
into a total of 76 low carbon strategies within 10 different sectors, as listed in Fig. 2. The 10 categories of strategies shown in
Fig. 2 include education, dissemination and cooperation, citizen
lifestyle, industrial structure adjustment, industrial energy efﬁciency, clean energy supply, transport, building, circular economy,
urban ecology and spatial development and planning. The distribution of the strategies among the 10 sectors is illustrated by the
bars in Fig. 2. The greatest diversity in low carbon strategies exists
within the sector of “clean energy supply”, which includes 13 different strategies related to clean energy technologies. A relatively
large variety of strategies can also be found in the transport, building and industrial structure adjustment sectors. A similarly broad
focus also applies to urban ecology. Altogether, the proposed strategies within these ﬁve sectors account for 54 out of the 76 different
strategies.
Identifying the most frequently cited strategies in low carbon
plans helps shed light on how different local governments perceive and deﬁne low carbon development in the absence of national
guidance. As seen in Fig. 2, popular strategies shown in red have
been adopted by more than half of the pilot cities while the strategies shown in blue are less commonly adopted in low carbon
development plans. For example, in terms of industrial structure
adjustment, 7 out of 8 municipalities included the development
of high-tech and low carbon industries in their plans. Other interests lay in developing modern service and cultural and creative
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Fig. 2. Comparison of common strategies identiﬁed in low carbon plans. (For interpretation of the references to color in the text, the reader is referred to the web version of
the article.)
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Table 2
Comparison of overall and sectoral targets in low-carbon pilot cities.
Target
Overall targets
Carbon intensity (CO2 per unit GDP)
Carbon emissions
Energy intensity (tce per unit GDP)
Share of non-fossil fuels
Energy saving

TJ

BD

X

X
X

HZ

CQ

NC

GY

X
X

X

X

X
X

X

X

X
X

X

X

X
X

X
X
X

X

X

Building targets
Building emissions
Green buildings’ share of total new construction

X
X

Transport targets
Transport emissions
Share of public transport in modal split
Buses per 10,000 people
Electric bus share
Metro length
Increase in number of alternative energy cars by 2015
Increase in number of free public bicycles by 2015
Ecological targets
Forest coverage rate
Wetland coverage rate
Number of natural reserves
Water saving
Pollution control
Per capita public green area

SZ

X
X

X

Industrial targets
Industry emissions
High-tech industry’s share of total value-added
Service sector’s share of total value-added
Cultural/creative industry’s share of total value-added
Low carbon industry’s share of total value-added

XM

X
X
X
X
X

X

X

X

X
X
X
X
X
X

Other targets
R&D investment in low carbon technologies
Information dissemination

X

X

X

X
X
X

X

X
X

Notes: TJ, Tianjin; BD, Baoding; HZ, Hangzhou; CQ, Chongqing; NC, Nanchang; GY, Guiyang; XM, Xiamen; SZ, Shenzhen.

industry sectors. Regarding the clean energy supply sector, biogas and solar PV are the two most popular technological options
recognized in low carbon city plans, followed by biomass, geothermal and waste incineration power plants. In addition, there is also
increasing awareness and emphasis on utilizing industrial solid
waste and preserving forestry carbon sinks. Surprisingly, despite
the central government’s ardent energy efﬁciency efforts over the
last ﬁve year, energy efﬁciency improvement measures including industrial energy efﬁciency, fuel economy standards, building
labels and building energy conservation standards have received
only modest coverage in low carbon city plans. Although this
may reﬂect the city’s relative inability to affect programs that are
driven by central government policy, it is nevertheless problematic
because various studies as summarized in the Intergovernmental Panel on Climate Change (IPCC)’s Fourth Assessment Report
demonstrated that improved energy efﬁciency has been and will
continue to play a vital role in reducing CO2 emissions. The failure to recognize the important linkages between energy efﬁciency
and CO2 emissions reduction in low carbon policy formulation
also misses out on the many co-beneﬁts associated with CO2 mitigation through efﬁciency improvements, including poverty and
energy poverty alleviation, improved productivity and energy security (Ürge-Vorsatz and Metz, 2009). Lastly, the awareness for solid
waste and waste water treatment and recycling is also low, and
there is a lack of diversiﬁed strategies for developing a circular
economy.
Overall, the scope of existing measures and strategies for low
carbon city development is very broad. Most measures and strategies are also still at the infancy stage and lack explicit targets,
speciﬁc program and implementation mechanisms. Therefore, the

