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SUMMARY
  China’s moves to introduce a Circular Economy have attracted wide attention as a 
solution to severe problems of resource inefficiency and lack of resource productivity. 
This article highlights the distinctive strategy of focusing such efforts on existing 
industrial parks, turning them into eco-industrial parks. It provides three case studies 
and highlights the management issues involved as overcoming reverse salients and 
capturing network advantages. China is an especially instructive case because it starts 
well behind the Organisation for Economic Co-operation and Development (OECD) 
countries and thereby has much to gain by adopting comprehensive policies. 
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      T  he case for a shift worldwide to a circular economy (CE) is clear. 
The awesome success of Western industrial systems—whereby small 
and localized systems of production have been replaced by global 
resource exploitation and global waste generation and disposal sys-

tems arising from the linear character of production—now means that the world 
has a huge resource security problem.  1   Global resource consumption increased 
from 40 billion tons in 1980 to 82 billion tons in 2012,  2   and the level is forecast 
to rise to 100 billion tons by 2030 if “business as usual” continues.  3   These are 
levels of resource plundering that are quite unsustainable—and the process of 
industrialization of China and India is only just getting started. 
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Of all the countries presently industrializing, China is the one that is most 
successful in pressing its claim to bring its population to a level of wealth and 
income comparable with those of the advanced countries. But energy security 
issues and resource security issues loom large for China—and the scale of its trans-
formation makes its proposed solutions of widespread interest. While China’s 
material intensity (as measured by resource consumption per unit of GDP) 
improved considerably over the past decade (Figure 1), the country still has a long 
way to go to achieve levels of resource productivity (creating economic wealth per 
unit resources utilized) that are comparable with those of the West. China uses 
five times the level of resources per unit GDP as the wealthy Organisation for 
Economic Co-operation and Development (OECD) countries. Figure 1 reveals 
that China utilizes around 2.5 kg of materials for every US$ (in 2005 purchasing 
power parity [PPP]) of GDP (or $40 per ton of resources utilized), which compares 
unfavorably with the level now achieved by advanced OECD countries (0.5 kg per 
US$ in 2005 PPP). Under its 13th Five-Year Plan (FYP), released in early 2016, 
China announced its intention of doubling GDP over the decade 2011 to 2020—
without doubling its energy or resource usage. This may be viewed as the chal-
lenge for China in keeping its impact on planetary resource depletion to politically 
and economically acceptable levels (i.e., without triggering resource wars).4

Figure 1. Domestic material consumption and material intensity in China, 2001 to 
2011.

Source: Organisation for Economic Co-operation and Development (OECD) Statistics Database, the material in-
tensity data is based on GDP per the domestic material consumption (US$ 2005 purchasing power parity [PPP]).
Note: The estimates of OECD are slightly in discrepancy with those in Wang et al., op. cit. (see Note 10), be-
cause of the different methodologies and sources of data adopted. For example, Wang et al. (op. cit.) estimate 
the domestic material consumption of China in 2008 as 22 billion tons (gigatons), while OECD estimates that 
as about 18 billion tons.
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The development of the circular economy in advanced countries such as 
Japan and Germany is initiated from the reduction, recycle, and reuse (so-called 
3Rs) of wastes and is aimed at reforming the traditional pattern of social and eco-
nomic development into a shared economy. In comparison, the circular economy 
development in China extends the 3Rs activities and is driven by multiple motiva-
tions: to resolve its compound environmental problems, to achieve the goal of 
building a well-off society, and to promote and lead a new model of industrializa-
tion. In particular, a distinctive feature of China’s CE development is that the coun-
try is leveraging its supply chain advantages via manufacturing capability in the 
large number of regional industrial agglomerations—notably, industrial parks and 
their variants (including high-technology parks) as well as economic development 
zones. China already has a very large number of such parks and processing zones, 
which are candidates to be targeted strategically for CE programs and policies.5 
Those industrial parks have become the economic engine of the country, account-
ing for more than 50% of China’s GDP in 2012.6

The anticipated shift to a circular economy as a successor and alternative to 
the familiar linear economy (with its associated metrics such as extensive growth 
in GDP) is a profound and systemic change with enormous relevance for China. 
Once understood as such, it is no surprise that there should be profound and sys-
temic obstacles to its realization. What is not surprising is that it should be China 
where the strongest drive to introduce circularity into the economy is felt (via 
transforming value chains and the closing of industrial loops). It is in China that 
resource security looms largest as an issue, and it is where government at both 
national and local levels is prepared to shape the rules of business to favor circular 
economy solutions to resource and waste disposal problems.

But what does this mean for management researchers and practitioners, in 
China and elsewhere? The case to transform the economy from a linear to a cir-
cular format is extremely strong based on the economic, social, and environmen-
tal benefits as recognized by organizations such as the World Economic Forum 
and by management consultancies such as McKinsey & Company, Accenture, and 
PwC.7 There are enormous challenges involved in bringing such a shift to fruition. 
In a rapidly industrializing country like China, the success of a circular economy 
strategy requires the formation of closed loops of resource flows among firms—at 
a large scale. This is where existing industrial parks enter the picture.

Much of China’s industrial transformation has involved industrial parks—
or export processing zones. Given the significance of those parks in the Chinese 
economy and the related areas (including resource consumption and waste gen-
eration), a better understanding of the country’s efforts to close industrial loops in 
those parks is of both theoretical and practical importance. In this article, we 
document China’s progress in this endeavor, with a focus on the CE initiatives 
undertaken by local and provincial authorities in the country’s industrial parks. In 
doing so we make use of two well-researched ideas in management, namely, the 
concept of reverse salient as a systemic barrier to change and network governance as 
a means of overcoming the barrier. We argue that the former sheds light on our 
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discussion of the systemic shift that will be needed to develop a circular economy 
at both local and national levels, while the success of the shift seems to be depen-
dent on the emergence of innovative network governance arrangements that will 
enable independent companies to find common ground and cooperate in finding 
linkages for reuse and recycling of industrial by-products.

Overcoming Reverse Salient through Network Governance

A profound and systemic change in industrial systems comparable with 
the shift to a circular economy occurred at the end of the nineteenth century 
when power sources based on the direct burning of fossil fuels (coal, oil, and 
gas) were replaced by electric power systems (where reliance on burning of fossil 
fuels was made indirect, locating the fuel consumption at power stations rather 
than wherever the power was needed). This was a far-reaching change that liber-
ated industrial activities from having to utilize their own power sources (such as 
steam engines) and thereby unleashed a flood of devices and processes that came 
to be called a Second Industrial Revolution. The great historian of this revolution 
is Thomas Hughes, and he insisted that it could only be understood as a systemic 
shift, that is, as a change in the operating system of industry. Hughes deployed a 
striking metaphor for describing the periods of rapid advance and periods of slow 
advance or even reversal in the process with the military notion of reverse salient.8

In this article, we search for a corresponding metaphor that will capture 
the profound difficulties faced by China as it seeks to shift its economy from linear 
to circular resource flows. In discussing the systemic transition to a circular econ-
omy, we can recognize the challenge of inducing companies to form interlinkages 
(and eventually “loops”) that enable them to use one firm’s waste as another’s 
resource input, as well as to pool their resources into combined flows of energy, 
water/steam, and waste disposal that can be shared by numerous firms. Identifying 
and acting on such loops and common pathways may be viewed as a fundamental 
reverse salient and one that has no prospect of solution in the absence of firms 
enjoying prior interfirm relations and examples of cooperation. Hence, we pose 
the systemic solution being sought in China, starting with an introduction of 
innovative forms of network governance that enable firms to find ways to cooperate 
and overcome opportunistic firm behavior that blocks industrial symbiosis. The 
aim is to eventually convert existing industrial parks into eco-industrial parks 
(EIPs). Closing this reverse salient will involve resorting to new forms of network 
governance, a topic that has been well researched in the management literature 
and which now is available as a resource as firms look to develop joint programs of 
action in changing the architecture of their value chains to create closed loops of 
resource flows.

