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Introduction
In this paper, unless
otherwise noted, “industry”
and “the industrial sector”
are used interchangeably
to refer to secondary
industries, excluding the
construction industry.
Specifically, according
to the Chinese industrial
data collection convention
(see http://www.shanghai.
gov.cn/shanghai/
node2314/node4128/
node15316/node15317/
userobject30ai15041.html,
accessed on August 12,
2011), “industry refers to
the material production
sector which is engaged
in extraction of natural
resources and processing
and reprocessing of
minerals and agricultural
products, including
(1) extraction of natural
resources, such as mining,
salt production (but not
including hunting and
fishing); (2) processing and
reprocessing of farm and
sideline produces, such as
rice husking, flour milling,
wine making, oil pressing,
silk reeling, spinning and
weaving, and leather
making; (3) manufacture of
industrial products, such as
steel making, iron smelting,
chemicals manufacturing,
petroleum processing,
machine building, timber
processing; water and gas
production and electricity
generation and supply;
(4)repairing of industrial
products such as the
repairing of machinery
and means of transport
(including cars).”
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Emission reduction is not
exactly the same as energy
savings, but the two terms
are used interchangeably by
Chinese policymakers, as
they are in this report. For
a more detailed discussion
of the interchangeable use
of the terms in China, see:
Zhou, Hongchun, 2007,
An Economic Analysis of
Energy Saving and Emission
Reduction in China, Theory
Study, No. 16, pp. 16-20.
[In Chinese]

A recent survey of
Chinese decision makers
has found that energy
security is the second most
important driver of energy
efficiency measures in
2011. For detailed results
of the survey, please see
the Institute for Building
Efficiency’s website at
http://www.institutebe.com/.
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The title of this report, Essential Buildings, conveys two key messages.
First, buildings are already an essential component of many low-carbon
practices and city plans in China, and will continue to gain importance. In
China’s post-industrialized future, industrial energy efficiency can no longer
be the absolute driver of low-carbon development. As the share of industry
continues to decline in cities, carbon emission reductions from non-industrial
sectors, such as buildings, are increasingly significant in urban economies.1,2
At the same time, post-industrialization fuels the growth of the service sector in urban China, and this
drives an unprecedented demand for office buildings, consequently boosting the building sector. As a
result, many low-carbon practices and city plans in China make building energy efficiency their centerpiece.
However, building efficiency is not emphasized equally across urban China. The importance attached to
building efficiency corresponds to a city’s level of post-industrialization – the more post-industrialized the
city, the more likely its policies will favor building efficiency.
Second, a consensus is emerging among policymakers, academics, developers, architects, engineers,
building owners, property managers, and some investors that buildings need to be “essential” in nature,
meaning they consume only the amount of energy needed to maintain an appropriate comfort level.
Decision-makers in China have raised the priority of building efficiency for several reasons, including energy
costs and the increasing awareness and concern for energy security.3 These concerns have led to a growing
demand for building efficiency technologies and solutions. The building efficiency market is quickly maturing
as an increasing number of low-carbon cities invest in that area, as evidenced by the foothold renewable
energy technologies have recently gained as they are applied in buildings in several Chinese cities.
This analysis explores China’s efforts to use low-carbon city efforts to help meet carbon reduction goals
set by the 12th Five Year Plan (2011-2015). China has pledged to reduce carbon emissions per unit of
GDP by 40 to 45 percent by 2020, compared to 2005 levels. The central government expects to meet this
goal in part through the development of low-carbon city projects. This analysis provides an overview of
low-carbon cities in China. It informs governments, academics, developers, architects, engineers, building
owners, property managers, prospective investors, occupants, NGOs and the general public about China’s
plans for low-carbon investment in, development of, and use of low-carbon buildings. The following
sections describe the current status of low-carbon practices and also present the general consensus of
what decision-makers consider important for the next stage of low-carbon development in China.
The analysis concludes that plans for low-carbon cities generally place more importance on building
efficiency when the city enjoys a high level of post-industrialization, as in Shanghai and Hangzhou. In cities
where the level of post-industrialization is relatively low, as in Chongqing and Baoding, building efficiency
is not central to the overall low-carbon development strategy, as carbon reductions can be achieved more
easily in the industrial sector.
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Background
Chinese Urbanization at a Crossroads
China’s surge of urbanization is unprecedented. In the last 50 years, China’s urban population has grown
more than fivefold, from 107 million in 1960 to 586 million in 2009 (Figure 1). The net increase of China’s
urban population in the last 50 years equals the current total population of the European Union.
Figure 1. Urban Population in China (1960–2009)

Source: World Bank

600

In Millions

500
400
300
200
100

2008

2006

2004

2002

2000

1998

1996

1994

1992

1990

1988

1986

1984

1982

1980

1978

1976

1974

1972

1970

1968

1966

1964

1962

1960

0

Currently, China has a higher percentage of urbanization than India, though it remains lower than the
world average and much lower than recent North American and European levels (Figure 2). China’s urban
population continues to grow steadily: The government has set targets for the urban population to reach
52 percent by 2015 and 65 percent by 2030, according to the 12th Five Year Plan.4 As Figure 2 shows, the
2030 target is still below current European and North American levels.
Figure 2. Percentage of Urban Population (1960–2009)
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McKinsey Global Institute,
2009, Preparing for China’s
urban billion.
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Urbanization is not only the migration of the population into existing urban centers; it often corresponds to
an increase in the number of urban centers. This has not been the case for China. In 1997, the State Council
mandated that no more counties would be promoted to cities.5 At the same time, some major cities rapidly
expanded by redrawing city boundaries to include surrounding townships and villages. Consequently, the
urban population started to cluster in large urban agglomerations, such as Shanghai, Beijing, and Chongqing
(Figure 3).
Figure 3. China’s Population in Urban Agglomerations of More Than 1 Million (% of Total Population)
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China Daily, 2010, China
should choose low-carbon
urbanization, http://
www.chinadaily.com.cn/
china/2011npc/2010-11/05/
content_12074102.htm,
accessed on July 11, 2011.
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Lei, Hongpeng, Zhuang
Guiyang & Zhang Chu,
2011, Understanding LowCarbon City Development
in China: Strategy and
Method, Beijing: China
Environmental Science
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wwfchina.org/wwfpress/
publication/climate/lowcity_
report.pdf, accessed on
June 10, 2011.
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2010, China and a
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of Change: East Asia’s
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com.cn/cndy/2009-11/30/
content_9073968.htm,
accessed on July 11, 2011.
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Source: World Bank

The rapid expansion of China’s large metropolitan areas has accelerated the country’s energy consumption
and corresponding carbon emissions. Generally, energy consumption by urban residents is approximately
3.5 to 4 times that of rural residents, and even higher for large urban centers, meaning the bulk of carbon
emissions are tied to cities.6 Research has shown that one indirect consequence of urbanization is a marked
increase in global warming, because urbanization leads to higher levels of energy consumption.7
The Chinese government believes the country should avoid the high level of carbon emissions that accom
panied urbanization in the United States, Japan, Germany and the United Kingdom over the past century
(Figure 4).8 As the Chinese population becomes increasingly urbanized, the country needs to define and
implement a new pattern of urbanization if it is to avoid the same environmental and social problems faced
by developed countries.9
The Chinese leadership’s commitment to low-carbon development was made clear at the UN Climate
Change Summit in September 2009, when President Hu Jintao promised “to step up efforts to develop a
green economy, low-carbon and circular economies, and enhance research, development and dissemination
of climate-friendly technologies.” In the same year, China pledged to reduce carbon emissions per unit of
GDP by 40 to 45 percent in 2020, compared to 2005 levels.10 The scale and speed of China’s urbanization
requires a sustainable solution to unprecedented energy demands and elevated carbon emissions, but it
also presents an opportunity for China to become a global innovator in low-carbon development.11
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Figure 4. Urban Population Ratios and Emissions by Country (1971–2005)
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Figure source: UNDP, China and a Sustainable Future: Towards a Low Carbon Economy and Society

From Sustainable Development to Low-carbon Cities: A Research Hypothesis
Previous sustainability concepts offer insight into the current wave of low-carbon development in China.
This section briefly summarizes the adoption, implementation and enforcement of sustainable development
and similar concepts in China during the past two decades.
Sustainable development was first integrated into Chinese policymaking in 1992, with the government’s
publication of the “White Paper on China’s Population, Resource, Environment and Development in the
Twenty-First Century.” This document outlined how China would gradually transform its economy and
society for a sustainable future. In 1997, sustainable development became a strategic target of China’s
modernization efforts. Five years later, the same concept was further prioritized as one of the core
objectives of China’s “well-off society,” a strategic social development goal set in the early 1980s.12
Despite this substantial legislation, the concept of sustainability proved to be so broad that almost all
policy areas fell under its scope, creating more talk than action. It became increasingly apparent that
the term “sustainable development” had real shortcomings in providing meaningful guidance for the
evolution of environmental policy.13 Other buzzwords and terminology, such as “green revolution” and
“eco-development,” have been similarly criticized.14

People.com, 2008,
Sustainable Development,
http://cpc.people.com.cn/
GB/134999/135000/
8104098.html, retrieved
on July 12, 2011.

12

Buttel, F. H., 2000,
“Ecological modernization
as social theory.”
Geoforum, 31 (1): 57-65.

13

For a more detailed
discussion of political
slogans in China, see:
Lu, Xing. 1999. “An
ideological/cultural
analysis of political slogans
in Communist China.”
Discourse & Society.
10 (4): 487-508.