effectiveness and potential impacts of these measures and strategies in promoting low carbon city development may be limited and
insufﬁcient. This suggests that detailed plans focused on renewable energy and energy efﬁciency and conservation are needed to
evaluate and prioritize a multitude of technologies and measures
based on their respective contributions to the overall carbon target. Xiamen has exempliﬁed this approach by supplementing its
low carbon development plan with separate plans for renewable
energy, building energy conservation, underground space development and utilization, urban ecology, green transport as well as
low carbon campus.
3.3. Supporting measures adopted in low carbon city plans
Supporting measures are crucial component to the effective
implementation of low carbon city plans. These supporting measures can be categorized as administrative, planning and legal,
ﬁnancial and tax-based, market, scientiﬁc research and other measures.
Table 3 lists the main supporting measures mentioned in low
carbon city plans of the eight pilot cities. It shows that local governments rely more on administrative, planning and legal measures
rather than market-based measures to implement the low carbon
city plans. All eight municipalities created a low carbon advisory
group to plan and implement their low carbon city plans and
most have incorporated the plan’s targets into the performance
evaluation system for government ofﬁcials. Even though the establishment of greenhouse gas emission statistics, veriﬁcation and
management are prerequisites for the implementation and evaluation of low carbon city plans, there is actually little information
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Table 3
Comparison of main supporting measures in low carbon city plans.
Measure

TJ

BD

HZ

CQ

NC

GY

XM

SZ

Administrative
Advisory group
Performance evaluation system
GHG emission statistics, veriﬁcation and management
Energy audit and label
Low-carbon industrial park enterprise requirements

X
X
X
X

X
X
X

X
X
X
X

X

X
X
X
X

X

X

X
X

Planning and legal framework
Special planning
Regulation
Preferential policies (land, ﬁscal, procurement policies)
Financial and tax-based
Low-carbon fund
Financial incentives
Financial funding
Consumption tax
Energy price
Market
CDM
Energy and carbon trading market
Industry and technology trading center
Scientiﬁc research
Low carbon research center
Low carbon service center
Talent introduction
Other
Information disclosure
International collaboration
Public awareness and promotion

X
X

X
X

X

X
X

X
X
X

X

X
X
X

X

X

X

X

X

X

X

X

X
X
X

X
X

X

X

X
X
X

X

X

X
X

X
X

X

X

X
X
X

X

X

X
X
X

X
X
X

X

X
X

X
X

X
X

X

X

X
X

X

Notes: TJ, Tianjin; BD, Baoding; HZ, Hangzhou; CQ, Chongqing; NC, Nanchang; GY, Guiyang.

available on detailed arrangements for this task, such as the allocation of personnel, funding or task timelines. Similarly, almost all
low carbon plans have emphasized the need for relevant supporting
plans but most municipal governments have not deﬁned the role
for special plans in supporting the low carbon city plan or laid out a
process for comprehensive planning and implementation. Xiamen
has developed the most comprehensive supporting plans for low
carbon city development while Chongqing and Shenzhen are pioneers in formulating energy efﬁciency regulations. Both Chongqing
and Shenzhen issued regulations on building energy conservation
prior to ﬁnalizing their low carbon city plans, with Chongqing’s
regulation being published as early as 2007.
The ﬁnancial and tax measures aimed at promoting the implementation of low carbon programs are generally ambiguous and
lack program diversity. As illustrated by policies adopted in the
11th FYP and 12th FYP period, regulations and administrative
measures continue to be favored policy instrument and economic instruments are less common (Lo & Wang, 2013). Although
the central government has looked increasingly to adopting new
ﬁnancial measures including subsidies for energy conservation
projects run by energy service companies, energy-efﬁcient appliances, equipment, and electric vehicles, few local governments
have adopted ﬁnancial measures in their low carbon city plans.
Tianjin, Chongqing and Nanchang have committed to establishing
special funds for low carbon city development in their plans, but
have not released any follow-up documents on the total amount or
allocation of the special funds. Hangzhou stated that it will provide
ﬁnancial incentives of 0.5–1 million RMB for exemplar government
institutions (rather than enterprises) that are successfully chosen
to be a national low-carbon industrial park pilot project authorized
by the State Council or ministries. This ﬁnancial incentive will come
from special funding of industrial plan but it is unclear how effective this ﬁnancial incentive will be and if potential ﬁnancial conﬂicts
exist with other projects in the industrial plan. In addition, the low