We utilize three cases in China to illustrate the processes and issues 
involved. The first, the Nanjing Chemical Industrial Park (NJCIP), is a recently estab-
lished industrial park that has elements of eco-industrial design being present in 
the original formation of the park (via shared utilities and waste collection sys-
tems). The second, the Suzhou New District (SND), is a standard, well-established 
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industrial park that has been designated at both national and local levels as a case 
for eco-industrial park conversion. The third, the Sino-Singapore Tianjin Eco-City 
(SSTEC), is a comprehensive and ambitious citywide design for an eco-city based 
on sustainability and circular economy principles; it is one that aims to eliminate 
reverse salients altogether. We choose those cases to reflect practices and chal-
lenges facing industrial parks in different stages and with various approaches in 
their CE development.

We emphasize that we do not see these cases as being anywhere near suc-
cessful examples of the circular economy in operation as yet. Indeed, it would be 
highly unlikely to discover such cases so early in the experience of circular econ-
omy transformation in China or anywhere else. Rather, we point to them as cases 
where the problems of dealing with resource security are finally being recognized 
and (in partial and reversible ways) solutions are starting to be identified and 
implemented. The most radical solutions are those involving the redesign of 
industrial value chains with the discovery of loops that can be closed (turning 
outputs of one process into inputs for another) with supra-firm institutions, agen-
cies, and industrial structures such as joint ventures, strategic alliances, and for-
mal and informal network organizations all playing their role. These we see as the 
management lessons to be taken from China’s experience so far in building a 
Circular Economy.

A Circular Economy in China and the Transformation of 
Chinese Industrial Parks

The global growth of consumption of natural resources, now reaching 
unsustainable levels, has been largely driven by the increasing demand for mate-
rials in developing countries such as China and India.9 According to an estimate 
by Wang and colleagues in 2012, the Direct Material Input (DMI) of China dou-
bled during the decade 1998 to 2008, from 11 billion tons to 22 billion tons, 
with the largest contribution coming from the growth in metallic minerals con-
sumption (such as in the steel industry).10 According to a more recent analysis,11 
China’s DMI increased more than threefold from 7.5 billion tons in 2000 to 24.4 
billion tons in 2013. Many argue that such rapid increases in resource extraction 
and consumption are unsustainable, both from environmental considerations in 
exhausting the planet’s resources and more immediately in terms of the geopo-
litical conflicts that such a level of resource extraction would trigger.

Fully aware of these challenges, China has been implementing a CE strategy 
since the early 2000s. The publication of the white paper Several Opinions on 
Accelerating the Development of Circular Economy by the State Council, in 2005, marked 
the first official statement of policy at the national level focusing on achievement 
of a circular economy. Since then, a number of taxation, fiscal, pricing, and indus-
trial policies to promote the CE have been introduced (see appendix), and the 11th 
FYP (covering the years 2006 to 2010), the 12th FYP (covering the years 2011 to 
2015), and the latest 13th FYP (covering the years 2016-2020) all included signifi-
cant discussions devoted to the CE. A special CE fund was established by the 
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national government to support key pilot CE projects such as transformation of 
traditional industrial parks to CE parks and recycling projects for municipal solid 
wastes. According to a policy jointly issued in 2010 by the key state agencies, the 
NDRC (National Development and Reform Commission), the central bank of the 
People’s Republic of China [PRC], the China Banking Regulatory Commission, and 
the China Securities Regulatory Commission, state-owned banks have been 
encouraged to provide loans for CE projects, and CE-related industrial parks and 
enterprises are being given priority for their financing needs in the direct financing 
market (e.g., the stock and bond markets).12

Focus on Industrial Parks

Industrial parks or other forms of regional industrial systems such as eco-
nomic and technological development zones, high-tech development zones, and 
development zones at both national and provincial levels have been a focus of 
China’s CE strategy, and the means through which the policy disseminated from 
the central government is able to be most effective. We focus in this section on 
initiatives involving transformation of existing industrial parks/zones and the 
establishment of new, CE-orientated industrial parks/zones.

Two programs have been implemented in the past decade: the “eco-indus-
trial parks” initiative and the “CE parks” initiative. The former is an initiative of 
the Ministry of Environmental Protection (MEP), formerly the State Environment 
Protection Bureau (SEPB). Over the 13 years from 2001 to April 2014, the MEP 
approved the completion of 26 national EIPs and 59 others to be constructed.13 
The latter is a key part of the CE strategy that is mainly the responsibility of the 
NDRC jointly with other ministries including the MEP. A number of CE pilot parks 
have been designated as national projects. In 2005, the first batch of CE pilot proj-
ects was approved, including circular transformation projects in 13 industrial 
parks. In 2007, the second batch of CE pilot projects was announced, involving 
initiatives in 20 industrial parks.

Since 2011, there has been a renewed, more substantial commitment to 
the transformation and upgrading of China’s industrial parks toward CE-based 
industrial parks. In 2012, the NDRC and the Ministry of Finance issued a joint 
policy specifically designed to drive forward the CE transformation of China’s 
industrial parks through targeted investment.14 In the policy, the short-term tar-
gets are specified as involving conversion of more than 50% of industrial parks at 
the national level and more than 30% of the industrial parks at the provincial 
level into EIPs, that is, transformation of parks according to CE principles. To meet 
these goals, industrial parks are required to attract or carry out activities that 
would plug gaps in industrial value chains (thereby closing loops) and would 
facilitate sharing of projected recycling facilities. Each year since 2011, the NDRC 
and the Ministry of Finance have selected a group of industrial parks for CE dem-
onstration and pilot projects, so that by 2015, more than 100 industrial parks had 
been selected to undertake CE transformation and their transformation plans had 
been formally approved. A special fund has been allocated to support circular 
economy transformation projects. Those projects are focused on “loop-linking” 
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activities that either link or extend existing industrial chains (and that facilitate 
utilization of byproducts), or they are focused on key CE-orientated infrastruc-
tures in the industrial parks such as waste collection and treatment facilities, plat-
forms for resource exchanges, research and development (R&D) in CE technologies, 
and CE measurement and indicator systems. These initiatives culminated in 2016 
with the adoption of the strategy of focusing CE initiatives on the transformation 
of industrial parks, as stated explicitly in the 13th FYP, in Chapter 43 on promo-
tion of conservation and efficient use of resources (see Figure 2).15 These initia-
tives deserve to be more widely known in the English-speaking world.

Besides the initiatives at the national level, programs have also been intro-
duced at the provincial and city levels. For example, in more developed regions 
where there are much larger numbers of industrial parks (such as Jiangsu 
Province), the provincial plan set targets of 70% of the nationally designated 
industrial parks and 50% of the provincial-level industrial parks to complete their 
CE transformation by 2015.

Environmental performance (including eco-efficiency) in many industrial 
parks involved in those initiatives has improved. According to a study by Chinese 
researchers on the first group of nationally designated EIPs, the eco-efficiency of 
those parks improved significantly during the period between the commence-
ment of the construction of the EIPs and their completion.16 Table 1 summarizes 
the improvement in selected indicators of the 14 nationally designated EIPs.

Note: Those statistics are based on performance of 14 Chinese EIPs approved 
by 2011, including (1) China-Singapore Suzhou industrial park, (2) Suzhou 
national new & hi-tech industrial development zone, (3) Tianjin economic-tech-
nological development area, (4) Wuxi new district, (5) Yantai economic-techno-
logical development zone, (6) Weifang economic-technological development 

Figure 2. Policy-driven selection and diffusion for transforming into the circular 
economy in China, 2001-2016.

