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Abstract 
China has in the past few years had a rapid economic growth. This fast growth has had its bad impact 
on the environment. According to Centre for Environment Technology (CENTEC) within the Embassy 
of Sweden in Beijing, China is now the world’s largest emitter of greenhouse gases and utilizes 87% 
fossil fuels in their energy production. The economic growth has now started to stabilize and the 
government is now putting more focus into the upgrade of the environment. A step towards 
environmental sustainability is the introduction of eco cities as a new method in city development. 
China has taken the help of Swedish planners and architects in the overall planning of their eco cities 
mainly due to Sweden’s successful eco city project of Hammarby Sjöstad. The Hammarby Model 
which is very popular with the Chinese actors includes synergetic systems of technical solutions in 
the urban city district. One of the main synergy is the reuse of waste in the district heating system. If 
this synergetic system can be applied in the Chinese eco cites are explored by four case studies, two 
of Swedish eco cities with district heating as a base for heat production and two planned eco cities in 
China which will use Swedish eco city ideas and concepts. For start, interviews with district heating 
companies in Sweden are done to define district heating and its role in eco cities. Interviews with 
Swedish planners are done to gather their point of view of sustainability in eco cities. Furthermore 
interviews are done with Chinese planners and engineers to know if the ideas and concepts provided 
by Sweden are suitable for the Chinese eco city conditions. The result shows an insufficiency in the 
dialogue between Swedish and Chinese actors, the plans made in initial stage by Sweden might not in 
the end be used by China as it is not suited for Chinese condition. Thought China does consider 
district heating as a sustainable heating method it does not always apply to the Chinese conditions. 
China needs to find their own synergetic relationship with the surrounding provided.  
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Introduction 
Pollution is one of the major problems addressed in the society today.  A need for deceasing carbon 
emission and increasing use of recyclable natural resources has led to the implementation of 
agreements such as the Kyoto Protocol and Agenda 21. China being one of the most polluted 
countries in the world is in need to reduce its carbon emission. A step towards this is the introduction 
of eco cities in China. Sweden has long been one of the leading actors in sustainability and carbon 
reduction worthy of the European Green Capital award in 2010 for the city of Stockholm. The award 
was given mainly due to the decrease in carbon emission with 25% per inhabitant since 1990 and the 
goal of becoming fossil fuel free by the year 2050. Stockholm has long been known for one of the 
leading cities when it comes to eco urban district development; Hammarby Sjöstad with the famous 
Hammarby Model. The Hammarby Model display a well functioning synergy between technical 
solutions of a city district, these include heating, hot water, electricity, waste, sewage and fresh 
water solutions. An exclusion of any element would disturb the synergy balance. In this paper focus is 
on the heat production and that of district heating system since the heating systems in Swedish eco 
cities are district heating based. The question is then how district heating systems contributes to 
sustainable development in Sweden and if this can be applied to Chinese eco city development.  

Aim 
The aim of the paper is to find out how district heating system contributes to sustainable 
development in Sweden and in China. In order to do so, the characterization of district heating and 
sustainability needs to be defined. The focus will be on Swedish district heating which is an important 
part of the synergetic system displaced in the Hammarby Model. How this is exported to China and 
how this can be applied on Chinese eco city development will be explored through case study 
research.  

How Swedish sustainable technology will help the Chinese eco city development will be found out in 
this paper. The result will aid future Swedish planners and architects as well as Chinese developers 
and investors to learn about how different background of the two countries effect the development 
and result of sustainability which in turn affect the development of eco cities.  
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Methodology 
To get a better understanding of the differences between the Swedish and Chinese interpolation of 
eco city development a background study has to be done on the formulated reason behind each 
country’s focus and motivation on sustainability and the development of eco cities.  

With this background information a deeper look into the current existing eco cities is examined 
though four case studies of Hammarby Sjöstad and Norra Djurgårdsstanden in Sweden, and 
Caofeidian and Wuxi eco-city in China.  

The main focus is on their heat system solutions. In the first two case studies focus is on the Swedish 
district heating system and its importance in the eco city resolution. An investigation is done on how 
the Swedish district heating solution can contribute and improve the Chinese eco cities. This is 
carried out through interviews with heating companies in China as well as with district heating 
companies in Sweden. In order to carry out the interviews, first a stakeholder analyse is necessary to 
explore which stakeholders are influential in the improvements of the Swedish and Chinese heating 
system in eco cities. 

Case study 
Guba (1978:44) as cited in Merriam (1988) identifies a research problem as “a situation that is a 
result of interaction or collocation of two or more factors”. Merriam (1988) elaborates that practical 
situations as well as personal experiences often acts as a base for research problems that are suitable 
for evaluation. The problem of the thesis was identified based on mere interest and curiosity formed 
into a specific formulation of the problem. The methodological process of the thesis was developed 
based on the curiosity of the situations or in this case, case studies that have been accounted 
beforehand. These specific cases were chosen due to previous encounters with the cases and due to 
recommendations from a more experienced party. 

The case studies in this paper are based on qualitative research. The qualitative case study has a 
focus on the process rather than the product. How the events that led to the product are 
interoperated by the researcher based on own knowledge of the phenomenon at hand, this is more 
important than to confirm existing theories by providing data and numbers. Methods Merriam (1988) 
states is that most empirical case studies are based on the qualitative rather than the nature of 
quantitative. Qualitative case studies have a large focus on the discovery, knowledge and 
interpretation than on the verification of hypothesis. Yin (1984) further notes that case study is a 
research method which suit situations where the variable of the phenomenon is undistinguishable 
from the context or the surrounding situation. As in this case to distinguish if district heating is in fact 
sustainable in its surrounding situation. Merriam (1988) describes four basic qualities for qualitative 
case studies; they are particularistic because they are focused on a specific situation or phenomenon, 
they are descriptive in the nature that they describe and relate to the surroundings with as many 
variables as possible, this in turn reflects the use of literature, interviews and document research 
done surrounding the case. This leads to case studies being heuristic in a way that they increase the 
reader’s understanding of the phenomenon at hand. Qualitative case studies are also inductive that 
the process and own interoperation are important to discover new understanding and hypothesis.  

The case study process can be related to the study of ethnography (Merriam, 1988) where a set of 
methods are used to gather information done with the social environment and culture as a focus. 

http://tyda.se/search/heuristic�
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This is needed when two different environment and culture are involved. The information is 
interpolated from the cultural and social view. The current project is also based on a historical 
background of sustainable development, Merriam (1988) describes historical study cases where it’s 
historical framework and development needs to be known before assumption of the current case can 
be made. There is as well a hint of sociology in the case, Merriam (1988) points out that sociological 
study cases has a focus on social aspects and the roll of the human in the phenomenon. The 
historical aspect of the case is especially important because it has the opportunity to contribute to a 
database for future researches evaluation and act as a base for theory such as sustainability. 
According to Merriam (1988), study cases are the best as a research base for empirical materials 
because study cases give a complete and basic description that makes it easy for ‘normal’ readers to 
understand and most importantly evaluates the theory and information raised from the case. Yin 
(1984) adds that study cases are especially used when investigations in real life situation are too 
complex with only experimental strategies and the result isn’t only a singular approach. Collins & 
Noblit (1978) as cited in Merriam (1988) further adds that study cases as field work can easily catch 
situations and environments that are effected by policy, this does not give a statically result but 
reflects more on the actions of individuals in the given situation.   

In a case study research it is particular important to gather all information necessary and possible to 
formulate an interpretation(Merriam, 1988).The general methods for information gathering during 
case studies are through interviews, observation, and document and internet research. Information 
that leads the researcher to the next document or the next interviewer is establish on a theoretical 
base, in this case the theoretical background is based on that of sustainable development and its 
consequence on district heating. Goetz & LeCompte (1984) as cited in Merriam (1988) mention that 
the more information is gathered about the theory the more distinguish can be made of the choice 
of interviewers. The more knowledge we gather about the theory the more it will interact with the 
case study. The meanings of the theories are different and limited to each environment, situation 
and time. It is therefore important to distinguish between the cases and the theory bounded to them. 
Though it is the same theory, the verifying of it can be different. All literature research of the theory 
should be based on earlier work that has been practised in the field in case of repeated research 
topic or lose an opportunity to contribute with important findings. Merriam (1988) also points out 
that a good literature review can draw up guidelines for the research as well as contribute to a well 
formulation of the research topic and interview questions and give directions to methodological 
process.   

In case studies, it is common for some information or all information to be based on interviews 
(Merriam, 1988). Interview is a good way to abstract information from another person that has the 
knowledge, Patton (1984) as cited in Merriam (1988) indicates that interviews are for abstracting 
information that can’t be directly observed; information based on feelings, ideas and intensions, or 
information that has been acted out a long time ago or information that has not been observed by 
anyone, thus interviews are to view another person’s perspective on the matter. This is why a variety 
of interviewers were chosen. The most structured interviews are a verbal version of a written 
interview. Thus a well structured interview according to Denzin (1970, p123) as cited in Merriam 
(1988) is firstly that the responders share the same language, the questions are to be formulated in a 
way that they have the same meaning for all that are questioned, the questions as well as the 
context which the questions are formulated are from should all be synonymous. It is common for 
interviews to be semi structured, this means that a structured interview can be combined with 
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spontaneous questions as information is gathered during the interview. Gathering information 
during an interview also means determining the next interviewer. At the early stage of the research, 
the researchers can find information about who to interview via personal contacts, organisations or 
through news articles. When a key person is found, he/she will point to the right direction of the 
interviewing process by pointing out the next person that should be interviewed thus triggering a 
chain of interviews. The first interviews are therefore part of the primary research leading to the key 
person (Merriam, 1988). In this paper the first interviewers included the planners at Tengbom and 
Sweco who are involved within eco city projects in China; these were appointed by my supervisor 
through her personal contacts. These became key persons in finding the following interviewers both 
in China and in Sweden within Chinese eco city planning and heating. My personal experiences within 
the field of district heating had me contacting previous contacts within the field. Some web research 
was also done to find further interviewers within the Swedish eco city planning. Some difficulties 
were met when trying to find interviewers for the Swedish eco city development of Norra 
Djurgårdsstaden. Information on this development is still confidential and many did not wish for an 
interview. So for this case information is mainly literature based though some information has been 
retrieved from Hammarby Sjöstad interviewers.  