carbon plan encourages diversifying ﬁnancial sources for low carbon projects such as asset ﬁnancing, venture capital/private equity
investment, public stock as well as low bank interest rates. Guiyang
has promised to lower the consumption tax for low carbon projects
but there have been no other regulations or preferential policies
for ensuring that low carbon projects can enjoy ﬁnancial and tax
beneﬁts.
The establishment of market mechanisms in support of low
carbon development is even newer and still in the trial stage. In
October 2005, carbon trading under the Clean Development Mechanism began in China, administered at the national level by the
NDRC. In 2008, several environmental and carbon trading schemes
were established, including the Tianjin Climate Exchange, China
Beijing Environment Exchange and Shanghai Environment and
Energy Exchanges. In 2009–2010, additional environmental and
carbon trade exchanges were created, covering Wuhan, Hangzhou,
Kunming, and Guiyang. In August 2010, the NDRC encouraged
low carbon pilot provinces and cities to include carbon trading
as part of the overall development strategy. In November 2011,
China approved pilot carbon trading in seven provinces and cities –
Beijing, Chongqing, Guangdong, Hunan, Shanghai, Shenzhen and
Tianjin. Some of the pilot regions can start trading as early as
2013–2014 and a national trading scheme is expected by 2016.
Given that the pilots are all under design and will not be operational for some time, it is impossible to evaluate the contribution
of carbon trading to low carbon city development.
Scientiﬁc research, international collaboration, information and
dissemination are other important aspects of supporting measures
in low carbon city plans. Tianjin, Baoding, Chongqing and Nanchang
have plans to establish low carbon research centers, while Nanchang and Shenzhen are interested in building low carbon service
centers to provide technical support for enterprises. All pilot cities
also mentioned strengthening international collaboration in terms
of scientiﬁc research, technology transfer, and information sharing
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and ﬁnancial resources. For example, Tianjin has been collaborating with Singapore to build an eco-city since September 2008, and
further established low carbon economic demonstration district
through collaboration with Japan in the beginning of 2009. Nanchang has also initiated cooperation projects with the U.S., UK and
Austria.

4. Case study: Hangzhou’s low carbon city planning process
While all eight pilot cities have adopted low carbon city development plans, very few have provided details on the process through
which the plan was developed and the framework and processes for
implementing the measures and targets in the plan. One exception
is the city of Hangzhou, which was one of the earliest cities to propose a low carbon city plan to the NDRC and has already formed
a comprehensive top-down framework for low carbon planning.
Hangzhou provides a good case study of how local government
support and actions have supported and promoted the city’s low
carbon plan. There is far much information publicly available for
Hangzhou than for other pilot cities since a multitude of relevant
plans have already been made public.
Fig. 3 shows Hangzhou’s model for low carbon development
planning. It is mainly based on the decision-making process of the
Hangzhou municipality government in response to the NDRC’s low
carbon pilot city program. However, this model can also represent
some common characteristics of other pilot cities.
The low carbon planning process begins ﬁrst with the municipality government expressing its interest in low carbon city
development to NDRC. NDRC then issued the Notice on Low-carbon
Pilot Provinces and Cities on July 19, 2010 and requested each pilot
province/city to submit a low carbon plan (steps 1 and 2). Typically,
a low carbon advisory group consisting of the mayor and leaders
of other relevant departments is established and placed in charge
of planning and implementing the low carbon city program (steps
3 and 4). After discussions and negotiations with different stakeholders, a more detailed low carbon plan is compiled and submitted
to NDRC for further evaluation (step 5 and 6). The involvement of
multiple local departments and stakeholders in the planning and
development process is essential because recent literature and case
studies of city initiatives in energy conservation have shown that
local support is key to effective implementation. Khare, Beckman,
and Crouse (2011) argued that successful sustainable partnership
in addressing climate change requires beneﬁts to the three major
stakeholders of local governments, businesses and consumers and
demonstrated with three Canadian examples. In China, Kostka and
Hobbs (2012) demonstrated that efﬁciency policies were successfully implemented in Shanxi by aligning the efﬁciency policies with
local interests through policy bundling, interest bundling and policy framing. Similarly, Lo (2014) demonstrated that of three energy
conservation programs launched in Changchun, only the Building
Retroﬁt Program was successful because it addressed local concerns with inadequate heating and was widely accepted. Once the
NDRC has approved the city’s low carbon plan, the municipal government then issues the low carbon plan to each bureau as guidance
for formulating their respective 12th FYP special plans and releases
the plan to the public (steps 7 and 8). The low carbon advisory
group is also responsible for decomposing the overall target and
measures of the low carbon plan into the annual action plan (step
9). Together with the sectoral 12th FYP special plans, annual targets will then be allocated to lower levels of governments (district,
country and local governments) and enterprises (step 10). In addition, the municipal evaluation ofﬁce will evaluate the performance
of each level of government and enterprises and submit a report
to the municipal government (steps 11–13). The evaluation report
summary is published online and open to the public for review and