14

There is a widely shared suspicion among scholars and policymakers that the term “low-carbon develop
ment” is yet another slogan masking a great deal of talk but ultimately little decisive action. This criticism
argues that low-carbon development is a misleading description of China’s existing development model,
where the primary concern is economic growth rather than environmental concerns. Given the historical
context of sloganeering in this field, this analysis examines to what extent low-carbon efforts and plans
have translated into real action.
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Energy Efficiency in the Post-industrial Era
Before analyzing low-carbon practice in detail, a broad overview of China’s post-industrial context is
warranted. Leading cities in China, such as Shanghai and Beijing, have successfully moved heavy industries
from their core areas in the past 10 to 20 years. Structural changes in land value, labor shifts and industrial
technologies have opened urban centers for redevelopment. Factory obsolescence offered a chance to
relocate industrial facilities within a decade of initial development.
Beijing’s industrial landscape is gradually taking the shape of concentric circles as the advanced service sector,
including IT, entertainment and financial services, clusters in the city center and heavy industries are pushed

15
Yu, Fangtao, Chen,
Xiuyin, Wu, Hong.
2008, “Urban Functional
Patterns of Beijing and
Its De-industrialization
Process Since 2000,” Urban
Planning Forum, (03):
46-54. [In Chinese]

Shanghai Bureau of
Statistics, 2010, Shanghai
Statistical Yearbook 2010.

16

increasingly to the outer rings.15 The city’s relocation of several heavily polluting, energy-intensive factories
to peripheral areas in advance of the 2008 Olympics was in line with Beijing’s overall development strategy.
Shanghai also demonstrates a conspicuous pattern of post-industrial development. Until the late 1990s,
the majority of Shanghai’s residents worked in the industrial sector. Today, that is no longer true. By
employment size, Shanghai’s service sector outgrew the industrial sector in 2000 and has continued to
expand rapidly in the past decade (Figure 5). In 2009, the total output of Shanghai’s industrial sector
declined by 3 percent, the first fall in output since record-keeping began in 1978.16 Most factories in the
city’s urban areas have been relocated, some moving to nearby rural areas and many leaving the city
in favor of China’s relatively less-developed western provinces. Consequently, the city’s industrial zones
have repositioned themselves as business parks, and R&D and high-technology hubs with supporting
infrastructure not commonly associated with industrial localities.
Figure 5. Employment in Shanghai’s Industry and Service Sectors (1999–2009)
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China Daily, 2011,
Service Sector: China’s
Emerging Powerhouse,
http://www.chinadaily.
com.cn/cndy/2011-03/02/
content_12098593.htm,
accessed on July 11, 2011.
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There is a widely shared consensus among policymakers in China that cities must restructure their economies
to create better living conditions for their residents. This de-industrialization of Chinese cities and provinces
on the East Coast will happen in tandem with the rise of the modern service sector. China’s 12th Five-Year
Plan forecasts the number of people employed in the service sector to grow by five percentage points
to 41 percent nationwide by 2015.17 Much of this forecasted growth will be anchored by urban economic
restructuring.
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The de-industrialization of cities has implications for low-carbon development. In the late 1990s, China’s
energy efficiency measures were biased toward heavy industry. The country invested considerable
resources in research and development of technology to improve industrial energy efficiency since passage
of the Energy Conservation Act in 1997, and its success in this area has been unparalleled.18 However, in
the drive to industrial efficiency, China has devoted limited resources to energy conservation in areas such
as buildings and transportation.
As the percentage of industrial energy emissions continues to decline (Figure 6), China will need to
engage other energy-emitting sectors to realize its reduction goals. In cities where the level of postindustrialization is highest, investments in non-industrial energy efficiency measures therefore become
the key to success.19 Many local governments will be driven to emphasize building efficiency as they seek
low-carbon development models.
Figure 6. CO2 Emissions from Manufacturing and Construction Industries in China
(% of Total CO2 Emissions)
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Low-Carbon Development
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[In Chinese]
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Buildings in the Low-Carbon Economy
Industry, buildings and transportation are three of the largest carbon-emitting sectors in China. The building
sector now accounts for approximately 28 percent of the country’s total energy consumption.20 Although
estimates of the exact percentage vary, many analysts agree that the share of building energy consumption
in China will increase in the next 10 to 20 years.21 As a result, the building sector will become comparable
to the industrial sector in terms of carbon-emitting capacity in the next decade. Energy consumption in the
transportation sector is also projected to increase dramatically in the next one to two decades. However,
the growth pattern of these two sectors differs. The transportation sector is projected to witness an initial
increase in energy consumption before a decline after 2020, while the share of energy consumption in
buildings is projected to increase steadily.22 By 2020, buildings are expected to be the biggest consumers
of energy in many Chinese cities.23 Already, building energy consumption is the most significant driver of
growth in overall energy consumption in Chinese cities, primarily driven by public buildings.24

22
Chen, Fei & Chen,
Hongmin, 2011,
“Development of Shanghai
Low-Carbon Buildings,” in
World Wildlife Fund (eds),
2050 Shanghai Low-Carbon
Development Road Map,
pp. 201-225. [In Chinese]

23

Ibid.

The term “public
building” as used in this
analysis refers to both
government buildings and
commercial buildings,
as the data collection
convention in China does
not differentiate the two.
24
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On a global scale, (Figure 7), high levels of post-industrialization are often associated with high levels of
building energy consumption as a percentage of emissions. Where levels of post-industrialization are low,
as in India and China, the share of building energy consumption is correspondingly lower, and industrial
emissions may be higher. As de-industrialization continues in China, the composition of the country’s GDP
will increasingly resemble that of the United States, Japan and Europe. Accordingly, without concrete action
to reduce energy use, the share of building energy consumption in China will approach the level of postindustrialized nations.
Figure 7. World End-Use Energy Consumption by Sector (2005)

Source: WRI
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The most direct driver of growth in building energy consumption in China is the rapidly increasing development
of new residential and commercial buildings. China’s urban population growth, coupled with the increasing
aspirations and needs of the population for dramatically improved living environments, has created strong
demand for residential buildings. Meanwhile, macro-economic restructuring has led to an unprecedented
growth in demand from the service sector for commercial buildings. Shanghai, for example has seen an
unprecedented growth of commercial buildings, which may foreshadow a larger trend (Figure 8).25
Figure 8. Grade A Office Building Market in Shanghai

Source: Colliers International Database
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Defining “Green” and “Low-Carbon” Buildings and Cities
According to China’s Green Building Evaluation Standard (GBES), green buildings are defined as “buildings
that save a maximum amount of resources (including energy, land, water, and materials), protect the
environment, reduce pollution, provide healthy, comfortable and efficient space for people, and exist in
harmony with nature.” However, this broad conceptual definition leaves ample room for differences in
measurement and verification. Several provinces in China have legislated versions of the GBES that factor
in the local climate and offer specific guidance in the evaluation of green buildings.
In light of the imprecise definition of the GBES, some large government-led development projects have
established project-specific standards that differ from the national GBES guidance. In the five cases
studied in this analysis, local officials and planning agencies define green buildings or low-carbon buildings
differently. As a result, indicators, benchmarks, and measurement criteria differ from project to project.
This analysis presents and analyzes some of the areas of divergence.
The definition of a low-carbon city is similarly vague. In this analysis, self-identified low-carbon real estate
projects are excluded in favor of government-initiated low-carbon city projects, as the private real estate
projects are vastly different in nature. Even with the exclusion of the private real estate initiatives, the
government-initiated projects lack a single official definition of what constitutes a low-carbon city. China’s
Ministry of Environmental Protection and Ministry of Housing and Urban-Rural Development (MoHURD)
have both developed standards for Eco-Cities. Several provinces have also created standards for Garden
Cities, Green Cities, and other similar designations. All of these standards vary in definition, rigidity and
scope. Some large cities have pockets in the urban area under low-carbon city development, whereas
low-carbon goals in smaller cities typically reach into all areas of the jurisdiction. These differences may
prevent a single, overarching definition of low-carbon city in China.
The next section highlights several low-carbon cities in China to illustrate how Chinese policymakers and
planners incorporate low-carbon building goals into their development plans.

Low-Carbon Cities in China26
Despite the lack of a standard definition of a low-carbon city, the majority of Chinese cities have set lowcarbon goals. According to a study by the Chinese Society for Urban Studies (CSUS), 276 of the 287 cities
in China with municipality status have proposed low-carbon or Eco-City goals. Of these, more than half
have begun construction projects in an effort to fulfill these goals, while more than a quarter have specific
plans for action in the near future (Figure 9).27 Most of these low-carbon projects did not exist before 2009,
clearly demonstrating a national trend of low-carbon development in China.28
According to China’s 12th Five Year Plan, by 2015 China will establish 100 model cities, 200 model counties,
1,000 model districts, and 10,000 model towns under a green and new energy theme to showcase its
achievements in low-carbon development.29 It is noteworthy that unlike the United States and Europe,
where many low-carbon projects involve retrofitting existing buildings and urban infrastructure, Chinese
low-carbon cities are predominantly new developments.

Unless otherwise noted,
information presented in
this section was collected
through interviews
conducted by Yifei Li.

26

27
Yu, Li. The Current Status
of Low-Carbon Eco Cities
in China, presented at
the annual conference of
the Chinese Society for
Urban Studies, June 27,
2011, in Yangzhou, Jiangsu
Province.

