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“Cities have the capability of providing something for everybody, only because, and only when, they are 

created by everybody.” 

                                                                                                                               Jane Jacobs (1916-2006)
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Abstract 

China already has the highest number of, and largest cities in its history. According to recent statistics, 

Chinese cities were home to 52.6% of China’s total population at the end of 2012. If the current trend 

holds, it is predicted that by 2025 the Chinese urban population will be over 1 billion including eight 

megacities, each with a population of over 10 million. Urbanisation is part of a central strategy of the 

Chinese Government to aid development and gradually raise welfare standards.  

Meanwhile, environmental problems in China are getting more severe which now threatens the balance of 

sustainable development. 

To address the environmental challenges caused by and in cities and to balance its economic growth with 

social and environmental aspects, China has made itself a vast living laboratory for sustainable urban 

development approaches. Many city concepts such as green city, garden city, and eco-city and low-carbon 

city have been promoted and put into practice in the past two decades at different levels and scales.  

The reasons why so many concepts have been used in China are: the vague definition of sustainable 

development; different governmental departments have been engaged in promoting different concepts 

each with a different focus; the concept itself evolved over time. One common feature of these concepts is 

that none of them is well defined. However, there is a clear trend that the concepts are becoming more 

comprehensive regarding their coverage of more aspects of sustainability.  

Case analysis of the more popular concepts eco-city, low-carbon city, low-carbon eco-city, 

 eco-civilization, and other experiences show, that the lack of definition of the concepts proves important 

barriers in practice. It’s not possible to clearly define these concepts because they are more or less value 

based, but it is desirable to develop more scientifically based frameworks within which urban planning 

can be carried out. Another barrier is that urban planning in China is implemented with a confused 

backdrop of a state operating somewhere between the old Soviet style of centralized planning and a 

growing market economy.  Concepts like low-carbon and eco-city are introduced top-down and are hardly 

understood among local planners. There is also a danger that market actors make fundamental changes in 

well-developed plans during the implementation phase. 

In this thesis a case study carried out in the city of Xuzhou has shown that a process oriented and simpler 

framework for eco-city development with a clear focus on resource efficiency can be applied in a Chinese 

context. A three level approach has been used in order to escape from the trap of trying to find exact 

definitions for the concepts used in China. Depending on the ambition level chosen by a city,  

different planning methods should be applied and different sets of indicators should be chosen. 

What is needed in order to move forward in China is a more participatory planning structure at local levels 

including the public and NGOs. This is because of the values included in sustainability frameworks.  

If the development of a framework is not anchored in a broad participatory process, the likelihood of 

success is lessened. There is little evidence of such development in China today particularly when lack of 

legislation making local engagement in environmental issues more difficult. Taking into account the 

subjective nature of sustainability frameworks, it is also clear that China has to develop its own narratives 

for sustainable urban development based on its own culture. The application of more or less ready-made 

western countries solutions for urban development has not been very successful in China. 

Looking into the future we can see that the global need for resources will grow in an almost uncontrolled 

way for several reasons and there are no signs that this phenomenon will phase out. This raises the 

question: is development based on ecological modernisation theory, which means we can decouple 
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economic growth from environmental degradation by applying new technologies and system thinking, 

 a feasible way forward, or do we need to find new more radical ways to change the urban metabolism 

based on totally new narratives for the future. The challenge for Industrial Ecology will be to tie together  

industrial metabolism with urban metabolism into models for increasing resource efficiency in the overall 

metabolism, including the use of natural resources from agriculture, forestry, mining and harvesting of 

resources from sea. Another challenge will be to connect awareness to action and find ways to see how 

results from Industrial Ecology methods can be used in practice in cooperation with actors in society. 

Industrial Ecology can develop into more of a science for decision support in the planning of sustainable 

urban development. However new research as well as new methods is needed to handle the complex 

issues of the normative component in frameworks for sustainability and for expanding the thinking around 

ecological modernisation. Research in developing quantitative metabolic models has to be complemented 

with the formulation of research questions together with practitioners and other disciplines (like urban 

planning, ecology, and social science) in how to promote more radical changes in urban metabolism.  

This will need the establishment of many movements in society aiming to formulate new narratives for the 

future. There are examples of such movements for changing consumption patterns in society  

e.g. collaborative consumption, which is an economic model based on sharing, trading, borrowing or 

lending instead of owning. 

The Industrial Ecology community should have an overall vision to bridge the gap between science and 

practice toward sustainable futures for our society. Development of ideas to this end will be the focus of 

the next step in my research towards my PhD thesis. This will include qualitative eco-cycle models for 

more effective utilization of material and energy in the societal metabolism as well as new socio-technical 

models for integration of these models into urban planning routines. 
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Preface 

China has the largest population of all countries in the world and soon it is expected to have the largest 

economy. China has sometimes been called the factory of the world and its development will have a major 

impact on resource use and environment both nationally and globally. 

With this in mind, being from China and working on a PhD in Industrial Ecology, it was natural for me to 

develop my thesis around the sustainability challenges facing China now and in the future, and to try to 

apply what I have learned about systems thinking from Industrial Ecology. 

This thesis is written as a monograph, partly because of the complexity of the theme, partly because I want 

it to be read not only by academic people, but also by people who plan the cities of tomorrow in China. 

This is why it is also my intention to translate the thesis into Chinese in the near future. During my work  

I have seen that there is a big gap between academics and practitioners working in city departments.  

I think this is basically because these two fields have different criteria for success. In academia, publishing 

of peer-reviewed papers, which are cited by other academics, is the main criterion for success.  

For planners in society, practical results and resolving conflicts of interests are important criteria.  

I once discussed my academic methods in relation to my case study with an urban planner in China.  

She answered, “My boss does not want to hear about methods but only about results”. 

To pursue a scientific enquiry is often to bring a diversity of phenomena into new concepts, for example 

sustainability. To follow the traditional scientific route means then translating everything into abstractions 

in mathematical function relationships or statistical correlations. Maybe sustainability science, 

 instead of only being an abstraction, should also offer concrete versions of the reality it can represent.  

Furthermore, it is worth considering which research area Industrial Ecology should focus on: “objective” 

engineering, or a focus including more normative ideas and the relationship between Industrial Ecology 

and sustainability. Industrial Ecology has been developed as a field of study where quantitative methods 

were applied to industrial and urban metabolism. The concept of sustainable development was latterly 

incorporated into this field: a concept that also includes values. We could argue then, that the work of a 

researcher in industrial ecology is to strive to sort out what is science and what is merely based on values. 

In practice this is not so easy.   

A model of reality is never the reality. The assumptions we make for necessary simplifications of complex 

societal phenomena in this reality often also involve values, even if we do not always realise this.  

Working with real societal problems and with practitioners, one often needs to use one’s own intuition as 

well as scientific principles. Intuition is not science, but intuition might actually be formed using multi 

criteria analysis of small fragments of all our collected experiences. During my thesis work I have spent a 

lot of time in China in order to meet many people working within city planning and to feel embedded in 

the current problem situation. I feel that this has been necessary in order to find relevance for my future 

research. This methodology is also reflected in the structure of my thesis. 

I think in my search for more stable ground I have adopted  the philosophy of  Deng Xiaoping (Chinese 

politician and reformist leader who, after Mao's death led his country towards a market economy) who 

described the policy of incremental land reform in China as “crossing the river by feeling the stones”. 

This means that although we have to step forward sometimes without really knowing that we are stepping 

on solid ground, by taking small steps and establishing new positions we can gradually move forward to 

cross the river and reach more sustainable pathways.  For me the stones symbolise all the concepts we are 

using in our discussions. Concepts are the base for all our thinking and analysis and they can be more or 

http://en.wikipedia.org/wiki/Reformist
http://en.wikipedia.org/wiki/Mao_Zedong
http://en.wikipedia.org/wiki/Market_economy
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less well defined. New concepts can be symbolised by new stones that we can lay out in order to progress 

further. 

In my thesis I will discuss the Chinese concept of eco-civilization. Few pictures can illustrate my 

perception of this concept better than the painting ‘Adam and Eve’ (1990) by Teresa Fasolino. 

This painting is used on the cover of my thesis (by kind permission from Teresa Fasolino). The painting is 

a rendition of Albrecht Dürers engraving from 1504. Dürers classical picture shows Eve giving the apple 

from the tree of knowledge to Adam with the serpent behind. After this, God threw them out of paradise. 

Fasolino’s picture shows men and women as equal in that they both hold the fruit from the tree of 

knowledge in harmony with nature and without the serpent. In my opinion, it symbolizes the concept that 

eco-civilization has to be built on equity between man and woman, and between all people and that 

science together with values developed in a democratic process should be the foundation.  

Maybe this future foundation can facilitate the construction of new narratives where paradise can be 

reinvented. 
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Chapter 1 – Introduction 

Cities cover only 2% of the world’s land area, but consume more than 75% of global resources and 

generate up to 70% of its greenhouse gas (GHG) emissions. With the continuing migration to cities, 

especially in Asia and Africa, together with the predicted growing world population, cities are going to 

play even more dominant roles in the world. Considering the impact of cities on the rest of the world, 

global sustainability is increasingly an issue of urban sustainability (Bugliarello, 2006).  

Cities are often referred to as: congested, polluted, energy-intensive, crime-ridden, corrupt,  

poverty-stricken and difficult to manage (Annez and Linn, 2010). Despite these problems, cities are also 

seen as the centres of economic growth and form an integral part of potential future solutions (Chan et al., 

2013). By one estimate, 80% of the world’s gross domestic product (GDP) is generated by urban areas. 

Cities are recognised for their capacity to provide economies of scale, greater efficiency in logistics and 

public services, a lower environmental footprint, and a higher level of tolerance. The city is primarily a 

social emergent (Mumford and Turner, 1938).  Through urban densification, cities also enable 

collaborations and the exchange of ideas and information and achieve much more than isolated humans 

(Glaeser, 2011). This is further enhanced by the growing populations of young, well-educated people in 

developing countries, which are connected via networks in a totally new way. The question is: how can 

this dynamic development be utilised in establishing more sustainable cities in the future,  

when conventional top-down planning approaches might not be appropriate? 

China already has the highest number of, and largest, cities in its history. According to recent statistics, 

Chinese cities were  home to 52.6% of China’s total population at the end of 2012 (National Bureau of 

Statistics of China, 2012).If the current trend holds, it is predicted that by 2025 the  Chinese urban 

population will be over 1 billion, including  eight megacities, each with a population of over 10 million  

(Woetzel et al., 2009). Urbanisation is part of a central strategy of the Chinese Government to aid 

development and gradually raise welfare standards. Meanwhile, the environmental problems in China are 

getting more severe which now threatens the balance of sustainable development. 

Air pollution has become the most prominent issue in Chinese cities in recent years. Currently nearly 70% 

of the total urban population lives in areas with hazardous air quality. According to a report by the Asian 

Development Bank, less than 1% of the 500 largest cities in China meets the air quality standards 

recommended by the World Health Organisation, and seven of its cities are ranked among the 10 most 

polluted cities in the world (Zhang and Crooks, 2012). Heavy smog  has been affecting many of China’s 

big cities, covering nearly 1/7 of the country’s total area, since the beginning of 2013 (CAS, 2013).   

With regard to water, China not only has very low per capita surface and groundwater resources, but even 

lower levels of clean water, because of the pollution. About 60% of China’s 669 cities are experiencing 

water shortages, and nearly half of the farmers do not have access to safe drinking water. 76 out of the 118 

large cities are  experiencing serious ground water pollution (Zhang and Crooks, 2012).According to the 

Ministry of Environmental Protection of China (MEP), in the first half of 2013, the surface water in most 

of Chinese cities is considered as polluted . There have been several severe mass incidences related to  

environmental pollution in 2012 (CAS, 2013).  

In the past, landfill has been and remains the main way that municipal solid waste is handled. With rapid 

economic growth, consumption levels have increased dramatically, and China currently produces about 

25% of the world’s solid waste. Landfill not only occupies valuable land, pollutes the soil and water, 

 but also in itself is not an efficient waste management process from an energy and material point of view. 
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Meanwhile, there exist many informal landfill sites for many big cities that are not under municipal 

control. Furthermore, related issues such as land degradation, loss of biodiversity and forest resources are 

also threating China’s future development.  

Despite on-going international negotiations, climate change issues are growing increasingly more severe. 

The growth in global emissions of carbon dioxide is accelerating, and emissions today are more than 46% 

higher than the 1990 level (UnitedNations, 2013).In 2007, China’s total GHG  emissions from fossil fuel 

combustion exceeded those of the United States, and it became the world’s largest GHG emitter.  

 Given that China accounts for nearly one fifth of the world’s total population,  its increasing demand for 

energy and other resources and higher emissions  are challenging the entire world, and forcing researchers 

to rethink and understand urban development, especially in developing countries, in a new way (Lehmann, 

2012). A growing need for resources is forcing China and other countries to develop bilateral agreements 

with resource rich continents like Africa and South America. This competition for future resource bases 

threatens global security and the stability of the whole world economy. 

For China to continue to achieve steady economic growth, it has to balance its growth with a more equal 

welfare distribution and also by decreasing its environmental impacts. Environmental degradation affects 

the poorest in the population more severely than the rich. Today there is a growing awareness about this 

degradation among Chinese citizens. The country is currently still very much the factory of the world and 

this has created a situation where its economic growth is very dependent on economic growth in the 

Western world and on access to resources. China is well aware of this situation and is now focusing on 

growth of the domestic market and on creating alliances with resource-rich continents such as Australia, 

Africa and South America.  

The complexity of the issue of sustainability and the uncertainties regarding future development  

suggest that a key factor is to build more resource efficient and resilient cities. Otherwise, cities will 

become like dinosaurs; unable to adapt to predicted future problems such as climate change and  

scarcity of resources. Due to the increasing competition for resources in the world, sudden political 

changes in countries and regions can drastically change the situation for those countries dependent on high 

levels of resource consumption, such as China. In order to meet sustainability requirements,  

urban planning will have to be extended to include analysis of the consequences of resource utilisation and 

to promote recycling, energy conservation, low resource use lifestyles and environmental conservation in 

cities and surrounding rural areas. To this end, China is seeking solutions, by gradually developing new 

concepts, which can form the basis for developing good practice in the future. The concepts of  

eco-city, low-carbon city and low-carbon eco-city are now widely used and practised all over China.  

259 cities above prefecture level, accounting for 90% of all relevant cities, have set a  target of city 

development to establish an “eco-city” or “low-carbon eco-city” (Chinese Society for Urban Studies, 

2011). Most development projects are based on the principle of ecological modernization using  

new technologies. This thinking means that we can decouple economic and social development from 

environmental degradation. The concept is discussed more in detail in Chapter 9.The question remains, 

however, is this enough or are more radical changes needed to transform cities into states with  

much less consumption of resources. This kind of change will probably require engaging in participative 

processes, with both top-down and bottom-up perspectives, to generate a variety of solutions.  

These processes will need more or less structured methods and tools to develop a common understanding 

of the concepts we use and the images of the future cities we want to create. We can rarely find  



3 
 

definitions of all concepts related to sustainability that are acceptable to all, but we must see the concepts 

as providing a blank canvas we can  start painting on to create new narratives for the future.
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Chapter 2 - Structure of Thesis 

My thesis naturally starts with a discussion around my strategy for research and my aims and objectives as 

outlined in Chapter 3. Within the outline of the research strategy I also discuss the relationship between 

Industrial Ecology and science from a more fundamental point of view. Traditionally Industrial Ecology 

has focused on quantitative methods to study industrial metabolism. It has been more and more obvious to 

me that frameworks for sustainable development have to include values about the future. It is thus relevant 

to discuss if and how values and facts can be separated when applying Industrial Ecology methods to 

developing more sustainable pathways for urban development. 

In Chapter 4, of the thesis there is an analysis of how different concepts have historically evolved in the 

development of sustainable cities in China, and also which concepts are mostly used today. 

The urban planning process and the establishment of eco-cities in China are complex and somewhat 

opaque processes. This might be one reason why so many projects involving international teams have 

faced a lot of problems during the implementation phase. The first phase of master planning can work 

well, but in the implementation phase problems can arise. For this reason, Chapter 5 analyses such 

experiences using some well-known cases in China. 

One problem for foreign companies attempting to apply their frameworks for sustainable urban 

development in China is the Chinese planning system. The Chinese planning system is sometimes a 

mystery, even for Chinese people, so it is necessary to discuss how the planning system has developed in 

China and how it works today. This is discussed in Chapter 6. 

Sustainable urban development must be rooted in some framework for sustainable development, 

 which forms the basis for developing scenarios about the future, and also includes identifying indicators 

to monitor progress. There have been several attempts to import these frameworks and indicator sets to 

Chinese cases with mixed success. Frameworks and indicators are discussed in Chapter 7. 

From my experience of analysing cases where international ‘readymade’ frameworks have been applied in 

China, I am convinced that to succeed in a Chinese context, a framework has to provide a platform to for 

the city planners rather than be applied as a fixed formula. This is because frameworks are never objective 

but have been formed out of people’s values. In my search for such a platform several frameworks in 

Sweden have been studied. One of these frameworks was developed in cooperation with Swedish 

municipalities and this platform could fit well into Chinese context if we could encourage more 

participation. The city of Xuzhou provides the case study to test some of my ideas around such a platform.  

The idea with the case study was not so much to solve the future problems in Xuzhou. It was more to 

involve myself in city planners’ thinking and to understand how they perceive the concepts of 

sustainability and eco-city as well as the possible solutions for the future. This knowledge could not have 

been gained by just reading published papers. The experiences drawn from this case study are described in 

Chapter 8. 

Most of the cases studied around sustainable urban development are anchored, often unconsciously in 

concepts like sustainability and sustainable development. Also the concept of ecological modernization is 

important to the discussion. Ecological modernization basically means that we can continue our 

development of cities more or less as we do now, by applying new technologies and systems thinking to 

reduce resource consumption and decrease environmental impacts. After the journey my thesis has taken 

me on, I am not totally sure about this anymore and this is the topic for the more philosophical discussions 
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in Chapter 9.  Development in China and similar levels of development in other countries with large 

populations, like India, show that the rebound effect is just too large to decouple environmental 

degradation from economic growth. Sooner or later we will reach a ceiling; the consequences might have 

serious repercussions for global ecosystems and/or promote international conflicts around resources 

including energy, water and materials. Maybe the only solution is a more radical shift in the urban 

metabolism towards a new state with much lower resource consumption, one which we cannot reach by 

only adopting an ecological modernization approach. In China there is also an on-going discussion about 

ecological restoration. Is it possible to pollute first and clean up afterwards? Is there a risk that the 

processes in changing the ecosystems and ecosystems’ services already have triggered other irreversible 

processes? I don´t think anyone can point out the new pathway to a radical change in our urban 

metabolism, but it is important to take new steps forward and maybe create new concepts and narratives. 

In this process it is also interesting to discuss how Industrial Ecology could develop in order to support 

urban planning of more resource efficient cities in practice. 

In the final part of my thesis, Results and Conclusions in Chapter 10, I address the results I have found in 

relation to my research questions formulated in Chapter 3.1. It also contains a discussion around how a 

more radical platform for urban planning could be developed. As often is the case with research, one 

question raises 10 new questions. I hope this can lead further to new research questions for me and other 

researchers applying principles of Industrial Ecology to sustainable urban development. After all, I believe 

in urbanism, not simply because of its economic base, but for its nature as a social emergent. Cities can 

create innovative meeting places for people, and cities are also the most tolerant environment we have 

seen where people can be different and difference is a driving force for innovation. Difference is the 

driving force for innovation. However we need many new narratives and outcomes in order to have an 

open discussion about future urban systems. My thesis is my journey to find new ideas for such narratives. 
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Chapter 3 – Research Strategy and Theoretic Considerations  

Research is about discovering new ideas, actively thinking about them and working with them in 

practice. My thesis has been very much about exploring ideas around the concepts of sustainability and 

sustainable development and the different concepts used in China. In this process I have actively worked 

with different cases in China in order to gain a better understanding of how urban planners think about 

sustainability. I have thus not tried, at the outset, to reduce the problems to formulate research questions, 

but rather to understand the context within which the problems can be understood. It is important to 

understand the cultural differences between China and Europe and to remain sensitive to your role as 

observer when formulating research questions. This is central in social science methods but hardly in the 

tradition where Industrial Ecology has been developed. 

 

This idea is expressed in the paper “Industrial Ecology as a Cultural Phenomenon”(Boons and Roome, 

2000): 

“For this research strategy to be productive, it is crucial that the researchers involved be highly reflective 

regarding their dual position as participant and observer. If this reflectivity is absent, such research might 

lead to what Allenby seems to fear, that is, scientists become activists. But his proposed solution of 

separating the researcher from the participant through an appeal to objectivity seems to us to rob us of a 

valuable research strategy” 

This thesis is written more or less as a monograph partly because of the nature of the problems it explores, 

and partly because I want it to be read not only by academic people, but also by people who plan the cities 

of tomorrow in China.  

3.1    Aims and Objectives 

The first aim of my thesis is to try to understand in more depth what is currently happening in China when 

it comes to the development of more sustainable cities. This is because I want to develop relevant 

questions for my further research.  In addition to studying a lot of written material I have had meetings 

and discussions with people involved in practical projects involving eco-cities in China. 

My second aim is to contribute, in some small way, to the on-going process of eco-city development in 

China. Part of my thesis will be translated into Chinese and distributed to people taking part in eco-city 

projects in China as well as to academic institutions. There is today a need for bridging the gap between 

academia and urban planners especially when it comes to results from research in Industrial Ecology.  

I often get asked if China is really serious about sustainable development or if economic growth is the 

only criterion for success in practice. Maybe my thesis can help answer that question for an international 

audience and further their understanding of what is going on in China.  

The scope of my thesis covers the development of frameworks for sustainable urban development in 

China and how different tools and methods can be used in implementing these frameworks. This includes 

an understanding of the historical roots of the development of different concepts in China as well as the 

current situation and trends in the area. After developing a greater understanding of the situation and 

problems, I also included a case study where a new framework adapted to a Chinese context was tested. 

The case study work allowed me to acquire a greater understanding of the urban planning process in 

practice beyond what I have read about it. I have also studied cases in China as an observer only. 
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My specific objectives in the thesis are: 

 To investigate and analyse how different concepts connected to sustainability have been 

developed and used in China  

 

 To analyse and discuss the main barriers for sustainable urban development in the Chinese context  

 

 To develop and test a new framework for the planning of eco-cities in practice in a Chinese 

context in order to get practical experience from the urban planners way of thinking 

 

 To explore and discuss the future of different frameworks for sustainability connected to urban 

development and the role of Industrial Ecology in this development in China 

 

 To begin formulating research questions for my further work towards my PhD  

3.2    Research Methods 

In my thesis I have tried to look at the problems with sustainable urban development in China from both 

an “objective” and a “subjective” viewpoint in order to understand if these two perspectives can really be 

separated and if there can be such thing as sustainability science. As I noted in my preface, maybe 

sustainability science, instead of only being an abstraction, should also offer concrete versions of the 

reality that it can represent. In this statement we can also recognize the discussions around which research 

area Industrial Ecology should focus on: “objective” engineering or a focus including more normative 

ideas and the relationship between Industrial Ecology and sustainability. In this way we touch on two 

research domains, namely, natural science and social science, which differ from each other in many 

fundamental ways. These ideas are discussed more in detail below.  

In this work I have mainly used existing information from different sources, interviews and a case study.  

I have tried to draw my own conclusions and have synthesized and integrated my own original ideas into 

the final thesis.  

Sources of information for the thesis have been personal communications, published material in 

newspapers, thoughts and feelings recorded in diaries, documented interviews or oral histories, books, 

governmental reports, and data collected from peer reviewed papers in scientific journals.  

Much information has been taken from Chinese governmental sources, which are often considered of 

questionable reliability. To avoiding the problem of reliability of sources, I have tried to apply 

methodological triangulation (Stake, 1995) by finding data from different sources and at different times, 

 in different places or from different people. 

My thesis is partly built on case studies. Several case studies are existing projects where I have not been 

involved but have only had access to written materials. These studies are described in Chapter 5 and have 

provided input, together with the study of frameworks in Chapter 7, to the case study described in Chapter 

8. This latter study is different from the others in that I have been deeply involved in the process. 

 The reason for choosing this specific case study is that the opportunity to become involved arose at the 
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right stage in my work. One could argue that several case studies should have been chosen but this has not 

been practically possible. Involvement in the Xuzhou case study was a unique opportunity, which also 

involved a huge amount of work and time. 

My approach to the case study has  followed the outline by Stake (Stake, 1995) in that it is defined more 

by my interest in applying the framework in practice rather than putting emphasis on the method and the 

techniques that constitute a case study. One could ask what defines a case study and it is obvious from the 

literature that the term “case study” is a definitional morass. To refer to a work as a case study might mean 

(a) that its method is qualitative, small-N (Yin, 1994); (b) that the research is ethnographic, clinical, 

participant-observation, or otherwise “in the field” (Yin, 1994); (c) that the research is characterized  by 

process-tracing (Bennett and George, 1997); (d) that the research investigates the properties of a single 

case (Campbell et al., 1963, Eckstein, 2000); or (e) that the research investigates a single phenomenon, 

instance, or example (the most common usage). 

Evidently, researchers have many things in mind when they talk about case study research. The case study 

might be best defined as an intensive study of a single unit with an aim to generalise across a larger set of 

units. There is however little point in pursuing cross unit analysis if the units in question do not exhibit 

variation on the dimensions of theoretical interest and/or the researcher cannot manage to hold other, 

potentially confounding, factors constant. This is often the problem when comparing different projects as 

has been done in Chapter 5. In the case study in Chapter 8 the goal is to evaluate the possibility of 

applying a simple and general participative framework for developing scenarios for future development to 

one specific city area. In Chapter 5 the goal is rather to use a cross-unit analysis between the cases to find 

common success factors and/or barriers. A more comprehensive cross-unit analysis has not been possible 

due to time restrictions and difficulties to find material from the cases. 

Structured interviews with open questions have been used in the case study and in relation to data 

collection in my literature review. The interviews have not been recorded because this would have 

hindered people in expressing themselves with regard to controversial issues. 

One problem in the thesis, and in any study of Chinese cases, is the translation of Chinese concepts into 

English. The languages are so different in structure, and Chinese is also loaded with expressions,  

which can only be understood in a Chinese context and through a more in-depth knowledge and 

understanding of Chinese culture. The concept of sustainability is not used very much in China.  

The concepts eco-city and eco-civilization cannot be understood solely from how sustainability is used in 

the western world, but must be interpreted within a Chinese cultural context. This could also be one reason 

for some cooperation problems that international experts often experience when working on projects in 

China. 

My thesis is developed within the discipline of Industrial Ecology and one of the biggest struggles I have 

faced in my work is to find a way in which Industrial Ecology could contribute in a more practical sense 

to sustainable urban development. It is obvious that Industrial Ecology has to start its analysis out of some 

framework for sustainability and in this way it cannot be fully objective, because frameworks are 

themselves normative involving choices for  our future. One can argue that the work of a researcher is 

then to strive to sort out what is science and what is merely based on values. In practice, this has not 

proved to be easy.   

Industrial Ecology was developed as a field of study where quantitative methods were applied to industrial 

and urban metabolism. The concept of sustainable development was latterly incorporated into this field,  



9 
 

a concept that also includes values. This begs the question should Industrial Ecology be “objective” or 

should it also deal with normative statements related to sustainability frameworks? In a paper  entitled 

Culture and Industrial Ecology (Allenby, 1999) Braden Allenby writes:  

“But, industrial ecology should not become a normative tool, rather than an objective field.” 

This is a natural standpoint taking into account that many researchers in Industrial Ecology were originally 

engineers educated in natural science traditions. This view on Industrial Ecology has, however been 

questioned by some other researchers (Boons and Roome, 2000, Ehrenfeld, 2007a).  