Source: Compiled by the authors based on various government documents.
Note: FYP = Five-Year Plan; CE = Circular Economy.
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zone, (7) Shanghai Xinzhuan industrial park, (8) Rizhao economic-technological 
development area, (9) Kunshan economic and technological development zone, 
(10) Zhangjiagang free trade zone, (11) Yangzhou economic and technological 
development zone, (12) Shanghai Jinqiao export processing zone, (13) Beijing 
economic-technological development area, and (14) Guangzhou development 
district.

It is the scale and complexity of the transformations needed in China that 
constitute the biggest challenge. Recent studies from China have highlighted the 
challenges of attracting investments from the private sector due to the substantial 
capital required and the difficulties in building recycling facilities and carrying out 
“loop-closing” activities because of the advanced technologies needed for such 
projects.17

The large number of existing parks in China means that their conversion 
represents a strategically advantageous way forward in promoting the transition 
to a CE. In the 12th FYP covering the period 2011-2015, the transformation of 
industrial parks based on CE principles was highlighted as a focus for CE develop-
ment in China. A principal goal for CE development is now seen as effecting a 

Table 1. Environmental Eco-efficiency Performance of Chinese Eco-industrial Parks.

at the Time 
When the 

eiP Program 
established

at the Time When 
the eiP results 

Were assessed and 
accepted Change

Energy consumption per RMB 10,000 
of industrial added value (weighted 
average)

0.35 TCE 0.26 TCE −25%

Fresh water consumption per RMB 
10,000 of industrial added value 
(weighted average)

5.02 cube meter 4.09 cube meter −18%

Industrial waste water generated per 
RMB 10,000 of industrial added value 
(weighted average)

4.76 ton 4.09 ton −14%

Industrial solid waste per RMB 10,000 
of industrial added value (weighted 
average)

64 kg 55 kg −15%

COD emissions from industrial activities 
per RMB 10,000 of industrial added 
value (weighted average)

0.48 kg 0.27 kg −45%

SO2 emissions from industrial activities 
per RMB 10,000 of industrial added 
value (weighted average)

0.88 kg 0.31 kg −65%

Source: J. Tian, W. Liu, B. Lai, X. Li, T. Liu, and L. Chen, “Study of the Performance of Eco-industrial Park 
Development in China,” Journal of Cleaner Production, 64/1 (February 2014): 486-494 [in Chinese].
Note: EIP = Eco-industrial Parks; TCE = tons coal equivalent; COD = chemical oxygen demand; SO2 = sulfur 
dioxide.
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transformation of those industrial parks into EIPs (mainly through closed-loop 
materials flow) via CE parks (primarily via “loop-linking” production system) and 
eventually into eco-cities (by the introduction of a citywide circular system). This 
is viewed by the Chinese authorities as an approach that makes both economic 
and environmental sense. On the one hand, there is a need to upgrade the exist-
ing industrial structures in those parks as part of the country’s economic renewal 
strategy in favor of a high-value economy. On the other hand, the goal of reduc-
ing the resource inputs into (and wastes from) those industrial areas is vital to 
improve the country’s environment. So for China, conversion of industrial parks 
into CE eco-parks makes both economic and environmental sense.

The Circular Economy Development Strategy and the Immediate Plan of Action 
released by the State Council in 2013 is widely regarded as the first comprehen-
sive national strategy for achievement of a CE in China. A number of targets have 
been specified in the document, including improvements in resource, energy, and 
water productivities by 15%, 18.5%, and 43%, respectively, by 2015 (compared 
with the 2010 levels) as well as an increase of re-utilization of industrial wastes. 
The target to transform more than 50% of industrial parks at the national level 
and more than 30% of the parks at the provincial level according to CE principles 
is also reiterated. Consistent with this goal, the country’s planning agency, the 
NDRC, has been working with agencies such as the MEP to develop specific guide-
lines and exemplary cases. Two examples of this are the industrial symbiosis evi-
dent at the SND18 and the industrial interchanges being introduced in the Rizhao 
Economic and Technology Development Area.19

Case Studies of Circular Economy Transformation in China

Three cases illustrate the experience and challenges of the CE transformation 
of industrial parks in three different practicing levels, namely, closed-loop eco-indus-
trial transformation (NJCIP), CE production system transformation (SND), and eco-
city scale integration transformation (SSTEC). The three cases are chosen to clarify 
the evolving and transformational stages of CE development in China’s large and 
diverse range of industrial parks. In addition, our discussion focuses on the devel-
opment of network governance structures among firms involved in circular supply 
chains of manufacturing capability, which is one of the targets of Chinese govern-
ment policies. Those case studies are based on secondary data such as the reports and 
websites of the companies and industries involved, government documents, media 
reports, other academic studies, and the field research and visits by three of us in two 
of the sites, namely, the SND and the SSTEC, in 2017, 2016, and 2014.

Closed-Loop Eco-industrial Transformation: Nanjing Chemical Industrial 
Park (NJCIP)

Established in 2001, the NJCIP is one of the major chemical industrial 
parks in China, spanning an area of 45 km2. In 2003, the Park gained the sta-
tus of being selected as a National Petrochemical Industrial Base approved by 
the NDRC; it was only the second of this type in China after recognition of 
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the Shanghai Chemical Industrial Zone. The Park has attracted investments of 
major Chinese chemical companies such as the China National Petroleum Corp. 
(CNPC), Sinopec, China National Chemical Corp., as well as foreign compa-
nies such as BASF, Celanese, Dow Chemical, BP, and Royal DSM. The Park now 
accommodates more than 100 chemical enterprises operating two major chemi-
cal value chains, one involving petrochemical products and the other involving 
carbon products sourced largely from coal.

The Park was selected at provincial level as a pilot CE park in 2005 by the 
Jiangsu provincial government, and was certified as an eco-industrial park in 
2012. In 2011, the Park was also selected by the NDRC and the Standardization 
Administration of China (SAC) as the first national pilot industrial park for the CE 
standardization project, with the aim of helping to establish CE-related standards, 
procedures, and models to be promoted more widely in other industrial parks. In 
2013, the Nanjing Metropolitan Government issued its paper “Opinions on the 
Transforming and Upgrading the NJCIP to a Circular Eco-Industrial Park.” In the 
CE transformation-focused upgrading, goals were set for the NJCIP to reduce 
energy intensity by 50% between 2010 and 2015, and to achieve a utilization rate 
of 90% for industrial solid waste.20 By 2020, the energy intensity is targeted to be 
further reduced by 20%.

The NJCIP has set the goal of extending value chains to build new indus-
tries around existing wastes, thus creating new loops in the park to solve waste 
disposal problems as well as creating new economic engines. New industries are 
to be built around the extended industrial chains, including new materials, bio-
technology, and advanced fine chemical products.