Chinese Society
for Urban Studies,
The Cases of Chinese
Eco-City, www.cityup.
org/eco_city/download/
download/1305532924390.
pdf, accessed on July
19, 2011.

28

Xinhua, China pledges
its urbanization drive to
be low-carbon, http://
news.xinhuanet.com/
english2010/china/201106/21/c_13942037.htm,
accessed on June 29, 2011.
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Figure 9. The pink dots in this exhibit are the cities that have officially proposed low-carbon or
eco-city goals in China, with darker ones indicating low-carbon goals and lighter ones
eco-city goals.

Source: Li, Xun, 2011, Introduction to low-carbon cities in China, presented at the
Institute for Building Efficiency Roundtable Discussion, August 4 2011.

30
Jie Fang Daily, Why is
Low-Carbon a Barrier for
Businesses? http://old.
jfdaily.com/newspaper/
xhs_1/node49102_63496/
node49113/200909/
t20090902_747580.htm,
accessed on July 19, 2011.
[In Chinese]

World Wildlife Fund,
The Effect of China’s
Economic Stimulus Plan
on Climate and Energy,
http://www.wwfchina.org/
wwfpress/publication/shift/
Stimuluspackagereport_
CN.pdf, accessed on
July 19, 2011.

31

10

The growing interest in low-carbon development among government departments and the private sector
has been attributed primarily to China’s 2009 economic stimulus package, which promised to invest RMB210
billion (US$32.8 billion) in energy efficiency and alternative energy industries.30 This investment marks the
central government’s initial promotion of low-carbon industries and accounts for 5 percent of the total
stimulus package (Figure 10). The Chinese government has been cautious in its investment in emerging
low-carbon industries, although it is expected to increase its investment significantly once the first round
of stimulus proves successful.31 In addition to the government, the private sector is increasingly investing in
China’s low-carbon development, including funding from foreign sources such as Singapore, Australia, and
the United Kingdom. China’s domestic private sector has been no less enthusiastic, investing significantly
in solar and other renewable power sources and storage technologies, which have been and will continue
to be widely used in Chinese low-carbon cities.
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Figure 10. Composition of China’s 2009 Economic Stimulus Package
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http://www.wwfchina.org/wwfpress/publication/shift/Stimuluspackagereport_CN.pdf, accessed on July 19, 2011

In the pages that follow, this paper will study five low-carbon city cases. The Sino-Singapore Tianjin EcoCity project, a flagship development that draws on the joint resources of China and Singapore, is China’s
best-known low-carbon city.32 After showcasing some of the world’s leading low-carbon practices while
hosting the 2010 World Expo, Shanghai plans to develop its former Expo site into a large demonstration
zone for low-carbon technology. Hangzhou, Chongqing and Baoding are among eight cities designated
by the National Development and Reform Commission (NDRC) in China’s 12th Five Year Plan as national
pilots for low-carbon development.33 Geographically, the five cases represent cities in northern, eastern,
and central China (Figure 11).
Figure 11.
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Sino-Singapore Tianjin Eco-City
• Tianjin City Profile

Whereas most cities are
subordinate to county and
provincial administrations,
the four directly
administered municipalities,
Beijing, Tianjin, Shanghai
and Chongqing, are
directly under the central
government.
34

World Bank, 2009, SinoSingapore Tianjin Eco-City:
A Case Study of an
Emerging Eco-City in China,
http://www.worldbank.org/
research/2009/11/13550294/
sino-singapore-tianjineco-city-sstec-case-studyemerging-eco-city-china,
accessed on June 3, 2011.

35

Population (2010)

12,990,000

Total land area

11,860.63 square kilometers (4,579.39 square miles)

Per capita GDP (2010)

RMB72,994 (US$11,459)

The city of Tianjin is one of four municipalities in China directly administered by the central government.34
Sino-Singapore Tianjin Eco-City (SSTEC) is located in the northern part of Tianjin’s Binhai New Area, a
newly established development zone 45 km (28 miles) from the city center and 150 km (93 miles) from
Beijing.35 SSTEC covers a total land area of 30 square kilometers (11.58 square miles), and targets a
total population of 350,000 people.36 Construction of SSTEC started in September 2009 and is planned
to be completed by 2019.
Tianjin exhibits clear signs of post-industrialization. The share of GDP generated by industry has
declined from more than 65 percent in 1978, the beginning of China’s economic reform, to 48 percent
in 2009 (Figure 12), with a concurrent rise in the service sector’s share. As economic restructuring
continues, Tianjin’s service sector is projected to contribute a much larger share of GDP.
Figure 12. Industry and Service Sectors in Tianjin (% of Total GDP, 1978–2009)
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• Importance of the Case
The SSTEC project has received significant attention because of its aim to become a “model ecoand low-carbon city replicable by other cities in China.”37 The project receives consistent support
from the highest levels of leadership in China and Singapore. In 2007, Chinese Premier Wen Jiabao
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and Singapore’s Prime Minister Lee Hsien Loong signed a Framework Agreement to jointly develop
the SSTEC. In 2008, Premier Wen and Singapore’s Senior Minister Goh Chok Tong both attended
its groundbreaking ceremony. This project is the second “flagship bilateral project” between China
and Singapore, after the success of Suzhou Industrial Park, established in 1994. SSTEC marks the
countries’ determination to jointly combat climate change.38
SSTEC uses a set of Key Performance Indicators (KPIs) based on existing Eco-City standards in China
to monitor and track progress. This innovative system will measure the sustainability of the natural
environment and the built environment and allow officials in others cities to replicate SSTEC’s tracking
methods. SSTEC’s performance on the indicators will be instrumental for the development of future
low-carbon projects in China.

China Daily, 2008, China,
Singapore team up on
green city project, http://
www.chinadaily.com.
cn/cndy/2008-09/27/
content_7065350.htm,
accessed on July 19, 2011.

38

• Overall Planning
The SSTEC project reflects the continuing effort toward low-carbon development in Tianjin. After
being recognized as a national Water Saving City and National Environment Protection Model City,
Tianjin developed the Tianjin Eco-City Planning Guideline in September 2007. In January 2008, the
city introduced the Tianjin Eco-City Construction Action Plan. Both plans aim to achieve national EcoCity status for Tianjin by 2015, as recognized by the Ministry of Environmental Protection (MEP).39 In
addition, the SSTEC project reflects the city’s resolution to combat climate change. In 2010, the Tianjin
Municipal Government issued Tianjin’s Strategic Response to Climate Change, considered a master
policy integrating previous policies and future implementation plans.40 The document outlined the
following key actions:
– Promote low-carbon industries
– Promote energy savings in transportation and buildings
– Promote public awareness of energy efficiency
– Consolidate industrial energy savings

39
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http://www.worldbank.org/
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accessed on June 3, 2011.
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40