For each case study a variety of interviewers such as planners, architects, researchers and heating 
technicians are chosen. In the first case study of Hammarby Sjöstad the head of communications Erik 
Freudenthal is interviewed first to get the background information of the eco city. Followed by email 
interviews with the energy company Fortum; the main role within district heating in Stockholm, 
Sweden. Telephone interview is specifically carried out with one of the company’s employee Per 
Nylund; he is the main source for district heating information within the case study Norra 
Djurgårdsstaden as well. Moreover one of the main information source for district heating within 
both Hammarby Sjöstad and Norra Djurgårdsstaden are information from my past project work 
within related topic, the main information source then was also the energy company Fortum. Since 
much information within the eco city development Norra Djurgårdsstaden is still confidential it was 
hard to find interviewers. Information on this case study is mainly based on interview with Örjan 
Lönngren at Miljöförvaltningen and energy company Fortum. For the case study Caofeidian in China 
the associate Director for Caofeidian Development project Xinxin Tian as well as Sweco’s Chief 
Representative for China Market Ying Tan are interviewed to get the background information on the 
development of the eco city. The interview with Xinxin Tian led to the interview with Tsinghua 
University who has for the past year worked on the calculation for the energy requirements of the 
eco city. The architect agency Tengbom was one of my first interviewers. Architect Stellan Fryxell was 
the first interviewer for the case study of Wuxi Sino-Swedish Low-carbon Eco-city; he furthermore 
suggested interview with Xiaoxing Feng, the planning department director of Wuxi Taihu New city in 
China and interview with the district energy consultant company ÅF with employees Yang Chen and 
Gunnar Bark who are involved with energy solution for the eco city. They further pointed out Centec 
as another cooperation partner  for both Caofeidian and Wuxi Sino-Swedish Low-carbon Eco-city in 
China.     

Normally when doing an interview it becomes hard to remember everything that is said. It is 
therefore important to use technical instruments to record the interviews. The most common 
instrument to use is the recorder, using the recorder can also create a recollection of the interview 
and thus improving interviewing techniques by once more listening to it. Written information about 
the interview with comments and observations of the researcher can aid the technical instruments. 
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Written observation can be classed as a scientific tool when the observation is a part of the research 
purpose (Merriam, 1988).As an outsider, the observer can note things that have become a routine to 
others and thereby interpret things with own knowledge. Observations of the case study sites are 
important in this case, permission should be granted from a contact person and further guidance 
through the sites are a benefit but should not be expected. It is hard in this case to use technical 
support for the observations, it is therefore important to take notes and research on the unknown 
after the occasion. Apart from interviews and observation written documents are the main source to 
get information from in a case study. Merriam (1988) further points out that when judging the 
significance of the information source of a written document the researchers needs to think about if 
the information can be retrieved in another way; of a more practical and systematic way. Written 
document can sometimes be the only way to base a research on; according to Riley (1967) as cited in 
Merriam (1988) four different areas of research are document based. These are historical studies, 
cross-cultural studies, expertise depended studies and studies based on interference of close 
relations where observation is hard. Here the researcher needs to depend on other researcher’s 
ideas and opinions instead of having access to data for own analyse. One of the main advantages of 
written document is it’s stability unlike interviews and observations that can change with time and 
conditions. One issue with written document is that the validity and reliability of it might be lower 
than that of an interviewed professional at field, especially when the internet is opened to anybody 
who has an opinion.  But Merriam (1988) points out that to be set only on one valid source can limit 
the methods to solve the problem. To ensure the validity of a source the researcher can use several 
sources and methods to confirm the result as well as control and evaluate if the result seem 
trustworthy. Reliability is about the amount of times the result can reoccur; if the research can be re-
acted the result of it should be the same to ensure reliability.  
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Background 
Sustainable development has become a major focus in urban planning and development. The 
decreasing of earth’s resources and increase in greenhouse gases are an acknowledged fact and 
many countries around the world are focusing on the development of less resource based and low 
carbon emitted cities to prepare for the future. A future with the extinction of fossil fuel based 
societies. To build a sustainable society the term of sustainability needs to be defined, below a 
worldwide definition is first presented, and then a national interpretation of Sweden and China are 
presentation followed by a cross continental learning between the two countries.   

Worldwide definition - Sustainable Development 
The term sustainable development was established by the WCED (World Commission on 
Environmental and Development) within UN in the middle of the 1980s thought the term became 
well recognized after UNs Rio-conference in 1992. (Hammarqvis, J et al, 2005) 

According to the Brundtland Commission, sustainable development can be defined as development 
that meets the needs of the present without compromising the ability of future generations to meet 
their own needs. The development of the concept of sustainability has arisen from the demand of 
scarce resources and pollution caused by the improving living standards. The WCED has also stated 
that poverty is one of the main reasons for environmental destruction, those who are poor will 
destroy the environment around them to survive.  So a main focus in sustainable development is to 
prioritise the needs of the poor. (Hammarqvis, J et al, 2005) 

The term sustainable development has thereby a various and shifting meaning based on the ones 
that use it. The interpretation can be different due to one’s own personal advantage and importance 
related to this term but the main common source of engagement should be on the development of 
the ecological, economical and social challenges. These challenges should as well be dealt with not 
only on the local and regional level but also on the national and global level. (Hammarqvis, J et al, 
2005) 

World known concepts when thinking about sustainability are Agenda 21 and Kyoto protocol. 
Agenda 21 is the global comprehensive action plan that was admitted 1992 in Rio de Janeiro. Held by 
UN the conference aimed at bringing together interest parties from UN systems, governments, and 
any organisations that was related to human impact on the environment to connect environmental 
issues with development process. It was the first time that such a wide range of different actors and 
interest parties took part in subjects concerning sustainability which lead to the realization of the 
importance of the subject. (Regeringskansliet, 2004) 

A five year follow up of the Rio conference was made within UN which concluded in the decision of 
further implementation of Agenda 21.  Ten year after the Rio conference a World Summit on 
Sustainable Development meeting was held in Johannesburg, South Africa where the guidelines of 
Agenda 21 was further implemented into sustainable development of social, economical and 
environmental issues for international, national and local levels of development. The new action plan; 
Johannesburg Plan of Implementation includes goals and timeline for implementation. A new 20 year 
follow up is planned 2012 in Rio by UN to discuss further issues on sustainability with focus on green 
economy and poverty. (Regeringskansliet, 2004)  
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Kyoto protocol was admitted the 11th of December 1997 in Kyoto, Japan. The protocol is an 
agreement between industrial countries in order to decrease green house gas emission. The 
countries that has signed and ratified need to decrease their green house gas emission with at least 
5 % during the first commitment period of 2008 – 2012 compared to that from year 1990. The 
protocol includes several division of load which means that the industrial countries should decrease 
their emission based on previous decrease levels. This means a decrease of 8% for EU countries. The 
countries that aren’t able to fulfil the criteria for the first commitment period are to request extra 
emission decrease for the next period. This means that the countries need to decrease their emission 
with another 30% on the amount which exceeded the previous period or lose the contract to 
emission rights. (Adolfsson & Lu, 2009)  

Sustainable development in Sweden 
Environmental thinking is not a new concept for the Swedish society. As early as the 1800 century 
people noticed the cause of bad environment, illness spread over the whole city and there was a lack 
of fresh water. The city of Stockholm then decided to rebuild the entire city with new water and 
sewage systems, new isolated buildings and green areas. Since then environmental questions has 
been a part of the city planning phase. The slogan then was good employment and good leisure is 
equal to an ideal society. (Lönngren, 2011)  

The reason why the concept of sustainable development became popular started in the 1970s. 
Sweden was then the most oil depended country in the industrialised world with polluted air, dead 
forests, wastelands and toxic water due to the industrialization age. There was a need of new energy 
sources and clean technology. The first step was to involve not only the government but also local 
authorities, private industries and ordinary citizens into develop ideas into actions. As a result the 
amount of oil use for heating and electricity has been reduces by almost 90% since 1970s and the 
amount of CO2emission since 1990 reduced by 9%. The economy has had a steady GDP growth 
together with the environmental benefits. This reason has long been used as the Swedish marketing 
idea for their development in sustainable technology. (SymbioCity Sustainability by Sweden, 2011) 

 

 

Sweden has managed to fulfil environmental targets in a wide range of areas and has for this reason 
been given the award Green capital 2004. The three main motivations for the award was the 
integrated administration system with environmental target implicated in the budget, planning, 
reporting and monitoring, the reduction of carbon dioxide emission by 25% per person since 1990, 
and the goal of becoming fossil fuel free by the year 2050 (Stockholm Stad, 2011). Lönngren (2011) 

Figure2: GDP in relation to emission in Sweden. Source: 
Centec, 2011   
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Figure 1: Kretsloppmodell Source: 
Sweco, 2011  

points out that with this there is wide range of targets met but a lack in speciality within specific 
areas.  