John Ehrenfeld in his paper “Paradigm shift or normal science?” (Ehrenfeld, 2000) argues that Industrial 

Ecology now has two shapes. One is related to normal science in line with what Thomas Kuhn described 

in his classical work “The Structure of Scientific Revolution” (Kuhn, 1962). This normal science includes 

the following characteristics (which more or less follows engineering traditions): 

 Objective, descriptive 

 Metrical 

 Holistic 

 Applying the rules 

 Comfortable, transparent 

 Compatible with efficiency 

The other shape implies a paradigm shift and includes the following characteristics: 

 Normative 

 Metaphorical 

 Holistic 

 Changing the rules 

 Uncomfortable, challenging 

 Challenges standard notions of efficiency 

 

What Ehrenfeld discusses is whether traditional Industrial Ecology, working within a normal science 

paradigm and within the concept of Ecological Modernization is enough to solve our problems around 

sustainable development in society. He writes:  

 

“Industrial Ecology as the “normal” science of sustainability (modifying slightly the phrase as used by 

Allenby) promises much in improving the efficiency of human use of ecosystems that support us.  

But, again, is it enough?” 

The question “is it enough?” is interesting because it has been addressed many times before in central 

papers and reports.  In 1968 Garret Hardin wrote about this issue in his classical paper “The Tragedy of 

the Commons”. Garret concluded that overpopulation in combination with using common resources would 

inevitably end in environmental degradation and that “No technical solution can rescue us from the misery 

of overpopulation”.   
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Tim Jackson concluded in his famous report “Prosperity Without Growth”(Jackson, 2011) that: 

“The conventional response to the dilemma of growth is to call for ‘decoupling’: continued economic 

growth with continually declining material throughput. Since efficiency is one of the things that modern 

capitalist economies are supposed to be good at, decoupling has a familiar logic and a clear appeal as a 

solution to the dilemma of growth.” 

And further on in the report: 

“In this context, simplistic assumptions that capitalism’s propensity for efficiency will allow us to stabilise 

the climate and protect against resource scarcity are nothing short of delusional. Those who promote 

decoupling as an escape route from the dilemma of growth need to take a closer look at the historical 

evidence – and at the basic arithmetic of growth.” 

In relation to these questions we can ask if traditional Industrial Ecology and ecological modernization is 

enough, if it makes some contribution to sustainable development, or if it is a blind alley leading in the 

wrong direction and totally new paradigms are needed. 

One of the problems facing new paradigms is that they are not clearly defined, but have to be developed 

out of new concepts. New paradigms will therefore often be criticized at the beginning for being fuzzy and 

unscientific especially by scientists coming from a natural science background who are mainly working 

within normal science as many do within Industrial Ecology. 

In their paper Science for the Post-normal Age, Funtowicz and Ravetz (Funtowicz and Ravetz, 1993) 

introduced the concept of post-normal science pointing also to work by Thomas Kuhn. 

Funtowicz and Ravetz discuss the concept post-normal science very much in line with what Ehrenfeld 

says when he talks about a paradigm shift. In their paper they separate what they call applied science from 

post-normal science. The difference is that in applied science it is possible to reduce uncertainties by 

creating system boundaries and reducing the problem space so that research questions can be formulated. 

In their terms, applied science is mission-oriented while post-normal science is issue-driven.  

Funtowicz and Ravetz define the post-normal problem as one “where facts are uncertain, values in 

dispute, stakes are high and decisions urgent”, which is very much what sustainability problems are.  

By decision, stakes they understand “all the various costs, benefits, and value commitments that are 

involved in the issue through various stakeholders”. 

What Funtowicz and Ravetz try to put forward is that traditional problem solving techniques cannot be 

applied to post-normal science problems and the distinction between facts and values cannot be 

realistically separated. Ravetz also argues that the traditional peer-review process has to be extended to 

what he calls peer communities involving an ever-growing set of legitimate participants in the process of 

quality assurance of scientific inputs. 

In a paper titled “Industrial Ecology as a Cultural Phenomenon (Boons and Roome, 2000) the authors are 

questioning the basic arguments by Allenby in his paper “Culture and Industrial Ecology”  

(Allenby, 1999). Boons and Roome conclude that researchers in the field of Industrial Ecology have to 

reflect upon its normative aspects. This is because “the “openness” of the definition enables people to 

construct and contribute to the process of defining what sustainable development entails”. 

The conclusion is that any framework for sustainability has to involve normative statements.  

It is interesting to take a closer look at the case Allenby chose in order to argue that “industrial ecology 
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should not become a normative tool, rather than an objective field”. The case is about a group of 

environmentalists that calls for a halt to purchasing paper made from old growth rain forests in British 

Columbia. Additionally the environmentalists demand that companies buying paper should support a shift 

from paper made from wood fibre to paper made from agricultural waste and fibre crops. Allenby argues 

that this change will include a series of consequences and impacts and it is not definite that this change 

will be more sustainable. He concludes with the question “Should industrial ecology consider these 

impacts?” 

This example shows clearly the problem about separating the objective and subjective for Industrial 

Ecology. Industrial Ecology should consider the impacts Allenby mentions and this is where the more 

scientific engineering tools and methods from Industrial Ecology can be used. However this does not 

imply that from a given framework of sustainability we could not conclude that we should avoid cutting 

down old growth rain forests. This would e.g. violate basic principles in many sustainability frameworks.  

Many conflicts around sustainability issues involve disputes about facts and values. Despite important 

differences, facts and values are often confused -- a conflict of values may be thought to be a conflict of 

facts, or vice versa. Because of the nature of their differences, factual issues and value issues will 

contribute different kinds of problems to a conflict. Researchers in Industrial Ecology must be able to sort 

these out, handling each type appropriately, in order to be able to address a conflict constructively. 

 This also implies that researchers have to take subjective frameworks into account in order to make 

research relevant. It is naive to think that academic reports written in isolation from societal frameworks 

for sustainability can have any influence on actual development. A framework for sustainability always 

contains normative statements about what sustainability is, but it is also in conjunction with these 

statements that Industrial Ecology tools and methods can be used in order to quantify deviations from the 

sustainability statement. This also shows that researchers in the field of Industrial Ecology have to reflect 

upon its normative aspects. Otherwise researchers in Industrial Ecology will work in isolation from 

practitioners. 

The problem of the gap between academia and practitioners has also been highlighted in a  report 

 “An Agenda for Research on Urbanization in Developing Countries” from the World Bank in 

2011(Annez and Linn, 2011) which  concluded: 

“All authors focused their recommendations on issues of relevance to the practitioners’ audience, rather 

than to an academic audience. This is important, since there is a great gap between academic research 

and practical application in the area of urban development.” 

In conclusion, there is an on-going discussion about how sustainability issues should be tackled by the 

research community focusing on Industrial Ecology. My research is focused less on traditional 

quantitative methods used in Industrial Ecology but more on exploring the problem areas in practice when 

it comes to sustainable urban development in China and the interface between frameworks and scientific 

principles. This gap between Industrial Ecology research and societal problems has been pointed out by 

many researchers and is nicely summarized in the text below (Huppes and Ishikawa, 2010) 

“A practical challenge for industrial ecology (IE) is to help accommodate nine billion modestly affluent 

citizens on this planet by 2050. The theoretical challenge is how to develop the most relevant analysis. 

Theory development in industrial ecology is hampered by unresolved issues relating to the conceptual 

duality of the domain—that is, linking social science and natural science. The solution in IE modelling has 

mainly been to ossify causalities of the past in fixed input-output ratios, implicitly. But when it comes to 
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developing applied solutions, core questions need to be answered, which relate to economic growth and 

its limits and to the potential of core technology ensembles. Answering these questions requires views on 

dynamics, which brings the causality issue to the front, explicitly. A comprehensive theory is well beyond 

the horizon. Still, we can envisage a framework to provide better answers to some major questions and 

formulate some major tasks ahead.” 

When developing new ideas around sustainable urban development we will have to find ways to merge 

natural science and social science in new transdisciplinary ways. When doing “objective” quantitative 

estimations using methods and tools this should be done in a transparent way in order to clearly show 

which assumptions have been made and how system boundaries have been chosen, because this also 

involves subjective perspectives of the researcher. 
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Chapter 4 - A Historical Review of Sustainable City Concepts and Approaches 

used in China 

China’s last three decades of development, during which the country has lifted more than 500 million 

people out of poverty, has been impressive. The country is now one of the biggest economies in the world 

and the largest exporter and manufacturer.  A process of changing and rapid urbanisation during this 

period has closely accompanied these achievements.   

4.1    China’s changing approaches towards urban development  

Before the adoption of the Reform and Opening-up Policy in 1978, China’s urban development went two 

stages. The first stage is the so called socialist industrialization with Mao’s 1950s policy which aimed to 

speedily transform the capitalist consumer cities into socialist productive cities. These early years saw a 

huge influx of population into cities with the urbanisation rate increasing from 10.1% in 1949 to 19.7% in 

1960 (Friedmann, 2005). This was followed by a stressful period of  de-urbanisation from the 1960s to the 

early1970s (Wei, 2005) . The urbanisation rate stabilised at around 17.3% in the early 1970s.  Up until 

then, the majority of the cities in China were built for industrial purposes with industrial-related 

transportation and had poor infrastructure. Several policy initiatives played essential roles in restraining 

the urbanisation process.  The household registration (Hukou) system and the one family one child policy 

were considered the most effective and nowadays still the most controversial policies. The logic behind 

these policies was the belief that China’s urban based industrial revolution could only be accomplished by 

the extraction of a surplus from grain production and the mass mobilisation of labour for capital projects 

(Friedmann, 2005).  

The household registration (Hukou) system was instituted in 1960. It fixed a person’s residency to his or 

her native place, and in addition it created a two-class society of privileged urban residents and  

second-class rural citizens. Between 1961 and 1963, 26 million urban residents, many of whom came to 

the cities to work after 1949, were sent back to the countryside. Another 30 million were sent to the 

countryside from 1966 to 1976. Meanwhile, because of the one child policy, the total urban fertility rate 

declined from about 5 – 6  in the mid-1950s to 1.5 in the mid-1970s and beyond  (Friedmann, 2005).  

From 1978 to the present, although there have been several reforms of the household registration system 

and the restriction on mobility has been gradually relaxed, this household registration system is still in use.  

At the beginning of the1980s, the emphasis of China’s reform was on decentralization of power and rural 

reform. A principle of “restricting the size of large cities and promoting small cities and towns” was 

adopted as the major strategy for achieving urbanisation (Li, 2011). To avoid administrative costs and 

motivate local governments, the central government followed a “county-to-city” upgrading policy, 

awarding city status to existing counties that fulfilled certain requirements including industrialisation 

levels, urbanisation levels and fiscal strength. According to Li (2011), economic growth was in practice 

the key factor  in determining which county obtained city status, and therefore the “county-to-city” policy 

served in fact as an incentive to promote economic growth. Through this policy, the total number of cities 

in China grew quickly, from less than 250 in 1982 to more than 650 in 1997, i.e. urbanisation was 

characterised by a large number of new cities. In contrast, in most developed countries urbanisation 

mainly consists of the expansion of existing cities through migration from the countryside (Anderson and 

Ge, 2005). The Chinese government stopped county-to-city upgrading in 1997 and since then, the total 

number of Chinese cities has changed little.   
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In 1984, the emphasis of reform shifted from rural areas to urban areas through the open door policies. 

The continuing decentralization and open door polices stimulated economic growth, especially in bigger 

cities. This economic growth and decentralization facilitated the urban spatial change and growth and 

further migration to cities. In1992, a  policy of more radical reform, emphasising marketization and 

globalisation was adopted (Wei, 2005)  . The spatial structures of cities continued to change and the urban 

population gradually increased. 

In the late 1990s, China’s Agenda 21 proposed new goals for urbanisation to “moderately control the fast 

growth of large cities, to develop satellite cities of large cities, to actively and moderately develop 

medium-sized and small cities, and to greatly promote the growth of towns” (Gu et al., 2012).  

As the government realised more about the importance of urbanisation in promoting national economic 

growth and social development, more investment was guided into urban infrastructure construction. 

Beginning with the Tenth Five-Year Plan on National Economic Growth and Social Development in 1999, 

“actively and steadily promoting a Chinese urbanisation process” started to be adopted  as a clear strategy 

(Gu et al., 2012). China’s latest (Twelfth) Five-Year Plan clearly states  “the level of urbanisation is not 

only regarded as an important indicator of industrialisation, but also an essential driving force for the 

country’s future domestic market growth”. Accelerating the process of urbanisation is still an important 

policy priority for the Chinese government.  

The issue of urbanisation is very important for China’s future development, not only for economic growth 

but also for social development. The higher the urbanisation rate, the higher the potential for economic 

growth, job creation (ADB, 2012), and for sustaining social stability. However, the rapid urbanisation 

process, together with resource intensive economic growth patterns and the unbalanced industrial and 

energy structures have put enormous pressures on the environment, and people’s well-being.  

The special transitional reform instituted in China has restrained the function of urban planning and 

resulted in hundreds of not originally well-planned Chinese cities. The Chinese urban planning system is 

further discussed in detail in Chapter 6. Meanwhile, the household registration system continues to 

increase the existing inequity and further constrains future urbanisation. Future urbanisation will be 

essential for economic growth and development in China, but will also intensify the environmental 

challenges overall and threaten the quality of life, of both people living in urban and rural area. 

4.2    A historical review of sustainable city concepts and approaches used in China 

At the beginning of the 1990s, China started its journey to find more sustainable ways of developing 

cities. Many city concepts, such as green city, national garden city, national environmental protection 

model city, eco-city, low-carbon city and low-carbon eco-city have been adopted and used by central and 

local governments at different time in China. Through government policy guidance, local initiatives and in 

cooperation with international partners and other approaches, China is now one of the most active 

countries in the field of experimentation in sustainable city development in the world.  

The concepts of eco-city, low-carbon city and low-carbon eco-city are now widely used and practised all 

over China. According to a report published by the Chinese Society for Urban Studies, by February 2011 

there were 259 cities above prefecture level, accounting for 90% of all relevant cities in China, where the 

target of city development was to establish an “eco-city” or “low-carbon eco-city” (Chinese Society for 

Urban Studies, 2011). However, since these concepts are not anchored in a scientific basis, it is difficult to 
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reach a consensus on their definitions and there are still no widely accepted international or national 

definitions or guidelines for them.  

Some researchers (Liu et al., 2011a, Chen and Zhu, 2013) have sought to define the concept and methods 

of the low-carbon city by collecting and analysing some of the practices in China. Price et al. (2013) 

presented and tested a methodology for the development of low-carbon indicator systems in the context of 

Chinese cities (Price et al., 2013). There has also been an attempt to explore the concepts and methods for 

low-carbon eco-city planning (Cao and Li, 2011). However, to date few comprehensive studies have 

investigated, both from a historical and comparative point of view, how these concepts are used,  

defined and developed in the Chinese context.  

4.2.1    1990s: City concepts focusing on environmental perspectives  

Industrialisation and urbanisation in China have maintained high, steady growth since the economic 

reforms, but there are increasing environmental and social challenges to be met. Although China started to 

devote more efforts to protecting the environment in the early 1970s, the focus was still mainly on 

pollution monitoring and end-of-pipe solutions(Zhang and Wen, 2008). The United Nations Conference 

on Environment and Development in Rio in 1992 was a turning point in China’s urban development and 

national environmental strategy. Two months after the Rio conference, the State Council issued Ten 

Strategic Policies for Environment and Development in which sustainable development was for the first 

time officially announced as a basic national strategy of China (NEPA, 1994). 

Following China’s Agenda 21, which was issued in 1994, various central departments and local 

governments developed their own Agenda 21. Concepts such as green city, garden city and National 

Environmental Protection Model City were promoted and started being widely used in China.  

Green City 

Although there is no evidence showing that central government or any official department proposed the 

green city concept and no official definition or guidelines have been given, since the 1990s it has been 

widely used at local level, mostly by local governments, companies and NGOs.  

The green city concept has been interpreted in different ways through time. Initially, it was interpreted 

mainly as increasing green spaces in cities, but this changed as sustainable development gradually began 

to attract more attention from local and central governments. Now “green city” is not just simply 

interpreted as green spaces, but also environmental, economic and social aspects of development. 

 The later city concepts (eco-city, low-carbon eco-city) are often recognised as approaches to achieving a 

green city in China. Generally, however, because of its extreme vagueness and varying definitions,  

green city is used only as a concept rather than a practical approach in the Chinese context.  

Garden City 

Since China’s participation in the Rio conference, two national departments have been engaged in 

promoting sustainable city development in China to support its national sustainability goals by proposing 

different city concepts and establishing related guidelines and standards.  

In 1992, one of these departments, the Ministry of Housing and Urban-Rural Development (MOHURD), 

proposed a concept named National Garden City (MOHURD, 2000). To encourage construction, 
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evaluation and promotion, MOHURD also published a group of related standards and updated them or 

regularly. In the Western world, the garden city concept is widely known as described the first time by 

Ebenezer Howard in his book Garden Cities of Tomorrow (Howard, 1902). Howard sees both town and 

country have their own advantages and drawbacks, town is a symbol of the human society and country is 

the nature and we as human need both. The Garden City is the marriage of town and country as Howard 

(1902) describes in his book, out of this marriage there will “spring a new hope, a new life and a new 

civilization”. The Garden City idea, as pointed out by Richard Register in his book ecocities: rebuilding 

Cities in Balance with Nature, was an attempt to create what have been called eco-city if the term 

“ecology” had been in general usage then (Register, 2006). However, from the standards provided by 

MOHURD, it can be seen that the concept of garden city used in China then focuses heavily on landscape 

and green space coverage in cities, and it is interpreted in a totally different way. Every year, 

 some national pilot cities are granted National Garden City status by MOHURD. 

National Environmental Protection Model City 

In 1997, the Ministry of Environmental Protection of China (MEP) proposed the concept of the National 

Environmental Protection Model City and defined it as a city with rapid economic growth, a clean and 

beautiful environment and healthy ecosystems. Thus despite the name, the focus is not just on 

environmental aspects and the evaluation indicators cover economic growth, energy efficiency, 

environmental protection and construction of infrastructure. By early 2012, 85 cities had been awarded 

National Environmental Protection Model City status (MEP, 2009). 

4.2.2    Post-2000: Emergence of more comprehensive city concepts and growth of city 

initiatives  

Since the turn of the century, the environmental situation has continued to deteriorate. Air quality is so 

poor in many Chinese cities that nationwide, the costs of excess morbidity and mortality for urban 

residents are estimated at 5% of GDP (Soubbotina and Sheram, 2000). 

Meanwhile, China is also facing increasing domestic and international pressure relating to climate change 

and energy conservation. The Chinese government has taken further steps to establish a national 

sustainable development strategy, leading to the emergence of the eco-city, low-carbon city and  

low-carbon eco-city concepts. There are increasing numbers of city initiatives all over China relating to 

these concepts.  

Eco-city  

As mentioned earlier in this Chapter, it is often pointed out that the eco-city and related concepts used in 

the Western world  share a common origin ,which is the vision of the garden city from the late 1800s, 

described the first time by Ebenezer Howard in his book Garden Cities of Tomorrow (Register, 2006, 

Clark, 2003). It would have been called eco-city if the term “ecology” had been in general usage then 

(Register, 2006). With the rise of the environmental movement in the middle of 20
th
 century,  

the contributions from biology, chemistry and other natural science, the perspective of cities as 

ecosystems is strengthened  and the human-ecosystem relationship become the focus (Zhou and Williams, 

2013). Richard Register is commonly recognized as the first to introduce the term eco-city in 1987  in his 

book Ecocity Berkely: Building Cities for a Healthy Future (Register, 1987). One certainly can find an 
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abundance of definitions of an eco-city, especially after decades of implementations in different countries, 

regions and municipalities.  According to Register’s group Ecocity Builder, an eco-city is “an ecologically 

healthy human settlement modeled on the self-sustaining resilient structure and function of natural 

ecosystems and living organisms, an entity that includes its inhabitants and their ecological impacts, 

 a  subsystem of the ecosystems of which it is part — of its watershed, bioregion, and ultimately, of the 

planet, a subsystem of the regional, national and world economic system (Ecocity Builder, 2010)”.   

China’s years of resource-intensive and economy-focused development have created increasingly severe 

pressure on the country’s ecological environment. The idea of applying ecological principles to city 

planning started to be used in the late 1980s at a local level and later spread to national level. In 1995, 

 the State Environmental Planning Agency (which later became the MEP) issued “Guidelines for Building 

National Eco-Demonstration Communities (1996-2050)”, in which the concept of “eco-community” was 

first proposed officially. This concept of eco-demonstration communities refers not only to general city 

levels but also village, county, town and rural levels, and many have since been declared national eco-

demonstration communities. 

In the summer of 1998, China suffered massive flooding of parts of the Yangtze River, resulting in 

thousands dead, millions homeless and huge economic losses. As a result, the urgency of ecological 

conservation was further recognised, the principle of “devoting equal attention to pollution control and 

ecological conservation” was adopted, and the government implemented a number of policies    as China 

began the largest scale ecological conservation campaign in its history. Since 2000, a number of laws, 

regulations, plans, actions and guidelines have been issued and implemented at various levels of the 

country (Zhang and Wen, 2008).  

The concept of eco-county, eco-city and eco-province and related standards were proposed later, in 2003, 

by MEP under its Eco-Construction Programme and  the standards were revised in 2007 (WorldBank, 

2009). According to MEP documents, the ultimate goal of building eco-demonstration communities is to 

protect and rebuild the eco-environment, improve the traditional resource-dependent development model, 

achieve higher economic development at a lower resource and environment cost and eventually achieve 

socially, economically and environmentally sustainable development. There is a clear focus on the 

economic and environmental aspects of development.   

Another concept closely related to the eco-city in China is the eco-garden city, first proposed in 2004 by 

MUHURD, which is based on the 1992 concept of the garden city (WorldBank, 2009). However, 

 the associated standards for guidance and evaluation focus more on the construction of urban 

infrastructure than the MEP standards.  

Between the two main types of eco-city initiatives in China (MEP initiatives and local initiatives), 

 the country has seen the growth of another type, often involving international partners bringing their own 

experiences to China and often aimed at building totally new city areas on a relatively large scale.  

Recent city projects, such as Sino-Singapore Tianjin Eco-city and Tangshan Bay Eco-city, are examples 

of such eco-city projects. These city projects are led by the central, provincial, or municipal governments 

and are often high profile and therefore attract more attention to the eco-city concept from the public and 

private sectors. According to a recent official report, 90% of the more than 600 cities all over China have 

announced their intention to develop into an eco-city (MOHURD, 2011). 
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Low-carbon City 

Concepts related to low carbon, such as “low-carbon economy”, “low-carbon technology”, “low-carbon 

development”, “low-carbon lifestyle” and “low-carbon city”, reflect the issue of global climate change 

challenges caused by increasing carbon emissions from human activities. As the rapid economic growth 

continues and energy consumption and related emissions increase, China is facing growing pressure at 

home and abroad to cut its GHG emissions and improve its energy efficiency.  

The concept of low-carbon city in China is closely connected to that of the low-carbon economy, 

 which was first proposed by the UK government in the energy white paper “Our Energy Future - Creating 

a Low Carbon Economy” (TSO, 2003). There is no uniform definition or measurement method for this 

concept as yet, but according toLi et al. (2012), the low-carbon economy is an economic development 

pattern that uses technological innovation, less use of natural resources, higher energy efficiency and 

lower environmental pollution to obtain more economic output and create a higher standard of living and 

more opportunities for development. The belief that technological solutions will help to solve the problem 

of carbon emissions is clearly apparent in Chinese research strategies. An example of this is clean coal 

technology, which will allow the use of coal in the future and which is clearly included in the Chinese 

forecasts for future domestic energy use. One of the latest widely cited definitions for low-carbon city is 

“cities that decouple economic growth from the use of fossil fuel based resources by shifting society and 

economy towards consumption based on renewable energy, energy efficiency and green transportation” 

(The Climate Group, 2009).  

The World Wildlife Fund (WWF) launched a project called Low Carbon City Initiative in China in 2007 

to explore ways for low carbon development in China’s urban areas. The aim was to show how to reduce 

carbon emissions and energy consumption without affecting economic growth through better energy 

efficiency in buildings, use of renewable energy and manufacturing of more energy-efficient products. 

Shanghai and Baoding became the first pilot low-carbon cities in China and many other cities followed 

suit, creating a new layout of coordinated development between energy consumption and economic 

growth (WWF, 2007).  

In November 2009, the central government of China committed to reducing its carbon dioxide emission 

intensity by 40-45% by 2020 from the baseline of 2005. In this broader context, China’s Twelfth  

Five-Year Plan in March 2011 set a target for reducing carbon emissions per unit of GDP by 17% from 

the 2010 baseline. In 2010, the National Development and Reform Commission (NDRC) launched a 

national low-carbon province and low-carbon city experimental project that includes five provinces 

(Guangdong, Liaoning, Hubei, Shanxi and Yunnan), and eight cities (Tianjin, Chongqing, Shenzhen, 

Xiamen, Hangzhou, Nanchang, Guiyang and Baoding). 

According to the NDRC, the experimental low-carbon areas are required to bring the work of the national 

GHG (WWF, 2007) reduction commitment into the local “Twelfth Five-Year Plans”. They must formulate 

low-carbon development plans; establish a related low-carbon emissions industry; develop related policies 

in order to support low-carbon development; establish a system for monitoring GHG emissions;  

and promote low carbon lifestyles and consumption patterns. 

The low-carbon city is a newer concept than the eco-city and more widely used at the international level. 

There have been many attempts to define the concept and develop evaluation methodologies worldwide, 

but because there is no comparable benchmark for all countries, this has to be done locally. According to 

Li (2012), a low-carbon town or city in China can be defined as “a town (or city) with clear targets and 
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concrete actions planned to realise both a considerable reduction of CO2 emissions intensity in the  

short- term and a smooth transition to a low-carbon economy and society in the long term”. 

One evaluation method developed by the Chinese Academy of Social Science (CASS) was tested in Jilin 

city in 2010 (Pan, 2011). According to CASS, “a low-carbon economy emphasises high energy efficiency, 

optimized energy structure and changed consumption patterns, which could be achieved by technological 

leaps and the removal of institutional barriers”. Furthermore, “ a low-carbon economy is high economic 

growth with low carbon emissions; a low-carbon economy does not equal forbidding energy-intensive 

industries, as long as those industries are technically advanced; a low-carbon economy is not necessarily 

accompanied by higher cost” (Pan, 2011).This indicates that low-carbon city development: i ) Is an 

approach to achieve the national GHG reduction commitments; ii) is being taken as an opportunity for 

China to make its economic growth pattern more energy- and resource-efficient; and iii) will be at a low 

or no economic cost. Compared with the eco-city concept, it has a narrower focus and addresses only 

some sustainable development aspects, although the potential for addressing the issue of climate change 

should not be overlooked.  

Low-carbon Eco-city (Eco-civilization) 

In 2007, the 17th National Congress of the Chinese Communist Party promoted the idea of  

“eco-civilisation”, i.e. forming an energy- and resource-efficient and environment-friendly industrial 

structure, economic growth model and consumption pattern. This idea is not new in China, and started 

being used by the government in the mid-1990s.  However, 2007 was the first time that environmental 

issues were included in the party’s political report in China. It is thought to be a direct reaction by central 

government to the annual report on the country’s environment situation in 2006, according to which the 

overall environmental situation had not improved but deteriorated, with frequent pollution-related 

accidents affecting people’s daily life (MEP, 2007). 

There has since been an eco-civilisation campaign in China, with wide discussions on how the idea should 

be implemented at different levels of government, media, academia and public life. In 2012,  

the “construction of eco-civilization” was further taken into the country’s overall layout of the economic, 

political, cultural and social construction, at the 18th National Congress of the Chinese Communist Party. 

The concept of eco-civilization is a totally new concept. Basically, the idea behind this concept is that 

human society has finished its agricultural-civilization, and is now at the post-industrial-civilization stage 

when we have come to a point where we need to harmonise our relationship with nature.  

According to the China Academy of Science (2013), the word ecological as used in the concept of  

eco-civilization,  is not limited to the ecology, but refers more to “green, environmental protection, and the 

harmony between humans and nature” (CAS, 2013). In 2009, the first Eco-Forum Global aimed primarily 

at promoting “eco-civilisation” was held in China. Its main hosts were the Committee on Population, 

Resources and Environment (CPPCC), the Ministry of Science and Technology (MST), MEP and 

MOHURD, supported by NDRC. This high-level annual forum has now become the most important 

platform for discussing sustainable development issues in China.  