–	Support the clean energy industry
– Promote the “circular economy” model
– Consolidate eco-agriculture
– Consolidate forestry management
The planning of SSTEC places considerable emphasis on the development of its own set of KPIs to
ensure effective monitoring and coordination. According to local officials, existing standards in China
are vague and not immediately applicable to Tianjin. The MoHURD standard focuses primarily on the
built environment, measuring green space, infrastructure, and other aspects that commonly fall under
the ministry’s supervision. The MEP standard, though broader in scope, includes indicators that are
not measurable.
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Community development is a top priority for SSTEC. The project aims for an ideal mix of work and
life for its residents by following the planning standards of the U.S. Green Building Council (USGBC)
Leadership in Energy and Environmental Design for Neighborhood Development (LEED-ND).41 The
LEED-ND standard is used to evaluate environmental sustainability in urban design and community
development and is based on the idea that urban design, land use and the environment are inextricably
linked. Buildings in the SSTEC neighborhood are expected to meet the Gold standard of the Tianjin
Eco-City’s GBES. Several high-end residential buildings will demonstrate net zero energy technologies,
meeting their energy needs with power generated on site.42
SSTEC’s economic development is also geared toward the reduction of carbon emissions in the local
economy. Commercial buildings in SSTEC feature energy-, water-, and lighting-efficient technologies.
The site’s industrial park has ready-built premises as well as customized building solutions that meet
SSTEC’s KPI criteria. These commercial buildings will showcase ecologically sustainable design features,
and many aim to achieve LEED Silver certification.43
In its search for building occupants, SSTEC has taken a proactive approach by targeting businesses
in low-carbon industries, such as green building, clean energy, and waste management. Factories in
these industries will be housed in low-carbon buildings. More important, these factories are expected
to attract factories in downstream industries into the world of low-carbon development. The intent is
for SSTEC to create a regional support network for green industry and low-carbon development needs.
Furthermore, economic development and community development will be closely intertwined in SSTEC.
Economic activities in the area are expected to generate 175,000 jobs, at least half of them filled by
area residents.44 As most residents in SSTEC will live and work within the development’s boundaries,
both the need for long distance commuting and the residents’ carbon footprint will be reduced.
While transportation within SSTEC is designed to be low-carbon, transportation between SSTEC and
the surrounding region is also targeted for a reduction in carbon emissions.45 SSTEC is located at the
heart of the Bohai Rim coastal economic region and is planned to provide “complementary functions”
to support the vast volume of economic activity in the Greater Beijing area as well the needs for lowcarbon goods, technologies and services in the Bohai Rim coastal economic region. SSTEC will develop
its own niche in the region’s low-carbon future.
• Low-Carbon Buildings
For a large-scale project like SSTEC, low-carbon planning necessarily covers a broad range, though
not every aspect receives equal emphasis. According to project developers, while energy supply and
behavioral energy savings are considered beyond the control of a low-carbon city, industrial and
commercial energy consumption is directly under the city’s control. As buildings will account for 80
percent of energy consumed in SSTEC, the project is determined that all buildings should meet its green
standards.46,47 Indeed, one of SSTEC’s KPIs is the percentage of green buildings, targeted at 100 percent.
Interestingly, SSTEC follows neither the Chinese standards for green buildings (Three Star) nor LEED,
but has developed its own green building codes. SSTEC’s GBES is intended to be more advanced
than the national standard and hopes to set a new benchmark for China.48 The project-specific GBES
carefully measures energy savings, outdoor and indoor environment, operation and management,
building materials and water use, and sets higher standards in plant coverage, renewable energy use,
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non-conventional water resource use, and wall material use. Overall, SSTEC’s green building codes
are more stringent than the national GBES and compare favorably to LEED, although their success is
yet to be witnessed.49
Furthermore, SSTEC has designed its central business district as a green campus incorporating trees,
ponds, and other natural features.50 Although the majority of green buildings will be commercial and
public in nature, the development’s residential buildings will also be sustainable.51 SSTEC aims to
create not only a low-carbon city, but a low-carbon community.
• Difficulties
Due to the uncertainty of the return on investments in SSTEC, developers have yet to be convinced of
the feasibility of low-carbon city development. Though information on construction costs is limited, if
the cost of constructing green buildings is higher than that of standard buildings, and if the achievable
sales or rental levels remain unchanged, developers will have less incentive to engage in green
development. Furthermore, SSTEC is not entitled to offer any special tax incentives, and the project
relies on government mandates in its pursuit of green building development.
It is clear that energy efficiency can only be achieved with the right combination of technological
and behavioral change. SSTEC has ambitiously tackled the technological side, but without adequate
education of the general public, the full potential of green technologies will not be fulfilled. The
amount of resources to be spent on public education remains uncertain.
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• Lessons Learned
Although difficulties exist, as the first comprehensive low-carbon city project in China, SSTEC allows
for an initial assessment of the possibilities for this type of development.
China’s strong need for sustainable urbanization is evident in the high level of government support for
the SSTEC project and its mandate for low-carbon city development projects.52 Government support
is the first and foremost guarantee of SSTEC’s success. The endorsement of the central, regional and
municipal governments has made SSTEC possible.
SSTEC relies on quantitative and qualitative measures throughout the planning and construction
process. The project-specific GBES has proven effective in the development of green buildings, while
the established KPIs ensure the consistent implementation of the low-carbon plan. SSTEC demon
strates the successful use of multiple sets of indicators to monitor planning and implementation at
both the micro and macro levels.
In addition, SSTEC benefits from what the Chinese call the Golden Three – opportune timing, advan
tageous site, and harmonious relations among partners.53 China’s position at the crossroads of
urbanization and the need to transform its pattern of development make this an opportune time for a
project of this nature. The SSTEC site, a non-arable plot of land with a polluted water table, gave the
project a relatively low opportunity cost. Finally, Singapore and China have previously worked together
on the successful Suzhou Industrial Park project and are strategic partners in many areas. All three
factors contributed to the success of SSTEC.
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With the combination of several crucial factors, SSTEC has achieved notable success and has become
the most widely known low-carbon city in China. However, the existence of such a large number of
favorable factors also casts doubt on whether SSTEC can truly be replicated across China. The support
from multiple levels of government has attracted significant investment in SSTEC. Second- and thirdtier cities in China will struggle to attract a fraction of SSTEC’s investment.54 Many city officials and
Fan, Sheng, 2011,
Planning and thinking
low-carbon cities: Evidence
from old town Qing Chuan,
presented at the annual
conference of the Chinese
Society for Urban Studies,
June 27, 2011, in Yangzhou,
Jiangsu Province.
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planners hope that as the number of low-carbon cities grows, the cost of low-carbon technologies and
materials will fall. Otherwise, the success of SSTEC seems unlikely to be duplicated.
The Shanghai Post-Expo Area
• Shanghai City Profile
Population (2010)

23,030,000

Total land area

6,340.5 square kilometers (2,448.1 square miles)

Per capita GDP (2010)

RMB76,074 (US$11,943)

Like Tianjin, Shanghai is one of China’s four directly administered municipalities. The Shanghai PostExpo Area (SPEA) is located in metropolitan Shanghai, 6 kilometers (3.7 miles) south of People’s
Square, the center of the city. SPEA covers a total land area of 6.68 square kilometers (2.58 square
miles), containing residential, commercial, entertainment, and public zones.
Shanghai’s level of post industrialization is among the highest in mainland China. The share of GDP
generated by Shanghai’s service sector surpassed that of the industrial sector in 1998 and is now
almost twice its size (Figure 13). The growth of the service sector and the corresponding decline of the
industrial sector have been especially dramatic in recent years. The service sector is now the primary
driver of Shanghai’s economy and will continue to be so for the foreseeable future.
Figure 13. Industry and Service Sectors in Shanghai (% of Total GDP, 1978–2009)
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• Importance of the Case
The SPEA development project is less widely known than SSTEC, although the Post-Expo Area was
the site of the 2010 World Expo, which attracted 70 million visitors. Shanghai has taken the Expo’s
theme of “Better City, Better Life” as a guiding principle for the city’s urban planning since the late
2000s.55 Low-carbon concepts, tools, technologies and practices were a common thread among the
Expo’s exhibitions, and the city is determined to use the Expo’s legacy to promote further reductions
in carbon emissions in the local economy.56 SPEA is the city’s pilot area for the introduction of these
low-carbon technologies.
SPEA demonstrates the possibility for a low-carbon development in the heart of a city. From 2006 to
2010, in preparation for the World Expo, Shanghai renovated a large downtown area. This site was first
developed as the grounds of the 2010 World Expo and is now being developed as the SPEA, a lowcarbon model city. Where other projects primarily involve new construction, SPEA has the challenge
of integrating infrastructure built for the World Expo with new construction.57 In addition, due to its
downtown location, planners must consider the strategic role of SPEA in relation to other downtown
areas.
• Overall Planning
SPEA is oriented toward three major uses: conventions and exhibitions, a corporate headquarter zone,
and eco-tourism. SPEA reflects and at the same time contributes to Shanghai’s high level of postindustrialization.

55
Liu, S. & Zhang, T.
Sustainable Reuse of Expo
Site after 2010 Shanghai
Expo, Shanghai Urban
Planning Review, Vol. 92,
No. 3, pp. 45-48.

Tang, Y., Tu, H., Huang,
Y., Zheng, Y. Zhan, X.,
Chen, X., Sun, Z., & Yang,
N., 2011, Low-Carbon
Expo and Low-Carbon
Development in Shanghai,
Shanghai Energy
Conservation, No. 2,
pp. 1-17. [In Chinese]

56

57
Expo Organizing
Committee, 2006, Initial
Plan for Post-Expo
Use of the Site, http://
www.expo2010.
cn/a/20080529/018136.htm,
accessed on July 28, 2011.
[In Chinese]