We illustrate the CE initiatives taken in the NJCIP through considering 
organic solvents such as benzene and propylene, generated in the petrochemical 
value chain in the park. The park administration set the goal of finding uses for 
these materials (turning outputs into inputs) and to that end attracted the U.K. 
chemicals giant INEOS to enter a joint venture (JV) with the Sinopec Yangzi 
Petrochemical company in 2014. The project aims to make use of the products of 
benzene, propylene, and hydrogen from upstream enterprises in the Park, and to 
produce phenol and acetone as main inputs for downstream polycarbonate manu-
facturers; in this way, the problem of dealing with hazardous wastes is solved 
while new businesses are established on the basis of the former outputs now 
turned into inputs. This may be described as extending the value chain. For 
example, a chemical retreatment company in the Park reprocesses about 12,000 
tons of waste propylene oil from enterprises in the Park per year and reclaims 
more than 70% of the oil.21

In an alternative value chain involving carbon-based products, the Chinese 
company Wison Clean Energy Co. is a key player in forming the CE loop. Its pro-
duction uses coal as the main raw material, and it produces carbon-related chemi-
cal products such as carbon monoxide, as well as methanol for downstream 
industries in the Park. Besides those main products, byproducts such as CO2, sul-
fur, hydrogen, ash, and residual steam are also being re-utilized; these were 
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previously regarded as wastes generated in the process and were released to air or 
water flows. Rather than being emitted directly to the atmosphere, CO2 produced 
by the company is now taken by treatment facilities in the Park for beverage pro-
duction, and ash is used as a raw material in cement production. The company 
has also invested in facilities to extract about 15,000 tons of liquid sulfur from coal 
residue each year, which is sold as an input for sulfuric acid production by other 
enterprises in the Park. Finally, waste water, air, and solid waste produced by 
enterprises in the Park are transported via shared pipe networks and treated by 
several waste treatment plants located in the Park, with the reclaimed water and 
other resources being reused in the Park. These are all examples of introducing 
circularity into flows of materials that were formerly linear, thereby reducing 
overall resource impact and reducing waste disposal issues. An illustration of the 
single-carbon chemistry industrial chain is shown in Figure 3 below.22 Some of 
the indicators of the NJCIP in 2012 and the 2015 targets for the CE transformation 
are shown in Table 2 below.

CE Production System Transformation: Suzhou New District (SND)

The construction of the SND commenced in 1990, and in 1992, it was 
designated as a National Hi-Tech Industrial Development Zone in China. In 
2005, SND was selected as one of the 13 industrial parks to participate in the 
first round of the National Circular Economy Pilot Projects program. In a recent 
assessment in 2015 by the NDRC and six other Ministries, the national CE pilot 
project as undertaken and completed by SND was formally accepted. In 2008, 
SND was also approved as one of the first three National Eco-Industrial Park 
Demonstration sites in China, together with its sister industrial park, Suzhou 
Industrial Park, and the Tianjin Economic-Technological Development Area.

While the CE practices in SND have certainly been inspired by those in 
developed countries (notably, the Kalundborg Symbiosis in Denmark), SND has 
seen the notion being applied at a much greater scale and in a more complex con-
text than the NJCID in terms of the CE evolving stage. With over two decades of 
development, SND has become an extensive manufacturing cluster in China with 
more than 16,000 enterprises in total, including 3,982 manufacturers by the end 
of 2013. In 2014, the total industrial output of SND reached RMB282 billion 
(US$42 billion), indicating the vast scale of the value chains created in the SND 
industrial area.

The results are clear. As a result of initiatives taken between 2005 and 2010 
in sharing resource and energy flows, the energy intensity of firms in SND dropped 
by 20%, to a level of 57 tons coal equivalent (TCE) per RMB million of GDP, com-
pared with the national level of 124 TCE per million RMB in 2010—meaning that 
energy usage is twice as efficient in SND as in the nation as a whole. Other mea-
sures such as chemical oxygen demand (COD) and the emissions of sulfur dioxide 
(SO2) dropped by 47% and 38%, respectively, during the same five years. 
Moreover, the utilization rate of industrial solid wastes and the recycling rate of 
industrial water achieved 95.6% and 90.7% in 2010, which were also well above 
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the national averages (69% and 85.7%).23 According to the latest data available 
from the SND, the Park continues to outperform others in China in decoupling its 
energy and resource consumption from economic growth during recent years—a 
trend that is characteristic of CE initiatives being taken in China.24

Let us illustrate the development of circular economy initiatives in SND with 
the example of urban mining of copper, for use by printed circuit board manufactur-
ers. One of the key industries in the SND is production of IT and electronic products, 
with production of printed circuit boards (PCBs) containing copper as a key compo-
nent for creating the circuit linkages. Traditionally, the copper would be mined as a 
virgin resource (e.g., in Brazil or Australia) and disposed of as a waste. But in SND, 
there has been great progress in facilitating circulation of copper through circular 
flows within the park, where firms utilize flows of waste copper as source for new 
PCBs. Figure 4 illustrates one of the closed loops in SND (i.e., circular flow) focusing 
on the flow of copper along these PCB industrial chains. One kind of flow is a tradi-
tional supply chain that requires inputs such as electrolytic copper from the exter-
nal economic system and exports finished products into the external economic 
system. The other kind captures aspects of a “circular loop” that involves the recy-
cling of copper in waste etching solution, waste copper foil, and sludge for the use 
of other firms in SND. This second type of value chain is one based on closed-loop 
linkages, or circularity; it effectively involves “mining” the flows of copper as alterna-
tive to mining copper as virgin resource (reducing the resource footprint of the 

Table 2. Targets of the CE Transformation in Nanjing Chemical Industrial Park.

indicator unit 2012 2015 target

Resource productivity RMB 0,000/ton of materials 0.13 0.15

Energy intensity RMB 0,000/TCE 0.341 0.393

Land productivity RMB 0,000/Hectare 883 1016

Water productivity RMB 0,000/Cube meter 379 443

Water intake Intensity cubic meter per RMB 0,000 of 
GDP

211 180

Energy consumption per unit of 
industrial output

TCE per RMB 0,000 of 
industrial output

3.859 3.468

Utilization rate of industrial solid 
waste

% 96.23 96

Industrial water recycling rate % 96.57 97

CO2 emissions Ton per RMB 0,000 of GDP 20% less compared 
with the 2010 level

Industrial chain Interrelationship 
between enterprises in the park

% 50 80

Sources: The Nanjing Daily, September 24, 2013.
Note: CE = Circular Economy; TCE = tons coal equivalent.
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industrial park) while also providing solutions to the problems of waste copper dis-
posal, which has been growing as a problem in the SND.25

These industrial chains shown in the chart are only part of the industrial 
symbiosis in SND. Other examples include a kaolin producer turning the mining 
tailings into inputs for production of sulfuric acid and construction materials by 
downstream companies, a paper manufacturer taking the waste ammonia from a 
chemical company for desulfurization in its paper production process, and indus-
trial water recycling by enterprises in the SND.

What is striking is the role played by the SND park administration in pro-
moting cross-firm linkages that can result in creating closed loops. The SND 
administration, with a dual role as the local government as well as the manage-
ment of the industrial park, has made investments in some key areas with the aim 
to “close the loop” through its investment arm, the SND Economic Development 
Group Corp. (EDGC), especially in the early years of the CE development. For 
example, to attract Dowa Metal from Japan with advanced metal recovering tech-
nologies, the SND EDGC formed a JV with the Japanese company to establish an 
advanced metal resource recycling business in SND in 2003. The new enterprise 
became the first Japanese-invested e-waste recovery and recycling business in 
China. The establishment of the enterprise not only helps plug the gap in the 
park’s PCB value chain, but its business now also covers e-waste collection and 
recycling beyond the area of SND.

In recent years, instead of investing directly in commercial activities, the 
SND administration seems to have focused more on providing institutional sup-
port to drive and sustain CE initiatives by companies, building on forms of net-
work governance already established. For example, a CE Promotion Office was set 
up in the SND, as well as several interrelated online platforms. The purposes of 
the platforms were to provide companies and other users with location-based 
resource trading services, technology services, and exchanges of information. CE 
projects proposed by companies, once assessed and approved by the SND admin-
istration, are to be subsidized with the government funding. High-performing CE 
projects will also be recognized through other means, such as gaining formal rec-
ognition by the government through awards. For example, by 2012, a total of 551 
CE and energy-saving projects had gained government support in terms of fund-
ing, including 33 million yuan in funds channeled directly from the SND, which 
attracted a total of 723 million yuan of corporate investments in those projects.