oversight. Table 4 shows the timeline of Hangzhou’s low carbon
city plan.
Hangzhou illustrates a transparent example of a comprehensive planning process that is not representative of other pilot cities.
With the exception of Hangzhou and Xiamen, other pilot cities have
not considered adopting sector-speciﬁc 12th FYP special plans to
complement their low carbon city plans. Furthermore, most of the
pilot cities have not gone as far as to decompose the overall targets
into speciﬁc annual targets and projects for local governments and
enterprises. Some pilot cities such as Nanchang and Baoding have
set speciﬁc programs but not annual targets, which are important in
improving the efﬁciency of project implementation as well as performance evaluation. Last, even though most pilot cities pledged to
strengthen oversight and supervision of their low carbon city plan
implementation, few have actually appointed a speciﬁc institution
to take on this responsibility. Without third-party monitoring and
evaluation of the low carbon city plan implementation or strong
local support for the plan, local competing priorities for economic
growth may delay or hamper the implementation of the proposed
strategies.

5. Key ﬁndings and discussion
Although the multiplicity of domestic and international low carbon and eco-city programs in China creates duplicative efforts and
may not be the most efﬁcient approach, it nevertheless allows China
to try different approaches rather than adopt a single program for
promoting low carbon urban development. Along the same lines,
NDRC’s low carbon city pilot program also allows local governments to experiment with and develop tailored local pathways
of low carbon urban development rather than require all cities to
follow a generic top-down mandated action plan. Key conclusions
can be drawn from an in-depth comparison of these eight NDRC
pilot cities in terms of their low carbon city plans’ target, scope,
planning procedures and supporting measures.
First, the absence of explicit deﬁnitions for low carbon city
and the multitude of parallel programs appears to have created
complexity, confusion, and overlaps in the development of low carbon cities. Some cities belong to several pilot programs, driven to
participation by administrative pressure for recognition and practical needs for additional ﬁnancial resources. While it might be
beneﬁcial to receive technical and ﬁnancial support through different programs, the overlap of programs has led to fragmented
target-setting, overly broad policy scopes and repetitive planning
processes in low carbon development planning. The large divergence observed among the low carbon plans in terms of targets,
scope, content and planning procedures suggests that there is a
signiﬁcant need for the central government to provide explicit
deﬁnitions and consistent guidelines and methodologies for establishing municipal low carbon plans. Clear deﬁnitions, guidelines,
methodologies and tools could help provide a much needed comprehensive framework with clearer targets and better focused
scope for low carbon development planning for municipal governments, particularly for those that are relatively new to the energy
and carbon ﬁeld. Another possible policy recommendation could
be to further differentiate the key goals and principles of the different low carbon eco-city programs or possibly consolidate programs
that are too similar in order to help cities clarify their planning
objectives and strategies.
Second, given the demonstrated need for energy efﬁciency
improvements in reducing CO2 emissions and the signiﬁcant contribution of energy-related CO2 emissions to the total, the overall
targets of the low carbon city plan would ideally include both
carbon emission and energy consumption targets that correspond to 12th FYP and 2020 targets. This can help minimize the
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Fig. 3. Hangzhou’s model for low carbon planning.