Convention and Exhibition
China’s Expo Pavilion and its surrounding area are planned to be developed as the convention and
exhibition zone to support Shanghai’s strategic position as an international center of finance and
commerce.
The convention and exhibition zone is more than just a complex of convention centers. It also features
the Expo’s Urban Best Practice (UBP) zone, which will be developed into a center for creative industries,
including graphic design firms, architecture studios and art galleries. While large convention facilities
will serve the needs of national and international conferences, the UBP zone will host smaller artrelated exhibitions. In this way, the UBP will become complementary to the large convention centers in
SPEA. It is important to note that companies from the creative industry sector are intended to occupy
former factories. The SPEA’s objective is to create a mix of new and old buildings by retrofitting
factories that remain in usable condition. This is one of the many ways in which SPEA will realize its
low-carbon concept.
Corporate Headquarter Zone
The corporate headquarter zone in SPEA will supply business premises to domestic and multinational
corporations. The zone consists primarily of office buildings, although 10 percent of the total floor area
will be used for entertainment and retail purposes. SPEA’s goal is to attract well-known multinational
corporations to occupy buildings in this zone. As of August 2011, 13 large-scale state-owned
enterprises have signed contracts to move their headquarters to SPEA.58 Retail services in the zone
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are intended to target middle- to high-end retailers.
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The plan for this zone features a high-density development with low building heights. To achieve this, the
headquarters buildings will be connected by public squares, metro stations and corner parks, designed
to encourage walking. The intent is to create a comfortable environment combining workspaces and
outdoor areas, based on the urban pattern of the Shanghai area’s traditional gardens. The entire zone
will be receptive to public use while affording privacy to businesses users. All of these concepts will
contribute to the low-carbon course of SPEA.
Eco-tourism
The Houtan area is a reclaimed nature reserve. A cluster of heavily polluting factories in what is now the
SPEA was successfully transformed into Houtan Wetland Park, Expo Park and Bailianjing Eco-Park, in
part by using reclaimed materials from the demolished factories. Visitors to the parks, which now form
a large green space in SPEA, are exposed to low-carbon technologies, such as a water purification and
recycling system that generates significant quantities of potable water.
• Low-Carbon Buildings
The demand for building floor area is especially high in SPEA, due to the area’s functional specialization
in convention and exhibition and corporate headquarters. In light of this, the planning of SPEA has
placed special emphasis on green building technology, including new building materials, sunlight
shading systems, rooftop gardens, water recycling systems, adjustable lighting, and smart energy
management systems. Unlike SSTEC, which has developed its own green building standard, SPEA will
follow the Three Star rating program, an existing rating system administered by Chinese authorities.
Through the use of energy-saving technologies, all buildings in SPEA are expected to achieve Three
Star status, the highest achievable status under China’s green building standard.
However, SPEA exceeds the minimum requirement of the Three Star system. As part of the mission
of the World Expo, the SPEA project will put many cutting-edge green building technologies into wide
use, including distributed heating systems, geothermal heat pumps, and water-source heat pumps.
These buildings will showcase new concepts in energy efficiency and are intended to be extensions of
the Expo’s promise to create a better urban life for its residents.
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One of the key principles in the design of SPEA is its adherence to a traditional spatial pattern
representative of the greater Shanghai region (also known as Jiangnan). Specifically, the overall planning
pattern for the area will resemble a traditional Jiangnan garden. Natural ventilation will disperse heat
generated by buildings, and paths will be shaded by trees. In addition, water-source heat pumps will
be installed in buildings as part of the heating, ventilation, and air conditioning (HVAC) systems. The
pumps enable heat exchange between the buildings and the Huangpu River, which bisects the SPEA
site, and will minimize the environmental impact of HVAC operations.59
• Difficulties
It is difficult to determine the appropriate balance between existing and new buildings.60 It is equally hard
to balance the combination of emerging and mature technologies. The decision-making process for
these questions will naturally involve compromise between designers, developers, potential occupants,
and government representatives, as well as practical constraints. In one of the first low-carbon city
projects, it is especially challenging to strike the ideal balance to achieve energy efficiency, as few
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precedents exist. For example, the national Three Star green building code does not take into account
many of the local natural conditions in Shanghai. The SPEA project complies with the Three Star
requirements but also adds several innovations that factor in local conditions. However, it is difficult to
judge whether these innovations will be effective in reducing carbon emissions, as few of them have
been in operation long enough to assess their effect.
• Lessons Learned
While the SPEA project would not be likely to succeed without the tremendous resources invested in
the 2010 World Expo, the SPEA nonetheless demonstrates the possibility of creating a low-carbon city
in a downtown area. The cost is high, but the project offers insights into the ways in which existing
infrastructure can be meaningfully integrated into new planning. The industrial memory of the SPEA
area remains in its factory buildings, even as the installation of modern building technologies gives
them a new purpose.
The SPEA project also demonstrates that low-carbon cities need to be integrated into the larger city’s
infrastructure. Transportation is not heavily emphasized in the planning for SPEA because the area
downtown location is already well connected to Shanghai’s existing transportation network.
Furthermore, the SPEA’s development is promising because its positioning is aligned with the macroeconomic goals of Shanghai. As of 2010, Shanghai was home to the regional headquarters of 74
Fortune 500 companies and 315 foreign research and development centers.61,62 Shanghai’s 12th FiveYear Plan forecasts this number to double by 2015.63 SPEA’s timing captures this opportunity.

Hangzhou
• Hangzhou City Profile

China News Network,
2010, More than 300
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Population (2010)

8,705,400

Total land area

16,600 square kilometers (6,409 square miles)

Per capita GDP (2010)

RMB64,828 (US$10,177)

Hangzhou is the capital of Eastern China’s Zhejiang Province. Hangzhou does not have individual
development projects that showcase and experiment with low-carbon technologies. Instead, it
proposes to spread the benefits of low-carbon development across its jurisdiction. According to
Hangzhou’s 12th Five Year Plan, the city’s comprehensive low-carbon plan is comprised of “a lowcarbon economy, low-carbon buildings, low-carbon transportation, low-carbon lifestyles, low-carbon
environment, and low-carbon society.”64 This is what the city calls a “six-in-one” vision of low-carbon
Hangzhou, in which six key elements of low-carbon development create a multifaceted whole.
Hangzhou shows clear trends of post-industrialization. The growth of the city’s service sector started
in the early 1980s and has remained strong for the past three decades (Figure 14). The city forecasts
the service sector to account for more than 60 percent of GDP by 2020.65 From a macro-economic
perspective, Hangzhou exhibited apparent signs of post-industrialization at a time when most urban
economies in China, including that of Shanghai, were still dominated by the industrial sector. However,
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Hangzhou’s level of post-industrialization has stalled in the past two decades, while other cities have
moved further along in the process. Today, the service sector accounts for roughly half of the economic
output in Hangzhou, whereas the service sector in Shanghai now accounts for almost 60 percent of
GDP. Since 2008, Hangzhou’s service sector has again begun to gain momentum (Figure 14), and with
the support of local economic restructuring policies, the city’s post-industrialization will continue in
the years to come.
Figure 14. Industry and Service Sectors in Hangzhou (% of Total GDP, 1978–2009)
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Source: Hangzhou Statistical Yearbook 2010, http://www.hzstats.gov.cn/web/tjnj/nj2010/01/nj_.htm, accessed July 11, 2011

• Importance of the Case
Hangzhou is one of the first cities in China to have placed the natural environment at the center of its
development strategy, and its achievements in sustainability are unparalleled in the country. The city’s
pioneering efforts have been recognized nationally and internationally: Honors include the 2001 UN
Habitat Scroll of Honor Award and designation as a National Garden City by China’s central government,
among many others. In 2011, Hangzhou’s West Lake was approved as a UNESCO World Heritage Site.
From a building efficiency perspective, Hangzhou is oriented toward retrofitting existing buildings rather
than the common approach of seeking energy savings in new construction. The Hangzhou Municipal
Government views retrofitting, along with rooftop gardens and renewable energy, as a way to stimulate
large-scale building efficiency programs. The city has established a retrofitting standard that has been
integrated into its urban renewal programs, and plans to retrofit nearly all of its public buildings and at
least half of its residential buildings by 2015 – an ambitious plan unseen elsewhere in China.
Hangzhou Municipal
Government, 2010,
Hangzhou proposes a
“hexone” of low-carbon
development, http://www.
hangzhou.gov.cn/main/
zwdt/bzbd/mfmq/T317773.
shtml, accessed on July 25,
2011. [In Chinese]
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• Overall Planning
Hangzhou proposes a multifaceted approach to low-carbon development as the backbone of its lowcarbon action plan.66 This strategy consolidates six areas – economy, buildings, transportation, lifestyle,
environment and society – under the leadership of a single oversight committee that coordinates
practices across government departments. A number of projects follow this approach.
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The economic component of Hangzhou’s strategy is exemplified by its Hangzhou Industrial Park
project. Hangzhou has partnered with a Singaporean clean-technology company to build a low-carbon
industrial park, with an investment of approximately RMB1.66 billion (US$265 million). The industrial
park will be tailored to clean energy and renewable energy businesses, taking advantage of the
clustering effect of low-carbon industries.67 The park is expected to create a total of 5 million square
meters (54 million square feet) of gross floor area and to become the premier low-carbon industrial
center of the region. Buildings within the industrial park will comply with the China Three Star green
building standard to varying degrees. All buildings in the park will meet the requirements for One Star
certification, and a number will reach the Two Star level. Green buildings intended as demonstration
projects will achieve Three Star certification. The project broke ground in June 2011 and is expected
to be a low-carbon demonstration model for Hangzhou and the region when completed in 2016.68
Hangzhou’s green transportation programs are among the most advanced in the nation. Public transit
is responsible for more than half the total traffic volume. In 2008, the city introduced a public bicycle
program covering most urban areas in its jurisdiction. The government supplies some 50,000 bicycles,
which are available for use at little or no cost, depending on usage.69 The city now has 2,150 bicycle
rental and return service points, servicing an average of approximately 172,000 users per day.70 The
bike program and other strategies to promote the use of public transit in Hangzhou have proven very
effective and have become a model for other cities.
Another element in Hangzhou’s low-carbon development strategy is eco-tourism. Hangzhou has
historically been known as a city of natural beauty. Its most famous tourist attraction is the West Lake,
located in the center of the city. In recent years, Hangzhou has passed a series of legislative measures
to tackle the lake’s pollution problem by regulating the tourism market. The vast number of tourists
attracted to West Lake has made it difficult to protect. The government addressed this challenge by
developing and renovating a number of other tourist attractions in order to absorb tourism demand and
direct tourist flows away from the lake. These new attractions are scattered across the metropolitan
area, and most make a feature of the city’s ecological integrity.71 This strategy is meant to ensure the
sustainability of tourism in Hangzhou while providing more attractions for visitors.
While Hangzhou’s plan and experience in low-carbon development encompasses a wide range of
areas, each district has only limited resources to invest in low-carbon projects. Had all districts been
required to follow a comprehensive low-carbon strategy – to invest in all six elements – very little
could have been done in any of the districts. Instead, each district specializes in one or two of the
six components, so that each can pick elements that best fit local conditions. For example, Jianggan
District features green office buildings, Qianjiang District specializes in low-carbon industries, and
Chun’an County heads eco-tourism. This district-level specialization is expected to contribute to the
successful implementation of the comprehensive low-carbon plan at the municipal level.
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• Low-Carbon Buildings
According to Hangzhou’s Development and Reform Commission, the city will actively pursue energy
efficiency in buildings and transportation, replacing industrial energy efficiency as the primary driver
of Hangzhou’s low-carbon agenda.72
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The city has set ambitious goals for both new construction and the retrofitting of existing buildings.
For new buildings, at least 40 percent of construction materials must be “certified green” (although
it is unclear which standard applies). For existing buildings, Hangzhou’s urban renewal program is
ambitious. By 2015, at least half of existing residential buildings will be retrofitted, with a focus on
exterior walls, windows, and rooftops, according to government plans. Over the same time frame, all
public buildings are expected to complete energy-saving retrofitting. If realized, these goals will make
Hangzhou one of the most energy efficient cities in China. To this end, the municipal government will
invest a total of RMB450 million (US$66 million) in the retrofitting of public buildings, including 30
educational buildings, 20 restaurants, and 10 hospitals.
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Unlike SSTEC and SPEA, both of which have green building mandates, Hangzhou’s green building
promotion is on a largely voluntary, incentivized basis.73 Given the breadth of Hangzhou’s green building
program, as compared to SSTEC or SPEA’s relatively narrow focus, this strategy is understandable. The
city plans to promote the national Three Star Green building certification program by offering financial
incentives for buildings that achieve Three Star certification, and expects a considerable increase in
the number of properties that use low-carbon building technologies.74 Hangzhou plans to issue a Green
Building Technical Guide for developers and builders, meant to increase the use of green building
materials and the quality of both new construction and retrofits. The city also plans to enact a Sunny
Rooftop Demonstration Project to promote the use of solar energy facilities in residential buildings.
• Difficulties
Due to the scale of Hangzhou’s multifaceted strategy, many of the implementation projects involve
multiple government departments and interest groups. In order to mitigate conflicts and ease
coordination, the city selected members from every government department to create a low-carbon
leadership committee that reports to the Secretary-General of Hangzhou’s Communist Party, the
municipal government’s top official. The committee is responsible for coordinating low-carbon city
development projects across government departments, though the effectiveness of this approach has
yet to be evaluated.
The range and scale of low-carbon projects in Hangzhou have also made it difficult to define the
term “low-carbon city” in the local context. Hangzhou has launched a series of education programs
to communicate the importance of low-carbon development and the ways in which the public can
participate. However, the public’s perception of low-carbon development has turned out to be much
less focused than the government’s definition. The general public understanding is that almost every
issue that relates to environmental protection is part of low-carbon development.75 Therefore, the
public understanding of Hangzhou’s comprehensive low-carbon development strategy is very similar
to the commonplace practices implemented under the generic term “sustainable development” in
the 1990s and early 2000s. In order to address this gap in perception, the local government needs to
identify key action areas in the short and long term and define the six branches of its development
strategy more clearly.
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• Lessons Learned
A low-carbon city project does not necessarily need to be geographically limited to a development zone.
The Hangzhou case has clearly demonstrated the potential of mobilizing a whole municipality to follow
the low-carbon path. Though Hangzhou has encountered difficulties in its citywide low-carbon campaign,
the gains of driving the whole municipality to go low-carbon are substantial. Furthermore, Hangzhou’s
district-level specialization, in which each district selects the elements that best fit its existing economic
and social conditions, ensures that low-carbon goals are achievable at the municipal level.
Funding sources are relatively limited for Hangzhou, in contrast to the considerable government and
foreign investment attracted by Tianjin and Shanghai. Hangzhou’s municipal government must work
closely with district and town-level governments in its jurisdiction to ensure funding for low-carbon
development. District and town-level governments are required to match funding from the municipal
government to support their own projects. In this way, Hangzhou has successfully financed a number
of projects. Currently, priority is given to demonstration projects, but as the market matures and
government promotions take effect, the number of nondemonstrative low-carbon projects is expected
to grow rapidly.
In terms of building energy efficiency, Hangzhou’s commitment to retrofit existing buildings is
unparalleled. Hangzhou’s retrofitting efforts extend well beyond the public sphere into the residential
sector, whereas most low-carbon cities in China focus on energy savings in existing governmentowned buildings. According to data from China Energy Conservation Association, in the three years
from 2010 to 2012, Hangzhou is expected to retrofit all residential units along 745 of the city’s alleys,
in addition to 3,365 residential buildings in the city’s downtown area.76 Hangzhou’s retrofitting program
has proven feasible and has been well received by local residents. This signals an emerging trend of
residential building energy efficiency that will likely be joined by other low-carbon cities in China.