Eco-city Scaled Integration Transformation: Sino-Singapore Tianjin Eco-
City (SSTEC)

The SSTEC is situated within the Tianjin Binhai New Area, one of the 
foremost established industrial clusters in China. The SSTEC is a bilateral proj-
ect between China and Singapore, following the creation of the first successful 
Suzhou Industrial Park by the two governments in the 1990s.26 The project was 
initiated in 2007 when the then Chinese Premier Wen Jiabao visited Singapore 
and formalized cooperation with Singaporean Prime Minister Lee Hsien-Loong. 
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SSTEC was designed to draw from the Singaporean experience in building 
an eco-friendly city with a mix of industrial and residential development and 
was intended to serve as a model that can be later replicated in other areas in 
China. The project is coordinated and directed by the SSTEC Investment and 
Development Company (SSTECID), which is the master developer of the project, 
formed as a 50-50 joint venture between the parent companies. It is this com-
pany that acts as a single business reference point in identifying potential collab-
orative advantages within the eco-city project.

The Tianjin Eco-City Investment and Development (TECID) Company was 
specifically established by the Tianjin government jointly with the Singaporean 
consortium led by the Keppel Corp to take charge of the development of SSTEC. 
As indicated in Figure 5, the TECID in turn set up four key subsidiaries—namely, 
TEC Construction Investment Co., TEC Energy Investment Co., TEC Environment 
Protection Co., and TEC Municipal Engineering & Landscape Architecture Co.—
as vehicles to attract investments in various critical areas of the development. 
Such a structure and governance is designed to ensure that JVs and other forms 
of partnerships can be formed between international companies (with advanced 
technologies and expertise) and the local agencies.

The project is designed to be consistent with the CE notion. For example, 
according to some of the key performance indicators (KPIs) as outlined for the 
city,27 the domestic waste generation of the city was to reach a target below 0.8 kg 
per person by 2013, and the total waste recycling rate should be greater than 
60%. In addition, more than 50% of the water supply is to be sourced through 
desalination or water recycling. Those KPIs present a significant improvement 
when compared with the national averages in China; they are indeed comparable 
with levels achieved in the advanced OECD countries and in Singapore itself.

To date, the SSTEC has successfully attracted many international compa-
nies that set up either regional headquarters or subsidiaries in the SSTEC, such as 
Cisco, Siemens, and Hitachi among others. Furthermore, several strategic alli-
ances have been established that enable the SSTEC to overcome problems of 
reverse salient and enable companies to work together to achieve goals of circu-
larity. Examples include a green building energy management alliance and the SSTEC 
Electric Vehicle Alliance. The former brings together leading Singaporean firms with 
Chinese counterparts in such sectors as solar cells production.28 In this way, the 
SSTEC master company can draw on the best available international technology 
to promote green building practices, which will both save on energy costs and 
promote interfirm linkages. Likewise, the EV alliance brings together Singapore 
and other international firms with Chinese firms such as Chery’s New Energy 
Automobile Technology Co.29

However, the project in the SSTEC and Tianjin has also had to face signifi-
cant challenges in its process of development to date. The project has been rela-
tively stagnant in recent years, and the occupancy rate of the new eco-city is still 
relatively low.30 In addition, although the recent explosions in Tianjin in 2015 did 
not take place within the SSTEC but in the nearby Tianjin Economic Development 
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Area (TEDA), the tragedy that killed more than 100 people would certainly be 
expected to have a negative impact on the image of the SSTEC. The recent visit by 
one of us to Tianjin in September 2016 found that many “greening” spin-offs from 
state-owned enterprises (such as energy efficient solution providers and resource-
saving service providers for the circular economy) are emerging in the SSTEC. 
State-owned enterprises located in the Northeast China and bordering on the 
SSTEC are petroleum-based heavy industries with the highest level of environ-
mental pollution. The global economic downturn in recent years greatly reduced 
demand for steel, concrete, and other heavy materials, and the firms have reacted 
by encouraging employees to leave and start new spin-off enterprises. For exam-
ple, at the Tianjin Pipe Corporation, the world’s largest producer of stainless steel 
pipes used in the oil industry, many employees have left the company and are 
working closely with firms such as Hongyuan Electronics and the Tus Star incuba-
tion center (established jointly with Tsinghua University) to promote CE 
initiatives.

Discussion: Overcoming Reverse Salient of Individual Firms’ 
Opportunistic Behavior

In this article, we reflect on China’s experience in building circular-econ-
omy-oriented industrial parks as well as the challenges encountered in the pro-
cess. We build on prior research in the governance of networks, published in 
CMR and elsewhere, in highlighting the principal obstacles encountered in facili-
tating cooperation between firms along the value chain. There is already sub-
stantial scholarship on the difficulties encountered in bringing firms into more 
collaborative relationships and capturing the opportunities to build complemen-
tarities, through analysis of forms and governance of network organizations.31 
We draw from this body of work to explore how firms can discover and act on 
opportunities to “close the loop” along value chains (turning outputs into inputs) 
in such a way that a linear production system may be converted into a circular 
system.

Each of the cases considered in China has made a point of establishing a 
supra-firm administrative institution that has the authority to make investments, 
form joint ventures, and bring firms together in such a way as to close loops that 
would otherwise be left open or undiscovered. In the case of the SND, this author-
ity is the SND EDGC that we saw was able to take initiatives such as attracting an 
enterprise from Japan with advanced metal recovering technologies, where the 
SND EDGC formed a JV with the Japanese company Dowa Co. The new business 
is focused on collecting and processing e-waste for resource recovery in the SND 
and beyond, thereby closing a loop that would otherwise have remained open.

In the Nanjing CIP, we saw that Nanjing municipal authority was able to 
work with leading firms in the park such as Wison Clean Energy Co., which 
undertook the investments needed to create new closed loops, as illustrated by 
the case of sulfur extraction used in the production of sulfuric acid. It is the 
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responsibility of the municipal authority to set the targets that then guide invest-
ment by the firms in the park. Whether these targets are fulfilled is not in our 
view the main point; our purpose in mentioning them is that in the very process 
of setting such goals, the Nanjing municipal authorities are introducing an ele-
ment of circular thinking and are setting targets for fiscal and monetary practices 
that will drive the formation of the needed joint ventures and cross-firm alliances. 
In this way, the formulation of public policy may be viewed as a means of promot-
ing favorable network governance in overcoming the reverse salients in moving 
toward a circular economy.

In the case of the SSTEC, the two governments responsible for the project 
have taken care to create joint institutions with the authority needed to drive 
investments in the desired CE direction. For example, in the field of water conser-
vation and recycling, the SSTEC was able to utilize the services of the TEC 
Investment and Development Co. (TECID) to promote joint ventures such as 
those mentioned involving the Electric Vehicle alliances and the Green Building 
energy management alliance, drawing on Singapore’s experiences.

The literature on network governance emphasizes how joint action by 
firms is needed to discover the existence of complementarities and to act on them. 
Now in the case of the move toward a CE, the existence and identification of 
complementarities between firms is the starting point for moves toward CE rela-
tions that close industrial loops. However, it is widely acknowledged that captur-
ing complementarities is one of the hardest things for independent firms to be 
able to accomplish—as revealed in the long tradition of management scholarship 
on how forms of network governance emerge and evolve. The case of China 
emerges as particularly important because China has strong governments that are 
looking to shape industrial value chains to reorganize them along principles of CE 
operation. Hence, our emphasis on the strategy of targeting existing industrial 
parks as sites for CE initiatives, where firms are already co-located and have exist-
ing supra-firm governance structures that can take the CE initiatives needed to 
close industrial loops.