The low-carbon eco-city emerged in this context after being formally promoted by MOHURD in 2009 as 

an approach to “eco-civilisation”. It is literally a combination of the existing concepts of low-carbon city 

and eco-city and highlights two core issues of “eco-civilisation”: energy efficiency and environmental 

protection. The concept is highly supported at an official level in China and is regarded as the future 
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direction for China’s economic and urban development, as reiterated by the Twelfth Five-Year Plan issued 

in 2010. 

The concept of low-carbon eco-city is not officially defined, but through the goal of “eco-civilisation”  

it has a strong focus on energy efficiency, emissions reduction and environment protection. Social aspects 

are not emphasised, however. There have been efforts to define the concept, develop a theoretical 

framework and conduct case studies under the guide of central government, e.g. MOHURD has sponsored 

comprehensive research programmes. A Low Carbon Eco-city Research Centre was established in 2010 to 

promote the development of low-carbon eco-cities, provide theoretical and technical support for their 

construction in China, report progress and conduct case studies.  

In 2010, MOHURD jointly signed framework agreements to building China’s first low carbon  

eco-demonstration city with the governments of Shenzhen and Wuxi. Later that year, Shanghai hosted the 

first World Expo in developing countries with the theme “Better City, Better Life”. There was also a 

Chinese theme that translates as “cities make life better”, which shows the government’s positive attitude 

to city life and urban growth. The Expo expanded discussions and thinking about low-carbon eco-cities 

through various exhibitions on low-carbon technologies, ecological environmental protection, changes of 

lifestyle and city practices from all over the world.  

4.2.3    Features and comparison of different concepts 

Different departments engaging in promoting city concepts 

The main reason why so many concepts are used in China is that different government departments   with 

responsibility for different sectors proposed them. The national garden city, national eco-garden city and 

low-carbon eco-city concepts were proposed by MOHURD; the National Environmental Protection Model 

City and eco-city concepts by MEP; and the low-carbon city concept by NDRC. There are certain overlaps 

between the functions of these different departments, but they essentially control a sector through issuing 

various guidelines and there seems to be no strict control of concept development from a higher political 

level.  

Concepts are dynamic and becoming more comprehensive 

Over the past 40 years, there has been a general trend for city concepts to become more comprehensive, 

covering several aspects of sustainable development (Table 1 ). Based on existing official guidelines and 

standards, the main contents of each concept are grouped into four categories for the purposes of this 

thesis: environmental protection, energy efficiency, economic growth and social aspects. The various 

concepts differ when it comes to the focus, but environmental protection has always been a very important 

aspect, albeit dealt with in different ways. For example, National Garden City covers the city 

infrastructures related to water and waste treatment aspects, but also focuses heavily on landscape and 

green space coverage. National Environmental Protection Model City focuses on various national 

emission reduction goals, air and water quality and waste treatment rates. National Eco-garden City that is 

based on the earlier National Garden City puts more emphasis on requirements for  the quality and 

coverage of a city’s public infrastructure service and environment treatment facilities, and it also has more 

detailed requirements regarding  the natural and living environment. Compared with National Eco-garden 

City, the eco-county, eco-city and eco-province concepts have introduced mandatory indicators to limit 
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energy and resource consumption. The low-carbon city concept focuses more on GHG emissions 

reduction.  

In addition to the environmental aspect, economic growth is important in most of these concepts. 

Although social aspects have started to be included, none of the concepts to date place a strong emphasis 

on this category. 

Table 1 : Features of different concepts 

Concept 
Date of 

origin 

Concept contents 

 
Environmental 

protection 

Energy 

efficiency 

Economic 

growth 

Social 

aspects 

1 Green City 

1970s  ● 

   

  2000  ●  ● ● 

2 National Garden City 1990  ● 

   

3 
National Environmental 

Protection Model City 
1997  ● 

 

● 

 

4 
Eco-demonstration 

Community 
1995  ●  ●  

5 National Eco-garden City 2004  ●   ● 

6 
Eco-county, Eco-city and 

Eco-province  
2003  ● ● ● ● 

7 Low- Carbon City 2008  ● ● ● 

 

8 Low-carbon Eco-city 2010  ● ● ● ● 

Data sources: Sino-Singapore Tianjin Eco-city(2009); China Low-carbon Eco-city Development Report (2011);  

The Introduction of the National Environmental Protection Model City (MEP, 2009); National Standards for 

Developing a National Garden City (MOHURD,2000). 

As can be seen from Table 1, the development of the concepts has been a dynamic process. 

 The introduction of new concepts has not necessarily resulted in former concepts being abandoned.  

For those concepts with national indicators, as the situation changes and new problems appear, there are 

revised indicators to adapt to the new situation. For those without indicators, their content is also 
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changing, which may make it difficult to discuss these concepts without a good understanding of their 

historical background in China.  

Three ways to promote sustainable city development in China  

From a policy perspective, there are three main ways used by government to promote more sustainable 

cities in China;  

1) Construction of demonstration models that the government hopes can be replicated to some extent in 

other Chinese cities. Some such models are being developed in cooperation with foreign actors, which can 

be a fast track system using other countries’ experiences adapted to Chinese contexts. 

2) An awards system for cities in their development and achievement of targets. Awards are often used as 

an incentive to encourage local governments to use standards developed by central departments,  

whereby city officials can then use a certain concept to brand their city.  

3) Promotion of general aims for sustainable city development and allowing local government to find 

approaches to reach those aims, i.e. a bottom-up process. The concept of “eco-civilisation” is more a 

political slogan than a policy. This way seems to replicate the “Hundred Flowers Campaign”, where cities 

can learn from each other. 
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Chapter 5 – Analysis of city cases in China  

In order to get a deeper understanding of the development and use of these concepts in China,  

some on-going cases are chosen and analysed in this Chapter. Since the concepts of eco-city, low-carbon 

city and low-carbon eco-city (eco-civilization) are relatively more comprehensively and widely used, 

 or likely to be widely used in China, three cases related to these concept have been chosen. Each of the 

three cases represents one on-going case of each concept. There are numerous different cases going on in 

China, and the main aim of this Chapter is to gain deeper understanding of how these concepts are used 

and perceived in practice in China. Therefore, the cases described below are not intended to give a 

comprehensive picture of all such cases being developed in China, nor is a comparison of these cases 

offered. Due to time restrictions and lack of information it has not been possible to carry out a more 

comprehensive cross-unit analysis of the cases. 

Although eco-city (eco-community) has been practised in China for many years, it received little attention 

from the government and public before the recent trend of developing eco-cities together with partners 

from foreign countries that are more advanced in environmental technology and sustainable city 

experiences. Tangshan Bay Eco-city, a joint effort by the SWECO Company of Sweden and Tangshan 

City, represents one of the largest eco-city initiatives in China and is therefore used here as the eco-city 

case.  

Baoding city was among the first low-carbon city experiments initiated by WWF and was also chosen by 

NDRC as one of the national low-carbon province and city projects. Furthermore, it was believed that 

because of its advanced renewable energy industry, Baoding city had major potential to become the first 

low-carbon city in China. In addition, it has clear development goals and strategies. Therefore Baoding 

city is used here as the low-carbon city case. 

Shenzhen was chosen as the low-carbon eco-city case because it was one of the first cities to sign up with 

MOHURD in 2010 and aims to become China’s first low-carbon eco-demonstration City. 

5.1    Tangshan Bay Eco-city 

Background  

Tangshan Bay Eco-city forms part of Caofeidian New District, which is located 70 km to the south of 

Tangshan City, Hebei province, 220 km from Beijing. The development is based around a new 

international deep-water harbour and a large industrial area that is seen as a potential economic growth 

centre in Tangshan. The Tangshan Bay Eco-city was planned to be developed between the pot area of 

Jingtang and Caofeidian, and was approved in 2005 by the National Development and Reform 

Commission as one of the national demonstration projects for a more resource-efficient economy 

(WorldBank, 2009).  

Tangshan Bay Eco-city is planned to provide integrated services for the port, port area and port city while 

supporting the expected increase in industrial development and population. It is planned to house  

1-1.2 million residents within an area of 150 km
2
.  

The development and construction of the eco-city is divided into three phases. Phase 1 (2008-2010) is 

defined as construction of basic infrastructure and the first 12 km
2
, Phase 2 (2011-2020) as construction of 

the eco-city and Phase 3 (2020- ) as completion of construction. The construction work started in 2009. 
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Objectives and indicators  

The overall aim of Tangshan Bay Eco-city is to be “a world-renowned, modern, people-focused, 

prosperous, climate-neutral and environmentally sustainable society”. 

A master plan of the total 150 km
2
, a conceptual detailed plan for the first 30 km

2
 and a 12 km

2
 detailed 

urban  plan for Tangshan Bay Eco-city have been developed jointly by the SWECO company of Sweden 

and the Beijing Tsinghua Urban Planning Institute.  The indicator system is based on that used for 

SymbioCity in Sweden.  

SymbioCity (Ranhagen and Groth, 2012) is a conceptual framework for sustainable urban development 

that was originally developed as a communication platform for dissemination of Swedish environmental 

technology related to sustainable urban development. The idea behind SymbioCity is not to impose top-

down planning, but to contribute to capacity building by mutual sharing of knowledge and experience 

between different stakeholders, primarily at local government level. Another aim is to serve as a basis for 

dialogue and cooperation between stakeholders, particularly at local level, but including regional and 

national institutions. Its objective is to promote an integrated and multidisciplinary approach by focusing 

on possible synergies between different systems, in order to achieve efficient use of natural resources. 

Typical features of this concept are integrated system solutions and an eco-cycle model that includes 

solutions for integrated management of energy, waste and water, and the use of upgraded biogas from 

wastewater sludge as a vehicle fuel. A well-known example of the use of this thinking is the Hammarby 

Sjöstad area in Stockholm, which was completed in 2012 (Wennersten and Spitsyna, 2011). Tangshan Bay 

Eco-city is one of the largest applications of the SymbioCity concept outside Sweden.  

The indicator system designed for Tangshan Bay Eco-city consists of planning indicators and monitoring 

indicators, and is relevant to both environmental and socio-economic sustainability. The plan focuses on 

land use and green transportation, water and green land systems that can integrate resources for 

constructing a public service centre and living service base. There are in total 141 qualitative and 

quantitative indicators in 7 subcategories: urban functions, urban spaces, buildings and architecture, 

 traffic and transport, energy, water and wastewater, waste, landscape and open spaces. In order to 

communicate to politicians and the general public concerning the challenges and solutions for the city, 

 a popular version of the indicator system consisting of 30 key quantitative indicators has been  developed 

(Caofeidian New Area Tangshan Bay Eco-city Administrative Committee, 2012).  

5.2    Baoding Low-carbon City  

Background  

Baoding city is located in the centre of Hebei province, 140 km south of Beijing. It has a total population 

of 11.53 million, including 8 million in rural areas, and a total area of 22,100 km
2
. Although this city is 

more agriculturally-based because of a lack of natural resources, it is viewed by the National Ministry of 

Science and Technology as the first and only industrial base for the development of China’s new energy 

sector. Its industries related to renewable energy contributed 12% of the city’s GDP in 2007, and this is 

expected to increase to 40% by 2015. 
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Objectives and indicators  

At the end of 2008, the government of Baoding city published its Low-carbon City development plan.  

The overall aim is to significantly improve the quality of economic development and overall economic 

strength; to further optimise the structure of industries and energy; to highlight the advantages of  

low-carbon industries and further promote the construction of a low-carbon society; to establish a healthy, 

low-carbon lifestyle and consumption model, to improve people’s living standards; and to gradually 

reduce the carbon dioxide intensity.  Regarding the carbon dioxide intensity reduction, two quantitative 

goals are stated in the official plan: that by 2020 the CO2 emissions intensity (CO2/10,000 Yuan GDP) 

should be reduced by 35% compared with 2010, and the CO2 emissions level (ton/capita) should be less 

than 5.5 (LCCCA, 2011). 

Instead of more detailed indicators, the city government has developed a series of action plans, including 

construction of advanced manufacturing, modern service industries and a modern agricultural base; 

improving the energy efficiency of traditional industries, buildings and transportation; development and 

utilisation of new types of energy; construction of urban central heating; improving energy efficiency in 

rural areas and utilising forest planting as a carbon sink (LCCCA, 2011). In general, the focus is on 

promoting the manufacture of new energy and energy equipment and the utilisation of new types of 

energy. 

The overall targets for Baoding cover mainly economic and environmental aspects. When it comes to the 

environmental aspects, only CO2 emissions are considered. The overall goals for CO2 intensity reduction 

are quantitative, but no further detailed indictors are given to measure the realisation of these goals.  

The action plan generally has a very strong focus on the development of industries related to new energy 

and energy equipment manufacturing. These actions may help Baoding to realise its CO2 intensity 

reduction goals but are not comprehensive. Furthermore, since most of the action plans are qualitative, 

they will be difficult to evaluate in the future. 

5.3    Shenzhen Low-carbon Eco-city 

Background  

Shenzhen is located in the south of China, bordering Hong Kong. It was originally a hilly town with a 

population of less than 30,000, but through benefiting from China’s economic reform and being selected 

as the country’s first special economic zone in 1979, Shenzhen has undergone tremendous changes in the 

last three decades. It is now one of the largest cities in China and plays a significant economic role in the 

Pearl River Delta and Southeast Asia. By 2011 Shenzhen municipality covered an area of 1953 km
2
, 

including urban and rural areas, with a total population of 10 million. However, the intensive urbanisation 

process has also caused many environmental and social problems for the city. The shortage of land, 

energy constraints and increasing population are putting increasing pressure on the city and threatening 

the city’s future development. In 2005, the Shenzhen municipal government embarked on its journey to 

shift from economic-centred development to developing a sustainable, more efficient and socially 

harmonious city. Since then various efforts have been made to create a green space system, improve air 

and water quality, implement clean production and support green transport and buildings. Shenzhen city 

will also develop its own eco-city construction plan and indicator systems aiming to be recognized as an 

eco-city by the Ministry of Environmental Protection (WorldBank, 2009). 
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Objectives and indicators  

In late 2010 following the new campaign focusing on eco-civilization, the Shenzhen government and the 

Ministry of Housing and Urban-rural Development jointly signed a framework to build Shenzhen into 

China’s first low-carbon eco-demonstration city.  

According to the jointly agreed framework, the focus of the demonstration project will be on exploring the 

transformation of the city development model and low-carbon eco-city planning under southern climate 

conditions. The framework also states that the construction of Shenzhen Low-carbon Eco-city should be 

low cost, reproducible and sustainable (Shengzheng Government, 2011).   

The overall aim of Shenzhen is to become a world-class low-carbon eco-demonstration city that is 

economically sustainable, socially harmonious and environmentally friendly, playing an important 

demonstrative role in China. The targets are to create an intensive and compact city development model, 

to significantly improve the ecological environment, to increase resource efficiency and to keep a low 

level of carbon dioxide emissions. 

To this end, a total of nine action strategies and some indicators have been developed.  

The strategies are: 1) Guiding urban development to a more compact model; 2) improving land use 

efficiency; 3) developing green transportation systems; 4) promoting green building; 5) enforcing 

environmental protection; 6) increasing overall energy efficiency; 7) developing demonstration projects; 

8) improving technology; and 9) enforcing policy and governmental assurance (Shengzheng Government, 

2011). Within each category, detailed plans are also being developed. The quantitative indicators proposed 

by Shenzhen are likely to focus mainly on construction of infrastructures related to traffic, green belt, 

water and waste management. Indicators concerning energy use and carbon emission reductions are not 

included in the indicator system. According to the framework, Shenzhen city is, however, going to 

develop a low-carbon eco-city indicator system that can be used at a local level in China. The framework 

also states that Shenzhen should develop several low-carbon eco-demonstration districts.  

5.4    Experiences from other cases 

Some previous studies have examined the process and challenges of sustainable urban development in 

China. One of the common approaches is to analyse on-going cases. Initiatives such as Sino-Singapore 

Tianjin Eco-city, Dongtan Eco-city, Mentougou Eco-valley, Rizhao and Wuxi have been investigated in 

various publications and reports. 

Dongtan Eco-city is one of the most frequently discussed cases (WorldBank, 2009, Hald, 2010, ADB, 

2010).This is because it was the first international cooperation eco-city and purpose-built carbon-neutral 

eco-city to be announced. However, plagued by  political and economic problems , this project was 

indefinitely postponed in 2008, and has been regarded as a failed project by the local government officials 

and planners (Chang and Sheppard, 2013). It is therefore often considered an unsuccessful but educational 

case. The main reasons why this project failed were: 1) the Dongtan project was thought to be a signature 

political project of the former mayor.  After his arrest for corruption in 2008, it is generally believed that 

the project lost its political priority both locally and nationally; 2) the planned Dongtan Eco-city was 

going to be built on conserved wetland. The site selection was considered as both harmful to the 

ecological environment and not economically self-sufficient, especially before the bridge connecting 
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Dongtan to downtown Shanghai was built in 2010; 3) the master plan was  more or less regarded as the 

result of a brainstorming session and the financial plan  was infeasible.  

The locally initiated eco-city projects often have different problems in practice. In general, the following 

are considered common obstacles for actual planning and implementation of these projects: the vague and 

varied definition of city concepts, especially at the local urban planners level; the lack of guidance on a 

more integrated approach to tackle sustainability challenges at the city level; the focus on sector specific 

interventions; the lack of participation in the process and the lack of appropriate management and policies 

to drive and support. 

5.5    Towards more comprehensive and scientifically based frameworks and 

indicators for sustainable urban development 

The cases described above represent important recent city concepts and common approaches to 

developing more sustainable cities in China. There are several distinct differences between these cases. 

Tangshan Bay Eco-city aimed to build a new city, while Baoding and Shenzhen focused on existing city 

areas. Tangshan Bay Eco-city has a more comprehensive planning framework with indicators and a more 

holistic approach to sustainability. However several problems have occurred in the implementation phase, 

which seems to be connected to the lack of a more fundamental economic analysis of the project from the 

beginning. This has led to a situation where investment stopped during the implementation of the project. 

As in many eco-city projects in China there are also weaknesses in the control and follow-up of the 

planning intentions after the construction phase has started.  

The barriers arising in many cases are partly due to the lack of concrete definitions and standards relating 

to the different concepts used for sustainable development. Of course it is impossible to find a strict 

scientific basis for developing targets and visions for sustainable cities, since the underlying vision must 

be built on a range of values including moral aspects, e.g. that a city should support all citizens in 

improving their quality of life without degrading the supporting ecosystem services locally or globally. 

This means that the use of resources including energy and materials should not be dependent on depleting 

finite resources or emitting substances to water and air that cannot be absorbed in a natural eco-cycle.  

On one level it is possible and desirable to develop a more fundamental qualitative and quantitative 

scientific framework to support planners in developing sustainable urban pathways. For energy,  

this means that the use of fossil fuels has to be gradually decreased, because they are a finite resource. 

However, there will have to be a transition period where e.g. coal and nuclear power will probably have to 

be used in China. Although new technologies may make the transition period shorter, the long-term targets 

for energy have to be based on sustainable energy sources and not on projected technological solutions. 

This will be problematic for China, where future forecasts show that the dependence on fossil fuels, 

mainly coal, will continue. A study comparing Business as Usual (BAU) development with an Enhanced 

Low Carbon Scenario (ELCS) for 2050 projected the use of fossil fuels of around 81% for BAU and 

around 69% for ELCS, with the latter having only around 7% of renewable energy in the mix 

 (Jiang et al., 2009). The Chinese government may be serious about the climate change issue and 

 low-carbon development, but seems to believe that Carbon Capture and Storage (CCS) will solve the 

problem (Liu et al., 2011b).  

However, it is unsafe to rely on such an unproven technology as CCS, because past experience shows that 

projecting long-term technological developments is highly uncertain. For many other finite material 
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resources, e.g. phosphorus, there is a need to create eco-cycles in society where materials can be returned 

to use in the production of goods, food or other biological systems. How these eco-cycles function in 

practice is highly dependent on how infrastructure is constructed in cities, as discussed below. 

The Tangshan Bay Eco-city takes a more comprehensive approach to sustainable urban development, 

partly because of the long experience in Sweden of SymbioCity cases with high ambitions for sustainable 

development, in which the most important factors for success have been: 

 An overall clear vision for the project that is shared among the stakeholders involved. This means 

that back-casting scenarios should be an important method in formulating visions, targets and 

indicators for projects. 

 The example of the Hammarby Sjöstad case in Sweden (Wennersten and Spitsyna, 2011).  

Its vision was “twice as good” energy use and environment, i.e. the environmental impact of the 

area had to be half that of a similar area built at the same time. 

 A participatory process for choosing indicators and targets in which a large set of indicators is 

gradually reduced by the stakeholders during workshops. This process enables a set of indicators 

and targets to be chosen in line with the vision, where all sustainability aspects can be handled in 

an integrated way. It also enables local aspects to be taken into account instead of using a set of ad 

hoc indicators developed in other cases. 

 A process for monitoring progress using indicators and targets for different time spans.  

Many of the city projects have a long time span and it will be important to have evaluation 

processes where vision, targets and indicators can be modified at certain times. 

The relative success of SymbioCity cases in Sweden is built on participatory planning, but it remains to be 

seen whether this methodology will succeed in a Chinese context. In Sweden this practice has developed 

gradually in a participatory way involving many municipalities. When importing the framework to China 

it can be regarded as too complex for Chinese planners. 

One of the main challenges in urban planning is to create infrastructure that considers all sustainable 

development aspects (environmental, social, and economic) in an integrated way. Sustainable 

development is basically about having socio-economic and socio-cultural development where people can 

improve their own lives without exceeding the carrying capacity of the global or local eco-systems. 

Building a city in this way requires both a multidisciplinary approach and a sector approach taking into 

account the links between lifestyles, energy, water, waste, transport, etc. This requires creating a platform 

where stakeholders from different disciplines can come together and discuss these integrated issues when 

developing a city or city area. From the case of Dongtan (WorldBank, 2009, Hald, 2010, ADB, 2010) , it 

is evident that the absence  of a comprehensive and holistic approach can lead to failure of a project in 

practice, even if the ambitions and available expertise are good.  

From this, it can be concluded that more understanding is needed about how the activities in a city affect 

the environment. One model which aims to describe the link between anthropogenic activities and 

environmental effects is the DPSIR (Drivers-Pressures-State of the Environment-Impacts-Responses) 

framework (Smeets et al., 1999). In this framework, socio-economic development and socio-cultural 

forces function as drivers (D) of human activities that increase or mitigate pressures (P) on the 

environment. Environmental pressures thus change the state of the environment (S) and result in impacts 

(I) on human health, ecosystems and the economy. These may lead to societal responses (R) to the 
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corresponding drivers, pressures, state of the environment or impacts via various mitigation, prevention or 

adaptation measures with regard to the environmental problems identified. 

Conventional indicators, especially for the environment, typically focus on the downstream part (Impact) 

through pollution monitoring. Most indicators in the Chinese cases studied here are of this type.  

The Response is mainly end-of-pipe solutions. However, to tackle the fundamental unsustainability of 

cities and the links between different aspects of sustainability, a move upstream towards looking at 

Drivers and Pressures is needed. Methodology for this has been described when it comes to water 

management (Song and Frostell, 2012).This approach means that we have to understand the city’s 

metabolism when devising policy and planning infrastructure. 

An interesting aspect in SymbioCity projects, e.g. the Tangshan Bay Eco-city, is the use of a graphical 

eco-cycle model as a basis for formulation of visions and targets and integrated urban planning.  

This model is mainly built on principles from the discipline of Industrial Ecology, where the material and 

energy flows that represent the metabolism of a city can be modelled (Green, 2006). The use of an  

eco-cycle model can help planners to see the complex links between infrastructure, technical systems and 

behaviour of people early in the planning process and move the development of visions, targets and 

indicators towards Drivers and Pressures and metabolic thinking. In the master plan for part of a city, this 

mainly refers to the layout of physical infrastructure, under which is a network of utilities for energy, 

water, ICT, etc. A real city is inhabited by people who travel, eat and consume different goods and these 

activities show up in a city metabolism model, which can be constructed for different purposes. 

 In the example of a metabolic model, links can be seen between energy, water and waste, which are the 

main causes of environmental impacts in a city. The arrows in the model show how different sectors may 

be connected and also how people’s lifestyles affect parts of the model, e.g. sorting of waste. Sorted waste 

can be used to produce electricity and heat, while wastewater can be used to produce biogas and soil for 

agriculture where biofuels can be produced. By developing such a metabolic model for a new city area or 

for developing an old area, the participants can interact to see how the general vision for the area can be 

accomplished. From the vision, the master plan and detailed plan can be developed, taking into account 

the need to fulfil the criteria in the metabolic model. These can relate to transport, standards for housing 

construction, facilities for waste handling, storm water management areas, linking energy flows between 

buildings, etc. At the start of the Hammarby Sjöstad project in the 1990s, it was thought that the metabolic 

model could be used to construct a city area where people could live in an environmentally friendly way 

without conscious effort. However, subsequent evaluations showed that people’s lifestyles have to be 

taken into account. This means that providing information to inhabitants about the eco-cycle model is very 

important. 

While the framework and indicators have to be developed within the location context, the experience from 

other countries and regions can serve as a very good starting point. To this end, frameworks and indicator 

systems used worldwide are explored in Chapter 7. 
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Chapter 6 - The Urban Planning System in China  

The urban planning process and the establishment of sustainable cities in China are complex and 

somewhat opaque processes. It is sometimes a mystery even for Chinese people so it is necessary to 

discuss how the planning system has developed in China and how it works today. As discussed at the 

beginning of Chapter 4, China’s policies and approaches towards urban development have been 

continually changing and this has partly resulted in the use of many city concepts in China. The economic 

reform in China has also to a great extent affected the country’s urban planning system. In general, the 

establishment and transformation of the urban planning system in China has been largely determined by 

the national economic and governmental structures.  

6.1    The changing role of urban planning in China 

The Chinese urban planning system has, generally speaking, gone through three stages since the  

People's Republic of China (PRC) was founded in 1949.The first stage was from 1949-1958. In this period 

of planned economy the Central Government played a dominant role in resource allocation, and urban 

planning was perceived as a tool to realise socialist ideology and the implementation in detail of national 

economic planning. The master planning  was a formal exercise that followed the party line and had little 

to do with actually shaping urban development (Friedmann, 2005). The second stage was from  

1958 -1978, during which urban planning activities were totally shut down. In 1978 China adopted the 

Reform and Open-up policy and since then  urban planning in China has been gradually assigned a more 

important position in the administrative hierarchy and has been continually undergoing  

 transition (Yeh et al., 2011). 

Since the early 1980s, China has gradually launched a series of reforms such as from planned economy to 

market economy, rural reform to urban reform, marketization, and globalisation. China’s reform is 

characterised as a process of gradual and exploratory economic reform, which is accurately described as 

“crossing the river by feeling the stones” by Deng Xiaoping. This reform process has stimulated dramatic 

economic growth and restructuring of Chinese cities, but has also created new challenges for urban 

planning.  

A city’s master plan can quickly become out-of-date in these rapidly changing socioeconomic conditions 

(Qian, 2013).  Urban planning needs to continually adapt to new situations such as different types of 

reforms, urban population growth, land use polices and change of the leadership of the city. As stressed by 

Wei (2005)  in China “urban planning is like shooting a moving target” . Planners are forced to revise 

previously made plans frequently, and even before the revision is finished, they are forced to start another 

round of revisions because of another institutional change. It is argued that there is an incompatible  

relationship between the transitional reform institution, the dynamic of urban growth and the nature of 

urban planning (Wei, 2005) .It has been argued that the master plans during this period  have therefore  

not been effective in guiding  urban development but rather have been stunted by an  on-going political 

process (Qian, 2013, Wei, 2005).  

Chinese urban planners are now facing even more complex situations.  Massive migration is clearly 

putting increasing pressure on public facilities. Meanwhile, the lack of well-established urban geographic 

information systems to monitor urban development processes in many cities is also constraining 

contemporary urban planning.  Data availability is a big problem in many Chinese cities and this is well 

reflected in the Xuzhou case in the Chapter 8.  Urban planning is often isolated from development 
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strategies, planning implementation and urban and regional management.  Coordination among different 

ministries, departments, bureaus and their branches is poor. Since the number of potential stakeholders has 

multiplied, a participatory approach involving a wide range of stakeholders is needed to ensure the 

implementation of any plan. Another challenge is that many of the Chinese urban planners are narrowly 

trained  technocrats and lack the ability to deal with issues in development strategies, resource 

management, environmental protection, citizen participation and mechanisms of implementation and other 

issues critical to  sustainable city planning (Wei, 2005) .  