The city of Stockholm has together with several actors within the Stockholm region brought forward 
a long period development plan for the city. The plan is called Stockholm vision 2030 and its slogan a 
city in worldclass. Vision 2030 has three main theme for the development. The theme versatile and 
full of experience focus on the occupational oppertunaties, world-class bussiness climate, variety of 
urban settings, a city on water, a city with experiances and a vastile city. It focus on given the city 
charcter to live and work in suitable for everybody. The theme innovation and growth indicate 
Stockholm being the centre of a strong growing region with world leading knowledge, an 
international meeting place and a environmentally sustainable city. The theme citizen’s Stockholm 
emphysize  on the city being accessible and at the same time safe without any social or physical 
barriers. (Stockholm Stad, 2011)  

Lönnegren (2011) points out that the aim of Vision 2030 is not to seperate each city district as its 
own and thereby develops each district independently. The aim is to upgrade the standard of all new 
housing areas as a unit. Vision 2030 is a political document that indicate the direction for the 
development of the city. It is for this reason that Vision 2030 lays the base for the uppcomming 
environmental program of Stockholm.  

The environmental administration department deals with the City’s energy and climate questions 
and sets environmental program for the city, the current environmental program is for the period of 
2008-2011 and deals mostly with energy consumption and emission of green house gases. The city 
Calculate the amount of hazardous releases each year and these are then analysed to determine the 
actions needed to be made. But the city has only authority over operations and locations owned by 
the city. The city cannot determine the action of outside and private operations and users but they 
can influence the national board of housing (Boverket) and the regulation of the nation. The City of 
Stockholm owns most of the buildings in Stockholm it therefore gives the city freedom and 
opportunity to decide the goals and cooperation partners. The city can for example decide that all 
new housing that is to be built should only be passive houses. If the partners do not agree to the 
rules then the city can terminate the partnership and rent out the land or estates to 
others.(Lönngren 2011) 

Swedish definition – Symbio City 
The concept Symbio City has been developed by the initiation 
of the Swedish government together with the Swedish 
commercial and industrial life. The concept was created to 
gain a reputation for the Swedish knowledge and technology 
within environment and energy concern thereby expanding 
the Swedish ideas into the international markets.  

The challengers for a successful Symbio City are the technical 
solutions within the urban infrastructure, these are 
techniques for water, sewage and waste management but 

challenges exists in addition within planning, 
communication, construction, industry and more. Symbio 
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City aim at the swedish way of holistic thinking.  By this a synergy from bi-products of the urban 
surroundings are found and used in a efficient way to minimised land use, create a resourceful 
energy production and use, and cause a balance between the social, economical and environmental 
targets. A Symbio City support and maintain itself in a closed circle to create synergy of combining all 
urban functions. A minimum of ‘outside’ resources should be used, instead resources within should 
be used as in a loop, waste can be used as fuels to heat and light up homes, rain water can be used as 
within sanitary and later turned into biogas to drive vehicles. In this sense, the Swedish definition of 
sustainability is an effective resource use. (Ranhagen et al, 2010)  

The main aim for a well functioning Symbio City is to include the private and public parties in the 
development to decide the technical level and scale of the infrastructures. The Symbio City concept 
doesn’t specifically need to be in city form, the scale of the concept can be used in all forms. It can be 
as simple as using the biogas produced in sewage treatment plants for biogas use. The scale is 
depended on the surrounding situation; the most important purpose is to use the most optimal 
technique for the specific location. (Freudenthal, 2011)  

Sustainable development in China 
After the Rio conference in 1992 the Chinese government published China’s own Agenda 21 in 1992 
to guide the social and economical development of the country. This was the first known step 
towards sustainable development process in China. Since then China’s economical development has 
increased considerably with its GDP topping 1 trillion RMB, in addition, China is the main foreign 
investor among the developing countries and the sixth largest trading power in the world. This 
development has according to the Chinese government 
been different to past development where input of 
resources was the main foundation instead of efficiency as 
focus. The social development started prior, in 1978 with 
the one child policy in urban families to control the 
population growth. Today the quality of life have grown 
significantly with the economic development and aspects 
as social security, poverty, education, medical care among 
many others have improved with increased living standard. 
(National Development and Reform Commission (NDRC) 
People’s Republic of China, 2007) 

It was during 2001 when China won the host for the Olympic Games that the focus on sustainable 
development started. The Olympic Game has long been a promotion opportunity for the host 
country, with increase in publicity and business activity. China sized this occasion and launched a 
seven-year plan to prepare for the event and promote the country as democratic, open, civilized, 
friendly and harmonious. The environment improved rapidly with 200 heavy industries moved out of 
the capital city and emission reduced from coal burning power plants. An overall investment of 
$12.2billion was put in to improve the air quality of the capital’s environment. (Business Today, 2011) 

Followed by the Olympic Game in 2008 was the World Exhibition 2010 in Shanghai with the theme 
Better City, Better Life. This gave China another chance at promoting its self within the fields of 
sustainability. The theme itself declares for a better living standard with improved future urban 
environment. The exhibition gives the participations the chance to exchange experiences and explore 

Figure3: GDP growth of China. 
Source: Centec, 2011  
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new approaches to create eco friendly cities and sustained lifestyle mostly focused on innovative 
designed solutions. By the end of the exhibition period a Shanghai Declaration was issued with 
insights from the participations for future development and cooperation. (Expo 2010 Shanghai China, 
2008) 

Negative facts are still shown in China’s environment despite all effort and investment in sustainable 
development. It is shown in reports by Centre for Environment Technology (CENTEC) within the 
Embassy of Sweden in Beijing that China is the world’s largest emitter of greenhouse gases and uses 
15% of world energy supply to produce 5.5% of global GDP. The use of fossil fuels is 87% this includes 
80% of all electricity and 70% of all energy used from coal. China has 20% of world population but 
only 7% of world fresh water, 300 cities suffers from water shortage. The green ambitions of the 
Chinese government for future development is to create a resource saving society with reduce 
energy consumption. The goal is to reduce emissions of carbon by 40-45% of GDP by the year 2020 
and increase the use of non-fossil energy by 15% by year 2020. These goals have set the base for the 
12th five year plan. (Centec, 2011)  

Chinese definition – five year plan 
China’s five year plan is mainly an economical development plan shaped by the Communist Party of 
China. The first five year plan was initiated 1953 after the revolution and was designed to develop 
industrial growth and achieve nationalization. Today the 12th five year plan is more focused on the 
environment and social welfare. The 11th five year plan prior focused too on the issues of energy 
reduction but the method used has later proven to be unsuitable. Therefore the 12th five year plan 
focuses more on the characteristics of each province and thereby dividing the whole country into five 
subdivisions based on their economical development stages.  These subdivisions are then given their 
own set of targets, this generally will ensure the same possibility to reach the targets for each 
divisions and the receiving of equal treatments. (China’s sustainable web, 2011) 

The five subdivisions include the provinces of Tianjin, Shanghai, Jiangsu, Zhejiang and Guangdong as 
the first category with the highest rate of energy consumption per unit of GDP as 18%. Beijing, Hebei, 
Liaoning and Shandong are in the second category with the highest rate of energy consumption per 
unit of GDP as 17%. Shanxi, Jilin, Helongjiang, Anhui, Fujian, Jiangxi, Henan, Hubei, Hunan, Chongqing, 
Sichuan and Shanxi are in the third category with the highest rate of energy consumption per unit of 
GDP as 16%. At last, Inner Mongolian, Guangxi, Guizhou, Yunnan, Gansu and Ningxia are in the fourth 
category with the highest rate of energy consumption per unit of GDP as 10%. The richest regions are 
therefore allowed higher energy consumption than the poor. (China’s sustainable web, 2011) 

The 12th five year plan emphasise furthermore on the use of energy, especially on the development 
of the energy sources; nuclear power, water power, wind- solar and other bio fuels. Though these 
‘new’ fuels can only act as supplement and not replacement for the existing fuels such as coal and 
fossil oil. The Chinese government still hope for a total new fuel replacement after the year 2040. By 
the year 2020, 15% of the markets primary energy should be based on the new fuels this means that 
by the end of the 12th five year plan there should be a 12-13% new fuels portion as primary energy 
consumption. (Hexu news, 2010)  

Economy • GDP to grow on average by 7% annually  
• More than 45 million jobs to be created in urban areas  
• Urban registered unemployment to be kept under 5% 
• Prices of goods to be kept generally stable  
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Economic restructuring 
 

• Rise in domestic consumption 
• Breakthrough in emerging strategic industries  
• Service sector value-added (the difference between the 

sale price and the production cost of a product is 
the value added per unit) output to account for 47% of 
GDP 

• Urbanisation rate to reach 51.5%  
Innovation • Spending on research and development to account for 

2.2% GDP  
Environment and clean energy 
 

• Non-fossil fuel to account for 11.4%of primary energy 
consumption  

• Water consumption per unit of value-added industrial 
output to be cut by 30%  

• Energy consumption per unit of GDP to be cut by 16%  
• Carbon dioxide emission per unit of GDP to be cut by 

17%  
• Forest coverage rate to rise to 21.66& and forest supply 

to increase by 600million cubic meters  
Agriculture 
 

• Annual grain production capacity to be no less than 540 
million tons 

• Farmland reserves to be no less than 1.818 billion mu 
(Chinese unit of area 1mu=666.6m2) 

Livelihood • Population to be no larger than 1.39 billion people  
• Life span per person to additional increase by 1 year  
• Pension schemes to cover all rural residents and 357 

million urban residents  
• Construction and renovation of 36 million apartments 

for low-income families  
• Minimum wage standard to increase by no less than 

13% annually  
Social management 
 

• Improve public service for both urban and rural 
residents  

• Improve democracy and legal system  
• Better social management system for greater social 

harmony  
• More than 10% of all residents will be registered as 

community volunteers  
 

Reform 
 

• Encourage qualified enterprises to get listed in stock 
markets  

• In-depth reform in monopoly industries for easier 
market entry and more competition  