Liangjiang New Area, Chongqing
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• Chongqing City Profile
Population (2010)

28,846,200

Total land area (2009)

82,402.95 square kilometers (31,815.81 square miles)

Per capita GDP (2010)

RMB27,596 (US$4,332)

The city of Chongqing, like Tianjin and Shanghai, is one of four municipalities in China directly
administered by the central government. The Liangjiang New Area is located in northern Chongqing.
Liangjiang covers a geographical area of 1,200 square kilometers (463 square miles), although 650
square kilometers (251 square miles) are uninhabitable mountainous areas. Liangjiang, whose name
means Two Rivers, is located where the Yangtze and Jialing Rivers converge. Liangjiang is similar to
Tianjin’s SSTEC and Shanghai’s SPEA in that all three projects are located, or partially located, in
the New Areas, designated by the State Council as economic reform demonstration areas. However,
Liangjiang only acquired this status in 2010, whereas Shanghai’s Pudong New Area was established in
1992, a fact that testifies to Liangjiang’s relative recent entry into the developmental path.
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Chongqing’s level of post-industrialization is relatively low. The share of economic output generated by
the industrial sector has remained almost constant in recent decades. Though the size of the service
sector briefly eclipsed that of the industrial sector around the turn of the 21st century, Chongqing’s
industrial sector has witnessed a boom since 2007, while the service sector has experienced relative
decline (Figure 15). It is also notable that a large percentage of Chongqing’s economy remains
agricultural. The macro-economic trend in Chongqing shows little sign of post-industrialization.
Figure 15. Industrial Sectors in Chongqing (% of Total GDP, 1978–2009)
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• Importance of the Case
The establishment of Liangjiang New Area marks a step by China’s central government to develop the
country’s western provinces, which remain relatively poor despite the economic development of the
eastern regions. Liangjiang’s development is expected to be a model of low-carbon urbanization for
cities in western China and offers useful insights into the country’s next wave of urbanization.
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Chongqing was one of China’s major industrial centers during the 20th century. Even today, industry
and construction are two of the biggest drivers of the city’s economic growth. Chongqing’s history
may make it seem like an unlikely case for a low-carbon development demonstration, but the project
in Liangjiang represents a notable opportunity for change in traditionally industrial cities. Given the
high environmental cost of Chongqing’s economic activities in the past decades, the city’s leadership
views the establishment of Liangjiang New Area as an opportunity for change, and its focus is not
only on creating sheer volume of economic activities but also on maintaining the quality of economic
activities.77 Liangjiang’s low-carbon development carries both symbolic and real meaning for China’s
historically industrial cities.
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• Overall Planning
Heavy industry accounts for roughly two-thirds of Chongqing’s industrial sector by GDP, and the city
has spent a tremendous amount of resources to enhance industrial energy efficiency in the past.
While the energy savings achieved through technological upgrades are impressive, Chongqing has
now turned to macro-economic restructuring for more substantial reductions in carbon emissions in
the local economy. Liangjiang’s development is oriented toward this goal. The leadership in Chongqing
views Liangjiang as a suitable location in which to experiment with bold economic strategies. If the
projects demonstrate favorable results, these strategies may be applied to the rest of Chongqing.
Currently, Liangjiang’s strategy for low-carbon development is based on the creation of a financial
service center and a renewable energy hub. The first strategy promotes economic activities with rela
tively low carbon emissions, and the second strategy promotes growth of low-carbon industry. Both
will incorporate green building requirements.
Financial Service Center
Chongqing’s location in the middle of the country makes it an ideal host for financial transactions
between eastern and western provinces, and the city plans to become central China’s financial service
center.78 Liangjiang is also expected to play a central role in satisfying the growing need for financial
services in the western provinces. In addition, the cost of developing the financial service sector in
Liangjiang is relatively low, owing to subsidies from the central and provincial governments.
According to the plan, by 2015 Liangjiang will construct 6 million square meters (64.6 million square
feet) of floor space tailored to the financial service sector, forming an initial base. By 2018, a fullfledged financial center is expected to be functioning, driving the growth of Liangjiang and contributing
to the growth of the entire region.
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Development of Liangjiang’s financial service center is viewed as a vehicle for driving restructuring of
the local economy toward the service sector. It is important to note that the plan is being implemented
only to the extent that infrastructure construction is under way. It remains unclear what specific policies
will be enacted to attract financial service providers to Liangjiang to occupy this newly developed
financial hub.
Renewable Energy Hub
The potential for renewable energy is considered one of Chongqing’s strategic advantages. The city’s
geography and climate make it especially suited to the development of hydro, solar, and water-source
heat pump technologies. The use of solar water heaters and biomass fuel is already widespread in the
region’s rural areas and is increasingly popular among urban residents. For transportation, the govern
ment in Liangjiang will set aside funds to support the use of hybrid technologies, along with research
into solar energy and hydrogen fuel cell vehicles.79
Liangjiang plans to integrate the use of renewable energy sources into the local building sector. The
area’s climate, existing industries, and macro-economic conditions have led the city to determine that
water-source heat pump technology should be the primary solution for energy efficiency in buildings.
Branches of both the Yangtze and Jialing Rivers flow through many parts of the city, creating huge
potential for water-source heat pump technology. In addition, the city has studied the possibilities of
using lake water, reservoir water, and underground water as sources and continues to look for optimal
applications of this technology in buildings with the help of local research institutes and universities.
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MoHURD has recognized Liangjiang’s plan for the integrated use of renewable energy as one of 10
national energy efficiency demonstration projects. This recognition from the central government has
created local momentum for more renewable energy projects and has led Chongqing to develop plans
for a Special Committee on the Application of Renewable Energy in Buildings, which will further nurture
and regulate the market.80
• Low-Carbon Buildings
Though Liangjiang’s overall plan focuses on the financial and renewable energy sectors, energy savings
in buildings are not neglected. According to the Chongqing government, HVAC systems consume about
40 percent of the city’s total electricity during winter and summer.81
The city is creating a Low-Carbon Building Assessment Standard. According to a local government
official, buildings constructed before 2005 meet few, if any, energy efficiency standards. Chongqing’s
new standard will initially be voluntary, but may be made mandatory depending on the success of its
implementation.82 During the 12th Five Year Plan period (2011-2015), Chongqing also intends to retrofit
3.5 million square meters (37.7 million square feet) of existing buildings, almost all publicly owned.83 The
government will exercise energy audits on most public buildings by the end of 2012 with funding from
the central government.84 In addition, pilot projects to retrofit residential buildings will be implemented.
However, the city remains at a point in its development where most projects are demonstrative;
Chongqing’s first low-carbon demonstration building was only completed in May 2011. Several other
demonstration buildings have since been completed, featuring low-carbon building materials, rooftop
gardens, water recycling systems and renewable energy. The carbon emissions of these demonstration
buildings are expected to be 30 percent lower than standard new buildings.85
Chongqing also has an innovative strategy to raise public awareness of green buildings. In 2010, the city
hosted a public competition to rank its Top Ten green buildings and Top Ten low-carbon communities,
drawing more than 1.3 million total votes, according to government figures. The competition epitomizes
the local government’s efforts to create a “livable Chongqing.”86 However, the effect of this competition
on encouraging local green building development remains unclear.
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• Difficulties
For the most part, MoHURD regulations are more conceptual than practical. Without local action plans,
local officials do not have enough policy guidance to implement many of the visions of the central and
municipal governments. Even when there are clear plans, such as the Chongqing Residential Building
Energy Saving Design Protocol, relevant government departments often struggle or fail to execute them.87
A lack of concerted planning is viewed as the biggest barrier for Liangjiang’s low-carbon development.88
Chongqing is the only one of China’s eight low-carbon pilot cities yet to create a comprehensive lowcarbon development plan.89 Without a master plan administered by Chongqing’s municipal government,
the legislation, policies and initiatives under implementation in the Liangjiang New Area do not fit into
a bigger picture.
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• Lessons Learned
The Liangjiang New Area and the Chongqing Municipality have made a number of achievements in
green building demonstration projects. One innovative feature is the application of renewable energy
in buildings. Unlike many cases in which green building promotion policies cover almost all aspects
of buildings, Chongqing’s leaders have channeled resources toward one very specific aspect of green
buildings: renewable energy. This strategy makes sense because it is well suited to Liangjiang’s
geography, and is within the local government’s limited economic capacity. The location at the junction
of two rivers makes Liangjiang ideal for water-source heat pumps. At the same time, the size of the
local economy does not allow for a comprehensive focus on every aspect of green buildings, as it does
in Tianjin and Shanghai.
Though Liangjiang’s strategy is limited, it represents a clear focus. Liangjiang’s achievable efficiency
targets for public buildings and its emphasis on renewable energy are focused first steps toward
building efficiency, and represent an especially useful strategy for other cities with similarly limited
financial capacity.90
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Baoding
• Baoding City Profile
Population (2010)