According to Arıkan and Schilling, a network framework of governance 
emerges when it provides firms with benefits, including knowledge creation and 
knowledge spillovers and flexible specialization; the downside is that costs are 
incurred, such as those associated with the high levels of embeddedness in the 
networks, resulting in a reduced level of flexibilities in individual firms’ partner 
searching and the increasing level of homogeneity in their resource positions.32 A 
central theme of the research on network governance is on the trade-off between 
the two major exchange modes (i.e., based on hierarchies or markets) and the 
comparative advantages and challenges of the network form of governance.33 The 
cases in China illustrate these themes, in that network forms of governance are 
being created by purposive action through the actions of supra-firm institutions 
such as the SND EDC in Suzhou, the TECID in Tianjin, and the comparable bodies 
in Nanjing. These cases help to illustrate why it has proven so difficult to create 
these CE structures in advanced countries, where the creation of structures of 
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network governance comes up against strong barriers and vested interests. What 
makes those cases even more interesting is that all of them seem to have involved 
both hierarchies and market mechanisms to help create instances of interfirm col-
laboration, and such a “hybrid” mode might serve as an important point of refer-
ence for further research in network governance.

We suggest that government intervention is important especially at the 
early stage of CE development in industrial parks, as illustrated in China. Such 
intervention not only ensures a favorable institutional environment for CE prac-
tices but also involves direct investments from government agencies when the 
market fails to respond to or close critical reverse salients in CE industrial value 
chains. We found evidence of the organization of resource inputs and outputs 
going beyond the boundaries of firms, and benefits being derived from the closing 
of loops, and the related responsibilities being allocated in a collaborative manner 
among firms, the government, and other stakeholders involved (including com-
munity groups and social NGOs).

Concluding Remarks: Opportunities and Challenges of CE 
Transformation Based on Network Governance

In making the transition to a circular economy, we see China as starting 
from well behind OECD countries but already well advanced in having a range 
of industrial parks to call on in making the transition to EIPs. While the over-
all success of developing a circular economy is determined by the progress of 
a country in a number of areas, such as the development of new recycling and 
reuse technologies (e.g., urban mining and 3D printing), remanufacturing, an 
extension of product life, the IT-enabled sharing economy, the product as a ser-
vice business model, and an increasing use of renewable energy.34 In this way, 
we see the building of circular supply chains within regional industrial agglom-
erations in China as a specific advantage of the country’s CE strategy. We see the 
major problem as lying in building effective network governance processes as 
circular resource flows are being created in China.

The cases we describe illustrate the opportunities and challenges of the 
CE transformation of industrial parks in China. We have used the concept of 
reverse salient to help us identify various critical “bottlenecks” from a systemic 
perspective in the evolution of industrial parks moving from linear production 
systems to CE systems. Specifically, we have identified the issue of creating net-
works in which firms may find common cause with each other, through various 
forms of network governance, as the principal reverse salient that needs to be 
solved if a country is to make real progress in moving toward a circular econ-
omy. Paradoxically, we have argued that China has the potential to make sub-
stantial progress because, on one hand, it has the most pressing problems of 
resource security (which if not solved will wreck China’s prospects for industri-
alization) and, on the other hand, it has a readymade potential solution to the 
problem of identifying and acting on industrial closed loops through conversion 
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of existing industrial parks to eco-industrial formations. We have sought to 
demonstrate that progress has been achieved in this endeavor through three 
case studies that demonstrate both shared flows of resources and energy that 
form the foundation of industrial symbiosis as well as various innovations taken 
at local level to solve issues of network governance. We anticipate that these 
issues will shape management challenges for firms in China over the next sev-
eral years, opening up substantial research problems and questions that will call 
for systematic investigation.

Appendix

Major Initiatives for the Development of Circular Economy in China since 2005.

Types of Policy Policy Settings guidelines

Financial policy Guiding advices on financial 
services for supporting 
and promoting key 
industrial adjustments 
and suppressing excessive 
production capability 
(2009)

Do not provide loans to projects not consistent 
with the policies on supporting and promoting key 
industrial adjustments or relevant industrial policies, 
especially backward projects for elimination by 
related regulations and laws.

Financial policy Advices on financial 
services for supporting 
energy saving and 
emission reduction and 
eliminating backward 
production capability 
(2010)

Do not provide loans to projects under construction 
and not consistent with the policies on energy-saving 
and emissions reductions or are for elimination; do 
not provide additional loans for illegally constructed 
projects.

Financial policy Notice on opinions of 
supporting policies and 
measures of circular 
economic development 
investment and financing 
(2010)

Circular economy-related projects should receive 
credit support. No additional credit should be 
provided, and original credit should be reduced or 
withdrawn for enterprises that adopt technologies, 
processes, equipment, materials, or products in the 
catalogue to be eliminated.

Fiscal policy Management method 
of the central financial 
rewarding fund for 
eliminating backward 
production capability 
(2011)

Reward enterprises that eliminate their backward 
production capability for resettlement of laid-off 
workers, production conversion, and debt payment.

Fiscal policy Interim management 
method of the central 
financial rewarding 
fund for energy-saving 
technologies (2011)

In East China, after the construction of energy-saving 
projects, the reward standard is CNY240 per ton 
of standard coal, and in Middle and West China, it is 
CNY300 per ton of standard coal.

Fiscal policy Interim management 
method circular economy 
development funds 
(2012)

Special funds should support national urban 
minerals demonstration bases, kitchen waste 
recycling and safe disposal, circular transformation 
in parks, remanufacture, and demonstration and 
promotion of cleaner production technologies.

 (continued)
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Types of Policy Policy Settings guidelines

Fiscal policy Interim management 
method of energy-
conservation and 
emission-reduction funds 
(2015)

The allocation of energy-conservation and emission-
reduction funds should be based on properties, 
objectives, investment costs, energy-saving and 
emission-reduction effects, energy and resource 
utilization levels, and other factors of the projects. 
Fund support mainly includes subsidies, rewards, 
discounts, and true settlements. Rewards are 
mainly allocated based on energy-conservation 
performance. In truly settled projects, funds are first 
disbursed and settled later.

Tax policy Preferential income tax 
lists of the enterprises 
for producing special 
safety production devices 
(2008)

If an enterprise purchases and utilizes special 
equipment for environmental protection, energy- 
and water-saving, and safety production, related 
equipment purchase cost may be deducted from 
income tax.

Tax policy Notice on the VAT policy 
for comprehensive 
resource utilization and 
related products (2008)

Enterprises that sell reclaimed waste water, retread 
tires, or produce rubber powder with the material 
of waste tires or produce construction products 
with material containing more than 30% waste 
solid should be exempted from VAT; enterprises 
on waste water treatment should be exempted 
from VAT; enterprises that sell CO2 of high purity 
produced with industrial waste gas, power, or heat 
generated with the garbage fuel, and regenerated 
asphalt cement produced with waste asphalt should 
be exempted from VAT immediately after taxation; 
enterprises that sell power or heat generated 
with coal gangue, silt coal, limestone coal, and 
bituminous shale should be exempted from 50% 
VAT immediately after taxation; enterprises that 
sell biodiesel generated through comprehensive 
resource utilization should be exempted from VAT 
after taxation.

Tax policy Notice on preferential 
income tax for the 
catalogue of materials of 
comprehensive resource 
utilization (2008)

After January 1, 2008, the revenue of enterprises that 
sell products generated with the materials in the 
catalogue and included in the catalogue should be 
deducted by 10% during income calculation.

Tax policy Notice on the VAT 
policy for the products 
produced with 
agricultural and forestry 
residues (2009)

Products produced with four types of agricultural and 
forestry residues (three residues, secondary woods, 
crop stalks, and bagasse) should be exempted from 
VAT immediately after taxation. Tax ratio exemption 
was 100% in 2009 and 80% in 2010.

Tax policy Notice on exemption 
of consumption tax 
for biodiesel produced 
with waste animal and 
vegetable oils (2010)

Biodiesel produced with waste animal and vegetable 
oils are exempted from consumption tax.