• Improved government efficiency and credibility   
 

Cross-continental Learning 
A partnership has established between the Swedish government and the Chinese government in 
hopes for knowledge sharing and improvement of the Chinese environment with help from Swedish 
sustainable technologies. Centec (Centre for environmental technology within the Swedish Embassy) 
helps Swedish actors to engage in this process. Often when a Swedish actor is involved or wants to 
get involved in a Chinese project they have no idea about the rules and regulations on the Chinese 
side. Centec helps the Swedish actors with these so no laws or policies are missed when the 
cooperation process begins. One can say that Centec act as a translator between the two. Centec 
also act as the middle person; when the Chinese side is looking for Swedish cooperation partners 
they will ask Centec for recommendations; the same with the other way around. Centec’s activities 
include Out-reach events based on exhibitions, seminars and websites, practice and research of 
policy dialogue, research cooperation with universities and institutions, expanding within media and 

Table 1: Main targets for China’s 12th Five-Year plan (2011-2015) Source: 
Centec, 2011 
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creating technology cooperation. Given that Centec stands for environmental technology, the 
Swedish actors needs to have environmental sustainability as base in their business policy. Many big 
companies such as Ericsson and Scania have asked for the help of Centec but Centec has refused due 
to disagreement in business policies. Projects that are supported or developed by Centec are among 
many the development of Caofeidian, Wuxi Taihu New City, Tianjing Singapore eco city and New Eco 
Towns in Beijing with these projects Centec has worked with many Swedish companies including 
Sweco, Purac, Termoekonomi, Tengbom and ÅF. (Centec, 2011)   

 

  

Figure 4: Role of Centec. Source: 
Centec, 2011 
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Figure 5: Map of a complete district 
heating system. Source: Frederiksen, 
1993 

District heating 

Background 
There were evidences of district heating already at the 1800th century in countries as USA, England 
and France where heat was transferred from a central heating area to one or more buildings. The 
first official district heating system started in the USA 1877 and was based on steam. The water 
based district heating system was also available and started in use during the 50s and 60s where the 
heat was mostly transferred to official buildings such as universities, hospital and military base. 

In Europe, the district heating technique and use grew after the Second World War at the time of 
restoration for several European cities. The buildings were to have higher and better standards and 
district heating systems was implemented as part of the construction phase.  (Frederiksen, S., 1993)  

District heating consist of a complexity of 
systems. The heat is produced in a cogeneration 
plant (also combined heat and power CHP) or 
heat only boiling stations by the burning of 
either fossil fuels or bio fuels. The heat is then 
transferred in the form of hot water or steam 
with high pressure and high temperature into 
the distribution network consisting of feed and 
return lines in the form of insulated pipes buried 
under the ground. The heat from the distribution 
centre is transferred in this network of pipes by 
heating the water in the return lines with 
temperature of 40-65°C to hot water with 
temperature of 70-120°C, which is then 
transferred to the feed lines. This process is 
driven by pumps at the distribution centres at a 
circulating state to keep the heat transfer 
process at a constant race. When the hot water 
reaches its customer buildings it goes through a 
system of heat exchanger, pipes and regulating 
portals. The heat exchanger is meant to separate 
the heat in the distribution network and the heat that 
will reach the customers in the building to stop heat 
loss in the distribution network at the transfer. The 
regulation portals will then deliver hot tap water and 
heat to each of the sectors of the whole building. (Frederiksen, 1993)  
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The district heating network in Sweden includes both water transported to heat up radiators for heat 
comfort and water to heat up water for hot water use. In China the district heating network only 
transport hot water to heat up radiators while a separated system is available for hot water 
generation normally using solar energy. China is the leading actor in producing PV cells, the long sun 
exposure and high radiance has led solar energy to be the most used and cheapest system for hot 
water in China.  

 

Global Installed Solar Hot Water/Heating - Top 10 countries, 2007 

Figure 6: Available heat plants in a district heating system 
supplying a city. Source: SweHeating & Cooling, 2011  

Figure 7: Top 10 Countries with installed solar hot water/heating. 
Source: Department of Primary industries in Australia, 2007   
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The amount of heat that is needed for a building has a strong connection to the structure of the 
building. This includes the insulation of the walls, the wall area, air movement, air recycling and 
temperature difference. This is expressed in as: 

P = (kA + (1-ƞ) * nρcV)*(ti-tu)  

P = thermal power [W] 
K = heat-transmission coefficient of envelope element [W/m2K] 
A = area of envelope element [m2] 
n = air exchange rate [h-1] 
ρ = density (of air) [kg/m3] 
c = heat capacity (of air) [Wh/kgK] 
V = enclosed air volume [m3] 
Ƞ = efficiency coefficient of heat exchanger for heat recovery [- ]  
ti = desired indoor temperature [°C] 
tu = prevailing outdoor temperature [°C] 

(Frederiksen, 1993) 

The outdoor temperature is the most influential parameter to decide the amount of heat that needs 
to be transferred to a building. The greater the difference is between the indoor and outdoor 
temperature the more heat is lost through walls, windows and roof. Difference temperature 
difference also means difference in air pressure which leads to cold air leaky into the building. To be 
able to comprehend the capacity of heating system needed for a building the average outdoor 
temperature and the lowest outdoor temperature through the year needs to be known.  
(Varmahus.se, 2011)  

Heating systems consists of four basic elements to determine their effectiveness.  The elements are 
mainly based on economical and environmental advantages. These elements are the source of heat, 
heat transportation, distribution of the heating medium and the utilization of thermal energy. 
Rosada (1988) states that if the whole heating process, including the generation, transportation and 
utilization is properly used and managed, especially between transits of the main distribution 
networks then it will result in an impact on one or more elements and thereby a reduction of capital 
expenditure and shortening of investment circles.   

To get an economical surplus for the district heating system there are certain market terms that 
should apply. The most important is that the referred to climate is cold enough to require a long 
period heating system. Then it is important to have a concentration of consumers rather than 
scattered. The supplying network should feed heat to residential areas with high density inhabitants 
and locale areas that are concentrated together. It is not economical beneficial to connect district 
heating to scattered single family housing.    

Since district heating has been developed quite recently compared to some of the other early 
existing heating systems such as natural gas and electric heating there exists problem as old 
households are bound to these lines and cannot be easily substituted by district heating systems. So 
another market term is to introduce district heating systems to suppliers that are not systemically 
bound to another heating source. (Frederiksen, 1993)  
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Economical benefits • If heat is produced in a CHP plant electricity is gained as 
a by-product  

• Cheaper to produce heat in a large power plant 
• Long distance heat transportation decrees cost due to 

possibility of heat accumulation   
• Cheaper fuels can be used  
• More thermal efficient at incineration within large sites 

than in small built-in unites inside buildings (central 
heating) 

• Return heat of the district heating network can be used 
further to heat roads and brings down cost of thermal 
energy 

• Can use waste heat from nearby industries        
Environmental benefits  
 

• Better local environment due to a more centralized 
burning area outside the city centre 

• Saving the urban construction land   
• Easier to set up environmental protection methods in 

large, central production plant 
• Better dust equipments  
• Can use renewable energy resources more efficiently 

and economically  
• Centralized fuel and ash transport  

Disadvantages 
 

• Initial high financing cost  
• High maintenance and personnel cost   
• Long-time investment  
• Not suitable for low density building areas or areas with 

single family housing  

 

One of the basic gains of a CHP system is the reduction of fuel consumption. Each 100MW of 
electricity power produced in a CHP system result in saving 80 000 tons of fuel (usually coal or oil) 
units a year. Furthermore, when hot water is used in the heat transportation system the reduction 
may be up to 129-160kg of fuel units per 1MWh of heat. Though if steam is used as a transportation 
unit at a pressure of 6-8bar, the fuel saving will only be 67-75kg per 1MWh of heat. (Rosada, 1988)  

The selection of the energy sources for district heating depends on heat value, moist value, and 
amount of fleeting particles each material contains. It also depends on the relationship between 
hydrogen and carbon, amount of ash released during and after incineration, the melting point for 
these ash, and the halt of sulphur, nitrogen, metal (especially quicksilver)and chlorine for each 
material.  

These qualities are relative and depend on the quantity of each. Heat value is the amount of heat 
that is extracted from the source after incineration. This value is lowered as the moist value rises. 
Materials as wood have often a higher moist value before treatment. The amount of fleeting 
particles mainly points to the amount of hydrocarbon that vaporise during heating; a character most 
seen in solid materials. The higher the amount of fleeting particles the easier the material is light 
while the heat value becomes lessen with higher quantity. All materials contain ash; which is the 
amount of mineral particles that can’t be incinerated, mostly metals. In the incineration pans the 
ashes are separated but if the ashes carry temperature above its melting point it will attach to the 
heat transfer areas and cause heat corrosion. Strong considerations when choosing materials are 
based on their environmental impact, the amount of sulphur, nitrogen, amount of metal, chlorine 

Table 2: Advantages and disadvantages of district heating. Source: Frederiksen, 1993  
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and the amount of hydrocarbon that contributes to the emission of carbon dioxide. (Frederiksen, 
1993)  

When fossil fuels are burned, carbon and hydrogen react with oxygen in air to form carbon dioxide 
and water. Fossil fuels such as coal, oil and natural gas are considered as non renewable fuels. Non 
renewable resources can run out and are non replaceable. The current coal supply can last for 200 
years or more and most commonly used in developing countries such as China and Indian due to 
economic deficiency to afford oil and natural gas. The reason behind the high price in oil is that it 
can’t be found everywhere on earth and are predicted to run out by this century. Natural gas 
compared to coal and oil is considered as a cleaner and later discovered energy source. It has now 
become more usual in use than coal but like oil it is predicted that it will run out very soon (S.M. 
Enzler MSc, 2011). Many reason to aim for renewable resources. The main rationale principle when 
selecting energy fuel is still based on the economical conditions. Rosada (1988) states that the supply 
and prices of fuels are of vital importance and are diverse in relation to each country.         