11,194,400

Total land area

22,109 square kilometers (8,536.3 square miles)

Per capita GDP (2010)

RMB18,315 (US$2,875)

Baoding is the largest city in Hebei Province by population and has been the province’s capital at
various periods. The city lies between Beijing and Shijiazhuang, now the province’s capital, and is 140
km (87 miles) from Beijing, 125 km (78 miles) from Shijiazhuang, and 145 km (90 miles) from Tianjin.
Baoding, like Hangzhou and Chongqing, is among the eight pilot low-carbon cities designated by the
NDRC. The city is home to several of the largest manufacturers of wind turbines in the world, as well
as the Yingli Group, a global leader in photovoltaic solar module manufacturing.
The level of post-industrialization in Baoding is similar to that of Chongqing. Data before 1995 is
not available for Baoding, but provincial data offers a reference to estimate Baoding’s historical
economic structure (Figure 16). As in Chongqing, the gap between the city’s industrial and service
sectors began to narrow in the mid-1990s. By 1997, the share of the service sector in Baoding was
almost equal to the share of the industrial sector, and the two remained close until 2004. Interestingly,
both Chongqing and Baoding have witnessed decline of the service sector in recent years (Figures 15
and 16), probably reflecting China’s efforts to limit industry in major eastern cities while increasing
industrial development in central and western areas. Overall, Baoding has not shown clear signs of
post-industrialization.
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Figure 16. Industrial Sectors in Baoding and Hebei Province (% of Total GDP, 1978–2009)
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• Importance of the Case
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Baoding was an early champion of low-carbon businesses. In 2006, during the city’s 11th Five Year
Plan, Baoding proposed a plan to become China’s “Electricity Valley,” specializing in alternative means
of power generation, including wind and solar power. Baoding hopes to become the center of power
storage technologies and other related businesses. It is now home to more than 170 new energy
companies. These companies contribute 10.2 percent of the local GDP, making new energy one of
the city’s “pillar industries,” and this share is expected to reach 40 percent by 2050.91,92 To ensure the
successful creation of an Electricity Valley, Baoding has established an Electricity Valley Promotion
Council, led by Baoding’s Secretary-General of the Communist Party, the city’s top government official.
In addition to Electricity Valley, the city in 2007 announced plans to become a City of Solar Energy.
Electricity Valley is considered a strategic long-term objective, while the City of Solar Energy plan is a
relatively shorter-term component of the overall strategic vision.93 Specifically, the city will promote the
use of photovoltaic lighting equipment in public buildings, on major roads, and in selected communities.
Billboards, road signs, traffic lights, and other public infrastructure will also be reliant on solar energy.
Due to these successful initiatives, Baoding was selected by World Wildlife Fund (WWF) as one of two
pilot cities to join an initiative exploring low-carbon development methods.94 This encouraged Baoding
to embark on its effort to become a comprehensive low-carbon city.95 The city government issued a
tentative plan for low-carbon city development at the end of 2008, confirming it in 2010 as Baoding’s
master plan for low-carbon development.
Baoding’s development started with a number of industrial initiatives. After initial success in these areas,
the city has now moved on to promote a comprehensive policy. As many Chinese cities start to develop
low-carbon industries in their jurisdictions, it can be especially valuable to understand Baoding’s recent
history and experience in low-carbon development. Baoding exemplifies how a city can strategically
implement low-carbon development to reap both economic and ecological gains.
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• Overall Planning
Following the City of Solar Energy and Electricity Valley plans, Baoding in 2008 introduced a
comprehensive low-carbon city plan, including ways to deal with air and water pollution. However,
environmental protection is not the only goal. Baoding plans to retrofit government office buildings as
low-carbon demonstration projects, featuring energy-saving light bulbs, solar-driven lighting systems,
digital office networks, and HVAC and building management systems. The plan calls for all public
buildings in the Baoding area to be retrofitted by 2020 and also includes measures for community
planning and transportation.
In 2010, Baoding passed the General Guideline of Low-Carbon Baoding Development, which confirmed
and built on the 2008 Tentative Plan. In this guideline, the government re-emphasized the role of
several leading renewable energy companies in Baoding’s overall planning and further promoted the
use of renewable energy in rural Baoding. The 2010 guideline also upgraded the target for building
efficiency, aiming to retrofit 80 percent of all inefficient buildings in the city, although the definition
of “inefficiency” is unclear. The guideline specifically mentions that central heating will continue to be
promoted across the city as part of the efficiency drive.
• Low-Carbon Buildings
Although notable additions were made in the 2008 plan and 2010 guidelines to legislate low-carbon devel
opment beyond the City of Solar Energy and Electricity Valley initiatives, these two components remain
fundamental to Baoding’s low-carbon strategy. Other low-carbon components play supporting roles.
As in Chongqing, Baoding’s building efficiency is achieved through the integration of technology into
building designs. The Electricity Valley Jinjiang International Hotel is a prime example and has been
described as the “first perfect application of solar technology in buildings” by solar industry experts.96
The hotel’s exterior is covered with 3,800 solar panels expected to generate a total of 260,000 kWh
of electricity annually, reducing carbon emissions by 75.5 metric tons. The hotel, opened in 2008,
is only an initial step of a larger Electricity Valley Square plan, which covers an area of 14.4 square
kilometers (5.56 square miles).97 When completed, the square is expected to generate 1.7 million kWh
of electricity each year, reducing carbon emission by 496 metric tons.98
All new construction in Baoding is mandated to be energy efficient, and 36.88 percent of the new
projects use solar and other renewable sources of energy. Many of these projects are designated as
national or provincial demonstration cases.99
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• Difficulties
Baoding’s achievements in alternative electricity generation are notable, but according to an official
from the Baoding Development and Reform Commission, a low-carbon city is unsuccessful unless its
residents see its benefits in their daily lives. Thus far, Baoding has used solar technology in road signs
and transportation, but the integration of new technology in the building sector is primarily limited to
public buildings. The use of renewable energy in commercial and residential developments is still in a
demonstration stage.
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Baoding has been designated by the National Ministry of Science and Technology and other government
agencies as a model of new energy research, development and application. Resources continue to be
channeled into the city to drive advances in new energy. Along the way, however, the new energy
sector seems to have overshadowed a comprehensive low-carbon development.
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It remains to be seen how Baoding’s technological advances will translate into an improved quality of
urban life.100 So far, neither government policy nor market mechanisms have been introduced to spread
the benefits of the new energy sector to other areas of low-carbon development.
• Lessons Learned
For cities considering the rapid development of a leading low-carbon industry as a way to stimulate
overall low-carbon development, a long-term plan is necessary. As many scholars have pointed out,
low-carbon development is an ongoing process. Cities might be able to capture the boom in certain
low-carbon industries, but the long-term goal of urban livability and sustainability should not be
sacrificed for short-term economic gain. A leading industry is the means toward comprehensive lowcarbon development, not the end.
Officials in Baoding admit that when the city proposed the goal of Electricity Valley in 2006, the
leadership was not aware of the concept of low-carbon development.101 As the city gradually proceeds
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on the low-carbon path, it has started to realize its potential for comprehensive low-carbon city
development. Emerging low-carbon cities can learn from Baoding to take a more comprehensive
approach from the very beginning, if they are to start with industrial parks as the first step. The
relationship between the industrial park and other aspects of low-carbon development should be fully
considered before construction commences.