Price policy Opinions on improving the 
differential power pricing 
policy (2006)

Based on basic industrial power price, the prices of 
power for the yellow phosphorus and zinc smelting 
industries should be increased by CNY0.05/kWh and 
CNY0.2/kWh, respectively, for the enterprises to be 
restricted or to be eliminated.

 (continued)

aPPendix. (continued)



Moving to a Circular Economy in China: Transforming Industrial Parks into Eco-industrial Parks 179

Types of Policy Policy Settings guidelines

Price policy Pilot scheme of pricing and 
cost-sharing management 
of power generation with 
renewable energy (2006)

For renewable energy-generation projects, the amount 
exceeding the electricity purchase price of local coal-
fired power generation plants may be compensated 
through additional power price fee from power users 
in China.

Industrial policy Catalogue of encouraged 
technologies, processes, 
and equipment of circular 
economy (the first batch) 
(2012)

The catalogue covers reduction, reuse and 
remanufacture, recycling, and industrial symbiosis 
and linkage, and includes 42 key circular economy 
technologies, processes, and devices.

Source: Adapted from W. Li and W. Lin, “Circular Economy Policies in China,” in Towards a Circular Economy: 
Corporate Management and Policy Pathways, ed. V. Anbumozhi and J. Kim, ERIA Research Project Report 2014-
44 (Jakarta, Indonesia: Economic Research Institute for ASEAN and East Asia, 2016), pp. 95-111.
Note: VAT = value-added tax

aPPendix. (continued)

Author Biographies

John A. Mathews is a professor of strategic management at Macquarie Graduate 
School of Management, Macquarie University, Sydney (email: john.mathews@
mgsm.edu.au).

Hao Tan is an associate professor at the Newcastle Business School, University of 
Newcastle, NSW, Australia (email: hao.tan@newcastle.edu.au).

Mei-Chih Hu is a professor at the Institute of Technology Management at the 
National Tsing Hua University, Taiwan (email: mchu@mx.nthu.edu.tw).

Notes
 1. For example, see M. Esposito, T. Tse, and K. Soufani, “Is the Circular Economy a New Fast-

Expanding Market?” Thunderbird International Business Review, 59/1 (January/February 
2017): 9-14, doi:10.1002/tie.21764.

 2. Ellen MacArthur Foundation, “Towards the Circular Economy: Economic and Business 
Rationale for an Accelerated Transition,” 2012, http://www.ellenmacarthurfoundation.org/
publications/towards-the-circular-economy-vol-1-an-economic-and-business-rationale-for-
an-accelerated-transition.

 3. S. Giljum, C. Lutz, and C. Polzin, “Global Implications of a European Environmental Tax 
Reform” (SERI Working Paper Series No. 10, 2010), http://www.academia.edu/215098/
Global_implications_of_a_European_environmental_tax_reform.

 4. See John Mathews and Hao Tan, “Circular Economy: Lessons from China,” Nature, March 
23, 2016, http://www.nature.com/news/circular-economy-lessons-from-china-1.19593.

 5. According to a Chinese government document, by the end of 2011, China had 131 national 
economic and technological development zones, 69 national high-tech development zones, 
as well as more than 1,300 development zones at the provincial level, and more than 2,500 
other forms of industrial parks. See CNIS, “Guidelines for Circular Economy in Industrial 
Parks (National Standard)” (consulting paper, China National Institute of Standardization, 
Beijing, 2012), http://www.cnis.gov.cn/wzgg/201212/P020121211141297503569.pdf (in 
Chinese).

 6. Ibid.
 7. See World Economic Forum, “Towards the Circular Economy: Accelerating the Scale-up 

across Global Supply Chains,” January 2014, http://www3.weforum.org/docs/WEF_
ENV_TowardsCircularEconomy_Report_2014.pdf; McKinsey, “Moving toward a Circular 

mailto:john.mathews@mgsm.edu.au
mailto:john.mathews@mgsm.edu.au
mailto:hao.tan@newcastle.edu.au
mailto:mchu@mx.nthu.edu.tw
http://www.ellenmacarthurfoundation.org/publications/towards-the-circular-economy-vol-1-an-economic-and-business-rationale-for-an-accelerated-transition
http://www.ellenmacarthurfoundation.org/publications/towards-the-circular-economy-vol-1-an-economic-and-business-rationale-for-an-accelerated-transition
http://www.ellenmacarthurfoundation.org/publications/towards-the-circular-economy-vol-1-an-economic-and-business-rationale-for-an-accelerated-transition
http://www.academia.edu/215098/Global_implications_of_a_European_environmental_tax_reform
http://www.academia.edu/215098/Global_implications_of_a_European_environmental_tax_reform
http://www.nature.com/news/circular-economy-lessons-from-china-1.19593
http://www.cnis.gov.cn/wzgg/201212/P020121211141297503569.pdf
http://www3.weforum.org/docs/WEF_ENV_TowardsCircularEconomy_Report_2014.pdf
http://www3.weforum.org/docs/WEF_ENV_TowardsCircularEconomy_Report_2014.pdf


CALIFORNIA MANAGEMENT REVIEW 60(3)180

Economy,” February 2014, http://www.mckinsey.com/business-functions/sustainability-
and-resource-productivity/our-insights/moving-toward-a-circular-economy; Accenture, 
“Circular Advantage: Innovative Business Models and Technologies that Create Value,” 
https://www.accenture.com/us-en/insight-circular-advantage-innovative-business-models-
value-growth; PwC, “Circular Economy Solutions,” http://www.pwc.co.uk/services/sustain-
ability-climate-change/supply-chain/circular-economy-solutions.html.

 8. See T. P. Hughes, Networks of Power: Electrification in Western Society, 1880-1930 (Baltimore, 
MA: The Johns Hopkins University Press, 1983); T. P. Hughes, “The Evolution of Large 
Technological Systems,” in The Social Construction of Technological Systems, ed. W. E. Bijker, T. P. 
Hughes, and T. P. Pinch (Boston, MA: The MIT Press, 1987), chapter X, pp. 51-82.

 9. See the estimate for 2020 in Ellen MacArthur Foundation, op. cit., and that for 2030 in 
Giljum et al., op. cit.

10. DMI is a measure of the material flow analysis (MFA) concerning the direct input of materi-
als (including fossil fuels, biomass, metals, minerals, and ores) for use into the economy, and 
equals to the domestic extraction used (DEU) and imports of materials. For more details, 
see H. Wang, S. Hashimoto, Y. Moriguchi, Q. Yue, and Z. Lu, “Resource Use in Growing 
China: Past Trends, Influence Factors, and Future Demand,” Journal of Industrial Ecology, 16/4 
(2012): 481-492.

11. See H. Wang, “An Assessment of Dematerialization and Effects of Circular Economy Based 
on Material Flows Analysis,” Journal of Natural Resources, 30/11 (2015): 1811-1822 [in 
Chinese].

12. For example, see the “Opinion on Investment and Financing Policies and Measures to 
Support the Development of Circular Economy” issued by the NDRC in 2010.

13. See the list at http://kjs.mep.gov.cn/stgysfyq/m/201302/t20130222_248379.htm, accessed 
February 15, 2016 [in Chinese].

14. National Development and Reform Commission and Ministry of Finance, “Opinion to 
Facilitate the CE Transformation of Industrial Parks,” Beijing, 2012, http://www.mof.gov.cn/
zhengwuxinxi/zhengcefabu/201204/t20120424_645044.htm [in Chinese].

15. See the text of the 13th Five Year Plan in its official English translation, at: http://en.ndrc.
gov.cn/newsrelease/201612/P020161207645765233498.pdf. In Chapter 43, titled “Promote 
economical and intensive resource use,” Section 5 is devoted to measures for promotion of 
“The Circular Economy.” This includes measures “to encourage industrial parks to adopt 
a more circular operational flow” and to promote urban mining, or “utilization of mineral 
resources from urban waste.” Box 16 in Chapter 43 then carries a Section 5 on “Circular 
development” including a commitment to “Work to see that 75% of national industrial parks 
and 50% of provincial-level industrial parks are upgraded to promote circular operations.”