6.2    Urban Planning Legislation  

A series of urban planning regulations and laws have been issued since 1980. Of these, the most important 

ones are the1984 Urban Planning Regulation, the 1989 Urban Planning Act and the 2008 Urban and Rural 

Planning Act.   

The 1984 Urban Planning Regulation formulated basic guidelines for urban planning practices in the late 

1980s. Based on earlier regulation, the 1989 Urban Planning Act was issued in 1990. The 1989 Act is the 

first Urban Planning law in China, and was in effect between 1990 and 2007. The 1989 Urban Planning 

Act defines the function of urban planning as defining the size and economic orientation and structure of a 

city, realising the economic and social development goal of a city, preparing a rational city plan and 

carrying out construction to meet development requirements for socialist modernisation. The act also 

states that  urban planning consists of a master plan and a detailed plan (Yeh et al., 2011).  It is argued that 

as a legal framework, the 1989 Urban Planning Act is still more conservative in its philosophical aspect, 

which is following  socialist principles rather than daily planning practice (Yeh et al., 2011). Changes in 

urban planning have been happening in a spontaneous and gradual manner since then in order to deal with 

the socio-economic environment. In 2008, the 1989 Urban Planning Act was replaced by the Chinese 

Urban and Rural Planning Act 2008. 

The new act expanded beyond urban planning to urban and rural planning. The purpose of this law is 

described as “ strengthening urban and rural planning administration, harmonising urban and rural layout, 

improving people’s living environment and promoting the integrated, harmonious and sustainable 

development of urban and rural society and economy (Standing Committee of the National People's 

Congress, 2008)”.   

6.3    The definition of Urban and Rural Planning 

The definition of urban area or city varies in different countries, but in China cities are defined as  

“urban places”, corresponding to local administrative and jurisdictional entities. This definition has 

remained consistent since 1949 (Anderson and Ge, 2005).There are three different administrative levels of 

cities in the Chinese urban system: province-, prefecture- and county- level cities. There are four 

provincial municipalities: Beijing, Tianjin, Shanghai and Chongqing. These municipalities have status and 

administrative power equal to those of provinces. The prefecture- and county-level cities are generally 

smaller than the provincial level cities both in size and population. The difference between prefecture- and 

county-level cities is that the former is allowed to have sub-districts, which creates a two-tiered 

administrative structure in the city, which is not permitted in the latter. The criteria that the government 

uses to distinguish cities from towns and rural areas are: scale of urban population, economic importance 

and political importance. 
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The Chinese Urban and Rural Planning Act 2008 give a definition of the term “Urban and Rural 

Planning”. It can be illustrated in Figure 1 as below (Standing Committee of the National People's 

Congress, 2008). 

 

Figure 1 : Definition and contents of China’s urban and rural planning  

The term “urban and rural planning” includes urban system planning, city planning, town planning, 

township planning and village planning. 

The urban system planning includes national urban system planning and provincial urban system 

planning.  National urban system planning is the first level of the Chinese urban and rural planning 

system. It is meant to guide the establishment of provincial urban system planning and the master planning 

of cities. 

 For city and town planning, both a master plan and a detailed plan need to be made. The planning for city, 

town, township and village should be based on national economic and social development planning as 

well as on the overall planning of land use. When it comes to the master plan, it is often required to have 

both a long-term and short-term plan. The long-term master plan of a city often covers a period of 20 

years, and the short-term plan 5 years. It should forecast the long-term development trend of the city and 

make corresponding arrangements.  The contents required in the master plan are listed in the act. 

Within the detailed planning for city and town, regulatory planning and site detailed planning are also 

necessary.   

By law, the principles used during urban and rural planning are to “Plan the urban and rural areas as a 

whole, reasonable layout, saving the land, intensive growth and comprehensive utilisation of resources 

and energy, protect farmland and other natural resource as well as cultural heritages, maintain local 

features, ethnic features and traditions, prevent pollution and other public nuisances, and satisfy the needs 
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of regional population development, national defence construction, disaster prevention and alleviation, 

public health and public safety” (Standing Committee of the National People's Congress, 2008) . 

6.4    Planning administrative system  

Spatial planning and land use issues are central elements of urban planning and urbanisation. There are 

three types of plans in China that are related to urban planning: socio-economic development plans, land 

use plans and urban and rural plans. They are managed by the National Development and Reform 

Commission, the Ministry of Land and Resources, and the Ministry of Housing and Urban-rural 

Development respectively. All three ministries and commissions in the central government have their 

corresponding local sectors to realise its land management functions. 

Table 2 : Functions of Urban Land Use Planning and Control in China (Han and Nishimura, 2006) 

Ministry/Commission Department in Charge Functions of Urban Planning 

Ministry of Housing 

and Urban-rural 

Development 

Department of Urban and 

Rural Development 

 To frame the drafting methods of urban 

planning, town and village planning; 

 To supervise and approve urban system 

planning of provinces, autonomous regions, 

and some big cities; 

 To supervise and approve plans of 

important national parks. 

Ministry of Land and 

Resources 

Department of Planning  To draft the national land use plan; 

 To frame the drafting methods of land use 

plans and other thematic land use plans; 

 To supervise and approve land use master 

plans and other thematic land use plans of 

provinces; autonomous region, and some 

big cities. 

National Development 

and Reform 

Commission 

Department of Development 

Planning 

Department of Regional 

Economy 

 To draft long-term, medium-term and 

yearly national economy and social 

development plan; 

 To decide important national projects: 

 To draft the plan of national productivity 

distribution 

 

The fragmented functions of urban and rural planning contribute to inter-ministerial conflicts.  

The Ministry of Housing and Urban-rural Development dislike the idea of two rival departments 

competing for the regional planning market, while the other two claims that their spatial plans are at more 

general level. Anyhow, that there is an  overlap of functions among these ministries is clear (Xu, 2008). 

According to the latest Chinese Urban and Rural Planning Act, the establishment of the master plan of a 

city or town, a township plan and village plan must be based on national economic and social 

development planning as well as the master plan of land use. Meanwhile, the master plan of land use 

follows a strict hierarchical system, which means each master plan must refer to the relative upper level 

land use master plan, and ultimately the land use master plan of the nation.  

The Urban and Rural Planning Department under the Ministry of Housing and Urban-Rural Development 

takes charge of the urban and rural planning administration of the whole nation. The local people’s 
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governments at or above county level take charge of the urban and rural planning administration work of 

their respective administrative regions.  At provincial (autonomous region and municipality) level, it is the 

provincial Construction Department or the Housing and Urban-Rural Development Department,  

or Planning Bureau of Municipalities which has this responsibility. At city level, it is generally the 

responsibility of the Urban Planning Bureau; at county (district) level, there is also a dedicated planning 

administrative agency.  

Table 3 : Existing Urban and rural planning control and approval regulations (constructed by author ) 

       Plan  Sector in Charge To be approved by  

National Urban System Plan Ministry of Housing and 

Urban-rural Department 

The State Council  

Provincial (autonomous region) Urban 

System Plan 

The People’s government of 

a Province (autonomous 

region) 

The State Council 

City 

Plan 

Master 

Plan 

Municipality 

directly under the 

Central 

Government 

The People’s government of 

the municipality  

The State Council 

City where the 

provincial or 

autonomous  

region people’s 

government is 

located 

The People’s government of 

the city 

The State Council 

City specified by 

the State Council  

The People’s government of 

the city 

The State Council 

Other cities The People’s government of 

the city 

The People’s government of a 

Province (autonomous region) 

Regulatory 

detailed 

plan 

 The Urban planning Bureau 

of the city 

The People’s government of the 

city 

Town 

Plan 

Master 

Plan 

Town where the 

county people’s 

government is 

located 

The people’s government of 

the county 

The People’s government at the 

next highest level 

Other towns The People’s government of 

the town 

The People’s government at the 

next highest level 

Regulatory 

detailed 

plan 

Town where the 

county people’s 

government is 

located 

The Urban planning Bureau 

of the county 

The people’s government of the 

county 

Other town The People’s government of 

the town 

The People’s government at the 

next highest level 

 

These different levels of urban planning administrative authorities are supposed to organise the 

establishment and the approval of planning. The Ministry of Housing and Urban-Rural Development 

together with other relevant departments under the State Council is responsible for the establishment of 

national urban and rural planning. This plan will be then used to guide the provincial urban planning 

system and overall planning of cities.  
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There are then four types of planning needed  to be examined and approved by the State Council:  

the national master plan, the provincial master plan, the master plan of municipalities directly under the 

Central Government, and the master plan of cities where the provincial or autonomous region people’s 

government is located or which is specified by the State Council. The overall planning of other cities 

needs to be approved by the provincial people’s government (Urban and Rural planning Act 2008).  

The approval procedure through the State Council often involves numerous revisions and can therefore 

take years.  

According to the Chinese Urban and Rural Planning Act 2008, the establishment of planning should be 

carried out by entities that have corresponding qualification grades and requirements. What needs to be 

clarified here is that not all planners are fully trained in that profession.  Those working in municipal 

planning bureaus, for example, are government officials whose principle role is to ensure the 

implementation of regulations. Professionally trained planners often work in the planning institutes that 

have responsibility for master planning, design work and research (Friedmann, 2005). The actual making 

of the master plan is often assigned to the planning institute under the corresponding government planning 

bureaus, the academy of urban planning and design at a different level, the qualified entity from the 

universities or other types of qualified entities. 
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Chapter 7 - Frameworks and Indicators for sustainable urban development-a 

review 

As concluded in the Chapter 5, there is a need for comprehensive scientific indicators based on some 

frameworks to support sustainable urban planning in China. In this Chapter a review of the frameworks 

and indicators for sustainable urban development globally and in China is conducted. A comprehensive 

list of indicators is compiled based on the literature review. A process-oriented framework for developing 

a sustainable city plan is suggested at the end of this Chapter.   

7.1   Basic concepts: frameworks, indicator/index 

Framework 

The concept of sustainability is value-based and, therefore can be interpreted in different ways by different 

actors. A framework for developing sustainable cities basically describes the contents of sustainability.  

It can be interpreted as a set of principles, methods, and tools from which images of a desired 

development are formed. 

Indicators are chosen in principle after ideas are formulated to consider which direction development or 

change should take. It is important to understand that this in principle is a normative process. Different 

stakeholders have different references for what a desirable future is. The fundamental challenge to 

developing sustainability indicators is not primarily technical, or at least not solely technical.  

Partly because the concept of “sustainability” is normative as per the definition, and partly because the 

selection of  indicators  is also normative in  that the number of participants and indicators chosen is  

limited, it follows that , the development of sustainability indicators  is also political (Rametsteiner et al., 

2011). 

Indicator versus Index   

Indicators are important variables to measure and control urban development. An indicator is 

 “a parameter, or a value derived from parameters, which points to, provides information about, describes 

the state of a phenomenon/environment/area, with a significance extending beyond that directly associated 

with a parameter value (OECD, 2003)”. A parameter or value (datum or variable) observed becomes an 

indicator once its role in the evaluation of the phenomenon has been established (Tanguay et al., 2010). 

Indicators do not exist in isolation from their particular function in decision-making, because they are used 

for both planning and communication purposes (Briassoulis, 2001). Indicators are simplifications of 

complex phenomena and a single indicator is seldom able to fully characterise a subject (Maclaren, 1996). 

By simplifying, clarifying and making aggregating information available to policy makers, indicators can 

lead to better decisions and more effective actions (UnitedNations, 2007). Indicators can be powerful tools 

for making important dimensions of the environment and society visible, particularly early in its adoption 

(Dahl, 2012). They are also useful tools to communicate ideas, thoughts and values among different 

stakeholders and contribute to a participatory planning process. Indicators of sustainable development can 

provide solid bases for decision-making at all levels and contribute to a self-regulating sustainability of 

integrated environment and development systems (UnitedNations, 1992). 
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Indicators can be quantitative, semi-quantitative or qualitative. They may be associated with benchmarks, 

best practice guidance, typical guidance and even ‘sustainability ranges’, which are minimum and 

maximum threshold values for sustainability indicators (Boyko et al., 2012).  Depending on various 

purposes, there are descriptive indicators, performance indicators, efficiency indicators,  

policy-effectiveness indicators and total welfare indicators (EEA, 2005).Indicators can be developed at 

local, national, or global levels. 

Composite indices are a set of aggregated or weighted parameters or indicators (OECD, 2003).Indices are 

mainly used for communication purposes. When it comes to the field of sustainable development, the use 

of indices facilitates the understanding and interpretation of certain phenomena, particularly for the public 

(Tanguay et al., 2010). There have been several index systems developed to capture elements or certain 

dimension of sustainable development, such as Ecological Footprint, the Human Development Index 

(HDI), the Environmental Sustainability Index(ESI) and Environmental Performance Index(EPI). 

While the characteristic simplification of indices makes them easier to communicate with public,  

the aggregation or weighting also have drawbacks because of the value based process and loss of 

transparency. Furthermore, indices are often used for larger areas such as nations because it is often 

difficult to determine boundaries of cities.  It is therefore sometimes better to choose a single indicator for 

representation of a group of indicators instead of using indices. To ensure transparency and feasibility,  

it is recommended by Zhou and Williams (2013) that “indices not be used in China for evaluating  

cities’ sustainability if a category can be sufficiently analysed using single-variable indicators ”. 

7.2     Review of frameworks and indicators of sustainable urban development  

7.2.1    A word on Frameworks  

There are probably as many different frameworks as there are definitions and interpretations of sustainable 

development itself. Differences in objectives, core values, indicator process and sustainable theories can 

all result in the development and application of different frameworks. The main differences among them 

are the ways in which they conceptualise the key dimensions of sustainable development,  

the inter-linkages among these dimensions, the way they group the issues to be measured, and the 

concepts by which they justify the selection and aggregation of indicators (UnitedNations, 2007). 

Frameworks for sustainability indicators of development have been grouped in different ways. 

Rametsteiner et al. (2011) divides the majority of the frameworks into two groups science-driven and 

governmental initiative, and argues that the development process of sustainability indicators is both a 

product of knowledge and political norm creation, and both need to be properly acknowledged. Reed et al. 

(2006) summarises that the approaches for sustainability indicators development fall into two 

methodological paradigms: expert-led (top-down) and community-based (bottom-up). In the “Indicators of 

Sustainable Development: Guidelines and Methodologies ” report by the United Nations, the indicator 

frameworks are grouped into 6 categories: Driving force-state-response frameworks; Issue-or theme-based 

frameworks;  

Capital frameworks; Accounting frameworks; Aggregated indicators and other approaches 

(UnitedNations, 2007).  

Since different ways of grouping indicators depends very much on how a framework is defined, it is hard 

to judge if one way is better than another. There is also a tendency to mix indicator systems with 



38 
 

frameworks. In this thesis, I don’t intend to clarify the differences between a framework and an indicator 

system, nor am I trying to cover all the frameworks, but to summarise those most widely used. 

Theme-based Framework 

Theme-based frameworks are the most widely used type of frameworks, especially in the national 

indicator sets. Most of the countries or regions of the world that have developed national or regional 

sustainable development indicators have  based them on a theme-based framework. In this type of 

framework, indicators are often embedded with different dimensions or themes of sustainability.  

The main reason for its prominence is that it can link indicators to policy process and targets, and it is also 

suited to  monitoring progress towards goals and objectives (UnitedNations, 2006). 

An example of the application of this framework is the development of CSD Indicators, Indicators of 

Sustainable Development by the Commission on Sustainable Development, UN. Since the Work 

Programme on Indicators of Sustainable Development started in 1995, there have been three sets of 

indicators developed. These indicators have been extensively tested, applied and used in many countries 

as the basis for the development of national indicators of sustainable development. In its initial set of 

indicators, there are in total 134 indicators grouped into four dimensions of sustainable development. 

These four dimensions are social, economic, environmental and institutional dimensions. The latest CSD 

indicators contain a core set of 50 indicators. These core indicators are part of a larger set of 96 indicators 

of sustainable development. Furthermore, the indicators are organised in a theme-sub theme framework 

and along with the four dimensions of sustainable development. The themes are: Poverty, Governance, 

Health, Education, Demographics, Natural hazards, Atmosphere, Land, Oceans, Seas and Coasts,  

Fresh water, Biodiversity, Economic development, Global economic partnership and Consumption and 

Production Patterns (UnitedNations, 2007). 

DPSIR-based Framework 

Frameworks based on variations of the Pressure-State-Response model continue to be used in indicator 

systems concentrating on the environmental dimension of sustainable development.  

DPSIR is a framework adopted by the European Environment Agency to understand the cause-effect 

relationship between human activities and the environment, and to describe and access environmental 

problems.  

The history of this framework can be tracked back to the first indicator framework commonly known as 

the Stress-Response framework developed by two scientists working at Statistics  Canada, Anthony Friend 

and David Rapport (Rapport and Friend, 1979).This framework was based on the behaviour of the 

ecosystem .  Environmental stress creates pressures on the ecosystem; the pressure then creates changes 

on the state of the ecosystem and the ecosystem responds to the changes.  

This Stress-Response framework was later rephrased by the Organization for Economic Co-operation and 

Development (OECD). In the new framework the ecosystem response was replaced by societal response. 

The framework was then expressed as the Pressure State Response (PSR) framework. This framework 

started to be widely adopted by various statistics offices as a guiding principle for environmental statistics 

in the early 90s. Since environmental statistics deals also with economic activities that are the origins of 

pressures, state and response, these three aspects are gradually taken as a part of the framework 



39 
 

(Gabrielsen and Bosch, 2003). The report “A general strategy for Integrated Environment Assessment at 

EEA” (1995), made the DPSIR the main framework for EEA assessment and related activities, and made 

it more widely known in Europe.  

The DPSIR framework aims at describing environmental problems by identifying the cause-effect 

relationship between human activities and the environment. Socio-economic and cultural changes are the 

driving forces (D) that may exert pressures on the environment; the pressures (P) on the environment from 

human activities then creates changes on the state of the environment (S); these changes of the state of the 

environment may have impacts (I) on the functions of the environment, such as human and ecosystem 

health and resource availability; these may lead to the societal response (S) to corresponding driving 

forces, pressures, state of the environment and the impact (Figure 2 ). 

 

 

Figure 2 : The DPSIR framework (Based on Gabrielsen and Bosch (2003)) 

Since its adoption by the EEA in 1995, the DPSIR framework has been applied worldwide, from global to 

local scales. It has been used for interdisciplinary indicator development (EEA, 2005, OECD, 2003, 

Nilsson et al., 2009), research (Karageorgis et al., 2005, Roura-Pascual et al., 2009, Mangi et al., 2007) 

and scenario development (Ledoux et al., 2005, Pirrone et al., 2005, Agyemang et al., 2007, Holman et al., 

2005) structuring modelling exercises (Newton et al., 2003, Chung and Lee, 2009), and framework 

development (Lundberg, 2005, Roura-Pascual et al., 2009).   

One of the most significant strengths of the DPSIR framework is its simplicity. The principles of the 

DPSIR framework are very easy and therefore facilitate  communication purposes (Gabrielsen and Bosch, 

2003).Another essential strength of the DPSIR framework is that it captures the key relationship between 

environment, social and economic factors (Svarstad et al., 2008). However, the DPSIR framework has 

also been subjected to criticism: for its heavy focus  on causal chains rather than addressing the complex 

interrelationships; for imposing a hierarchy among its elements, hence allowing individuals to address 

only impacts; for not being capable of dealing with different levels of Driving Forces and Responses 

(Rapport and Whitford, 1999, Tscherning et al., 2012). 
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Principles-based frameworks 

The principles-based frameworks in this thesis refer to frameworks that provide principles as guidelines 

for the sustainability planning process.  Agenda 21 and the Local Agenda 21 related Alborg Commitment, 

ICLEI-cities for climate protection Campaign and the Natural Step belong to this type of framework. 

Agenda 21 

Agenda 21 was adopted by 178 governments at the United Nations Conference on Environment and 

Development (UNCED) held in Rio de Janeiro, Brazil, 1992. It is a group of comprehensive action plans 

to be followed globally, nationally and locally by organisations of the United Nations System, 

governments, and other groups active in any area that has a human impact on the environment, in order to 

meet the challenges of development and environment. Population, consumption and technology are 

regarded as the primary driving forces of environmental change. Agenda 21 offers policies and programs 

to achieve a sustainable balance between these forces of change and Earth’s life-supporting capacity.  

There are in total 40 Chapters in Agenda 21, divided into four main sections. Each programme area is 

described in terms of the basis for action, objectives and means of implementation. The four sections of 

Agenda 21 are: Social and economic dimensions; Conservation and management of resources for 

development; Strengthening the role of groups and Means of implementation  (UnitedNations, 1992). 

Two chapters of t Agenda 21 have contributed most to the development of frameworks for sustainable 

development. 

In Chapter 28, by recognising the key role local governments play in bringing about sustainable 

development objectives, a Local Agenda 21(LA 21) was proposed.  LA 21 principles emphasised that 

local authorities need to make considerable changes to their policy-making approaches so they can 

incorporate the perspectives and views of a range of interests. It describes also that LA21 is an inclusive 

multi-stakeholder planning process focused on balancing economy, social equity and environmental 

concerns. Agenda 21 calls also in chapter 40 for countries, international organisations and  

non-governmental organisations to develop the concept of indicators for sustainable development.  

This has resulted in an exponential growth in planning frameworks, evaluation procedures, sustainability 

indicators and monitoring protocols. Many of the national sustainability indicators are partly based on the 

Agenda 21 framework. 

The Natural Step Framework (TNS) 

The “Natural Step” school of thought arose in Sweden during the late 1980s. The reasoning behind this 

thought is that” we cannot describe a sustainable future in detail, but we can define its basic principles 

(Robèrt, 2000)”. TNS adopts an approach of backcasting from sustainability principles, which involves 

beginning with the end goal. Starting with the description of success and answering the question  

“What shall we do today to get there?” it consists of the following three components: the funnel, 

 the sustainability principles and a strategy to avoid the walls of the funnel and reach its opening. 

The funnel is a metaphor for the overall problem of non-sustainability. The funnel illustrates that the 

capacity of the ecosphere to support our present socioeconomic development is in decline. It is also used 

to explain that it is in our  self-interest   to avoid the walls of the funnel, and direct activities towards its 

opening (Robèrt, 2000). 
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The four basic sustainability objectives (Robèrt et al., 2007) are derived partly from the laws of 

thermodynamics, and  are  to:  

1. eliminate our contribution to systematic increases in concentrations of substances from the earth's 

crust 

2. eliminate our contribution to systematic increases in concentrations of substances produced by 

society 

3. eliminate our contribution to systematic physical degradation of nature 

4. meet human needs in our society and worldwide, over and above all the substitution and 

dematerialization measures taken in meeting the first three objectives.   

On their website TNS write about their framework (the Natural Step, 2013): 

“These basic scientific laws are what allowed The Natural Step, in collaboration with a large community 

of scientists from across many disciplines, to distil the 4 Sustainability Principles which form the bedrock 

of our definition of sustainability, and our approach to empowering people and organizations to move 

towards sustainability in a strategic manner.” 

The fourth principle obviously cannot be derived from any scientific law because it relates to morals and 

ethics. TNS is also trying to develop the framework further by including more social aspects.  

They write in one article: 

“The intent of this study is to scrutinize the existing framework as regards its social dimension.  

The study demonstrates dichotomies and lack of robustness and proposes a way forward to make the 

social dimension of the FSSD more cohesive as well as operational (Missimer et al., 2010).”  

The strategy to avoid the walls of the funnel and reach its opening consists of a step by step approach, 

 a flexible platform and low hanging fruit approach. The planning process (ABCD) for backcasting from 

sustainability principles as a part of the framework is organised as four steps: Awareness, Baseline 

Analysis, and Compelling Vision and Down to Action. A feedback loop allows for the revisiting of steps 

as new considerations for sustainability arise. Flexible platform and low hanging fruit are meant to 

technically and economically link the short and long term planning strategies (Robèrt et al., 2007).  

This framework is most widely used by companies and organisations for strategic sustainability planning.   

Headline indicators based Framework 

Increasingly, countries and organisations are applying so called headline indicators, short core sets of 

indicators closely linked to policy priorities. These short sets provide signals to high-level policy-makers 

and to the general public, thereby raising the profile of priority policy issues and in particular providing 

early warnings about imminent trends. In many cases, they are complemented by larger sets of indicators 

targeting more specialised audiences. Their popularity is rooted in the perception that robust core sets of 

measures are easier to understand, and that they help track progress towards selected policy goals. 

Moreover, working with a long list of indicators can be counterproductive, as real priorities tend to be lost 

in large, comprehensive indicator sets. However, there is a potential danger that headline indicators simply 

reflect current political priorities or the influence of special interest groups rather than focus on significant 

issues influencing future sustainability. Therefore, holistic and inclusive processes are needed to achieve 

headline indicators reflecting societal priorities for achieving sustainable development. 

http://www.naturalstep.org/the-system-conditions
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Increasingly, indicators are explicitly linked to targets and goals. On the international level, 

 the Millennium Development Goal (MDG) indicators are the most prominent example.  

At the Millennium Summit in September 2000, the largest gathering of world leaders in history adopted 

the UN Millennium Declaration. The nations committed to reduce extreme poverty and set a series of 

time-bound targets, with a deadline of 2015. These have become known as the Millennium Development 

Goals. 

The objective of the Millennium Development Goals is to eradicate poverty in its many dimensions: 

income poverty, hunger, disease, lack of adequate shelter, and exclusion-while promoting gender equity, 

education, and environment sustainability. Under each goal, there are corresponding targets and indicators 

for each target.  

7.2.2    Indices and Indicators for urban sustainability  

The import roles of local cities, municipalities and regions in addressing sustainability challenges are 

widely agreed. Local Agenda 21 has been adopted by several thousand municipalities around the world. 

Sustainability indicators thus are increasingly used by public administrations to underpin their sustainable 

development strategies, notably by introducing tangible assessment and monitoring systems. Despite their 

popularity, the use of sustainability indicators remains problematic in that the absence of a less general 

and more universal definition of sustainable development has given rise to multiple interpretations and in 

particular has triggered an explosion of indicators (Tanguay et al., 2010). 

 Indices for urban sustainability  

While there have been many attempts to develop sustainability indices to be used at national level, there 

are very few sets of indices that have been developed for cities. In a study conducted by Mori and 

Christodoulou (2012), existing major sustainability indices are reviewed. It  concluded that among all the 

major indices reviewed (covering Ecological Footprint (EF), Environmental Sustainability Index (ESI), 

Dashboard of Sustainability (DS), Welfare Index, Genuine Progress Indicator (GPI), Index of Sustainable 

Economic Welfare, City Development Index (CDI), energy/energy, Human Development Index (HDI), 

Environmental Vulnerability Index (EVI), Environmental Policy Index (EPI), Living Planet Index (LPI), 

Environmentally-adjusted Domestic Product (EDP), Genuine Saving (GS)), only the CDI was  originally 

created for cities, and all the rest were  created for accessing ,analysing  and comparing sustainability 

among countries (Mori and Christodoulou, 2012).  

City Development Index (CDI) 

City Development Index (CDI), originally developed in 1997 for the Second United Nations Conference 

on Human Settlements, is a single measure of the level of development in cities. It is calculated using five 

sub-indices, namely, city product, infrastructure, waste, health and education. Each sub-index is 

aggregated from several indicators (UNHABITAT, 2001).It has been used to rank cities of the world 

according to their level of development. 
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City Prosperity Index  

Aiming at a more inclusive, robust and broader approach to prosperity and development for cities rather 

than the narrow focus on economic growth, a new tool, the City Prosperity Index was introduced by  

UN-Habitat in the State of The World’s Cities 2012/2013 report. This new instrument combines the five 

dimensions of prosperity as understood in this report and as subsumed in measurable indicators, together 

with a conceptual matrix, the Wheel of Prosperity, to help decision-makers design clear policy 

interventions. The five dimensions of prosperity are: productivity, infrastructure, quality of life, equity and 

social inclusion and environmental sustainability. 