Fossil fuels-coal, oil, gas 
Fossil fuels are remains of decade animals and plants that have been exposed to high temperature 
and pressure for millions of years beneath the earth’s surface. This process pressed water out from 
the organic materials and formed them into coal, oil and natural gas. All fossil fuels contain 
hydrocarbon and emits carbon dioxide. (Energy 
Resources: Fossil Fuels, 2011) 

Coal is made of carbon, hydrogen, oxygen, 
nitrogen and sulphur. The amount of energy 
content of coal depends on their hardness. The 
harder the coal the more carbon it contains and 
the more energy values it has. There are three 
main types of coal; anthracite which is the 
hardest, lignite which is the softest with low 
carbon and high hydrogen and oxygen content, 
and bituminous which is between the two. 
(Energy Story, 2011) 

Oil or petroleum is a liquid fluid containing 
hundreds of different hydrocarbons often found in 
parts of the bedrock. After oil is pumped up it is sent 
to refineries to be made into a wide range of forms 
used for plastic production, gasoline, fuel oil, heating 
and power production. Oil used for transportation holds the biggest percentage. (Energy Story, 2011) 

Natural gas is found in the same part of the bedrock as oil. It is a highly flammable gas made up of 
methane; a gas lighter than air made up of hydrocarbons. Natural gas is the cleanest of all fossil fuels 
it emits a lower amount of carbon dioxide and other reactive hydrocarbons as well as low amount of 
ash and particle matter. (NaturalGas.org, 2011) 

Figure 8: Fuels made from a barrel of 
oil. Source: Energy Story, 2011 
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Biomass - wood chip, pellets 
Biomass is fuels originated from plants. It can include fuels originated from natural wood or those 
that are grown such as vegetable oil and straw. The combustion of biomass does not emit extra 
carbon dioxide into the atmosphere as fossil fuels, this means that the carbon dioxide that are 
released during combustion are part of the closed carbon cycle which gives balance to the growth in 
nature. The emission of sulphur is also eliminated during the combustion, though there is an 
emission of nitro oxides and ash. The fly ash which rises during combustion of biomass includes often 
toxic and heavy metals that existed before and generated during combustion. This ash cannot be 
reused or discarded as the bottom ash which contains minerals that should be returned to nature, fly 
ash is instead left at the landfill. To improve the combustion process and decrease the amount of 
unprocessed material different forms of biomass can be procedure from their original form. 
(Adolfsson & Lu, 2009) 

Wood chips are made from trees that are not suitable as lumber or that are decade and fire damaged. 
These parts are then broken down and chipped into pieces sizes 1-5 cm with variant structures. 
Wood chips normally have a moist content of 30-50% and a bulk density of 250-350 kg/m3.Wood 
chips need normally three times larger storage space than pellets. Pellets are formed with rest and 
by products from forest industries into small, solid and cylinder mass. These splinters are dried, 
grounded, and then compressed under high pressure and temperature to last form into pellets. 
Before pellets are stored and delivered to the consumers a cooling process is needed. Compared to 
wood chip pellets have a lower moist content of 9% and higher energy content. These are normally in 
the cylinder form 2cm long and 6-12mm I diameter. The bulk density of pellets is between 600-700 
kg/m3. (Adolfsson & Lu, 2009) 

Bio oil 
Bio oil is originated from plants as biomass except in liquid form. The most usual bio oil is pine oil also 
called liquid rosin which is extracted resin from pine and spruce trees. Bio oil as petroleum can be 
distillate into different fractures. The lightest fractures can be used as aroma oils and perfumes, the 
heavier used as furniture and wood oil while the heaviest are in form of wax and thick vegetable fats. 
The rest product after distillation is what is used in heat producing. The substance is hard and 
liquefies only at temperature reaching 100°C. (Adolfsson & Lu, 2009) 

Waste 
Waste is a rest product from our everyday lives. Every year Stockholm produces an amount of 
225 000 ton household wastes for incineration. This household waste is largely based of leftovers and 
paper products. Household waste is therefore rather safe to incinerate without sorting, while 
industrial waste on the other hand needs to go through a sorting process to separate metal and 
other hazardous chemicals. The incineration of waste does emit about the same amount of 
greenhouse gases as fossil fuels with the addition of ash which includes heavy metals and dioxins. 
Many researchers has debated the subject of incineration of waste and concluded that waste emits 
more greenhouse gas resting in landfill than incinerated. Additional to this, the carbon dioxide 
emitted from organic waste as biomass is part of a closed carbon circle. (Adolfsson & Lu, 2009) 

Waste heat from industries 
Waste heat comes mainly from heavy industry such as steel and chemical plants. It includes high 
temperature exhaust heat, cooling medium heat, waste steam and water heat, slag waste heat, 
chemical reaction heat and other combustion waste heat. It’s defined as the energy that is not fully 
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utilized during the industrial process and thereby abandoned. The different industries abandons 
17%-67% heat during their industrial process, within this 60% can be used again as recycled heat. 
Waste heat in liquid form needs to have a temperature above 90°C to be fully exploited without the 
addition of extra energy. Waste heat in the form of steam needs a temperature above 280°C. (Broad 
Group, 2009) 

Geothermal 
Geothermal literally means heat coming from the earth. In places where earth’s crust is thin enough 
the temperature of the bedrock a few kilometres into the earth can reach up to 250°C. Normally 
where there is volcanic activity there is geothermal energy. Pipes are drilled into the ground where 
heating region is detected and the hot ground water is 
pumped up to the surface. As the hot ground water 
travels the pressure lessen and a part of it transform 
into steam. These are then further sent to furnaces to 
create more steam to be able to drive turbines that 
produces electricity and pass through heat exchangers 
to produce heat. The ground water which is not turned 
into steam is sent down again into the ground and can 
be reused after heated in the bedrock. Geothermal 
energy does not release any pollution or greenhouse 
gases into the atmosphere. (Energy Resources: 
Geothermal power, 2011) 

 

Figure 9: Geothermal generation by pumping 
cold water into the earth. Source: Energy 
Resources: Geothermal power, 2011 



26 

Heating conditions 
In this section below, background information on Swedish and Chinese climate, heating history, 
heating policies are shown. These facts have significant meaning in heat solutions available in the 
countries at the present and can influence the possible solutions for sustainable heating of eco cities.  

Swedish heating conditions 
The case studies Hammarby Sjöstad and Norra Djurgårdsstaden are located in Stockholm. Stockholm 
is located in the region called Södermanland. The region is surrounded by water which means the 
climate of Södermanland is based on the distances to large water surfaces. These water surfaces 
include the Baltic Sea, the Lake Mälaren; the third largest lake in Sweden and Lake Hjälmaren; the 
fourth largest lake in Sweden. This leads to a minimum temperature occurring in February from -2°C 
by the coastline of the archipelago to -5°C in some of the coldest inland areas. The lowest 
temperature that has ever occurred in Södermanland was during the 24th of January 1875 when the 
temperature dropped to -37°C at the town Bie. The highest temperature that has ever occurred was 
during 9thof July 1933 with temperature at 36.8°C at Ulvhäll, very different from the average July 
temperature of 16°C. (SMHI, 2009)  

 

Figure 10: Climate Data - To be able to compare climate data from different areas the 
values need to be from the same time period. The World Metrological Organisation has 
decided that the statistical climate descriptions shall be calculated in a so called normal 
period. The normal period is often within 30 years. The current statistical climate period 
used is the period from 1961-90. Source: SMHI Klimatdata, 2011  
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The average yearly rainfall is between 45mm at the coastline of the archipelago to 600mm at some 
of the inland areas. When it comes to snow, the region of Södermanland is not as exposed to 
snowstorms as some of the neighbouring regions. The greatest snow depth was 95cm at an area 
south of Stockholm in the year 1966. In Stockholm the greatest was 76cm year 1909 while the 
average within the latest years has been around 50cm. (SMHI, 2009) 

 

It was until the 1900 century that it became common to heat up buildings in Sweden. In the 1920s 
only one out of twenty residences had central heating, in1940s it had increase to more than half. The 
proposal of developing district heating in Sweden started in 1909 in the city of Stockholm but it 
wasn’t until 1948 that district heating was first implemented in Sweden, in the city of Karlstad. In 
Stockholm the district heating development process started in 1953, almost half a century after the 
first proposal. (Frederiksen, 1993) 

It was believed that the reason behind the implementation of district heating at the end of the 1940s 
was due to the fully developed water plants which acted as one of the main base to electric power 
production. This suggested a limitation of electric power production and a solution developed as to 
combine both heat and electric power production in CHP plants. The CHP plant became the main 
source for the district heating system. The district heating system initiated with fossil oil fuel based 
productions but as the oil prices grow and the approach of oil crises in the 70’s the incineration fuel 
was slowly replaced by bio fuels and more renewable sources (Bark, 2011). During 1988s heating for 
residency and public facilities had 35% district heating, 28% fossil fuel oil heating, 27 % electrical 
heating, 7% wood burning, 2% natural gas and petroleum gas heating. It has furthermore been 
difficult to expand district heating to other western European countries due to their dominance in 
gas bound heating systems. The existents of district heating in Sweden hasn’t been long but the 
development and improvement of it has been ongoing for over 100 of years. (Frederiksen, 1993) 

Chinese heating conditions 
China is ranked as the third largest country in the world resulting in a vast variation of landscape 
stretches from desert to rainforest. The country is divided into five different climate zones with the 
Yangtze River acting as the official division line between the north and southern part. (Travel China 
Guide, 2011)  

Figure 11: Location and Climate of Södermanland. 
Source: SMHI Kunskapsbanken, 2011  
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The northern landscape is featured with cold winters and hot summers. Temperature during 
December- march can reach below -20°C in the capital city Beijing, while further north the 
temperature can reach around -40°C in the parts of Inner Mongolia. During summer, parts in the 
north can reach up to a temperature around 38°C. Summer is furthermore the raining season 
contributing to a yearly precipitation of 630-700mm for the northern half.  