16. See J. Tian, W. Liu, B. Lai, X. Li, and L. Chen, “Study of the Performance of Eco-industrial 
Park Development in China,” Journal of Cleaner Production, 64/1 (February 2014): 486-494.

17. For example, see J. Fu and Q. Pan, “Legal Problems Concerning State Investment on 
Resources Recycling Enterprises in Industrial Park of the Western China: A Case Study in 
Guangxi,” Law Science Magazine, 35/8 (2014): 36-43 [in Chinese].

18. See Z. G. Wen and X. Y. Meng, “Quantitative Assessment of Industrial Symbiosis for the 
Promotion of Circular Economy: A Case Study of the Printed Circuit Boards Industry in 
China’s Suzhou New District,” Journal of Cleaner Production, 90 (March 2015): 211-219.

19. See F. Yu, F. Han, and Z. Cui, “Evolution of Industrial Symbiosis in an Eco-industrial Park in 
China,” Journal of Cleaner Production, 87 (January 2015): 339-347.

20. This figure needs to be treated with caution. “Comprehensive utilization rate” of industrial 
solid waste in Chinese statistics encompasses various waste flows including recycling, pro-
duction of building materials and fertilizers, and incineration for energy.

21. See H.-B. Ning, “Nanjing Chemical Industrial Park: Transition to an Eco-industrial Park in 
the Circular Economy Development,” Nanjing Daily, September 24, 2013.

22. The industrial chain involves the production of industrial products using chemical materials 
based on substance containing one carbon atom such as CO, CO2, CH4, CH3OH, and HCHO.

23. See the statistics in Y. Xu, “The Practices of Circular Economy in the SND from an Eco-
civilization Perspective,” Environmental Protection and Circular Economy, 9 (2015): 10-13 [in 
Chinese].

24. From 2013 to 2015, for example, while the industrial added value in SND (i.e., the value 
of the output minus the value of intermediate and raw materials) increased from 60 billion 
yuan to 63 billion yuan, its energy consumption, the consumption of fresh water, the gen-
eration of waste water, and the generation of industrial solid wastes had all fallen, from 1.7 
million tons of coal equivalent (TCE) to 1.6 million TCE, 39 million cubic meter to 37 million 

http://www.mckinsey.com/business-functions/sustainability-and-resource-productivity/our-insights/moving-toward-a-circular-economy
http://www.mckinsey.com/business-functions/sustainability-and-resource-productivity/our-insights/moving-toward-a-circular-economy
https://www.accenture.com/us-en/insight-circular-advantage-innovative-business-models-value-growth
https://www.accenture.com/us-en/insight-circular-advantage-innovative-business-models-value-growth
http://www.pwc.co.uk/services/sustainability-climate-change/supply-chain/circular-economy-solutions.html
http://www.pwc.co.uk/services/sustainability-climate-change/supply-chain/circular-economy-solutions.html
http://kjs.mep.gov.cn/stgysfyq/m/201302/t20130222_248379.htm
http://www.mof.gov.cn/zhengwuxinxi/zhengcefabu/201204/t20120424_645044.htm
http://www.mof.gov.cn/zhengwuxinxi/zhengcefabu/201204/t20120424_645044.htm
http://en.ndrc.gov.cn/newsrelease/201612/P020161207645765233498.pdf
http://en.ndrc.gov.cn/newsrelease/201612/P020161207645765233498.pdf


Moving to a Circular Economy in China: Transforming Industrial Parks into Eco-industrial Parks 181

cubic meter, 31 million tons to 29 million tons, and 0.8 million tons to 0.6 million tons, 
respectively.

25. Note that promotion of “urban mining” is explicitly mentioned as a goal for the development 
of the Circular Economy in China’s manufacturing activities, in the text of the 13th Five-
Year Plan, in Section 5 of Chapter 43.

26. For a recent discussion of the SSTEC, see M.-C. Hu, C.-Y. Wu, and T. Shih, “Creating a 
New Socio-technical Regime in China: Evidence from the Sino-Singapore Tianjin Eco-city,” 
Futures, 70 (2015): 1-12; M.-C. Hu, J. L. Wadin, H.-C. Lo, and J.-Y. Huang, “Transformation 
toward an Eco-city: Lessons from Three Asian Cities,” Journal of Cleaner Production, 123 
(2016): 77-87.

27. See http://www.tianjinecocity.gov.sg/bg_kpis.htm.
28. The Green Building Energy Management Alliance involves the Singaporean ST Engineering 

(specialized in wastes recycling), Keppel Integrated Engineering (a district heating and cool-
ing system expert), Keppel Land (a green building management designer), and PVW (a solar 
system producer and integrator), as well as Japanese Panasonic (specialized on energy stor-
age) and Hitachi (an energy integration expert), Phillips (an energy efficiency provider), and 
other local companies.

29. The SSTEC Electric Vehicle Alliance is composed of 11 international and Chinese domes-
tic EV-related companies (including manufacturers, infrastructure providers, battery system 
and storage providers, and equipment and rental operators), namely, Tianjin Electric Power 
(State Grid), Singapore Technologies Engineering, Chery New Energy Automobile Tech, 
Hitachi, Xiamen King Long United Automotive, Tianjin Liang Hao Rental, Xuji EV Recharge 
Group (State Grid), Beijing Bakai Battery, ASOLA, ALP Energy, and Tianjin Bak Battery.

30. See the report by The Guardian at http://www.theguardian.com/cities/2014/apr/14/china-
tianjin-eco-city-empty-hospitals-people and a report in a Chinese media outlet at http://
house.ifeng.com/detail/2015_04_02/50331295_0.shtml?from=androidqq.

31. Those include studies that were both published in this journal, for example, R. E. Miles 
and C. C. Snow, “Organizations: New Concepts for New Forms,” California Management 
Review, 28/3 (Spring 1986): 62-73, and in other top management journals, for example, R. 
E. Miles, C. S. Snow, J. A. Mathews, G. Miles, and H. J. Coleman Jr., “Organizing in the 
Knowledge Age: Anticipating the Cellular Form,” Academy of Management Perspectives, 11/4 
(November 1997): 7-20; H. B. Thorelli, “Networks: Between Markets and Hierarchies,” 
Strategic Management Journal, 7/1 (1986): 37-51; G. Jones, W. S. Hesterly, and S. P. Borgatti, 
“A General Theory of Network Governance: Exchange Conditions and Social Mechanisms,” 
Academy of Management Review, 22/4 (October 1997): 911-945.

32. A. T. Arıkan and M. A. Schilling, “Structure and Governance in Industrial Districts: 
Implications for Competitive Advantage,” Journal of Management Studies, 48/4 (June2011): 
772-802.

33. Those have been intensively discussed in, for example, Jones et al., op. cit.; Miles et al., op. 
cit.; and Thorelli, op. cit.

34. See R. Lacy and J. Rutqvist, Waste to Wealth: Creating Advantage in a Circular Economy 
(Basingstoke, UK: Palgrave Macmillan, 2015); Ellen MacArthur Foundation, op. cit.

http://www.tianjinecocity.gov.sg/bg_kpis.htm
http://www.theguardian.com/cities/2014/apr/14/china-tianjin-eco-city-empty-hospitals-people
http://www.theguardian.com/cities/2014/apr/14/china-tianjin-eco-city-empty-hospitals-people
http://house.ifeng.com/detail/2015_04_02/50331295_0.shtml?from=androidqq
http://house.ifeng.com/detail/2015_04_02/50331295_0.shtml?from=androidqq