Indicators for urban sustainability  

A wide range of urban sustainability indicators is in use across the diversity of different cities and regions, 

which vary according to their particular needs and goals. These indicators are developed based on various 

frameworks and processes and are different in many ways. There are successful cases and relatively 

unsuccessful examples. It is therefore a challenge to get an overview of the real situation.  

In this thesis I review a series of indicator systems promoted by international and regional organisations; 

meta-studies concerning the use of sustainability city indicators system, and in addition I pay extra 

attention to the sustainability city indicators developed and used for Chinese cities, and the related 

standards promoted by a series of Chinese departments. The aims of the review are to compile a 

comprehensive list of indicators that can be used for Chinese cities to choose from as a starting point and 

to discuss the major features and challenges in development and use of sustainability indicators. 

After an intensive literature review, I have grouped the existing literature on the development of 

sustainable city indicators and their application into three major categories: meta-studies on sustainable 

city indicator systems by cities or municipalities, International sustainable city indicator systems, and 

sustainable city indicator systems used in China. 

 For the meta-studies, four studies have been chosen. Taken together these studies cover a large number 

and variety of worldwide city practices concerning sustainability indicators, and all provide a list of 

indicators based on the analysis. Tanguay et al. (2010) found that there is a lack of consensus in the 

frameworks and approach favoured, and the selection and number of indicators. The studies also proposed 

a selection of sustainable development indicators based on the reviewed studies, and further demonstrate 

that the indicators should cover sustainable development as broadly as possible, while at the same time 

keeping number of indicators small. Through comparison of indicators for 9 cities, Shen et al. (2011) also 

addresses the variety of ways to  select indicators and suggests the need for a consistent process of 

choosing indicators based on  the benchmarks obtained from best practices. The author also argues that the 

selection of indicators should be undertaken with a full understanding of the local context, and it is 

recommended to use a short list of indicators at the beginning and gradually revise, add or eliminate 

indicators on the list. In the study conducted by the Sustainable Cities International Network (2012),  

a group of cities of various sizes and geographic locations were analysed. Typical trends of the choices of 

indicators and the selection processes are summarised. Based on these cases, a toolkit for cities is given. It 

gives equal attention to both the methodological principles of making a sustainability plan and the choice 

of indicators. According to this toolkit, to define a vision and to develop a sustainability plan the selection 

of indicators is essential. A list of indicators commonly used in the cases is also presented and offered as a 

starting point for other cities.  
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From the Chinese perspective, the indicator systems chosen here are based on those that are publicly 

available and are already adopted by the government or widely quoted by researchers. The criterion used 

to choose the international indicator systems is that they are already widely used by cities. 

Table 4 : Summary of the reviewed Meta-studies of sustainable city indicators and indicator systems 

Meta-studies  

Reference  City samples  Features of indicators  

Tanguay et al., 

2010 

17 studies that apply indicators related to 

sustainable development to one or more cities. 

The cities studied in these studies cover over 50 

cities or municipalities in US, over 70 in 

Canada, and nearly 200 cities in Europe. 

32 indicators, formed into 16 categories 

under  

4 sustainability dimensions 

Shen et al., 

2011  

6 sets of indicators promoted by international 

and regional organisations 

115 indicators in 37 categories under  

4 sustainability dimensions 

Wang et al., 

2013 

a series of existing Chinese indicator systems 97 indicators in 21 aspects, under 10  

themes and  

3 sustainability dimensions 

Sustainable 

Cities 

International, 

2012 

an analysis of 12 city case studies with various 

size and geographic locations worldwide 

32 indicators in14 categories under  

3 sustainability dimensions 

International sustainable city indicator systems for reference 

Year Indicator system  Promoted by  Features of indicators  

2008 Global City Indicators 

Program Report 

World Bank 93 indicators (including 27 Core Indicators, 

26 Supporting Indicators, and 40 Desirable 

Future Indicators and Indices) 

In 22 themes 

2009 Urban Indicators 

Guidelines 

UNHABITAT 42 indicators in 19 goals, under  

5 chapter 

2007 Indicators of 

Sustainable 

Development: 

Guidelines and 

Methodologies 

United Nations 96 indicators (50 core indicators), 14 themes 

and a series of sub-themes 

Sustainable city indicator systems used in China for reference 

2005 Quantitative Indicators 

of “National Standards 

for Eco-Garden City” 

Ministry or Housing 

and Rural-urban 

Development, China 

21 indicators in 3 categories 

2007 Indices for Eco-

country, Eco-city and 

Eco-province 

Ministry of 

Environmental 

Protection, China 

19 indicators in 3 sustainability dimensions 

2009 Key Performance 

Indicators for Sino-

Singapore Tianjin Eco-

city 

Sino-Singapore 

Tianjin Eco-city 

22 Key Performance Indicators, in 8 areas 

2009 30 key indicators of 

Tangshan Bay Eco-

city 

Tangshan Bay Eco-

city 

30 key indicators in 141 indicators under 8 

sub-systems 
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From the above summarised features from the review of indicator systems, one can see that there is 

certainly no consensus on either the number of indicators (from 19 to 141) to use or how the indicators 

should be organised. However, there is a tendency to try to group indicators directly or indirectly into the 

dimensions of sustainable development. This can be problematic, particularly for indicators that reflect 

more than one dimension at a time (Tanguay et al., 2010).In some cases this is resolved by adding more 

dimensions for sustainable development outside of the classical three pillars of social, economic and 

environmental dimensions. Dimensions such as Equitable, Sustainable, Liveable (Tanguay et al., 2010), 

Governance (Shen et al., 2011) ,Economic-social, Human (Wang et al., 2013) are added.  

Another tendency when organising indicators, is to group them under different themes or sub-systems. 

This is done in principle by covering as many components of the city as possible (from 2 categories to 37 

categories).  

There is also no consensus on the majority of the indicators. This is similar to the findings of Zhou and 

Williams (2013) where the majority of the indicators in the study of 16 indicator systems do not agree on 

even a single metric. Similarly, the study by Tanguay et al. (2010) based on 17 studies covering over 300 

cities, also found that  72% of the indicators were used only by one system, and none was used by the 

majority.  

From the examination of the above data, I compiled a new comprehensive list of indicators to be used as a 

starting point for the selection of indicators for cities in China (some example of the indicators can be 

found in Appendix 1). The criteria I used to select the indicators are: the indicator should be clearly 

defined; it should be measureable; it should be achievable and relevant. There are often many ways to 

define one factor, such as “water consumption”. An indicator, however, can be formed in many ways, 

such as “water consumption per capita/unit GDP/year”. In order to avoid missing any perspectives,  

I have tried to cover as many perspectives as possible. The indicator list is therefore rather long.  

It is, however, intended to be used by cities to facilitate the discussion at the beginning of the planning 

process.  

 Each city would then choose a small group of indicators from the list based on their own objectives.  

7.3    A process oriented framework and indicators selection strategy 

There is a complex relationship between different factors in urban activities and the environment, as well 

as between factors within the urban metabolism. When planning for urban development, it is difficult to 

handle this complexity. This is one of the reasons why urban planning is usually done in a sectoral way, 

that is, each sector of urban planning, energy, and water etc. is more or less done in parallel. This is also 

why environmental problems are usually treated as down-stream problems not upstream metabolic 

problems. One model which summarily shows these relationships is the DPSIR model, originally 

developed to handle environmental impacts from anthropogenic activities as discussed earlier. To describe 

different factors in this complex system we can use indicators. One of the main functions of indicators is 

communication: they should enable or promote information exchange regarding the issue they address. 

Traditionally environmental indicators have been focusing on Impacts and State of the environment. 

Literature review clearly indicates that isolated planning activities within individual subsectors can cause 

considerable waste and resource misallocation. Meanwhile, modern urban planners almost universally 

agree on the the significant benefits of undertaking comprehensive planning processes as a first step 

toward improving the environmental performance of cities, and comprehensive city plans should adopt a 



46 
 

systematic approach to address municipal practices and policy areas concurrently (Zhou and Williams, 

2013).  

In order to support urban planning in a more cross-sectoral way it is important to develop indicators for 

the core urban metabolism. To facilitate the description of Driving forces in this thesis the urban 

metabolism has been conceptualised as 11 urban systems according to Figure 3 below. This system has 

been developed and used in the case study described in Chapter 8. 

 

 

Figure 3 : The 11 urban systems developed and used in the Xuzhou case study 

All of these 11 urban systems have a set of indicators, where examples can be seen in Appendix 1.  

This conceptualisation can of course be done in many ways but the 11 systems we use here have been 

developed in a Chinese context. In China industrial sectors are divided into Primary, Secondary and 

Tertiary sectors and each forms one urban system in our model. Primary Industry refers to farming, 

forestry, animal husbandry and fishery; Secondary Industry covers mining and quarrying, manufacturing, 

production and supply of electricity, water and gas, and construction. Tertiary Industry includes all the 

service industries. During the process oriented framework described in Chapter 8, a subset of indicators 

can be chosen from a large set in a participatory process. By using indicators for each urban system, 

functional relationships between the indicators can be created to facilitate cross-sectoral planning.  

The ideas around cross sector planning using functional relationships between urban systems are described 

in more detail in the case study in Chapter 8. 
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Chapter 8 - A Conceptual Framework for Eco-city Development in Xuzhou – 

A case study 

8.1    Background 

In 2012, the development of a new master plan (Xuzhou 2030) began. Based on directives from 

government and city leaders, Xuzhou has decided to develop into an ‘eco-city’. However, the perception 

of the eco-city concept among planners is highly confused and the directives from government are still 

vague and provide weak ground for planning as described in Chapter 6. Discussions with people at 

different levels in the planning hierarchy also indicate that higher levels are often more informed about 

new governmental initiatives than those at lower levels, who are often merely confused. A common 

strategy at lower and middle planning levels is therefore to wait and see what happens. This situation can 

often create confusion in the way that planners can express one opinion at official meetings but another 

opinion in private discussions, depending on how they feel regarding “where the wind is blowing”. 

This project, of which the case study presented is a part, was initiated by urban planners from South East 

University in Nanjing and the Xuzhou Urban Planning Bureau. China Mining and Technology University 

in Xuzhou and Shandong University in Shandong province joined the project later. The case study has 

been carried out during several visits to Xuzhou during January-August 2013. 

8.2    Aims and objectives of the case study 

The overall aim of the case study is to develop and test a new framework to guide urban planners in a city 

when developing the master plan for a city or a city area aiming at becoming an eco-city. A case study 

connected to Xuzhou is chosen because it was necessary to apply the ideas of the framework in practice 

and the Xuzhou case was offered at a suitable time in my thesis work. Experience shows that urban 

planners think that many ready-made frameworks are too complicated and do not fit their city’s context so 

they are very reluctant to apply them. As shown in Chapter 5 several of the cases of sustainable urban 

development in China built on foreign frameworks have encountered severe difficulties during the 

implementation phase. The framework presented here is more process-oriented and can start with a simple 

approach and later be developed into a more comprehensive framework. 

Most of the definitions given to different concepts within the framework of sustainable cities are very 

general and of little guidance to planners at the city level. Due to the vague definition of concepts like  

eco-city, the methodological approach here is to develop a scale with three levels of ambition following 

more or less the development of different concepts for sustainable cities in China (See Chapter 4). Instead 

of choosing a concept from the beginning, city planners can then discuss and choose which level of 

ambition the city has in the short and long terms. The three levels are also used as a basis for developing 

scenarios, which is described further on in this Chapter. Depending on the level of ambition, indicators 

can be chosen to fit a local approach. 
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The more specific objectives of this case study in Xuzhou are: 

1. To develop and test in practice a conceptual framework for eco-city development in a Chinese 

context at a local level. This was the main objective for me. I wanted to get more practical 

experience from cooperation with planners in a real case. 

 

2. To use the framework in order to give practical input to Xuzhou planners concerning the 

development of an eco-city built with cross-sectoral planning for increased resource effectiveness 

and reduced environmental impacts. The case study does not suggest in which direction Xuzhou 

should develop. It is more an aid to the planner to show how it is possible to work in a more 

participatory and cross-sectoral way in order to find more resource effective solutions. 

 

3. To offer support in further work in Xuzhou with development of indicators and practical sector 

solutions. Taking into account the short time for the case study, the results are offered mainly in 

the form of principles, which the city can decide to adopt and integrate into the new master plan. 

This third objective could lead to a more in-depth case study in Xuzhou in the future. 

The framework is built on cross-sectoral analysis, which is explained more in detail below. The case study 

is carried out at two levels. The first level is the participation in the actual work with planners and other 

participants to develop and test the framework and to produce results that can be used by the planners. 

 The second level is the Meta level, to study and document the case study process itself. The Meta level 

study contains reflections on how the eco-city concept and the case study process were viewed from the 

planner’s perspective.  

8.3    Xuzhou’s geographical and historical context 

The city of Xuzhou is located in the north-west of Jiangsu province in China. The distance from Xuzhou 

to Beijing in the north is 800 km, to Shanghai in the south 600 km, and to the provincial capital city of 

Jiangsu province, Nanjing around 300 km. Standing as it does at  the intersection of Jiangsu,  

Shandong and Henan Provinces, the city has a very important geographical location.  

Like the majority of Chinese cities, the boundaries of the city have been gradually adjusted in the last 

three decades owing to transitions in institutions and reforms. The last adjustment in 2010 saw the creation 

of Xuzhou region, which has jurisdiction over two cities, three counties and five urban districts.  

The region has a total population of 9.6 million and covers an area of 11,258 km
2
, of which the downtown 

city area comprises 3037 km
2
 with a population of 3.064 million (Office of Xuzhou Municipal People's 

Government). Xuzhou ranks first in population and second in area in Jiangsu Province. 

Xuzhou city is mostly known as an important transportation hub connecting five adjacent provinces 

(Jiangsu, Shandong, Henan, Anhui and Zhejiang provinces) in China, for its modern expressways, 

railways and the new high-speed railway network. The city is also widely known as one of the most 

ancient cities in China with a history going back some 2500 years. The city is rich in various high-grade 

mineral resources including coal, and has more than one hundred years of mining history. The city’s 

economy has developed rapidly since 1978. Xuzhou is now one of the country’s most important 

agricultural product bases and an important energy base for the whole Jiangsu Province. It also has an 

industrial sector producing machinery and electronics and a service sector.  
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8.4    System boundaries for the case study 

The case study project started in January 2013 and ended in August 2013. The master plan for Xuzhou 

2030 is expected to be finalised in 2014. The results from the case study were presented to the urban 

planning department in September 2013 as input to their work on the master plan. 

The setting of temporal and spatial system boundaries is always critical to a case study like this, where the 

focus is basically on developing a more resource efficient city with less environmental impacts.  

Energy and other flows of resources and waste can hardly be minimised within too narrow a boundary. On 

the other hand, a wider boundary makes the task more complex in that the city has less control over 

activities. The difficulties of choosing spatial boundaries increase with the planning approach described 

below. If a traditional sectoral planning approach is undertaken the spatial boundaries are not critical.  

If however a more fundamental approach, focusing on developing the urban metabolism for higher 

resource efficiency is taken, then spatial boundaries chosen become more critical and might be wider. 

 If a further step is taken in this case study, the spatial boundaries will be needed to discuss in detail. 

 A more comprehensive Life Cycle view of the development should also be taken. 

The choice of area for the case study was made by the Xuzhou Planning Bureau. There was not enough 

time during the case study to have more extensive discussions about this. The area covered by the project 

was defined as the Xuzhou inner city area, which is enclosed by four expressways (Fig 8.1). It consists of 

five urban districts: Gulou, Yunlong, Quanshan, Jiawang and Tongshan. The study area comprised 530 

km
2
, with a population of 1.87 million in 2011.   

 

Figure 4 : Geographical borders of the study area (the studied area ( inside the four highways) 

Temporal boundaries are also important for creating transitions in the short and long term. One important 

time frame is the election period for the City Mayor and Party Secretary, who are often the drivers of new 

development guidelines coming from central government. It is important that the results of city 

development work can be shown within the time frame of their terms of office. The medium-term time 

frame for Xuzhou is 2030 and the longer-term time frame is suggested to be 2049, which is the 100
th
 

anniversary of the foundation of the People’s Republic of China. 
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8.5    The planning organization in Xuzhou 

As described in Chapter 6 the planning system in China is rather complicated and often not so transparent. 

In the Xuzhou case, the People’s Government for Xuzhou region is in principle in charge of 

administration as regards establishing the master plan, and the Xuzhou Urban Planning Bureau under the 

Xuzhou government is responsible for development of the master plan using directives issued by central 

government. The City Mayor is a member of the city committee led by the Party Secretary and is 

responsible for envisioning the city ideas. The master plan has to be approved by the State Council before 

it is implemented. The establishment, revision and approval of a master plan usually take several years. 

 In practice, the Party Secretary is the most important person governing city development. In the Xuzhou 

case, the actual master plan was drawn up by the Chinese Academy of Urban Planning and Design in 

Beijing.  

The urban planning bureau works in close cooperation with other departments in the operative city 

administration e.g. environment department, transport department. 

As this case study aims at developing and testing a new framework that can guide urban planners in a city, 

when developing the master plan for a city or a city area aiming at becoming an eco-city, it is relevant to 

ask the question: what can be planned?  

Arguments have been put forward that “the need for predictability and long-term blueprints for urban 

planning are incompatible with the nature of reforms and transitional institutions in China” (Wei, 2005). 

The reason for this is that planners are caught between the changing relationships between the plan and 

market, between technical and political contexts, and between internal and external forces. Planning has 

become a passive response to reforms, and a mission that seems difficult to accomplish. Consequently 

planning is less effective in guiding urban development and growth management. This situation demands 

a new more dynamic approach to master planning where plans are more general and changes can be 

implemented during the development process. We are now also in a time where there is rapid development 

on a global scale which can, even in the short-term, result in changes to the “rules of the game”. This can 

apply to available resources, technological development as well as major political changes. The challenge 

is therefore to create urban plans that lay the foundation for more dynamic and innovative city 

development and further allow for changes to those plans during the implementation phase. 

A number of interviews were conducted with some of the experts participating in the project, in order to 

understand the meaning of eco-city or ‘eco-civilisation’ in the Chinese context, the planning process and 

the relationship between theory and practice. The interviewees had different interpretations of the concept 

of eco-city/eco-civilisation. One urban planner stated, “An eco-city is a beautiful city and a city that has 

balance between people, architecture, industry and the economy”. Interviewees from the academic world 

were generally uncertain of the definition, but believed that an eco-city should cover as many aspects as 

possible, especially the environment and resource use efficiency. The urban planner believed that 

environmental problems could only begin to be solved long after China has reached a certain level of 

economic development. Thus China cannot leapfrog stages but must pollute first and then treat and restore 

the environment. The academics were more positive about technological development and policy 

guidelines, and believed that through advanced technologies and appropriate management, the economy 

could continue to grow and the environment could be improved at the same time. 
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8.6    General outline of the framework 

During the development of the thesis many different frameworks for sustainability were studied and some 

are described in Chapter 7. In this practical case the idea was to use a simple more process-oriented 

framework for developing sustainability principles. Numerous people involved in the project in China 

claimed that many of the international frameworks were too developed and too complex to understand.  

As mentioned several times before in this thesis, the Chinese tradition is more of a “learn as you go” 

("crossing the river by feeling the stones"). 

The framework presented here originated from the Sustainable Municipality Programme, which was 

developed in cooperation between Swedish municipalities and the Swedish Energy Agency (Ranhagen, 

2012) . The Swedish programme had a focus on energy within the concept of sustainable development at a 

local level. Within the framework of the Sustainable Municipality programme the energy issues were 

integrated into urban planning by developing target-group adapted tools and methods. The original 

presentation of the Swedish framework was called “Sustainable Municipality - 4 big leaps and 20 small 

steps - Conceptual guidelines on sustainable spatial planning”. 

The 4 main steps are: 

1. Organise the planning work. 

2. Integrate sustainability issues into the comprehensive plan. 

3. Integrate energy issues for heating, cooling, electricity and transport. 

4. Develop a strategy (action plan) for execution and follow-up. 

The Swedish framework then presents quite a detailed outline of 20 steps in the process of developing a 

comprehensive plan. It is important to keep in mind that this framework was developed over several years 

and that the participatory methodology which was used by the municipalities in Sweden was very much in 

line with traditions they were acquainted with.This framework has also been the basis for the development 

of the SymbioCity concept, which was used in the Tangshan Bay case described in Chapter 5. 

In the present case study, this approach was condensed to fewer steps and adapted to a Chinese context by 

taking the planning traditions in China into account as well as the short time for the project.  

These traditions in China are mainly built on a hierarchical administrative structure while the Swedish 

tradition is based more on participatory planning and a flatter administrative structure. The idea of 

developing the basic perception around sustainability on a local level has also been further developed in 

this case study. The framework is very much process-orientated, which is important in order to develop 

solutions that grow from the minds of Chinese planners. There are so many things that are different in 

China. Presenting a ready-made framework may well have led to it being accepted, but probably not 

understood nor agreed upon. This is not always articulated clearly in the Chinese tradition, but is evident if 

you observe what happens in the process. In the western world we have gone through a long period of 

modernisation, which is now taking place in China at a much faster pace and on a very different scale. 

Process-orientated planning initiatives might not generate substantial innovations or changes from the 

status quo, but they can help build essential constituencies for change, and help participants and 

stakeholders learn and evolve. The basic 7 steps in the framework developed and tested in this case study 

are shown in the flow chart in Figure 5.  
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The logic underlying this framework is to avoid a fully linear approach. Naturally, a logical, step-by-step 

process has its advantages to a certain degree, but does not operate that well in practice. However, 

 it is an advantage to work through several stages and collect questions and ideas, then return to the former 

stages to change and complete the steps when new knowledge emerges and is adapted to the Chinese 

context. 

Communication between the various municipal departments and cooperation with politicians, citizens and 

industry has been fundamental for the success of the Swedish cases. Such communication is not a 

common tradition in China and getting these different groups together was a major challenge in the 

project. Workshops are a common format for creating exchanges of knowledge and also for embedding 

basic ideas around the sustainability framework used. The participants can then analyse the preconditions 

for planning, formulate key issues and targets and draw up and evaluate future visions, as well as 

proposing strategies for implementation and follow-up. Through different social activities,  

including walking tours, informal contacts can be created during a study while detailed knowledge of the 

municipality’s history and current planning issues are being discussed. These social activities together 

with workshops and interviews were the approaches used in this case study.  

8.7    Cross- sectoral planning – What-Why- How 

Most cities in China use a sectoral approach to planning. That means a group of professionals is 

responsible for housing, another one is responsible for transport, another plans water and sewer and 

another plans energy and yet another manages urban land. In general, all of those professionals are pretty 

competent at managing their own sector. They do what we would call good sectoral management but are 

rather isolated from each other. 

Good sectoral management is indispensable. Specialists know their area intimately and usually manage it 

well, but with planning it is not enough to manage individual areas. There is also a need for professionals 

who have a comprehensive overview of the way in which those sectors interact, which should be the job 

of urban planners. In this sense planners are rather unique, because only they can bridge the gaps between 

sectors and interpret problems across sectors. Unfortunately, many urban planners concentrate solely on 

planning land use in isolation from other sectors and do not get closely involved in planning infrastructure, 

utilities or have close connections to other city departments (Bertaud, 2003). This kind of planning is a 

major barrier towards developing more resource efficient cities. 

The experience from many city development projects in Sweden is that taking many sectors into 

consideration at an early stage of planning facilitates sustainability planning and systems integration.  

At the same time, however, systems integration can hinder the introduction of new solutions and 

technologies that are perceived to threaten the integrated system, prohibiting further optimisation of the 

system (Pandis Iveroth et al., 2013). This problem can be partly solved by starting from a more detailed 

cross-sectoral planning level to see how urban systems are connected and later work at a more applied 

systems level. 

When people with different experiences sit down together, new solutions built on systems integration may 

emerge. Cross-sectoral planning can use different sector integration approaches. In this case study the 

basic approach was to define 11 urban systems (Described in Chapter 7) as a basis for cross-sectoral 

analysis. These systems are discussed in more detail later in this Chapter. 
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Cross-sectoral planning in practice means bringing competencies from different urban sectors together 

physically in workshops in order to discuss how sector integration will affect the master plan in an early 

stage of the conceptual planning of the eco-city. Sectors can be building infrastructure, roads, public 

space, energy, water and waste water, solid waste, transport, social aspects, heritage etc. The process can 

be seen as a qualitative Material Flow Analysis where quantitative estimations of some flows are made in 

a coarse way. It is thus important to take into account the interaction between different sectors like energy, 

waste and consumption and spatial planning in an early stage of planning. This can form the basis for 

finding cost effective solutions for a more efficient urban metabolism. It is important that cross-sectoral 

planning is carried out using different methods to support the work. In the framework used in this case 

study specific methods are used, which are described below. One of the barriers to successful  

cross-sectoral planning is that it can seem more time efficient to revert to old ways of planning because 

people feel safe and know the routines. This is an important factor in China with the tradition to do things 

fast and later correct. Other barriers relate to the fact that people working within different sectors  

e.g. urban planners and engineers think in different ways and interpret concepts like eco-city differently.  

It could also be the case that people sit in different places and never meet physically. There are also 

barriers that are buried in institutional and regulatory systems. The workshop to explore the local 

interpretation of sustainability is thus an important step in this process.  

8.8    The case study steps in detail 

The seven steps in the sustainability framework are listed below.  

The first stage is to develop a common understanding of what local sustainability in Xuzhou means among 

the participants. We also can also use conceptual maps as a tool and an eco-cycle model to develop a 

vision of a more resource efficient city. Using SWOT analysis we can determine which strengths the city 

has to build on, and which weaknesses we have to try to handle. Also, external factors, which are not 

under our control, can give us opportunities or threaten our plans. Based on this knowledge,  

we can develop a more detailed vision for how we would like to see a sustainable Xuzhou 2030/2049.  

We can also develop a roadmap to reach from now to the future vision of the city and choose indicators 

and targets so that we can assess the progress of the plan towards reaching this vision. 

Step 1- Baseline study of Xuzhou 2013 

Step 2 - Developing a local interpretation of sustainability  

Step 3 - Cross-sectoral integration development using an eco-cycle model  

Step 4 - An external and internal condition analysis (SWOT) for the selected planning area  

Step 5 - Creating a vision for Xuzhou 2030/2049 

Step 6 - Selection of groups of indicators for development of Xuzhou 2030/2049 

Step 7 - Guidelines for Xuzhou Eco-city master plan 2030 with integration of sustainability issues. 
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Step 1 - Baseline study of Xuzhou 2013 

A baseline study of Xuzhou was used to get starting values for the chosen indicators and for setting targets 

for different time frames. Through discussions with city planners, the following four sectors were selected 

for the baseline study: solid waste, energy, water & wastewater and transport. This restriction on the 

number of sectors selected was because of time constraints, but in a more comprehensive baseline study 

other sectors should also be included. The baseline study started with a meeting with academics involved 

in city projects in order to decide which data were needed. During the process, data were also acquired 

from city departments. 

One challenge when developing the baseline study in Xuzhou was data availability. Much of the data 

required did not exist in the statistics, was not up-to-date or was not publically available. Communication 

between different sectors and city departments was also lacking, which is common for most Chinese 

cities. To overcome this, very rough estimates taken from different sources had to be used. The impact of 

data quality was not so severe in the case study, which mainly focused on the methodology for eco-city 

development. 

Solid waste sector 

On average 4500 tons of solid waste was produced every day from industries in Xuzhou in 2012.  

The majority of the industrial solid waste comes from coal powered plants and mining industries.  

On average around 1600 tons of household solid waste is produced every day in Xuzhou city. Around 

90% of this unsorted waste is mixed with industrial waste and incinerated in a power plant to produce 

electricity. A smaller amount of solid waste is sent to landfills. Since the household solid waste is not 

sorted well before incineration, and the construction waste is often not separated from the household 

waste, there is a big resource loss and potential environmental pollution in the process. Some sorting after 

incineration occurs e.g. of metals from the ashes. The figures taken from different information sources 

varied, so exact quantitative estimations were difficult to make. 

There are simple sorting infrastructures in the city, but much of the household solid waste is mixed 

together again later in the process because of the lack of related downstream sorting systems. There are 

people working to collect old electronic waste, paper, plastic, glass and other waste for reuse and 

recycling. Data concerning this area is missing. However, it seems that there are directives from central 

government requiring the development of a waste-sorting infrastructure in Xuzhou city in the near future. 