The central, which is the region bonded to the Yangtze River is defined as hot and humid with long 
summers and cold winters. The region is therefore famous for the three ‘furnaces’ meaning the 
hottest cities in China, these are Wuhan, Chongqing and Nanjing. Due to high humidity, summers 
with temperature around 30°C can experience as stuffy and winters experienced as freezing with 
temperature just below zero. Spring and autumn are the raining seasons with precipitation of 
760mm per year.        

The southern region is characterized by sub tropical to tropical weather; hot and long summers with 
temperature reaching up to 38°C with the likelihood of typhoons between the periods of July-
September. Winters are short and mild while autumn and spring are the comfortable seasons with 
average day temperature between 20-25°C. These are also the raining seasons with yearly 
precipitation of 760mm.  

The northwest region is mainly enclosed with deserts characterized by low landscape resulting in 
very hot and dry summers with great expose to the sun. The temperature of these parts can reach up 
to about 47°C. The winter weather is similar but milder than that of the northern region with 
temperature at lowest -10°C. The dry desert air decreases the precipitation to less than 100mm per 
year.  

The central west part of china consists mainly of the Himalaya weather meaning cool summers and 
freezing winters. Due to the location and elevation of the region average temperature is normally 
below zero with winter season stretching from October- May or June. Summer temperature can at 
highest reach up to 29°C and drop to -16°C in the winter for the mildest city in the Tibet region.    
(China Travel Tour Guide, 2009)  

Caofeidian being one of the case studies is located in northern region in the province of Hebei in the 
north east part of china by the yellow sea. The province covers an area of 190,000 km2 with a 

Figure 12: The Yangtze River. Source: 
Travel China Guide, 2009  

Figure 13: Five main climates of China. 
Source: China Green Building, 2009 
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population of 67 million. The climate is characterized by mild temperature zone with mild continental 
monsoonal weather conditions. The summers are usually hot and rainy with temperature ranging 
from 20°C-30°C in July while winters are cold and dry with temperature that can drop from -3°C to -
22°C in January. The springs are normally very windy and dry, summers hot and raining, autumns are 
sunny and mild while winters are cold and dry. The average yearly precipitation is between 400mm-
800mm.  (China Culture, 2003) 

 

 

Wuxi Sino eco city is located in the central region attached to the Yangtze River in the province of 
Jiangsu in the central eastern part of china by the yellow sea. The province covers a land area of 
102,600km2 with a population of nearly 80 million. The climate is characterized by warm 
temperature zone with humidity and subtropical weather conditions. The summers are usually hot 
with temperature ranging between 25-33°C in august while winters are cold with temperature 
between -2°C-4°C in January. The raining season is between spring and summer leading to the 
typhoon season in late summer and autumn. The winter season is accompanied by occasional frost, 
icy winds and rarely snow. The precipitation is between 800-1200mm per year. (Tourism Jiangsu, 
2011)  

Figure 14: Hebei Province. Source: 
My China Home Town, 2008 

Figure 15: Average temperature; Red line is 
average max daily temperature, Dotted red line is 
average min daily temperature. Black line is mean 
of the two. The temperature normals are 
measured in the period 1961–1990. Beijing 
weather station: 55 m.a.s.l., 166,0 km away from 
Tangshan. Source: YR.no, 2011 
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Not only does the Yangtze River divide the 
climate zones, it also divides the equipped indoor 
heating systems. This means that only the 
northern part is equipped by CHP, scattered 
boiler room, heat pumps, household and small 
coal-fired heaters. The district heating energy 
includes in general coal, oil, natural gas, 
electricity, nuclear, geothermal, industrial waste 
heat and other renewable resources such as solar 
and wind power. “Although the district heating 
system has been developed well, it faces some 
problems. How to lower initial investment and 
improve the efficiency of heating system are 
challenges.” Aspects to consider when construction 
district heating are price, heating fuels, energy 
conservation and security. (Liang& Chen, 2009) 

The heating system of the north has been regarded as 
public welfare service and therefore been without charge for the residents that work in state owned 
enterprises and governmental organisations since the 1950s. It has shown that this had led to a huge 
loss for the thermal companies. After the reform in 2007 all residents are to pay for the heat 
themselves and subsidies are to be aided for the low income families. (China Daily, 2005) 

As for the southern region, there was no provision for heating until the late 1990’s due to short 
winters. But as the income of southern resident increases and requirement of more comfortable 
lifestyle increases the expansion of the heating zone will continue to the southern regions. Though 
for now heating is still limited in the regions of the south. Researchers have pointed out several 

Figure 16: Jiangsu Province. Source: 
My China Home Town, 2008 

Figure 17: Average temperature: Red line is average 
max daily temperature, Dotted red line is average min 
daily temperature. Black line is mean of the two. 
The temperature normals are measured in the period 
1961–1990. Shanghai weather station: 3 m.a.s.l., 
117,0 km away from Wuxi. Source: YR.no, 2011 

 

Figure 18: The Great Heat division of 
China. The red area is entitled to 
indoor heating systems. Source: 
Ryan-Mclaughlin blog, 2011 
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reasons for this lack of heating equipment; the buildings are poor insulated that heat is not kept 
within the building, some heating systems don’t allow user control and the heat is sold per square 
meter instead of a fixed amount. (China Green Building, 2009) 

In 2003, 304 cities out of 662 cities have heating supply infrastructure in China. The heating reform in 
2003 opened up the heating supply market to foreign capital and offered new construction and 
operation for the heating infrastructures. The reform required all new buildings as well as old in 
central heating areas to be equipped with calorimeter and heat control valves. (Beijing Time, 2003) 

The first known method of heat installation that was used was the Chinese Kang which consists of a 
stove, a Kang body and a chimney. It’s a system which includes cooking (the source of the heat), bed 
(the heating area), domestic heating and ventilation (the escape of the heat and smock) all 
integrated into one. This was first developed about 2500 years ago in the Zhou dynasty (722-481 BC). 
(Zhuang et al, 2008)  

During the Qin Dynasty (221–206 BC),Huotang 火塘 (fire pool) was used. The fire pools were 
normally a pool of fire situated outside near the entrance. The fire pool uses the oxygen in the 
surroundings to help the burning process and at the same time blocks the cold air from coming in 
through the door during cold winter days. A variation of methods was used during the ancient times. 
Huoqiang 火墙 (fire wall), Bizhao 壁炉 (wall brazier) and Luzhao 炉灶 (brazier) were the main 
installations. During Han dynasty (206 BC – 220 AD), Wenshi 温室 (heating room) and Jiaofang 椒房 
(heat house) were used. The energy sources used were generally woods and charcoals for heating. 
(Personal Liabary, 2007) 

These systems are mainly based on the early Kang technology and though with variations and 
improvements. It has shown in a survey in 2006 that nearly 85% of the rural homes in Northern China 
still use Kang as a heating method. The climates of these parts are usually cold and dry with 6-9 
months of heating season. (Zhuang et al, 2008)  

Large part of China still lives under rural conditions without any district or local heating systems. The 
heating technologies relying on fossil fuels and electricity are not sustainable for such a large rural 
population. If fossil fuels and electricity were used instead of biomass the national building energy 
consumption will double. The energy consumption in rural areas 2005 accounted for 39% of the total 
national energy consumption, in which 34% was non fossil fuels nor electric powered, these were 
based of straw, stalk and firewood. (Zhuang et al, 2008) 

It is very unlikely that the Kang will disappear as a rural home heating system. Not only is it energy 
reduction but it also serves as a social tool for the families activities with the ability to gather the 
whole family into one room. This is very important role in the Chinese culture. (Zhuang et al, 2008) 
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Case studies 

Hammarby Sjöstad 
The first eco city that was built in Stockholm was Hammarby Sjöstad. The reconstruction idea of the 
old industrial harbour was suggested already during the 1990s. The idea was to turn the already 
exposed land located in the central Stockholm into an attractive water front urban district suitable 
for living, working and recreation.  

According to Erik Freudenthal (2011), the head of communications at The Environmental Information 
Centre GlashusEtt, Hammarby Sjöstad was the first real experiment to turn an already exposed area 
into a city district, at the time the reason was to win the application for the Olympic game location in 
2004. For this reason, a variety of building and infrastructure was considered. Unfortunately the 
award for the Olympic location went to Athens so the plan to build an Olympic village was dropped; 
instead a residential and multi-functional city district idea came to existence. Today the only part left 
from the Olympic village is the environment program.  

The Olympic Games has not only inspired the Swedish thoughts of constructing more eco city but it 
has also since the award for the Olympic location in China 2008 created more environmental thinking 
for the Chinese. Freudenthal (2011) points out that since the Olympic game 2008 in China there has 
been a Chinese group visiting Hammarby Sjöstad every week interested especially in the 
environmental program. There are a total of 7000 visitors every year including both national and 
international visitors. Freudenthal (2011) believes that the sustainable concept will become more of 
a trend after the year 2012 when the discussion of climate change will be more focused after the 20 
year follow up plan of the Rio conference. He also points out the concern for climate change has 
been a large part of the political agenda. The City of Stockholm has put up different environmental 
target for development of the different city districts. He means that with the current environment 
and climate change debate a pressure is present on the politicians. When Hammarby Sjöstad was 
near its finishing stage there was a will with the civil servants to do more but at the end it was still up 
to the politicians to decide on that and refuse the idea. It is only until few years ago that projects as 
Norra Djurgårdsstaden has been approved. 