Table 4
Regulatory timeline of Hangzhou’s low carbon city plan.
Institution

Plan/action

Date of issue

State Council
Hangzhou Municipal Committee

CO2 emissions intensity reduction target set for 2020
Hangzhou municipal committee and government’s views on building
low-carbon city is issued
Advisory group for low-carbon city development
Notice on Low-carbon Pilot Provinces and Cities
Hangzhou’s 12th Five year Plan for Low-carbon City Development

November 25, 2009
December 29, 2009

Hangzhou’s Action plan for Low-carbon City Development in 2011
Implement 12th FYP for low-carbon city development
Implement 12th FYP for building energy conservation
Formulate support regulations for building energy conservation
management
Implement the 12th FYP for transportation
Decompose the municipal emission target to districts, counties and
key enterprises
Establish the performance evaluation mechanisms
Establish emissions data statistic and management system
Establish the indicator system for low-carbon city
Carbon label pilot project
12th FYP for Transportation

March, 2011

12th FYP for Building Energy Conservation

November 25, 2011

Notice on Hangzhou’s 12th FYP for Low-carbon City Development
Monitor and evaluate low-carbon plan implementation in related
bureaus

December 14, 2011
Annually

Hangzhou Municipal Committee
NDRC
Hangzhou Development and Reform
Committee, Development and
Planning Institute Expert Group
Review
Leading group for low-carbon city
development

Hangzhou Development and Reform
Committee, Municipal
Transportation Bureau, Municipal
Construction Committee, Urban
Planning Bureau
Hangzhou Municipal Construction
Committee
Hangzhou Municipal Government
Ofﬁce of Hangzhou Performance
Measurement Commission

May 25, 2010
July 19, 2010
July 31, 2010

August 28, 2011
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implementation gap by tapping into existing incentives for meeting the targets such as the target responsibility system while also
reaping the wide-ranging co-beneﬁts of CO2 mitigation through
improved efﬁciency. The case study of Hangzhou represents one
possible approach to develop a comprehensive low carbon city plan
that can be effectively implemented. As demonstrated in Hangzhou,
the roadmap for the low carbon city plans can be improved by
decomposing overall energy and CO2 emission reduction targets
into sector-based targets, which help facilitate better implementation, performance evaluation and policy adjustment. As part of the
roadmaps, a series of supportive special plans can also be developed to help achieve the sectoral targets, while special projects and
measures proposed in the special plan can help to ensure effective
implementation of low carbon city plan.
Third, in terms of policy instruments for carrying out the low
carbon city plans, the pilot low carbon city plans reviewed continue
to strongly favor regulations and administrative measures with
very few local governments adopting ﬁnancial or tax measures and
market mechanisms limited to the trial stage. Among the administrative measures adopted, there also appears to be paucity in
regulations and policies on energy conservation, efﬁciency, energy
auditing and monitoring. Because previous research has demonstrated the importance of local government buy-in and public
participation in effective policy implementation, the introduction
of more market-based, rather than administrative, instruments
can help facilitate greater public education and awareness of lowcarbon concepts and practices and more effective implementation
of low carbon city plans. In addition, because the implementation gap still exists and local economic interests are often still
favored, third-party monitoring and evaluation of low carbon city
plan implementation and linkages to local ofﬁcials’ performance
evaluation at the different levels of governments can help address
implementation challenges. Similarly, greater public disclosure and
dissemination of information can help facilitate public participation and involvement in implementation of the low carbon city
plans, thereby helping align local interests with low carbon city
development.
In conclusion, this paper found that many of the current low carbon city plans under the NDRC program have a very broad scope
and may not necessarily address key concepts related to carbon
mitigation (e.g., energy efﬁciency). One underlying reason for the
plans’ broad scopes and insufﬁcient focus on energy and carbon
reduction could be the differing stages of urbanization that the
pilot cities are undergoing and their need to address a multitude of
pressing issues simultaneously. Another reason could be that the
top-down approach of developing low-carbon action plans in the
local governments limits input from stakeholders and the public,
making it difﬁcult to develop a comprehensive plan that adequately
represents the various aspects of urban development. Other contributing factors could include the relatively new government push
on promoting low carbon and local city planners’ subsequent lack
of knowledge in low-carbon policies and practices. This suggests
that for a city to be truly low carbon, city planners and local policymakers need to not only clearly deﬁne goals and priorities speciﬁc
to their city in formulating the low carbon plan but also have access
to clear guidelines and tools to help develop suitable policies.
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