The main problem concerning solid waste in Xuzhou is the lack of effective sorting systems and related 

waste management methods, air, water and soil pollution from the existing landfills, and the lack of the 

proper handling of construction waste. 

Energy sector 

Xuzhou is an important coal and electricity production and supply base in East China with an annual 

production capability of 25 million tons of coal, accounting for 93.5 % of the total in Jiangsu province. 

While coal production is declining in Xuzhou, the city is exploring other coal resources outside the 

province.   



55 
 

Coal is the main energy resource in Xuzhou. With the exception of a small amount of electricity that is 

generated from the incineration of waste, most of the city’s electricity and heating comes from coal. 

Meanwhile, coal resources are depleting in Xuzhou with the average remaining lifetime of mines around 

20 years.  

Water and waste water sector 

Two thirds of Chinese cities face water shortages. Xuzhou is one of 100 cities that have the most serious 

water shortage problems in China. The per capita water resource is only 17% of the average of China.  

Of the total water resources, half is ground water and half is surface water (Weishan Lake,  

Beijing-Hangzhou Grand Canal and Fangting River). Since most of the surface water is of a low quality 

grade, fresh water for the city comes mainly from ground water resources. The only surface water 

resource in the city is the Weishan Lake. For many years the city’s consumption of water has exceeded the 

amount of available water. The main ground water resources are located in   built-up areas; the water level 

is falling and also suffers from pollution from coal mining. To deal with this problem, the main strategy of 

the city is to explore more water resources from Luoma Lake and Weishan Lake, and to use the  

Beijing-Hangzhou Grand Canal as a possible future water resource for both drinking water and industrial 

use.  

The municipal wastewater is treated at the wastewater treatment plant. The treated water goes mostly to 

Kui, Sanba and Jingma rivers, among which the latter two rivers receive effluent of the Beijing-Hangzhou 

Grand Canal. The sludge is sent to incineration for generating electricity. Industrial activity is a regular 

contributor to the surface water pollution in lakes and rivers and there is a serious lack of monitoring these 

sources of pollution. 

Transport sector 

At national level, Xuzhou is an important transportation hub because of its railways, express roads and 

waterways. With the rapid increase in the number of vehicles in recent years, there is increasing traffic 

congestion in the city centre. This has negative effects on people’s daily lives and to the economic 

development in Xuzhou. Although the proportion of transport by bicycle/electrical bicycles in the inner 

city is much higher than in other cities in Jiangsu Province, the predicted growth in the numbers of private 

cars will intensify the city traffic congestion. There are not sufficient and effective separation systems 

between different types of transport systems. The city’s mining history with its range of underground 

mining tunnels means it is difficult to build subway systems. The city has planned its new light railway 

system to ease traffic pressure and this now under construction. 

Conclusions 

In general we can see that Xuzhou city is facing major challenges in the four sectors described.   

This is similar for many cities in China that also have a heavy dependence on coal for heating and 

electricity, lack clean water resources and water management strategies, and lack solid waste management 

systems. However the solutions to these challenges must be developed in a local context. By applying an 

integrated approach many of the challenges can actually be solved in unique ways for Xuzhou city. 

Because of the short time for the case study and the lack of available data, it was not possible to make in 

depth quantitative estimations in the baseline study. The results can therefore be viewed as more of a 
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qualitative analysis of the situation in Xuzhou today. These results can then be used in further  

cross-sectoral planning in order to develop principles for solutions. 
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Step 2 - Developing a local interpretation of sustainability 

To formulate goals and indicators for the development of an eco-city, it is very important to develop local 

interpretations of sustainability and a more concrete conception of what an eco-city is. This interpretation 

must be relevant for the actual municipality and the actual planning assignment.  

This should be done early in the planning phase. Experiences from many other cities show that 

establishing this common understanding at an early stage facilitates detailed planning and implementation 

of the project’s ideas. This is also a method for initiating planning and linking it to general preconditions. 

Inspiration can be gained from overall discussions around different concepts. In addition, this approach 

matches the view that there is no single clear answer to sustainable development; in fact, it forms the basis 

for continuous ongoing dialogue and processes. Creating future visions of cities based on the sustainability 

concept involves both facts that can be derived from research, but also values among stakeholders,  

which will require compromises and a will to effect change. 

In order to create a more common understanding of sustainability challenges existing in Xuzhou derived 

from Step 1, concept maps were used to create a graphical representation. Concept maps are essentially 

graphical tools for organising and representing knowledge. To document the results, the Cmap tool was 

used. One advantage with this tool is that one can track the gradual development and changes made to the 

maps during the exercises. One can also work at different computers whilst sharing a map that is being 

developed. Another important characteristic of concept maps is the inclusion of cross-links.  

These are relationships or links between concepts in different segments or domains of the concept map. 

Cross-links help identify how a concept in one domain of knowledge represented on the map is related to 

a concept in another domain on the map. In the creation of new knowledge, cross-links often represent 

creative leaps on the part of the knowledge producer (Novak, 2010). 

A concept map is generally constructed with reference to some particular question, which is called a focus 

question. In this case, we used the focus question “What is unsustainable in Xuzhou?” The reason we did 

not choose to work with sustainability is that the concept of sustainability deals more with solutions than 

with existing challenges, and revealing these challenges was the main focus of our workshop.  

If basic problems with sustainability can be identified, these can form the basis for sustainability 

principles and ambition levels for sustainable development, as discussed later in this Chapter.  

This practical exercise was carried out during a workshop in which the participants used post-it notes to 

write down existing situations that were not regarded as sustainable and were related to the four sectors 

chosen (solid waste, energy, water & wastewater, transport). Lines were drawn to show interconnections 

between different nodes on the map. By using post-it notes, it was possible to move nodes around during 

the exercise. Below is a photo of part of the results from the workshop. 
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Figure 5 : Part of the results from a workshop exercise using conceptual map of unsustainability  

The result was later transferred into the Cmap tool and the map was sent out to the participants for 

comments. Part of a conceptual map for visualising unsustainability in Xuzhou related to the urban 

systems water and energy can be found in Appendix 3. 

Generally it is good to start with a preliminary map and then create cross-links. One should be precise and 

selective in this process.  It is important that the propositions specifically relate to the situation in Xuzhou, 

and are not general in nature. Propositions contain two or more concepts connected using linking words or 

phrases to form a meaningful statement. This turned out to be the most challenging and difficult aspect of 

constructing the concept map.  

This method of working had the advantage of creating a more democratic arena for discussions. 

 In contrast, at round table discussions there is a tendency for the hierarchical structure in an organisation 

to result in higher-ranking people talking more than lower-ranking people. The workshop method also 

brings in discussions around different solution strategies related to unsustainability. It is important to 

collect information from these early discussions so that the results can be used later on in the sustainability 

framework process. Table 5 below shows some examples of how the outputs from the workshop related to 

solution strategies. The solutions strategies are further developed using the eco-cycle model. 
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Table 5 : Basic unsustainability related to different sectors in Xuzhou.  

       Basic unsustainability  Effects Principle solution strategies 

Energy sector is almost totally 

dependent on coal 

Decreasing coal resources in the 

area. 

Pollution of air and water 

Low degree of resilience in the 

energy sector 

Short-term and long-term 

transition strategies for 

sustainable energy supply and 

demand have to be developed 

Lack of developed systems for 

handling of municipal solid waste, 

industrial and construction solid 

waste 

 

Low resource utilisation 

Pollution from incineration and 

landfill 

Conflicts around land use 

Short-term and long-term 

strategies for managing 

different types of solid waste 

have to be developed 

The potential for industrial 

symbiosis should be 

investigated 

Low utilisation of resources in 

wastewater 

Pollution of water 

Low resource utilisation of e.g. 

energy and phosphorus 

Solutions for utilisation of 

energy and other resources 

from wastewater should be 

integrated in future systems 

Lack of effective control of 

freshwater resources concerning 

use and effluents 

Pollution of rivers, lakes and 

groundwater 

Sinking groundwater levels 

More comprehensive water 

management strategies for 

upstream solutions 

Traffic with expanding number of 

cars and insufficient effective 

public transport 

 

Pollution to air 

Low efficiency in transport 

Health and life quality decline 

Difficulties in attracting people 

and companies to the city 

The new master plan must 

focus on changing the 

relationship between different 

transport systems and handle 

logistics for transport in and 

out of the city, especially for 

construction material and 

construction waste 
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Step 3 - Cross-sectoral integration development using an eco-cycle model 

Most of what is taken into the cities in the form of energy and material resources will, after a short time, 

be turned into solid, liquid and gaseous wastes. It is brought to waste handling stations, flows into sewage 

treatment plants and is spread via exhausts with the winds.  This describes the metabolism of cities in 

today’s China, which is mainly, an open, unidirectional and embezzled flow from natural and virgin 

resources to landfill, the soil, water and the atmosphere. The urban metabolic system is complicated, and it 

is difficult for urban planners to grasp this complexity and incorporate it into the more common sectoral 

way of planning. This is also true for those planning in other sectors such as traffic, energy, waste and 

water. None has the whole picture to facilitate integrated planning for a more resource efficient city.  

As shown in a case study of a Swedish district (Iveroth et al., 2013) the formation of a rather simple 

 eco-cycle model proved to be essential to the implementation of the district’s environmental programme, 

and the reduction in the metabolic flows of the district. It also formed a basis for discussion of systems 

integration, which is essentially what cross-sectoral planning is about. Using cross-sectoral planning we 

want to raise the efficiency factor in the use of resources by closing the loops on local levels as far as 

possible. 

In order to understand and visualise the urban metabolic system for Xuzhou, an eco-cycle model of the 

simplified type shown in Figure 6 was gradually developed in the workshop, where it mainly served as a 

platform for visualising cross-sectoral links between urban systems, thus stimulating discussions and 

creating new ideas. 

 

Figure 6 : Example of a simplified eco-cycle model of Xuzhou 
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The basic idea in cross-sectoral planning is to find solutions based on relationships between different 

urban systems that fall within the whole sustainability issue. This means that cross-sectoral planning can 

focus on energy and material flows, but can also include other aspects like economy and social aspects. 

The idea behind eco-cycle planning is that what comes out of the city or city area in the form of waste 

(domestic or industrial waste or wastewater) should be returned to the city or city area as recycled or 

reused material or in the form of energy (electricity, district heating and cooling, and transport fuel).  

The difference between resource and waste is a matter of order (entropy) and quality. This applies both for 

materials and energy. As for materials, the quality is gradually also reduced through the city metabolism. 

Eco-cycles can be created at different spatial levels. Using the eco-cycle model for a systems approach 

permits discussions on: 

 Reusing and recycling materials, e.g. construction materials. 

 Minimising use of energy from finite resources, e.g. fossil fuels. 

 Using less energy through higher efficiency, passive systems etc. 

 Recovering energy through exergy ladders, down cycling of organic matter from e.g. waste. 

 Producing and storing energy through local sources, e.g. solar energy, heat pumps, and developing 

systems integration. 

The eco-cycle model was used in a semi-qualitative way to develop a general framework for integrated 

solutions for water, energy, waste etc. at different system levels in Xuzhou. Some of the main results, 

based on the 11 urban systems used in the study, are shown in Table 5. 
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Table 6 : Examples of integrated solutions found in the discussions using the eco-cycle model 

Urban 

system 

Sector problem related 

to key indicators 

Main integrated solutions 

Energy 

sector 

dependent 

on coal 

Extensive use  of coal and 

high levels of CO2 

emissions 

 Gradually develop more use of natural gas as a 

transition strategy 

 Use wastewater to produce biogas which can be mixed 

with natural gas 

 Combine landfill mining with a plant for producing 

and upgrading biogas 

 Establish a biogas-driven CHP plant that can also use 

long-term storage of energy in abandoned coal mines 

Water and 

wastewater 

Adaptation to climate 

change effects 

 Use storm water channels for flooding prevention and 

for creation of blue structures 

 Develop a district with advanced climate change 

adaption systems as a demonstration area 

Solid waste No upstream sorting of 

waste 

 Develop an advanced eco-city area within the city and 

use it for demonstration of new solutions for solid 

waste management. 

Traffic and 

transport 

Reduce air pollution e.g.  

PM 2.5 and PM 10 

 

 

 

 Reduce traffic in central areas by reducing space for 

cars and increasing space for public traffic 

 Develop logistics in order to reduce movement of 

heavy vehicles into and out of the city core 

 Develop green continuous cycle paths and walkways 

which are connected to park areas. 

 Distribute new fancy bicycles to people in the city 

administration to raise the status of cycling 

Urban 

functions 

No loss of wetland  Develop coal mining areas with sinking land into 

accessible wetlands with high biodiversity 

Health Healthy and accessible 

food 

 Establish central food markets with a high level of 

safety connected to ecological farming in rural areas 

Social City for all  Use solar lighting to increase safety along walkways 

 Avoid gated communities through visibility 

Economic 

development 

Number of SME  Promote the establishment of SMEs in the growing 

market for environmental services and technologies 

Primary 

industry
1
 

Migrants from rural areas 

are moved  to new city 

areas 

 Establish urban farming land e.g. on house roofs  in 

new residential areas and create space for social 

activities in new immigrant areas 

Secondary 

industry
2
 

Old coal mines and 

industrial railways 
 Establish tourist paths using old railways and develop 

living museums around coal mining 

Tertiary 

industry
3
 

Solid waste management 

business 
 Develop a market for small companies in the area of 

solid waste management and environmental 

technologies 

Notes: 
1 
Refers to farming, forestry, animal husbandry and fishery; 

2
Refers to mining and quarrying,   

manufacturing, production and supply of electricity, water and gas, and construction; 
3
Sometimes named service   

industry
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Step 4 - An external and internal condition analysis for the selected planning area 

(SWOT) 

The external and internal condition analysis (SWOT) is a way of strengthening our understanding of how 

spatial conditions interact with and influence ecological, economical and socio-cultural conditions, 

particularly energy issues for transport and heating. The analysis provides opportunities to understand how 

the spatial structure interacts with housing developments and operations, green structures, traffic 

structures and technical supply systems, as well as increased regional commuting. The analysis also 

provides the basis for developing future images and proposals that have a bearing on environmental, 

economic and socio-cultural aspects. This is shown in the scenario analyses later in this Chapter. 

One of the basic assumptions of a SWOT analysis is that a unit must align its internal activities with the 

external realities to be successful. The abbreviation SWOT stands for Strengths, Weaknesses, 

Opportunities and Threats. SWOT analysis is a strategic planning tool that provides a framework for 

analysis of strengths and weaknesses (internal), opportunities and threats (external). By evaluating and 

aligning strengths and weaknesses with opportunities and threats, SWOT analysis helps to better envision 

the unit’s desired future, and to generate alternatives. It is a beneficial tool for decision-making and 

understanding dependencies between a unit and its surrounding environment (Pahl and Richter, 2009). 

The aim of the SWOT analysis in this case study was to identify the key internal and external factors that 

are important in achieving the overall plan of becoming an eco-city. The SWOT analysis grouped key 

pieces of information into two main categories: 

 

Internal factors – The Strengths and Weaknesses internal to city development. 

External factors – The Opportunities and Threats presented by the external environment to city 

development  

 

After identifying the factors, strategies to tackle different combinations of these were developed. 

Examples of results are shown in Table 7. The SWOT analysis was carried out in an iterative process by 

sending out material to project participants and then to carry out back-office work to finalise the analysis, 

which was then sent out for review. The results from the SWOT analysis are an important input to the 

scenarios used to formulate visions of the future. Important factors to include are to which extend the city 

has control and the potential for technical breakthroughs in e.g. energy technology. 

 

SWOT analysis will result in conditions that will be transferred to the development of scenarios.  

The main conclusions from the SWOT analysis can be found in Table 7. 
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Table 7 : Main conclusions from the SWOT analysis 

 Strengths 

 New land use potential from 

the reclamation of abandoned 

mining waste land 

 Increasing grain production  

 Important transportation hub  

 Geographic and other 

advantages in Huaihai 

economic zone 

 Rich in natural, historical and 

cultural resources  

 Rich in electricity production  

 Leading mechanical industry 

 Important poly silicon 

production base 

 

 

Weaknesses  

 Increasing traffic congestion in 

the city centre 

 Depletion of coal resources 

and heavy dependence on coal 

for heating and power 

 Increasing amount of 

abandoned mines 

 Main industries have a  high 

risk of negative impacts on 

environment and health 

 Low grade of waste sorting 

and utilization  

 Lack of clean water resources 

 Mining and Reclamation of 

mining land create potential 

pollution to grain production 

 Lack of downstream industries 

in solar power industry sector 

 Lack of storm water 

collection, utilisation  and  

infrastructure and climate 

change strategy  

Opportunities  

 The regional 

development planning 

and corresponding 

policies of the central 

government creates 

opportunities 

 The policy guide and 

support for solar power 

industry 

 Eco-civilization 

construction policy 

from the central 

government 

 The adjustment of the 

administrative  regions 

brings more people 

and area 

SO strategies 

 Develop pilot and 

demonstration cases of 

reclamation of old industrial 

land with regional and 

government support 

 Develop new projects in 

cooperation with local 

universities to utilise bioenergy 

resources 

 Create incubators with regional 

and/or government support for 

developing the high-tech solar 

power industry 

 Create cutting edge eco-city 

areas with government support 

where new energy technology 

can be demonstrated 

  

WO Strategies 

 Develop the tourist industry 

and use the adjustment of the 

administrative regions, which 

provides more people and area 

to support the development of 

the service sector 

 Reuse old industrial land and 

abandoned roads to create 

continuous bands of green 

areas for light train traffic and 

cycle paths 

 

Threats  

 

 Competition from 

other cities when it 

comes to marketing the 

Eco-city concept 

 Lack of clean coal 

resources and the 

rising price of coal 

 The city is not suitable 

for wind power 

construction 

 Future rainfall can 

create flooding 

problems 

 

ST Strategies 

 Develop storm water strategies 

by creating blue and green 

areas to prevent flooding and 

make the city beautiful 

 Create a strategy for transition 

of the energy sector to more 

use of natural gas and 

electricity, energy-efficient 

systems, renewable energy 

sources and energy storage 

 

WT Strategies 

 Develop unique ideas around 

the Eco-city concept so the 

city can avoid just copying 

what other cities do 

 Develop a long-term plan for 

solid waste to use resources 

and decrease the amount sent 

to landfill 

Internal 

conditions  

External 

conditions 
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Step 5 - Creating a vision for Xuzhou 2030 

The city of Xuzhou is now in the phase to develop a master plan that is supposed turn the city into and 

eco-city in the future. It is still unclear what the evaluation process for this process will be.  

The background for Xuzhou´s decision to become an eco-city is probably a mixture of following new 

directives and a belief that this will make the city more attractive for people living there, tourists and 

businesses. 

One of the problems here is that this is also the goal for many cities in China. They want to: 

 become low carbon eco-cities 

 attract new companies to their new industrial parks 

 expand  tertiary industries 

 attract tourists 

To develop Xuzhou in a more unique way it is important to abandon policy oriented thinking and move to 

more sustainability driven thinking to formulate the practical implications for the city. This is the only 

way forward in a situation where all the concepts are not clearly defined. An important part of this process 

is to create a concrete vision of what Xuzhou will look like when it is an eco-city. To this end different 

time perspectives with sub goals have to be developed. 

International experiences show that there are two very important factors that have influenced the 

development of successful cities in becoming more sustainable and attracting international attention.  

One is strong leadership i.e. an influential leader with high ambitions and long term thinking in setting 

goals and follow-up strategies. The other important factor is establishing broad participation among the 

people in the city. Without this participation there will be no success. There are thus two  factors of 

success which could seem conflicting at  first glance but are actually  complementary- strong and 

determined leadership and broad participation (Landis, 2011) 

In this case study the vision itself has not been developed (because of time limitations),  

but rather suggestions how it can be done in a local and Chinese context have been proposed. 

At present there have been three earlier master plans made for Xuzhou. In Xuzhou’s first master plan 

(1980-2000), the city was defined as a transportation hub and a regional commercial centre with coal and 

electricity as the main industries. In Xuzhou’s second master plan (1995-2010), the city was defined as a 

national historical and cultural city, a national transportation hub and a centre of commerce. In the  

2007-2020 master plan, the city vision was to  promote itself as an important national transportation hub,  

a regional  city centre, a national, historical, cultural city and an ecological tourist city (Chen, 2009). 

 In the current master plan the city is defined as an important transportation hub, national, historical, 

cultural city, city centre of the Huainan Economic Zone, and an ecological, liveable city and  

eco-civilization model city.  

As described earlier in this thesis, planning has very much become a passive response to reforms coming 

from central government. As a consequence of this, planning principles are less effective in guiding urban 

development and growth management. There is a need for a new more dynamic approach to master 

planning where plans are more general and changes can be implemented during the development process. 

The general principles for sustainable development are known and the city has to incorporate them into 
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local guidelines. The challenge therefore is to create urban plans that lay the foundation for more dynamic 

and innovative city development, but also avoid lock-ins, thereby leaving open the possibility of changes 

during the implementation phase. This plan should also take the pace of global development into account 

with changing political scenarios and the possibility of sudden interruptions to the supply of resources.  

In planning there also needs to be a shift from traditional sectoral planning towards the integration of more 

sustainability aspects into the whole plan. The formation of a vision based on sustainability principles and 

a road map with indicators to follow up the development will be a central part in creating the plan. 

Vision creating is a process where images of the future are developed, often in participatory processes. 

To create visions is not the same as trying to make a prognosis about the future. Instead it is more creative 

to formulate visions without taking the present situation too much into account.  

The method of  sketching  future images to display how solutions might appear in the long term is used 

when applying the backcasting method  as used in many case studies (Quist, 2013). It is important that the 

time horizon or the vision is placed far enough in the future to allow qualitative changes to occur. 

 In the Xuzhou case 2049 is a suitable time frame and 2030 is a target on the roadmap.  

How many scenarios are needed for a scenario exercise? The consensus seems to be settling on either 

three or four. In nearly every case, a single scenario is insufficient. A single scenario can stimulate 

thought, but by itself it cannot support an exploration of different options. So, at least two scenarios are 

needed. This may be useful if it delimits a range. However, since the brackets of the range are normally 

extreme, they do not indicate how moderate action might achieve goals. This brings us to three scenarios 

at a minimum. The problem with three scenarios is that the middle scenario is likely to be interpreted as a 

“most likely” or “preferred” scenario by the users of the scenarios. However, it is rarely the case that the 

central scenario is thought to be most likely or preferred by its designers.  When possible, four scenarios 

is perhaps the best choice. In this case there is no middle scenario and the users of the scenarios are more 

likely to look at the full range of scenarios, rather than focusing on just one, as they are likely to do in a 

three-scenario study. However, the more scenarios there are, the more resources required to complete 

them. Also, more attention is required from the target audience, and it is important to show respect for 

your audience by not overwhelming them with a large volume of work.  

Visions can be created for all sustainability aspects including economic development, environment and 

social aspects. In this case study the focus is on resource efficiency, environmental restoration and, 

 when linked to this, economic development. 

Backcasting visions are usually developed out of different city development spatial models that are used 

e.g. the dense city, the band city. Together with the ideas of spatial development different targets can be 

formulated in relation to concepts like sustainable city or eco-city. Examples of targets that are frequently 

used in European cities are: the Climate Neutral City, the Energy positive City, the Fossil Fuel free City 

etc. These targets, for different reasons, are not suitable for use in a Chinese context. 

As Xuzhou is aiming at becoming an eco-city this target should be a natural to choice. There is however 

some confusion around the definition of this concept as well as other concepts used in China as described 

in Chapter 4. Experience shows that it is not fruitful to put too much effort into finding a specific 

definition that can guide the planning process in practice.  

For this reason another approach has been adopted here for the development of a vision for Xuzhou 

 Eco-city 2030/2049. Because of the complex planning situation in China (Wei, 2005)  the vision for  
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eco-city development  currently in China tends to be more of a garden city development. This is because 

of the lack of guidelines for eco-city development but also because of differences in Chinese perceptions 

about the relationship between anthropogenic systems and nature.  

To guide urban planners in developing scenarios it is proposed to start from three levels of ambitions. 

Depending on the level of ambition the city chooses for development, the planning process will be 

affected in different ways. Three levels are described in Table 8 according to key features, namely,  

a garden city, a low carbon eco-city, and a 3R city. As many Chinese cities want to brand themselves as 

eco-cities nationally and internationally it is important for them to understand these ambition levels in an 

international context. These three levels should not be seen as an attempt to define the concepts but 

merely to support the planners in developing visions for the city and choosing indicators. 

Table 8 : The implications of the three concept levels on urban planning 

Concept Key features Urban 
planning 
principles 

Key indicators 

A Garden 
City 

Accessible green areas for recreation 
Accessible Scenic spots 
Reduced pollution through mainly 
environmental technology solutions 
 

Traditional 
sectoral 
planning 
 

Setting targets for green 
areas 
Defining important scenic 
spots 
Developing end-of-pipe 
solutions for municipal and 
industrial emissions based on 
priority list 

A Low 
Carbon 
Eco-city 

Points above+ 
Reduced pollution through environmental 
technology solutions and industrial 
transition 
Low energy buildings 
Increased resource efficiency and transition 
to new energy bases 
Climate change mitigation and adaption 
 

Traditional 
sectoral 
planning 
Cross-sectoral 
planning 
 

Points above+ 
Plan for industrial transition 
towards closed loop systems 
and industrial symbiosis 
Transition strategy for 
decreasing dependence on 
coal 
Setting targets and strategies 
for GHG reduction in all 
sectors 
Climate change risk analysis 

A 3R City Points above+ 
Reduced pollution through environmental 
technology solutions and industrial 
transition 
Low energy buildings 
Increased resource efficiency and transition 
to new energy bases 
Climate change mitigation and adaption 
Principal changes in urban metabolism 
Ecological engineering for improved eco 
system services 
Urban development  for resilience 
Transition of consumption patterns 

Traditional 
sectoral 
planning 
Cross-sectoral 
planning 
Planning for 
radical changes 
in urban 
metabolism 
 

Points above + 
Strategy for change of urban 
metabolism 
Plan for ecological 
engineering projects 
Analysis of weak resilience 
structure 
Adapting master plan for 
change in consumption 
patterns 
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The garden city concept is a rather vague concept in China described in Chapter 4 but it mainly follows 

the ideas of making the city greener with parks etc. Also, scenic spots are important in Chinese culture. 

These spots should be developed so that people can view nature and the harmony between man and 

nature. This tradition springs very much out of the old traditions of Chinese gardens. The garden city 

features also include traditional end-of-pipe solutions for protecting the environment. 

The low-carbon eco-city concept should add industrial transition through changed product mix in 

industries for less impact on society from a Life Cycle perspective and the development of more closed 

loop processes. Also, transition strategies for a new energy resource basis and aspects of climate change 

are included. This is more or less equivalent to how sustainable city concepts are developed in Europe 

today. Chinese low carbon eco-city development is today mainly at the garden city development level 

with the addition of green building development focusing on energy in new buildings. 

The 3
rd

 level is here called the 3R city, which is a new concept developed in this project. This new concept 

forms the basis for a higher ambition for sustainable development with the addition of changing the basic 

metabolic function of the city, development resilience and using ecological engineering to develop  

eco system services. The 3Rs stand for Recovery of eco system services, Resource efficiency and 

Resilience. New ways of thinking need new concepts because people have a predetermined understanding 

of concepts and the 3R concept has created a platform for more long term visions which should be 

included in today’s planning processes. 

 The 3R city takes a step further, which will be discussed in Chapter 9, with a focus on driving forces for 

resource use and environmental impact and changing the urban metabolism more radically. This is a  

long -term process but since change takes time it is important to include these ideas in current planning 

strategies. The ambition here is to create even more integrated infrastructural systems aiming to minimise 

the metabolic flows of the district by closing its material and energy flows.  Xuzhou city can choose which 

level of ambition to use for developing a vision for city development. If a higher ambition than garden city 

is chosen, this will have implications for the development of the master plan and the detailed plan.  

This case study shows the implications of heading towards a low-carbon eco-city using cross-sectoral 

planning.  