The most important and diverse part of the Hammarby Sjöstad planning that has a vital significance 
in the planning of sustainable city, different to that of past urban planning is that integration 
between all parties involved in the whole planning, construction and execution stages are involved at 
the very start, before the detail plan is established to decide on the different pieces of the 
infrastructure. This planning technique will involve both the private and the public to decide the 
technical level and the scale of the infrastructures. The Swedish have named this the Symbio city 
concept. Moreover, with the involvement of all parties at start a synergy system can be constructed 
with the infrastructures that use bi-products from surrounding industries. The synergy system is both 
environmental and economical sustainable but it depends largely on the surrounding atmosphere 
and on the economical ability to build this synergetic system. Freudenthal (2011) doesn’t mean that a 
large economic support is needed to build a Symbio city, though there are more financial resources 
in a developed country and a higher technical foundation that can simplify the synergic system. In 
Hammarby Sjöstad exist a recycling system where the residents sort out the household waste and 
throw it down a vacuum waste system, the waste are collected into one place where the waste 
trucks can pick them up and transport them to the waste incineration HCP plant to produce heat and 
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electricity. In some underdeveloped countries, waste such as paper and plastic can be sold for money, 
thus providing an income for waste collectors and raw materials are separated and taken care of in a 
different system that does not provide heat or electricity. This break the synergy system, in 
underdeveloped countries small scale synergetic systems can be built instead such as reusing water. 
In Stockholm, the City has decided in its city plan that all residential areas are to be connected with 
fresh water and sewage system, the connection to these are unavoidable and included in the synergy 
system where rain and waste fresh water can be used to flush the toilet and transported to sewage 
plant to create biogas for cars. (Freudenthal, 2011)  

The environmental solutions for the district include: 

• Balance between production and consumption should be within a closed circular flow (see 
Hammarby model)  

• Total energy and natural resource use should be minimum and based on renewable 
resources  

• The use of clean water should be minimum 
• Construction materials for the buildings should include low amount of environmental and 

health disturbing elements 
• The land should be uncontaminated from hazardous elements  
• Transportation within the area, especially with car should be minimized  
• Technical solutions within the area should accommodate the residents’ needs 
• Resolutions should result in new sustainable solutions with low energy use 
• Overall a low resource use, recycling and minimum transport use  

(Stockolms Stad – Miljö, 2010) 

 

Figure 19: The Hammarby Model in a synergetic system. 
Source: Stockholm stad – miljö, 2010  
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When Hammarby Sjöstad is completed, the city district will include 11,000 apartments for 
approximately 25,000 citizens and provide working and living opportunities for 35,000 citizens. The 
last planed area of Hammarby Sjöstad is in its planning phase. (Freudenthal, 2011) 

Freudenthal (2011) points out that the development of the whole Hammarby Sjöstad has been a long 
process. From the first building that was built in 1997/1998 with the use of construction norm used 
for the first time that indicated restricted use of isolation material that required too much energy 
which resulted in buildings with energy requirements as low as 220kWh/m2/year, until today, 13 
years later with target to only build plus houses with energy requirements as low as 90-
170/180kWh/m2/year. This difference in energy requirement is based on the different construction 
companies and their desired choice for construction materials and equipments, the behaviour of the 
residents and conditions of outside factors for example the frequency of the waste trucks that will 
pick up waste. For Freudenthal (2011) the most important factor in keeping a low energy 
requirement is the importance of given information to the residents, it is for this reason that the 
information centre GlasshuEtt was placed where the new tenants are given a welcome package with 
all the information about how to minimise household consumption. 

The current heating system used at Hammarby Sjöstad is a part of the district heating system of the 
Stockholm city. The district heating connected to Hammarby Sjöstad is a part of the southern district 
heating network. The southern district heating network includes the CHP plant of Högdalenverket 
and the heat plant of Hammarbyverket. The main heat produced from Hammarbyverket comes from 
its 7 heat pumps which pumps the cold water from the Baltic Sea to be able to produce heat. The use 
of the heat pumps depends largely on the electricity price, for well functioning heat pump three 
parts electricity and two parts of oil is needed. In cold winters, the heat pumps use more electricity 
than it produces (Nylund, 2011). For reserve and peck season Hammarbyverket supplies with oil 
boilers and electrical heaters. The energy resources used for the boiler are liquid rosin as well as MFA, 
mixed fatty acid, a waste product from the food industries. From the start the boiler was meant only 
for the incineration of fossil fuel oil Eo5.Liquid rosin and MFA are transported only with boat from 
both regional and international markets, from countries as Russia and thereafter kept in cylinders at 
site. The cylinders are then kept warm with heat coil inside the cylinders to heat up the temperature 
of the liquid to 50°C, if the temperature fall below 50°Cthe liquid will become viscous and hard to 
pump and if the temperature rise above 50°C the amount of NO emitted will be higher than the 
approved limit. The annual heat production of Hammarbyverket is about 1500 GWh. (Adolfsson & Lu, 
2009) 

At the CHP plant Högdalenverket waste is incinerated to produce both heat and electricity. There are 
a total of five waste incinerated steam boilers with an additional Eo5 incinerated steam boiler that is 
used during peak seasons. The main resource for heat production is household waste; 
Högdalenverket incinerated 80% household waste. About 1600ton waste arrives at Högdalenverket 
each day with the help of around 300 trucks. At site the trucks are weighed and the load is tipped 
over into a concrete opening in the ground, this opening has a maximum volume for 6000ton waste; 
enough to produce heat for several days. Waste is then lifted by a crane into the incinerators. To 
ensure the quality of the waste so that harmful chemicals and toxins aren’t included during 
incineration, about 400 random controls are taken each month and every 15th vehicle is inspected 
randomly. To ensure metals are not being incinerated all waste go through a metal separator before 



35 

incineration. The annual heat production of Högdalenverket is about 3200 GWh. (Adolfsson & Lu, 
2009) 

The waste responds to 20% production of the entire district heating network. Waste incineration is 
the only resource that is in constant use. This makes Högdalenverket the only plant in operation 
nonstop producing hot water during summer and hot water and heat during winter. The operation of 
the heating plants depends largely on their incineration fuel and the price of the fuel (Nylund, 2011). 

In 2008 the southern district heating network was connected with the central district heating 
network to create the centre southern network. This action will hold off the heat production from oil 
boiler and electric heaters in the southern network during the peak season and instead replace by 
base production from the central network. During summer the waste incineration CHP plant, 
Högdalenverket can replace the coal based CHP plant Värtaverket of the central network, this way 
waste incineration and production of heat will ensue all year round. (Adolfsson &Lu)  

Freudenthal (2011) mentioned that the current district heating system is the most suitable and 
sustainable system for heating available in Stockholm. It has the ability to support a large city with 
only a few power plants mainly fuelled by bio fuels and in addition the current district heating is a 
good method for disposing waste. He believes that if district heating system was not available the 
best choice would be solar panels; there is residency that produces 50% of their annual hot water via 
solar energy. Wind, geothermal and bio gas are also a possibility, thought most of the biogas 
produced in Stockholm are for vehicle use. Local heating with bio fuel incinerated boiler is also an 
alternative but this is both expensive and not economical or environmental beneficial so local boiler 
is only an alternative if the above mentioned is not possible. 

Norra Djurgårdsstaden 
The City of Stockholm has expected the growth of the population to increase with 180 000 habitants 
by the year 2030 which means a increase in living spaces is needed at the same time a problem of 
lack of land exists, instead of expanding the urban area the city will build inwards. 

The Stockholm City consul has decided in the environmental program for the period 2008-2011 that 
Norra Djurgårdsstaden (NDS or The royal Sea Port) will have a clear environmental profile with 
similar concept and experiences from Hammarby Sjöstad, NDS should aim at a sustainable 
development with economical, ecological, and social aspect in mind, this in turn will secure the City 
of Stockholm the title of a leading environmental city as well as promote Swedish technology 
internationally. The City of Stockholm believe with this chosen location close to city, nature and 
water the opportunity to transform it into a multi-functional living eco city is promising. The first step 
is restructuring the already exposed area of Hjorthagen to the north, the Harbour area Värta Hamnen 
to the east and the old gas industry area to the west. These areas together with Ropsten 
communication area in the north-east and part of the National park Djurgården to the south-east will 
together become the new city district NDS. It’s a unique project as it deals not only with residential 
areas, industries, offices and public transportation nodes but as well as cultural heritage of the gas 
bells by the famous architect Ferdinand Boberg, the national park of Djurgården and the 
international transportation node on the Baltic Sea. The city district is expected to have 10 000 new 
residency and 30 000 new job positions.  (Stockholms Stad – Norra Djurgårdsstaden, 2011) 
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Figure 20: The redevelopment area of NDS. 
Source: Stockholms Stad – Norra 
Djurgårdsstaden, 2011 

Figure 21: The first phase of the 
redevelopment, the area of Hjorthagen, 
Ropsten, Värta Hamnen. Source: Stockholms 
Stad – Norra Djurgårdsstaden, 2011 

 

In the year 2008 the environmental profile was decided followed by the first construction stage. In 
the year 2009 the districted was supported by the Clinton Climate Initiative (CCI) which was launched 
within the Clinton foundation to “create and advance solutions to the core issues driving climate 
change.” Working with government and businesses around the word the foundation aims mainly at 
reducing emissions in cities, catalyzing the large scale supply of clean energy and to stop 
deforestation. (Clinton Foundation, 2010) 

The politician sees NDS as an international promotion opportunity; this is one of the reasons, Örjan 
Lönngren (2011) at Miljöförvaltningen points out that resource deficiency is as well a main part of 
the risen of eco cities worldwide. The driving forces for new energy efficient housing is both 
economics and resources. When UN concluded this it became easy for the nations to embark on 
sustainable development. The development creates new opportunities and jobs for its population as 
well as a promotion for a bright future. Lönngren (2011) believes that it’s a perfect combination of 
keeping the population and the government in satisfied balance. Fortum the energy company (2011) 
further adds that the Politicians are the driving forces behind the eco city trend, economics are the 
base for the new energy efficient housing techniques, when a new technology is introduced the 
technique has to be profitable or work as a good marketing tool for it to be excepted into the eco city 
development.  