An Emerging Pattern of Low-Carbon Cities in China
In order to examine the extent to which low-carbon promises have translated into actions, this paper focuses
on low-carbon buildings as a way to understand the impact of related policies.
Figure 17. Summary of Building Standards in the Five Cases
Low-Carbon City
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Building Standard

Nature

Coverage

Tianjin SSTEC

SSTEC GBES

Mandatory

100%

Shanghai SPEA

National Three Star

Mandatory

100%

Hangzhou

Various

Largely Voluntary

Select public and
residential buildings

Chongqing Liangjiang

Local GBES

Demonstrative

Public buildings

Baoding

N/A

Demonstrative

Select projects
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As Figure 17 elaborates, the five cases have varying degrees of stringency in their green building standards.
Shanghai SPEA’s emphasis on building efficiency is especially notable. All buildings in the project will achieve
Three Star status, the highest level of green building certification as administered by Chinese authorities, an
unparalleled commitment. Tianjin SSTEC and Hangzhou have also undertaken bold initiatives to promote
green buildings. All buildings in SSTEC will be green certified, while Hangzhou has multiple programs to
promote energy savings in both new construction and existing buildings. In Liangjiang and Baoding, building
efficiency plays a secondary role in the overall low-carbon plan. In Liangjiang, energy efficiency in buildings
is part of the renewable energy plans; in Baoding, it falls under the umbrella of solar energy plans.
These five cases of low-carbon cities in China are dramatically different but reflect an emerging pattern.
In these five cases, where the level of post-industrialization is high, the commitment to building efficiency
in the overall low-carbon city practice and plan is correspondingly high. In cities where the level of postindustrialization is low, the commitment to building efficiency is also low (Figure 18). In light of the ongoing
process of post-industrialization in China, the rising significance of building energy efficiency will be key to
low-carbon city development in China.

Very high
High
Medium
Low

Emphasis on building

Figure 18. Level of Post-Industrialization and Emphasis on Buildings: Tianjin, Shanghai,
Hangzhou, Chongqing and Baoding

Low

Medium

High

Level of post-industrialization

This pattern is consistent with macro-economic expectations. Cities with a high degree of post-industriali
zation have a larger building stock, and therefore building efficiency measures in these cities yield more
gains than they would in more industrialized cities. The economies of Chongqing and Baoding are still
dominated by the industrial sector, making industrial upgrades and investments in energy efficient industries
a more likely route for these cities to effectively reduce carbon emissions.
While the case studies offer a snapshot of low-carbon development in China, macro-economic trends
allow us to forecast its future potential. As more cities embark down the post-industrial path, urban China
will likely witness a corresponding increase in emphasis on building efficiency. This is due both to the
human factor and the economic factor. Policymakers, building developers and occupants are increasingly
aware of the need for building efficiency, while economic restructuring makes it a cost-effective solution
to environmental concerns and energy demands. In addition, applicable energy-saving technologies for
buildings will likely become more cost-effective as the market grows.
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Conclusion
The five cases manifest concrete actions to meet low-carbon goals, including a pattern of action emerging
at the local level. Governments, research institutes, and industry participants have evolved into a community
with the shared goal of furthering reductions of carbon emissions in the Chinese economy. Decisionmakers are alerted to the fact that low-carbon development calls for reformulation of a whole set of
economic and social policies to fully integrate environmental concerns into policymaking. However, Rome
was not built in a day. In this introductory phase of low-carbon development in Chinese cities, considerable
resources have been allocated to ensure successful implementation of low-carbon plans. As the five cases
demonstrate, past plans have been effectively translated into real action, although the process involved
inevitable detours, setbacks and obstructions. In addition, the series of actions at the local level has laid a
foundation on which low-carbon plans for the future are built. Few of the involved participants would deny
that every step of low-carbon development is shrouded with considerable discussion, but most of them
also believe that sound low-carbon development strategies result from informed debates.
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unpublished report secured
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There are many pathways toward a low-carbon future, and the choice of a certain path reflects the local
leadership’s view of the relative importance between the breadth and depth of low-carbon development.102
Hangzhou values breadth more than depth, whereas the opposite is true for Baoding. Each choice comes with
gains and losses. In the case of Hangzhou, although the city celebrated its comprehensive commitment, the
scope of the low-carbon city plan now seems too broad to be realistically implemented in its entirety. For
Baoding, its focused specialization in the new energy sector has effectively driven the city’s green growth
in past years, but it is becoming restrictive as the city starts to widen its scope of low-carbon development.
A universally applicable “golden balance” between breadth and depth does not exist; decision-makers need
to adjust goals and means as they move along the way. Effective monitoring is perhaps the first step toward
concerted planning and implementation of low-carbon cities in China. Tianjin SSTEC’s development of a
new set of key performance indicators can become an especially powerful tool for cities to monitor lowcarbon development. Tools such as this are not widely used by (or even available to) Chinese policymakers,
but their potential seems high.
City leaders should also be prepared to encounter obstacles as they implement low-carbon city plans. Two
common obstacles loom large in the case studies. First, the current stage of low-carbon city development
is capital-intensive. Large projects such as SSTEC or SPEA receive funding from multiple sources, enabling
them to make substantial achievements. This does not mean that second- or third-tier cities cannot make
progress with limited financial resources. On the contrary, as Baoding’s recent history has demonstrated,
low-carbon development is feasible at many levels. Second, the definition and standard of low-carbon city
is too diverse, if not outright confusing. The labels of “low-carbon industries” or “low-carbon buildings,” for
example, are used to mean many different things, depending on the context. As is evident in Hangzhou’s
“six-in-one” vision, low-carbon development is sometimes used in a loose and inclusive manner in China.
A universally applicable definition may not be realistic, nor is it necessary. However, each city should have
a clear vision of what it expects to achieve as a low-carbon city.
Furthermore, decision-makers should learn from the best practices in existing low-carbon cities in China,
which Figure 19 summarizes.
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Figure 19. Summary of Low-Carbon City Best Practices in the Five Cases
Area
Incentives

Institution

Best Practice

Example

Area

Best Practice

Example

Demonstration

SSTEC,
Hangzhou,
Baoding

Build on existing
sustainability
achievements

SSTEC,
Hangzhou,
Baoding

International
collaboration

SSTEC

Contextualize the
low-carbon city in
a broader region

SSTEC, SPEA,
Chongqing

Take advantage
of large events

SPEA

KPIs

SSTEC

Inter-department
government task
force

Hangzhou,
Baoding

Narrow focus

Chongqing,
Baoding

Strategy

Looking forward, the analysis warrants optimism for increased building efficiency in China. While industrial
energy efficiency measures will continue to make significant gains in the years to come, they will gradually be
eclipsed as leading metropolitan areas turn toward buildings and non-industrial sectors for more substantial
reductions in carbon emissions. This does not imply that industrial cities can safely ignore building efficiency
issues. In fact, these cities should start to factor in building efficiency as they slowly move into the postindustrialized era. Small-scale policies to experiment with building efficiency measures should be enacted as
needed. In this way, cities can avoid committing to inefficient buildings that will eventually require retrofitting.
The transformation will likely be gradual, but tenants and investors interested in acquiring low-carbon
buildings are more likely to find ideal target premises in a small number of post-industrialized cities in
China. Preferential policies to support low-carbon building projects are also likely to be more abundant in
these cities. In addition, post-industrialized cities are most likely to be home to experienced developers
and building management companies that can service low-carbon building requirements.
Research on Chinese low-carbon cities is abundant. Much has been said about the conceptual foundation
of low-carbon development and the necessity for sustainable urbanization in China, as the beginning of
this paper has summarized. The present paper focuses on the actions, practices and plans of low-carbon
city development in China to understand the mechanism behind the growth of low-carbon cities from an
empirically grounded perspective. In order to fully understand low-carbon cities in China, a longitudinal
perspective is necessary. Future research should be oriented toward tracking the development of lowcarbon cities over time, and the mechanism by which plans translate into action.
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