A vision for Xuzhou should be as a starting point and in principle is focused on people: 

How can we create a lively, inclusive, healthy and attractive city that people want to move to and live in 

and where we have a sound economic development for all? 

This means that Health and Social urban systems have a high priority. 

The next step is to look at other urban systems including economic development and ask:  

How do we create more sustainable solutions in relation to resource use for cities step-by-step, and with 

as small social, ecological and economic costs in relation to profit as possible  

From these basic questions the city can start to develop a qualitative vision for Xuzhou 2030/2049 using 

different levels of ambition as described above. This vision then has to be quantified into key indicators 

and practical implications for planning, which is also shown in a simplified way above. 
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Step 6 - Selection of groups of indicators for development of Xuzhou 2030/2049 

As described in Chapter 7 indicators are important variables to formulate goals and to follow up the 

implementation of the plan. There are numerous indicators used for measuring urban sustainability and 

some examples are shown in Appendix 1. Indicators from Chinese as well as international projects have 

been collected and grouped according to the 11 urban systems used in this thesis in a larger database 

containing more than 300 indicators. 

When choosing indicators out of this set, there are several considerations to take into account.  

 Reviewing the key indicator systems used in China shows that the current indicators often are difficult to 

use in practice for eco-city development and seldom related to a clear vision. A useful acronym is 

SMART – that is, an indicator should be Specific, Measurable, Achievable, Relevant and Time bound. 

Another criterion is if an indicator is used to set national targets. Usually these national target indicators 

should be part of the indicators chosen. The review of the major categories of indicator systems in Chapter 

7 together with the set of indicators developed here, also act as guidelines for our proposal for the 

selection of indicators. Otherwise indicators should be chosen to reflect the goals the city proposed in the 

general vision for the city. It is recommended to use fewer indicators and targets that can be measured, 

and be influenced through planning and follow up. 

Indicators and the follow up of targets should be communicated in some way to the stakeholders involved 

in implementation of the project and to the public. There are many simple ways to visualise indicators. 

.One experience suggests that one should avoid aggregating different type of indicators into one value. 

This will cause a lack of transparency and create confusion. For communication with the public it is better 

to use a few indicators that have real meaning for people. Which indicators have meaning can be 

evaluated through public questionnaires. 
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Step 7 - Guidelines for master plan Xuzhou Eco-city 2030 with integration of 

sustainability issues 

Starting from the basic unsustainability in Xuzhou discussed earlier and a general vision of the ambition 

level according to the previous description, a cross-sectoral analysis should be carried out in order to see 

how the planning objectives could be achieved through practical solutions. This can be done by choosing 

different indicators in an urban system and see how they can be related to other indicators in other urban 

systems. An example of a systematic work process to find cross-sectoral solutions for eco-city 

development is shown in Table 9 below. Important relationships are recorded and will affect the master 

planning and the setting of targets.  

Table 9 : Examples of cross-sectoral analysis 

Indicator in one urban system Relates to indicator in another urban system 

Indicator Urban system Indicator Urban system 

Area where public traffic is 

achievable within 500 m 

Urban function Proportion of commuters taking 

public transportation  mode to 

work 

Traffic and 

Transport 

Local strategies and parking 

restrictions 

Traffic and 

Transport 

Annual daily PM2.5 concentration 

in milligrams per m
3
 

Health 

Proportion of population with 

access to adequate and safe 

drinking water 

Water and Waste 

water 

Citizen satisfaction with 

environment quality 

Social 

Reuse and recycling to 

agriculture 

Solid waste Amount of imported fertilizers Primary industry
1
 

Proportion of population 

affected by industrial emissions 

to air 

Health Tourism contribution to GDP Tertiary industry
3
 

Average capacity of primary and 

secondary school classes 

Social Foreign direct investments Economic 

development 

Material intensity of the 

economy 

Economic 

development 

Percentage of  industrial solid 

waste recycled 

Solid waste 

Efficiency coefficient of 

irrigation water 

Primary industry
1
 Total water consumption per 

capita/ unit of GDP  

Water and Waste 

water 

Total energy consumption of 

secondary industries  

Secondary 

industry
2
 

GHG emissions tons /per 

capita/GDP 

Energy  

No. of R&D scientists and 

engineers per 10,000 labour 

force  

Tertiary industry
3
 Number of Small and medium 

sized enterprises 

Economic 

development 

Number of CHP units within the 

private housing and commercial 

sectors 

Energy Enterprises in the area of clean 

tech 

Economic 

development 

 Notes: 
1 
Refers to farming, forestry, animal husbandry and fishery; 

2
Refers to Mining and quarrying, manufacturing,                

production and supply of electricity, water and gas, and construction; 
3
Sometimes named service industry 
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As an important component of a city’s master plan, the function of a short term plan is to demonstrate 

what the development and construction emphases should be for the coming five years of the master plan, 

to define the development direction, scale, and spatial form, historic preservation in this period of time,  

to propose arrangements of the city’s important infrastructure, public facilities, and eco-environment. 

One of the main challenges to planning evaluation is the difficulty in building up an evaluation 

framework, especially for an approved plan. With the setting of evaluation indicators together with 

planning goals and objectives, evaluation can be performed more easily. Those indicators can also be 

selected for use in monitoring. 

Detailed monitoring procedures, which provide detailed instructions to monitoring institutions, can help to 

strengthen monitoring procedures. According to the Chinese Urban and Rural Planning Act, there is a 

three-level monitoring system by an administrative department, a people’s congress, and the public.  

It is important to make this monitoring procedure substantive, for example, who monitors and how (in a 

people’s congress), what plan content should be monitored in practice and how often monitoring reports 

should be delivered.  
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8.9    Conclusions 

During the work of this case study it has been obvious that the planners in Xuzhou have problems in 

formulating a strategy for developing the new master plan in accordance with some sustainability 

principles in the traditional way. The eco-city concept is rather vague and many interpretations exist in 

China. There is also still no serious focus on eco- city development but mainly on economic development 

(as discussed in Chapter 4 and 5). This results in quite a conventional spatial plan where the ecological 

considerations are mainly reduced to green area planning. 

To aim higher and develop a more unique approach, the city has to take a more serious approach and 

develop a long term strategy. If this strategy is based on more fundamental sustainability thinking rather 

than opportunistic short-term motives, it is more likely that it will succeed in its ambitions. In this case 

study a framework for developing a more comprehensive and integrated plan for the city based on  

cross-sectoral planning was formulated and proposed. Some of the practical results from the analysis are 

shown in Appendix 2. 

The challenge for the city is now to develop strategies based on the SWOT analysis in order to develop a 

city that can combine economic growth with the principles of eco-city development. From this and 

choosing the right ambition level for a vision of the future, Xuzhou Eco-city can be formulated. A detailed 

development of a roadmap and indicators and targets as well as the formulation and implementation of a 

monitoring strategy can follow once that vision has been formulated. 

Opening planning information to the public can help to improve the quality of monitoring. In China, most 

information in master plans and detailed plans can be obtained from a planning administrative department, 

although there is a procedure requiring an application for this information. It has been observed that if a 

city’s planning information is more open, its efficiency in planning is better, as for example, was the case 

in Shenzhen City. To encourage public participation in evaluation and monitoring, planning information 

could be uploaded to planning administrative websites, making it easier for the public to get relevant 

information.   In addition to this, the public should be encouraged to attend all levels of evaluation 

meetings (Chen, 2009). 
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Chapter 9 – The future of sustainable urban development in China and the 

role of Industrial Ecology 

The previous Chapters have been dealing with approaches and barriers for sustainable urban development 

in China. This Chapter will continue this discussion by questioning if the current trends for urban 

development in China are really leading to higher degrees of sustainability or if they are merely blind 

alleys. The Chapter will also address the need for more thinking around resource efficiency in urban 

planning and if and how Industrial Ecology can contribute to this. 

However all these discussions and analysis are built upon the use of concepts (See also Chapter 4) and 

how these are related. The first part of this Chapter will therefore be devoted to analysis of some central 

concepts in the thesis and the possibilities of finding common ground for them. 

9.1    About concepts  

Concepts are important fundaments for human reasoning and we use them daily without thinking of their 

clear and precise definitions. Take the concept of a house as an example. We use this concept as if we 

more or less exactly know what it means, but if we are asked by someone to write down a definition of a 

house in words, we might have problems to do so. On the other hand, even a small child will recognise a 

very simple drawing of a house. New types of concepts are formed all the time and are important to 

bringing us further on in developing our knowledge about the world. One could think that we should have 

more clear definitions of concepts, but the more undefined open concepts are, the more room this leaves 

for personal thinking and discussion. Gradually, clearer definitions can be developed as subgroups 

 e.g. residential house, villa etc. as in the case of the concept of a house. 

This thinking can also be applied to the concept of sustainability. By avoiding giving an exact definition to 

sustainability we can use it to discuss and reflect in a more open way. However people use the concept 

sometimes as if there was a common definition and this can cause confusion. Such confusion is typical for 

the concepts of sustainability and sustainable development. Sustainability is a central concept in this 

thesis. It basically tries to tie together concerns for the carrying capacity of natural ecosystems with the 

social and economic challenges faced by anthropogenic development. Another central concept is 

sustainable development and it might be fruitful to try to separate these two concepts in order to clarify 

what kind of thinking there might be behind them.  

Both sustainability and sustainable development are central for other concepts like ecological 

modernization, industrial metabolism, and industrial ecology, concepts which will be discussed further on 

in this Chapter. Sustainable development has been extensively researched and used by governments, 

organisations and companies for more than twenty years since the Brundtland Report  (UnitedNations, 

1987) was published. There is still, however, no consensus on any detailed definition of sustainable 

development.  In this section we will take a closer look first at the concept of sustainability and then at the 

concept of sustainable development.  
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9.2    Sustainability and sustainable development 

There is general agreement among most researchers that the present development has many aspects that 

are not sustainable (Mickwitz and Melanen, 2009). Deviations from sustainability are related to both 

social aspects like poverty and degradation of ecosystems. The use of the concept of sustainability is often 

criticised because it is not well defined, but on reflection this could actually be strength of the concept. 

 It is obvious that an abstract definition of sustainability can only be used as a guiding principle and the 

definition has to be concretized so it can be used in developing roads maps for more sustainable societies 

in practice, which we might call sustainable development. In order to make the concept of sustainability 

more operative, a framework that in some way defines sustainability in more detail is needed.  

However judging from the frameworks currently in use, it is clear that a framework for sustainability must 

be partly normative and cannot be fully derived from some basic scientific principles. This is evident in 

the development of existing frameworks for sustainability driven approaches. Some of these frameworks 

are discussed in Chapter 7. We can therefore see the difficulties in separating values and scientific 

principles in these frameworks.  

Sustainability is thus a concept that can be articulated in many ways and that can create many different 

images in people’s minds, depending on their professional and cultural experiences and their values 

regarding the future they want. It is a value based concept which also means that a participatory process 

involving all interests including the public must be adopted when developing more sustainable cities. 

Otherwise, it will be a limited number of people who decide what the future of our society should look 

like. 

What about the concept of sustainable development then? Is it different from the concept of sustainability? 

It is obvious from the words that sustainability describes a state while sustainable development is about 

development towards a more sustainable state. While the 1987 Brundtland Report (UnitedNations, 1987) 

is most often-quoted for the definition of sustainable development, much of the background of this report 

has been disregarded  in later citations. The central theme that this report focuses on is that,  

“many present development trends leave increasing numbers of people poor and vulnerable, while at the 

same time degrading the environment”. It then raises the concept of sustainable development as meaning 

“Humanity has the ability to make development sustainable to ensure that it meets the needs of the present 

without compromising the ability of the future generation to meet their own needs”. Thus to reduce 

poverty, inequity and improve the wellbeing of the present generation is as important as protecting and 

enhancing the environment for future generations. Following this definition of sustainable development, 

various local and national governments, organisations and enterprises have adopted their own sustainable 

development frameworks and plans. This has certainly helped in reducing the pace of unsustainability, 

although the absolute magnitude of the problems on a global scale has increased.  

According to the Brundtland Report, there were 340 million people in hunger in 1980. While this number 

means a slight decline in terms of share of the world population in the 1970 statistic, the absolute number 

represented a 14% increase. Two decades later, the Millennium Development Goals Report 

2013(UnitedNations, 2013) announced that its first target  to “Halve, between 1990 and 2015, the 

proportion of people whose income is less than $1 a day” has been met. However, there are in total 1.2 

billion people still living in extreme poverty. The number of people who are in extreme poverty rose from 

290 million in 1990 to 414 million in 2010 in Sub-Saharan Africa alone. It is, of course, open to 

discussion how poverty is defined and data is collected, but we have certainly not progressed far towards 

balanced development globally. Besides,  environmental sustainability is under severe threat: carbon 
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dioxide emissions are 46% higher than 1990 levels and are accelerating; forests are being lost at an 

alarming rate; the population and distribution of birds, mammals and other species are heading for 

extinction at ever faster rates  

(UnitedNations, 2013), and risks connected to synthetic chemicals in nature may  well appear  as a serious 

threat again, 50 years after the publication of Silent Spring (Carson, 2002). 

The concept sustainable development indicates that we have to develop in some way and the question is 

how. Does it imply economic growth and if so, what should the balance between economic growth, 

poverty reduction and environmental protection be and maybe even more importantly, who should decide 

this balance? For companies and most organisations, growth is desirable and when it comes to several 

frameworks for sustainability the central idea is to decouple economic growth and environmental 

degradation.  

The inherent complexity of the concept of sustainability also raises the question how research should 

contribute to the analysis. Can we sort out research questions based on scientific principles, analyse them, 

and then bring the results into sustainable development processes in our society or are facts and values so 

intertwined that we have to develop new methodologies in the future. This is a central discussion within 

the discipline of Industrial Ecology and will be addressed in more detail later in this Chapter. 

Within this discussion about sustainability or sustainable development many researchers argue that the 

value part in sustainability, that is the actual framework, should not be brought into research in Industrial 

Ecology. Research in Industrial Ecology should be about “objective” principles around sustainability. This 

statement is actually more complex than it appears at first glance and it will therefore discuss it more in 

detail later in this Chapter. 

During my discussions with Chinese researchers and urban planners I have found that concepts like 

sustainability and sustainable development used in the Western world cannot easily be transferred to 

China.  When using these concepts in discussions with Chinese planners, you can imagine that they 

interpret the discussions in the same way as those who have used and worked with the concepts 

 e.g. in Europe. The differences in perceptions will probably not be revealed in some obvious way at this 

stage but they will affect further development in joint projects. This is also the background for the 

process-oriented framework developed in Chapter 8 in the thesis. Some ideas around the cultural 

differences will be discussed below. 

9.3    Sustainability in the Chinese Context 

In China the concept of sustainability is not often used in relation to urban development. Instead the 

concepts of low carbon and eco-city and ecological civilization are more frequently used in relation to 

contemporary development. These concepts have to be understood in a Chinese cultural context and the 

development of Chinese concepts has been discussed in Chapter 4. 

The concept “eco-civilisation” means in a Chinese context forming an energy- and resource-efficient and 

environment-friendly industrial structure, economic growth model and consumption pattern. However it is 

clear that the concept is used more or less in the same way as ecological modernisation. Economic growth 

can be decoupled from environmental degradation but these ideas are merely formed in a top-down 

process in China. The problem with environmental pollution is, however, becoming so serious that local 

protests from the public are now more in evidence. However, environmental activists in China have weak 
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advocates in that there are no strong and independent environmental NGOs. In some ways they are getting 

weaker after a new draft of environmental law was introduced in 2013. This draft proposes authorising 

only the All-China Environment Federation (a governmental organisation) and its provincial branches to 

initiate class-action lawsuits against polluters on behalf of the public.  Historically the public,  

in cooperation with independent NGOs, could initiate such class-action lawsuits. 

The central government in China is struggling with the balance between the three pillars of sustainability 

mentioned in the Brundtland report earlier, to keep up economic growth, to maintain social stability and at 

the same time decrease environmental degradation. 

This is also the root to conflicting interests for China, which can be formulated in two sentences: 

1. From 1980 to 2001, 400 million people were lifted out of extreme poverty in China, which 

accounts for roughly three quarters of the total number worldwide. This has initiated a huge 

increase in consumption in China.  

 

2. China is now the world’s largest emitter of climate-altering carbon, and according to World 

Bank’s report 2005, 16 of the 20 most polluted cities in the world are in China.  

China has two perspectives on this state of affairs. One is that they can develop in the same way as the 

western world has, which means polluting until they have reached a certain degree of development and 

wealth when they can afford to clean up the environment.  Chinese researchers are beginning to see this as 

an uncertain way to go. The environmental degradation might be of such magnitude that there will be 

irreversible changes to the ecosystem. The second perspective is that China is the factory of the world,  

and thus emissions have moved from the western world to China. This has also been recognised in the 

western world as a problem for their sustainability in a global context. In a new report from the 

Government of Sweden it is stated (Regeringskansliet, 2013) (Translated from Swedish): 

“This is also the core of the Swedish generation goal: that we will have the next generation’s society 

where the main environmental problems are solved, without causing increasing environmental and health 

concerns in other countries.” 

This means that the developed countries cannot solve their environmental problems by moving them to 

developing countries like China, which has often been the case.  From this perspective it is doubtful if 

Sweden has truly decoupled economic growth and GHG emissions, which is sometimes stated as being 

the case. 

The hope that developing countries such as China could in some way leapfrog through the state of 

environmental degradation, which characterised development in western developed countries, seems to be 

a hope in vain. China is not only going through the same development – but also is doing so at a much 

faster pace and at another magnitude of scale. The growing middle classes in China want to have cars, 

larger comfortable apartments and travels abroad. Who can blame them?  

To sum up we can conclude that a framework for sustainability is basically normative and cannot be built 

on scientific principles alone. In line with the thinking of ecological modernisation sustainable 

development is also mostly linked to the belief of continuing economic growth and decoupling from 

environmental degradation. In China the development of ecological civilization is very much based on the 

thinking in line with this thinking but maybe even in a stronger way. In China ecological engineering is 

also part of a cultural tradition; humans can make nature better to fit their purposes. The Chinese tradition 
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is also somewhat like “learn as you go” ("Crossing the river by feeling the stones" - as the late Chinese 

leader Deng Xiaoping is frequently quoted). As discussed in the introduction to the thesis, the Chinese 

strategy for balancing economic and social development is very much based on increasing urbanisation. 

Urbanisation and increased urban density have also been argued to be important factors for global 

sustainable development. This will be discussed further below. 

9.4    Urbanisation and ecological modernisation – The road to sustainability? 

As mentioned above, the urbanisation rate in China is high and supported by the government.  

This is because it is thought that people’s living standards can only be raised if people move to cities 

where they can find work.  Another reason is also that the factories will also need low cost labour in the 

future. It is also believed that it is only through increased urbanisation, that the domestic consumption 

level that is essential to China’s future economic growth can increase.  

In fact, the urbanisation rate is not only going up in China but in most parts of the world, only on a 

different scale and pattern. According to a forecast recently published by The Swedish National Board of 

Housing, Building and Planning, in 2025 the population in Sweden will be just over 10 million people, but 

most people will live in the three metropolitan regions.  By the year 2050  migration to urban areas will 

result in  the inner cities  becoming  more densely populated, but also result in   metropolitan areas  

including  several cities with their own kernels (Boverket, 2013).  

This urbanisation process will probably increase consumption and the need for resources but might also 

create the necessary density of people and ideas that can solve basic sustainability problems.  

It has become almost a research premise, as opposed to a research question, that cities are at the forefront 

of economic innovation (Glaeser, 2011) even if we can find critical analysis of this premise too 

(Shearmur, 2012).The city is, however, in many ways also a successful story of social engineering.  

Cities are attracting people because they offer job opportunities, a creative and tolerant atmosphere, 

cultural events etc. The mark of the city is its purposive social complexity. As described in the book  

“The Culture of Cities” by Lewis Mumford (Mumford and Turner, 1938): 

“The city represents the maximum possibility of humanizing the natural environment and of naturalizing 

human heritage: it gives a cultural shape to the first, and it externalizes, in permanent collective forms, 

the second.”  

However Mumford also predicts that the cities in the West will increase through a metropolis state and 

inevitably fall apart in a process of destruction of social cohesion and lack of legislative control. 

The innovative climate and the opportunities for personal development is why most cities attract young 

people, who see rural life as restricting, intolerant and circular.  City life creates hope for change.  

China is not different from Sweden in this case. The survival of cities in the future will depend on how 

cities can adapt to new challenges like a changing industrial infrastructure, continuing to attract highly 

educated people and to reduce resource input and decrease environmental degradation of eco-system 

services. Even now foreign companies have begun to hesitate to invest in China because their employees 

are reluctant to move with their families to cities with high levels of pollution. Environmental problems 

also encourage highly educated people to leave China for other countries. 

With a global population reaching more than 9 billion by 2050, the city might be the only concept for 

human settlement that can meet this reality with its density and more effective utilisation of infrastructure. 



78 
 

Does this mean that urbanisation in combination with ecological modernisation is a strategy that will work 

for China? 

Ecological Modernisation emerged in the early 1980s from  a group of scholars in Berlin but, various 

authors pursued similar ideas at the time (Fisher and Freudenburg, 2001). One basic assumption of 

ecological modernisation relates to the possibility for readaptation of economic growth and industrial 

development in order to reduce the ecological footprint and keeping the societies within the carrying 

capacity of the supporting ecosystems. Sometimes the related concept of decoupling of economic growth 

and environmental degradation has been used. Ecological Modernisation includes increases in energy and 

resource efficiency as well as product and process innovations such as environmental management and 

sustainable supply chain management, industrial symbiosis, clean technologies, substitution of hazardous 

substances, and product design for environment. As discussed further below these areas are also central 

areas for Industrial Ecology. There is a common understanding that ecological modernisation will have to 

result in innovative structural change but the question is, on which levels? Is it just about techno-industrial 

progress and related aspects, or must it also include cultural aspects (ecological modernisation of mind, 

value orientations, attitudes, behaviour and lifestyles). The belief that mainly technological changes are 

enough to reduce environmental impacts has been used in several city development projects in Sweden 

under the motto “It should be easy to act right”. This was also a basic thinking behind the development of 

Hammarby-Sjöstad which has been regarded as a showcase for the success of ecological modernization. 

Similarly, there is some debate as to whether ecological modernisation would need to rely mainly on 

government, or markets and entrepreneurship, or civil society, the latter being weakly organised in China.  

As a strategy for change, some forms of ecological modernisation may be favoured by business interests 

because they seemingly meet the triple bottom line of economics, society and environment that is held to 

underpin sustainability, yet do not challenge free market principles. Critics argue that ecological 

modernisation will fail to protect the environment and does nothing to alter the impulses within the 

capitalist economic model of production that inevitably leads to environmental degradation (Foster, 2002). 

As such it is argued that it is just a form of 'green-washing'. Critics question whether technological 

advances alone can achieve resource conservation and better environmental protection, particularly if left 

to business self-regulation practices (York and Rosa, 2003).  

The central question is then if we can decouple economic growth from environmental degradation by 

applying technological innovation and systems thinking, or if we have to change the urban metabolism in 

a more radical way. This is also a central question for how Industrial Ecology should develop in the 

future. There are several factors contributing to the possibility of avoiding more fundamental changes in 

the societal metabolism. One is the strong rebound effect. The rebound effect can be seen as reactive 

effects to technological changes. The direct rebound effect refers to increasing consumption of a good, 

because it can be produced using less material and energy which also reduces the cost thereby enabling 

increased household consumption of the good but also of other goods and services. Another factor is that 

the economic growth in developing countries creates a growing middle class, which is spending more 

money on the consumption of goods and travels. Yet another factor is the growing world population. 

 The population is now over 7 billion. Current UN projections show a continued increase in population in 

the near future (but a steady decline in the population growth rate), with the global population expected to 

reach over 9 billion by 2050. 

 

http://en.wikipedia.org/wiki/Technology
http://en.wikipedia.org/wiki/Environmental_protection
http://en.wikipedia.org/wiki/Self-regulatory_organization
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We have already exceeded the earth’s carrying capacity in many ways and we are now facing a huge 

increase in resource consumption in the developing countries. The scale and pace of China's urbanisation 

continues at an unprecedented rate. If current trends hold, China's urban population will hit the one billion 

mark by 2030. In 20 years, China's cities will have added 350 million people to the urban population, 

more than the entire population of the United States today. By 2025, China will have 221 cities with one 

million–plus inhabitants—compared with 35 cities of this size in Europe today—and 23 cities with more 

than five million. At the same time other developing countries like India, with a similar sized population, 

are going through the same rapid development as China.  

This development, if it continues and nothing suggests otherwise, will cause problems at many levels. 

 One probable outcome is international conflicts around resources. We can see that this feature is already 

beginning to cause concerns. China is signing bilateral contracts with many countries in order to secure its 

resource base, which has started to create political worries around the world. It is also of concern that the 

resources that we are using in such wasteful ways don’t actually belong to us. If we can’t feed, clothe and 

house people peacefully today, how will future generations be able to do so with far fewer resources? 

Further problems are of course connected to environmental impacts that will increase, and this might lead 

to changes in the states of global ecological systems that will totally change the scene.  

Developing more sustainable cities also has a democratic aspect. Several cases, like Hammarby-Sjöstad, 

which have been successful in Sweden, have used a more participative planning process compared to 

China where the top-down perspective still dominates (as described in Chapter 4). This is not a feasible 

strategy for China in the future. The top-down planning concept cannot deal with all the challenges and 

with a rapid change in factors influencing cities’ development, nor can it utilise the innovative power of 

the city. Given the nature of sustainability and the complexity of  urban systems, no one can claim the 

privilege of knowing the truth; decisions involving the public must be made under conditions where 

values and assumptions are explicit (Ehrenfeld, 2007a). Only by participatory principles can new 

narratives be formed out of people’s changing attitudes. Today the people in China are looking towards 

modernity, which grows from a context where many things in daily life are connected to a low quality of 

life. A hope for a better life in the future where many wishes can be fulfilled is gaining momentum.  

New narratives have to change the concept of modernity into less resource consuming images. It is still an 

open question as to how this can be done.  

We can now witness different movements, mainly from the western culture, formed around the problems 

and solutions for a sustainable future and the problems facing ecological modernisation. To highlight two 

of these radical directions without trying to be in any way comprehensive can reveal possible directions. 

The more radical apocalypse stories have been left out. These often suggest that the earth would be better 

without humans and this will soon be the situation. It is interesting to note how popular these more or less 

dystopian stories are when it comes to books and movies e.g. The Road by Cormac McCarthy and 

Margaret Attwood's Madd Addam. 

Examples of more radical trends for thinking about future solutions are: 

1. Continuing development of the ecological modernisation path by using more technology. 

Ideas around this standpoint are developed in the book The God Species: How the Planet Can 

Survive the Age of Humans by environmental writer Mark Lynas. This book is structured around 9 

planetary boundaries (thresholds) as proposed by a group of Earth system scientists and 

environmental scientists led by Johan Rockström in Sweden. The book challenges several beliefs 
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usually held by environmentalists, arguing that technology like nuclear power and genetic 

engineering are useful and necessary tools to keep the Earth system within planetary boundaries, 

and that the Green movement's insistence on lifestyle changes and opposition to economic growth 

are unlikely to work. This could be seen as extreme beliefs in that techno-industrial progress will 

be the future solutions for sustainable urban development. 
 

2. The end of ecological modernisation 
 

The Dark Mountain Project represents movements that do not believe in the pathways along 

which ecological modernisation is developing. It is a network of writers, artists and thinkers who 

see the world as entering an age of ecological collapse, material contraction and social and 

political unravelling.  They want “their cultural responses to reflect this reality rather than 

denying it”. The Project grew out of a feeling that contemporary art and literature were failing to 

respond honestly or adequately to the scale of our entwined ecological, economic and social crises. 

The Dark Mountain Movement believes that writing and art have a crucial role to play in coming 

to terms with this reality, and in questioning its foundations. They think that the narratives we tell 

each other about the fact that civilisation must be changed in order to change our future.  

Dark Mountain is not a political or climate movement - it is a cultural movement.  

One representative for the movement is David Jonstad, author to the book Kollaps. 

These two different trends described above might point forward to a strengthening or rethinking of 

ecological modernisation. If we really want to continue trying to decouple economic growth from 

environmental degradation, we might have to rethink technologies like nuclear power, genetic engineering 

and carbon capture and storage in the future which environmentalists today are opposing. It is interesting 

to note that in this way China is much less questioning of these technologies.  

The other way out is to live in the hope that ecological modernisation will work and develop new 

narratives of the future, narratives that are still to be revealed. One such path is also to leave the 

anthropocentric view which can be said is embedded in ecological modernisation. The development of a 

more nature-centred philosophy can be found in Deep Ecology, a term which was coined by the 

Norwegian philosopher Arne Næss in 1973. In this philosophy there is a belief that the living environment 

as a whole should be respected and regarded as having certain legal rights to live and flourish.  

This is quite far from the thinking in Chinese culture with a much more anthropocentric view where nature 

can be formed to fit into the human culture. This does not mean that Chinese culture does not accept the 

thinking that human culture is dependent on eco system services, but that even these can be shaped to suit 

human purposes. The ideas in Chinese culture are very much based around harmonious coexistence where 

the visual experience of nature is in the centre.  

These questions above do not have answers that can be based on scientific enquiries but are merely based 

on our personal values and cultural background. Technology and facts is one thing. To choose is another. 

Facts alone don’t tell us what to do; it is in the end a question of values. Wise and informed people can 

take different decisions based on the same facts. We can probably agree that the city metabolism must 

undergo radical change in order to meet the future challenges and become more resource efficient and 

dematerialised. Taking all these reflection into account, which role then can Industrial Ecology play when 

it comes to developing new roadmaps for sustainable urban development? How can Industrial Ecology as 

a discipline contribute to urban planning, through continuing ecological modernization or through finding 

more radical ways to change urban metabolism? This will be discussed further on below. 
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9.5    How can Industrial Ecology contribute to the planning of more sustainable 

cities? 

The concept Industrial Ecology was established for the first time around 25 years ago when Robert Frosch 

and Nicholas published what would prove to be a seminal article in  the field of industrial ecology  

(Frosch and Gallopoulos, 1989). The article was titled “Strategies for Manufacturing” and asked the 

question: can the industrial way of life be maintained without exhausting resources, generating 

unmanageable amounts of waste and poisoning the environment? The paper discussed how wastes from 

one industry could serve as the raw materials for another, thus providing an industrial ecosystem 

characterised by dematerialisation and closed-system manufacturing. The original idea was thus that 

Industrial Ecology was a metaphor for an ecological system with a more or less closed loop and without 

final waste. The origin of Industrial Ecology is thus thinking around industrial symbiosis where material 

and energy flows should mimic natural ecosystems and basically reduce waste. Starting with industrial 

systems this metaphor has also been brought into urban metabolism.  

The central idea behind Industrial Ecology is cyclic thinking and this has come up as a way to solve many 

of the problems around resource efficiency in our societies and it can be said to be a central concept of 

hope for ecological modernisation. Often these concepts are developed in order to change what is said to 

be a more linear thinking of resource use today in our industrialised society. Examples of concepts used 

are eco-cycle models, closed loop systems, circular economy, and circular urban systems. In these 

concepts there is often some kind of metaphor used for the relationship to ecosystems in nature as within 

the field of Industrial Ecology. But is that metaphor and thinking productive and is it correct? 

Let us take a closer look at what is called “zero waste”, which is a philosophy that encourages the redesign 

of resource life cycles so that all products are reused or recycled. No trash is sent to landfills and 

incinerators. The process recommended is one similar to the way that resources are reused in nature.  

A working definition of zero waste, often cited by experts in the field, originated from a working group of 

the Zero Waste International Alliance in 2004. Here we can find analogies with nature expressed as  

“In the living world there is no landfill.” 

This is quite a common idea that natural ecosystems are closed loops and that they produce no waste.  

But is this true? It is sometimes almost a mystical theory about nature that it has a built in intention not to 

produce waste. The idea is basically false but it depends a little on how you draw the system boundaries in 

time and space. The earth is an open system regarding energy but a closed system when it comes to 

material. This means that materials are in continuous movement on shorter and longer time scales on 

earth. Ecosystems on local levels are open systems when it comes to energy and they are often also open 

when it comes to material flows. Earlier in the earth's development, material flows were open so large 

amounts of substances were deposited as "waste". Examples of such processes are of great importance to 

humans today, as the free oxygen in the air, fossil fuels, phosphate from wildlife, sediments in  

nutrient-rich sea to fertilizers, limestone layers of dead organisms used in cement. In that, material flows 

were not confined to closed cycles, resources were allocated for our use today. Life has over millions of 

years evolved into an increasingly complex network of relative stability. Stability is also something that is 

argued for when it comes to developing urban systems analogous with ecological systems. However 

ecological systems may have multiple, or no, stable state(s).  On certain coarse scales, ecological systems 

may be stable, but at fine scales, they may rarely be stable. Alternatively, shifting conditions and 

thresholds may cause systems to jump from one stable state to another. These jumps might be irreversible, 

http://www.is4ie.org/Content/Documents/Document.ashx?DocId=29026
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which is one of the great uncertainties when it comes to human impacts on ecological systems.  

Our impacts can alter the state of ecosystems in an irreversible way. This point suggests that resilience in 

the evolutionary sense might be a more appropriate criterion of measuring the persistence of ecological 

systems than stability or equilibrium. The conclusion is that the analogy with ecosystems about closing the 

loops is basically not correct and maybe less fruitful to build on for further developments in Industrial 

Ecology. 

There is also a mutual interdependence between cities and rural areas. The city is an arena for commerce, 

culture, meetings, public service and broad labour. Rural areas offer food, water, energy, ecosystem 

services, labour and recreation but also serve as the city's purification organs. Today, resources flow one 

way, from the rural areas into the city. It is this imbalance that causes problems for both cities and 

countryside. The mental distance to the biological basis we are all dependent on increases environmental 

and welfare-related health problems. For rural imbalance, it means that resources such as phosphorus, 

human capital and ecosystem services are being undermined. The claims on land and resources, combined 

with an economic drain, gives rural residents a lack of confidence in government and the consumer.  

The contracts and flows between the city and the countryside must be developed in more detail to find 

sustainable solutions.  

The idea of closed-loop urban systems has been brought forward in many papers. But is the thinking 

correct and productive?  One case which has been cited and analysed in many articles is the residential 

area Hammarby-Sjöstad in Stockholm.  

In one paper (Pandis Iveroth et al., 2013) the authors write the following sentences: 

“These ambitions were later expressed in the Hammarby Model, an integrated infrastructural system 

aiming to minimize the metabolic flows of the district by closing its material and energy flow” 

“Such integrated solutions represent efforts to close material and energy cycles to give urban areas the 

characteristics of ecosystems, which is congruent with viewing urban metabolism as a circular, rather 

than linear process.” 

“The municipality envisaged a solution designed specifically for Hammarby Sjöstad. They wanted the 

loop to be closed within - and restricted to - the district as locally as possible.” 

However, when analysing the Hammarby model, it is difficult to find these “loops” in practice. 

 Water is passing into the area and out to the recipient after treatment as in any area. There is an energy 

recovery but that can hardly be called a loop. Materials coming in to the areas are partly going to 

incineration where energy is recovered but that is not a loop. What is achieved is more of a ladder where 

material is used and at the end turned into energy and dissipated. This might be questioned from  

a sustainability point of view because we degrade material resources and create higher entropy. 

The ideas behind the Industrial Ecology metaphor and how productive it is have been discussed in many 

articles. Ehrenfeld discusses the metaphor (Ehrenfeld, 2004a) and concludes that most work within 

industrial ecology has been based on the flow aspects of the ecological metaphor—LCA, MFA, exergy 

analysis, for example. Less has been done to explicate its structural or systems aspects such as 

interdependence, closed loop, community, or locality. And further on in the same paper he writes: 

“As I noted earlier, while there is current criticism (which criticism is likely to continue into the future) 

about the scientific basis of the ecological metaphor, there is little or no argument that the industrial 

ecology metaphor can serve as a powerful tool to get the creative process going.” 
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In the paper The Ecosystem: Model or Metaphor? (Hess, 2010) the author puts forward: 

“From an epistemological standpoint, the argument can nevertheless be made that the analogy between 

natural ecosystems and industrial activities—on which industrial ecology is based—still remains too 

vague to be totally operational.”  

Hess also takes up the more interesting question about the difference between a model and a metaphor. 

 It seems that Industrial Ecology serves more as a metaphor than a model that can be used in some way to 

understand urban metabolism. 

Research for more sustainable urban pathways has to take its starting point out of the complex reality and 

try to create not only awareness but also action. This is a great challenge for the discipline of Industrial 

Ecology, which grew out of industrial metabolism, and it has big problems to integrate the concept of 

sustainability into the traditional methods stemming from metabolic thinking and quantitative modelling. 

It has been argued here that the classical metaphorical model Industrial Ecology lacks power to address 

the full range of goals of sustainability (Ehrenfeld, 2007b).  

These discussions around metaphors have been developed more by researchers in ecology, who have 

brought in more specific and maybe more productive (this still remains to be seen) ideas about how to 

apply eco system thinking into urban development. New development in the theory of resilience in 

ecological science can  create closer links between urban designers, ecologists, and social scientists 

(Pickett et al., 2004). The author proposes that new insights around ecological resilience are also the likely 

components of integrated planning-ecological models that emerge from linked ecological and social 

science perspectives. 

One of the points discussed by ecologists is that it is important to clarify the difference between analogy 

and identity. While Industrial Ecologists have described urban systems analogous to an ecosystem, 

ecologists point out that it actually is one (Golubiewski, 2012).  Analogies are comparisons that allow 

inferences to be drawn based on parallels of partial similarity (Ehrenfeld, 2003). 

The classical ecosystem analogy omits aspects of human social and cultural life central to sustainability. 

But by moving beyond this model to more recent ecosystem models based on complexity theory,  

the field can expand its purview to address sustainability more broadly and powerfully. Complex models 

of living systems can also ground alternative normative models for sustainability as an emergent property 

rather than the output of a mechanistic economic model for society’s workings (Ehrenfeld, 2007b). 

However there is a central difference between natural eco-systems and human social systems.  

Eco-systems with non-human species are what they are. Humans have the unique capacity to reflect over 

their systems and can by intellectual mean change conditions to favour survival. This is an extremely 

important factor when comparing urban metabolism with natural eco-systems. 

To conclude, there are many problems with using Industrial Ecology as a metaphor for ecological systems. 

The original idea of creating closed loops in urban systems analogous to ecological systems does not hold 

true on closer analysis. Ecological systems are open systems for energy and partly open for materials. 

Ecological systems maintain relative integrity by using energy at a higher quality and emit energy at a 

lower quality. It seems that the most promising ideas around the metaphor today is on the border between 

urban system design and ecological science, in the study of how urban systems can build resilience taking 

into account the human conscience. If Industrial Ecology continues to try to approach sustainability 

problems in society only by using its quantitative toolbox with LCA, MFA etc. it will have difficulties to 
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get close to decision processes in cities. This has already been shown to be the case. Industrial Ecology 

needs also to develop new paths in multidisciplinary science with social science and ecologists and with 

practitioners like urban planners. Sustainable development and ecological modernisation are very much 

built upon an idea to follow the same pathway even if it proves to be a blind alley. When this development 

is institutionalised in our companies, authorities and funding organisations it becomes a huge tanker 

whose course cannot be changed while everyone on it enjoys some temporary benefits.  

This means a development which is simply an extrapolation of the past, except that we should be more 

efficient and fair in going about our business (Ehrenfeld, 2004b). In Ehrenfeld's perception of how 

sustainable development is used we can see a clear similarity with the concept of ecological 

modernisation. Sustainable development means that we can continue with economic growth at the same 

time as staying within ecologically acceptable boundaries.  

We will need the metrics developed in Industrial Ecology but we will also need more fundamental 

thinking about new paradigms and narratives for frameworks for sustainability that extends from the 

existing practice around ecological modernisation. This will be the most interesting development for 

Industrial Ecology. Several new approaches for metabolic thinking are also developing out of Ecology 

thinking, which is of interest for Industrial Ecology. One is Urban Ecology, which is the scientific study of 

the relationship of living organisms with each other and their surroundings in the context of an urban 

environment. The urban environment refers to environments dominated by high-density residential and 

commercial buildings, paved surfaces, and other urban-related factors that create a unique landscape 

dissimilar to most previously studied environments in the field of ecology. Another more loosely defined 

area is Human Ecology, which is the study of the relationship between humans and their natural, social, 

and built environments. 
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Chapter 10 – Results and Conclusions 

China and several other developing countries are going through a growth in economy and resource use 

increase at a pace that is unknown to history. There is no historical experience to judge from how this 

development will end. Will it be one more story of how civilisations were raised and collapsed during our 

human history? China is currently a living lab with experiments in developing more sustainable cities 

based on a number of concepts and frameworks, some of them imported. Arguments have been put 

forward that the first real eco-cities will be built in China because of the more effective planning and the 

concentration of large resources that is taking place there. 

With the increasing number of people moving into cities and the growing global population,  

urban sustainability is more and more becoming the essential issue in the overall discussion of global 

sustainability. China has the largest population of all countries in the world and soon it is expected to have 

the largest economy. The country already has the highest number of cities in its history. The rapid 

urbanisation process and fast economic growth together with the scale of the population is challenging its 

own city functions and the whole world because of increasing resource consumption and related 

environmental impacts. 

To address the environmental challenges caused by and in the cities and to balance its economic growth 

with the social and environmental aspects, China has made itself a vast living laboratory for sustainable 

urban development approaches. Many city concepts such as green city, garden city, eco-city and  

low-carbon city have been promoted and practised in the past two decades at different levels and scales. 

The reasons why so many concepts have been used in China are: the vague definition of sustainable 

development; different governmental departments have been engaged in promoting different concepts 

with different focuses; the concepts involved change with time. One common feature of these concepts is 

that none of them is well defined. However, there is a clear trend that suggests the concepts are becoming 

more comprehensive regarding their coverage of aspects of sustainability.  

Case analysis concerning the use of the more popular concepts eco-city, low-carbon city, low-carbon eco-

city, eco-civilization and other experiences shows that the lack of definition of these concepts and the lack 

of scientific indicator systems are important barriers in practice. It’s not possible to clearly define these 

concepts because they are more or less value based, but it is desirable to develop more scientifically based 

frameworks within which  planning can be carried out. Another barrier is that urban planning in China is 

rarely effective because it is in a somewhat confused state between the old Soviet style of centralised 

planning and a growing market economy. Concepts like low-carbon eco-city are introduced top-down and 

are hardly understood among local planners. 

The review of the frameworks used for developing sustainability plans, and the indicator systems adopted 

by cities (mostly internationally) shows that there is no best practice that Chinese city can borrow 

experiences from. There are probably as many different frameworks as the number of vague definitions of 

sustainability. What can be learned from the literature is that a cross-sectoral approach, a participatory 

process and a scientific basis are important factors for making more successful sustainability plans. One 

should keep in mind that framework for sustainability always involves values. The question is whose 

values should decide the future. A framework has to be flexible enough to suit the Chinese urban planning 

system. China’s transitional institutions and the exploratory reforms have resulted in unique features of its 

urbanisation process, which have been constantly challenging the urban planners.  Urban planning has 

been used as a tool for central and local government to support economic growth.  Frequent revisions of  
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the planning, the hierarchical management and approval regulations have resulted in master plans not 

being so effective in practice.  

When it comes to indicator systems, the literature review indicates that there is no clear consensus on 

either indicators or the organisation of indicators. Regarding the subjective background for sustainability 

frameworks it is however clear that the choice of indicators must be anchored at a local level and from 

local perceptions of sustainability. 

The case study for Xuzhou in this thesis has shown that a process oriented and simpler framework for  

eco-city development can be applied in a Chinese context. A three level approach has been used in order 

to escape from the trap of trying to find exact definitions for the concepts used in China. Depending on the 

ambition level chosen by the city, different planning methods should be applied and different sets of 

indicators should be chosen. 

What is needed in order to go forward in China is a more participatory planning structure at local levels 

including involving the public and NGOs. This is because of the values included in sustainability 

frameworks. If the development of a framework is not anchored in a broad participatory process the 

chance for success is diminished. There is little sign of this development today in China where local 

engagement in environmental issues is made more difficult through legislation. Taking into account the 

subjective character of sustainability frameworks it is also clear that China has to develop its own 

narratives for sustainable urban development based on its own culture. The import of more or less  

ready-made solutions for urban development from western countries has not been successful in China. 

Looking into the future we can see that the need for resources in the world will grow in an almost 

uncontrolled way for several reasons and there are no signs that this development will phase out.  

The question has therefore been raised, if development based on the ecological modernisation theory that 

we can decouple economic growth from environmental degradation by applying new technologies and 

system thinking is a feasible way forward, or, if new more radical ways to change the urban metabolism 

have to be found, based on totally new narratives for the future. The challenge for Industrial Ecology will 

be to tie together industrial metabolism with urban metabolism into models for increasing resource 

efficiency in the overall metabolism including the use of natural resources from agriculture, forestry, 

mining and the harvesting of resources from sea. The models also have to carefully consider links between 

energy and material and on which system level more resources efficient solutions can be found. 

Industrial Ecology can develop into a science for decision-making support in the planning of sustainable 

urban development. However, new research as well as new methods is needed to handle the complex 

issues of the normative component in frameworks for sustainability and expanding the thinking around 

ecological modernisation. Research in developing quantitative metabolic models has to be complemented 

with the formulation of research questions together with practitioners and other disciplines like urban 

planning and ecology, in how to create more radical changes in urban metabolism. This will need 

participation of many movements in society trying to formulate new narratives for the future.  

There are many examples of such movements aiming at trying to change consumption patterns in society  

e.g. collaborative consumption, which is an economic model based on sharing, trading, borrowing or 

lending instead of owning. 
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The results from this thesis points out several important areas for further research: 

 How can different concepts like sustainable city, eco-city and eco-civilization be understood and 

compared in the context of Western and Chinese culture?  

 How can eco-cycle models for higher resource efficiency be formulated and integrated into urban 

planning in order to find ways of changing urban metabolism in more radical ways than just 

ecological modernization and solve problems with rebound effects on a global scale? 

 How can we use transdisciplinary methods to merge thinking from different disciplines like urban 

planning, Industrial Ecology, Ecology, Urban Ecology, Human Ecology etc.? 

The Industrial Ecology community should have an overall vision of bridging science and practice toward 

sustainable futures for urban development. This will include new methods to handle both scientific 

approaches to resource problems as well as normative frameworks for sustainable development.  

Believing that Industrial Ecology can develop further on some kind of objective engineering track will 

reduce the potential power of the multidisciplinary thinking in Industrial Ecology and reduce the 

possibilities in going from awareness to action. 
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Appendix-1-List of Indicators  

Below are examples of indicators that can be used in each urban system. The given indicators are just 

examples and by no means comprehensive. There exists a more comprehensive list with more than 300 

indicators which has been collected during the thesis work. 

Urban Systems   Indicators  

Energy 1. Total primary energy consumption per year 

2. Total primary energy consumption per capita/unit of GDP  

3. Total electrical consumption per capita/unit of GDP 

4. Proportion of renewable energy in primary energy 

5. Installed capacity for renewable energy 

6. GHG emissions tons /per capita/GDP 

7. Total Share of Renewable energy consumption for social and public housing 

8. Share of social housing units, public buildings and community centres connected 

to district and group, heating systems, % 

9. Number of CHP units within the private housing and commercial sectors 

10. Proportion of energy-efficient building and green buildings 

Water and 

Waste Water 

1. Total water consumption per capita/ unit of GDP  

2. Freshwater usage per unit of industrial added value 

3. Water supply from non-traditional sources 

4. Quality of water from pipe network meeting national drinking water quality 

standards 

5. Percentage in water lost in transmission  

6. Percentage of wastewater receiving no/primary/secondary/tertiary treatment 

7. Proportion of outdoor soft surface 

8. Proportion of population with access to adequate and safe drinking water 

9. Urban sewage centralized treatment rate 

10. Share of buildings with separated black water/grey water solutions 

Solid Waste 1. Total waste generated per year/ per capita 

2. Total municipal waste generated per year/ per capita 

3. Municipal solid waste sorting rate at source  

4. Percentage of solid waste disposed to sanitary landfill/incinerated and burned 

5. Percentage of  municipal solid waste recycled 

6. Percentage of  industrial solid waste recycled 

7. Reuse and recycle to agriculture  

8. Collection of hazardous waste 

9. Reuse and recycling to agriculture 

10. Effectiveness of resource and energy reuse in waste treatment 

Traffic and 

Transport 

1. Personal automobiles per capita 

2. Proportion of commuters taking public transportation  mode to work 

3. Annual number of public transit trips per capita 

4. Average travel speed on primary thoroughfares during peak hours 

5. Transportation fatalities per 100,000 population 

6. Mode of transportation used by children to travel between home and school 

7. Construction of bicycle roads  

8. Local strategies and parking restrictions 

9. Time difference ratio bike/car and public transport/car 

10. Proportion of the population living within 300 meters of frequent public transit 
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Urban 

Functions 

1. Density of the urban population 

2. Living space per capita  

3. Playground per 1000 inhabitants  

4. Proportion of city area that is green space  

5. Local accessibility to park and public space 

6. Urban environmental quality  

7. Percentage of social/affordable/priority housing  

8. Share of preserved national wetland(including restored and created wetland) 

9. Percentage of  heritage buildings protected 

10. Area where public traffic is achievable within 500 m 

 

Health 1. Mortality rate of children under 5 

2. Annual daily PM2.5 concentration in milligrams per m
3
 

3. No. of days per year in which ambient air quality meets or exceeds national air 

quality standards 

4. %  population with access to primary health care facilities 

5. Morbidity of major diseases such as HIV/AIDS, malaria, tuberculosis 

6. Existence and level of implementation of air quality management plan 

7. Number of hospital beds per 1000 people  

8. Doctors per capita 

9. Proportion of population affected by industrial emissions to air 

10. Number of people with respiratory problems 

Social 1. Measures of income distribution and inequity 

2. Share of population exposed to long-term high level of environmental noise 

3. Proportion of population aged 18 and over with less than a high school diploma 

4. Average capacity of primary and secondary school classes 

5. Population receiving social assistance 

6. Violent crime rate per 100,000 population 

7. Suicide rate 

8. Citizen satisfaction with environment quality 

9. Public facilities like Museums and Libraries  

10. Proportion of urban population living in slums 

Economic 

Development 

1. Annual GDP growth rate 

2. GDP per capita 

3. Urbanization rate  

4. Material intensity of the economy 

5. Net export growth rate 

6. Foreign direct investments 

7. Unemployment rate of working age population 

8. Average housing cost as proportion of average income 

9. Internet users per 100 population 

10. Business with environmental certification  

11. Inflation rate 

12. Gross domestic expenditure on Research and Development as a % of GDP 

13. Number of Small and medium sized enterprises 

14. Enterprises in the area of clean tech 
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Primary 

Industry 

(farming,  

forestry,  

animal 

husbandry and 

fishery) 

1. Efficiency coefficient of irrigation water 

2. Share of preserved farmland  

3. Arable and permanent cropland area 

4. The proportion of primary industry in GDP  

5. Total energy consumption of primary industries 

6. Electricity consumption of primary industries 

7. Share of energy consumption by primary industries  in total  

8. Share of electricity consumption by primary industries in total  

9. Amount of imported fertilizers  

Secondary 

Industry 

(Mining and 

quarrying, 

manufacturing, 

production and 

supply of 

electricity, 

water and gas, 

and 

construction.) 

1. The proportion of secondary industry in GDP  

2. Proportion of energy-efficient buildings and green buildings  

3. Proportion of energy-efficient buildings reconstructed from old buildings 

4. Total energy consumption of secondary industries  

5. Electricity consumption of secondary industries 

6. Share of energy consumption by secondary industries  in total  

7. Share of electricity consumption by secondary industries in total  

8. Secondary industry solid waste treatment rate 

9. Total volume of solid waste generated in secondary industry 

Tertiary 

industry  

(Service 

industry) 

 

1. No. of R&D scientists and engineers per 10,000 labour force  

2. The proportion of tertiary industry in GDP  

3. City expenditure on public recreation as a percentage of overall city budget  

4. City expenditure on culture as a percentage of overall city budget  

5. Total energy consumption of service industries  

6. Electricity consumption of service industries 

7. Share of energy consumption by service industries  in total  

8. Share of electricity consumption by service industries in total  

9. Service industry solid waste treatment rate  

10. Tourism contribution to GDP 
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Appendix-2-Principle solutions for major sustainability challenges in Xuzhou 

Major challenges to be met in 

the plan for 2030/2049 for 

becoming an Eco-City 

Principle solutions 

Reduce the use of coal, and CO2 

emissions 

Gradually develop more use of natural gas 

Combine the landfill with a plant for upgrading biogas 

Establish a biogas driven CHP plant that also can use long term storage of energy in 

abandoned coal mines 

Install incineration plant for sorted solid waste 

Lack of developed system for 

handling of municipal, industrial 

and construction solid waste 

Develop an advanced Eco-city area within the city and use it for demonstration of new 

solutions e.g. for solid waste handling, renewable energy 

Low utilization of resources in 

waste water 

Install biogas plant as part of new waste water treatment plant 

Recover phosphorous through incineration ashes for use in establishing green areas 

Lack of effective control of fresh 

water resources concerning use 

and effluents 

Monitoring and management plan to establish control of use of water and of pollutants 

Traffic with expanding number 

of cars and insufficient effective 

public transports 

Emissions of PM 2,5 

 

Develop green continuous bicycle and walkways which are connected to park areas 

Develop BRT lines with gas buses 

The new master plan must focus on changing the relation between different transport 

systems and handle logistics for transports in and out of the city 

Reduce traffic in central parts by reducing space for cars and increasing space for public 

traffic 

Build parking places in the outskirt of the city centre 

Climate change effects Use simple principles with tree cover and architecture for the mitigation of the heat island 

effect 

Use storm water channels for flooding prevention and for creation of green/blue 

structures 

Sinking coal mine areas which 

creates new artificial wetlands 

Develop a district with a green/blue structure that supports and develops ecosystem 

services and biodiversity  

Lack of knowledge for Eco-city 

principles among public 

Develop new  districts with supporting more sustainable lifestyles where residents and 

practitioners develop their knowledge and ability to live and work sustainable through 

e.g. local markets 

 

Safety and security 

A function of mixed and safe neighbourhood with integrated activities, housing, services, 

Avoid creating gated communities 

Solar lighted walkways and bicycle roads 

Inequity between citizens Accessible health care and education and with a varied urban space that is alive and 

accessible to all  

Affordable housing 

Establish urban farming land in areas to which rural populations are moved 

 

Risk for new “urban deserts” 

An economically vital neighbourhood that blends housing, services and commercial 

activities and providing accommodation and operating a local supply of fresh food 

Environment profiled trade and services as well as advanced ICT services accessible to 

all 

Requirements to live in apartment you buy 
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Appendix-3- Part of the conceptual map for visualizing unsustainability in Xuzhou related to the urban 

systems water and energy 
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Appendix-4-List of Publications 

Conference publications 

Liu, H. & Wennersten, R. 2011.Can China learn from developed countries when it comes to technology 

applications and governance principles for more sustainable cities? (Poster).In: 6
th
 International Society 

for Industrial Ecology Conference. Berkley, USA 

Liu, H. & Zhou, G. 2012.Analysis of sustainable urban development approaches in China (Poster). In:  

Industrial Ecology Gordon Research Seminar: Addressing the Challenges of Sustainable Development, 

June 16-22 2012 Les Diablerets, Switzerland. 

Journal publications 

Liu, H., Zhou, G., Wennersten, R. & Frostell, B. 2014. Analysis of sustainable urban development 

approaches in China. Habitat International, 41, 24-32. 

Liu, H., Wennersten, R., Luo, P., Jiang, L. & Dong, W. A Conceptual Sustainability Framework for Eco-

city Development in the City Core of Xuzhou. Submitted to Journal of Urban Technology, 2013 

Liu, H., Eco-city Frameworks and indicators-the relation to sustainability, to be submitted to Cities, 2014 

Liu, H. & Wennersten, R., Planning and implementation of Low Carbon Eco-Cities in China, Abstract 

accepted for submission of full paper to Journal of Cleaner Production, February, 2014 

 

 