The NDS development is planned to be completed by the year 2030 thereby given the name to the 
expected goals Norra Djurgårdsstaden2030 apart of Stockholm’s Vision 2030. The vision for NDS 
includes three main targets with focus area within energy use, transportation, climate change, the 
recycling model and lifestyle.  

1. The entire NDS should be fossil fuel free by the year 2030; this includes fossil fuels used in 
transportation devices, in the heating system, in electricity generation and excreta.  

2. The carbon dioxide emitted should be less than 1.5 ton per person. The current average 
emission is 4.5ton per person.  

3. The adaption to future climate change.    
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The rate at which apartments are to be built are about 500 apartments each year until reaching the 
goal of 10 00, these apartments are to have energy requirements as low as 55kWh/m2/year.  
(Stockholms Stad – Norra Djurgårdsstaden, 2011) 

Stockholm’s Vision 2030 acted as the base for NDS’s environmental program, Vision 2030 is also the 
foundation for the new city environmental program for the period 2012-2015. The new sustainable 
development set for the 2012-2015 environmental program will arise from the environmental targets 
of NDS. The NDS is therefore the pilot project before the implementation of the target on the whole 
city(Lönngren, 2011). It is for this reason that City of Stockholm has put more pressure on all 
participants involved to reach the targets. The district heating at NDS has to for example follow 
environmental and energy target given by the City of Stockholm instead of being decided by each 
individual constructor as in a normal case (Fortum, 2011). The NDS can be seen as an upgrade of 
Hammarby Sjöstad with stronger requirement and more clear targets. The goals are well considered 
with reflection to both local and global solutions (Nylund, 2011).  

The majority of the apartments at Hjorthagen before the reconstruction idea were connected to a 
heating system based on the waste heat from the nearby gas industry, Värtagasverket, in a separated 
low temperature heating network, while the rest of the area was connected to the central southern 
district heating network. At the end of 2010 the Värtagasverket was terminated and the low 
temperature heating network was connected to central southern the district heating network. 
(Adolfsson & Lu, 2009)  

The central district heating network prior to the combining of the central and southern heating 
network was based on the CHP plant of Värtaverket. There are four het plants, two CHP plant, one 
gas turbine and four heat pumps. To this there are furthermore ten heat pumps at the site of 
Ropsten. Out of the four heat plants three of them include two boilers each incinerate a wide range 
of fuels including fossil fuel oil Eo1 and Eo5, liquid rosin and city gas while the fourth heat plant is 
electrical driven. The two CHP plants are separated by the category of fuels incinerated. One of the 
CHP plant incinerates bio oil, Eo1 and Eo5 as the other incinerates mainly coal. Värtaverket is the 
most fossil fuel incinerated plant in all of Stockholm area. Almost all fuels are transported by ship, in 
smaller amount, the fuels are transported by vehicles and rail.  The total production capacity of heat 
at Värtaverket is about 1400MW. Nylund mentions that the due to the coal and oil incineration in 
Värtaverket the district heating system has a consequence of being unsustainable. The coal 
incineration today responds to 13% of the total resource present in the entire district heating 
network, to reach the NDS vision 2030 the coal at Värtaverket will be replaced in 2020 by bio 
fuels.(Adolfsson & Lu, 2009) 

The experimental project that will be tested in NDS is the Smart Grid concept for electricity 
consumption. Lönngren (2011) points out that with the Smart Grid project the electricity 
consumption does not necessary reduce but the unbalanced use of electricity will become more of a 
steady curve. He means that all electricity consumption is during a certain period of time each day 
while electricity production is continually. With Smart Grid electricity can be collected in a battery 
and used to charge cars in the night when the consumption is low. There is also a possibility to 
produce own electricity by solar energy and sell to the national network. This concept has already 
been tested in USA with positive results. The idea for the future is to integrate the district heating 
network with the electricity network in a Smart Grid system (Lönngren, 2011). Other solutions for 
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Figure 22: Caofeidian New City. Yellow part is the 
first phase, red the second phase and green the 
third phase. Source: Tsinghua University institute 
of Urban planning and Energy, 2010 

Figure 23: Sweco’s detailed plan of 
12km2. Source: Sweco, 2009 

heating if district heating network would be removed would be electricity based heat pumps or 
geothermal heating. Individual burners and boilers with bio fuels would be difficult to implement in 
NDS (Fortum, 2011). 

To Lönngren (2011) the development of district heating in an eco city is extremely important in the 
heating requirements of the present. The amount of green house gases decrease significantly when 
district heating is used instead of individual boilers in central heating systems. District heating 
concentrates the operational area and thereby decrease the cost. Lönngren (2011) thinks that with 
the new housing construction heating might become less and less essential. The idea with future 
development will result in buildings producing own heat enough to outsource the use of a complete 
district heating system. But ÅF contradicts and consider heat always essential even if well isolated 
housing are developed, thought not in the same amount this means that the need for a large system 
as district heating might not be suited.  

Caofeidian 
The Caofeidian Deep Green Eco-city is a cooperation project between China and Sweden to introduce 
the concept of sustainable living into China’s rapid urbanisation.  This project plan was carried out by 
Sweco in cooperation with many stockholders in Tangshan city and the Centre for Environment 
Technology (CENTEC) within the Embassy of Sweden in Beijing. (Sweco, 2009) 

Caofeidian is a port isle by the Bohai region located 80km from Tangshan City, 220km from Beijing 
City, 120km to Tianjin City and 170km to Qinhuangdao; the four major hub of economical 
development in the north east of China. Internationally, Caofeidian is direct facing both North and 
South Korea and the Kyushu island of Japan. The strategic position provides advantages in rail, 
highway and shipping communication and trade. Due to these reasons, the region has in history been 
the heavy industry development point. The city of Tangshan is known for its coal, iron-steel, electric 
power, constructive materials, and engine, and machinery, chemical and ceramic industries.  

The whole Caofeidian New City has a total area of 150km2. Sweco provides sustainable guidelines for 
30km2 of the first phase and detailed plan of 12km2 within these 30km2 of the first phase. The area is 
planned to be completed at the year 2020 with the same vision as Malmö’s Västra Hamnen and goal 
as the City of Tomorrow. Similarities can be seen from the both districts with the integration with the 
sea as a main common profile. (Sweco, 2009) 
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Figure 24: Sweco’s Nine Theme of Planning. Source: Sweco, 2009 

Nine major planning themes are presented from Sweco to the city of Tangshan for the development 
of Caofeidian Eco-city. The themes are liveable city, innovative city, accessible city, green and blue 
city, climate neutral city, resource and cost efficient city, flexible city, beautiful city and at last 
healthy city. These themes are more of a sustainable guideline for Caofeidian based on Hammarby 
Sjöstad, what Tangshan city will do with the ideas presented is yet to be decided. (Sweco, 2009) 

 

The eco city of Caofeidian is considered to be the third stage of Chinese eco city development, 
shanghai Dongtan was the first but the only thing different from the rest of the cities built were the 
golf course and the increased green structures since that was what China thought defined eco city; 
lots of green spaces, there was no sustainable technology existing. The associate Director for 
Caofeidian Development project Xinxin Tian (2011) believes that Shanghai Dongtan became an 
unsuccessful eco city because it was sponsored by private business and not the government; specific 
targets and goals have a more economical based than sustainable base. The eco city idea behind 
Dongtan was a way to market and rise re-estate prices. The second eco city try was Tianjin eco city, in 
this project green building and green transportation were set as goal but the ground at the location is 
above average warm and developers has come to exploit the land for resources instead, the 
sustainable thinking is therefore a less important goal. The ground Caofeidian is located on is not that 
hot for developers to wants to exploit the land and both the government and private business are 
more aware of environmental sustainability than before. It means that Caofeidian have the chance to 
become China’s first eco city.   

Tian (2011) states that the initiation for the development of Caofeidian New City was at the very start 
due to the Olympic Games in the year 2008. When China won the location for the Olympic Games an 
environmental upgrading project started, the carbon dioxide emission of cities around China was to 
be deceased before the game 2008; this included the city of Tangshan. The city of Tangshan then 
contained heavy industry of steel production; this had to be moved to decrease the city’s carbon 
dioxide release. The ultimate location was to move it to the port of Caofeidian, north of the current 
new city and 80km from Tangshan city, and thus the expansion of the industrial area of Caofeidian 
started. Few ideas were discussed together with the industrial development either to expand the 
Tanghai county located 40km from Caofeidian port or to develop a new city to act as the base for the 
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industries. If Tanghai County would be expanded the need for basic facilities would be already 
present but this means farmlands need to be removed for the development as a result the major 
decided that a new city should be built. For this new city eco thinking was added in the development, 
even with all the heavy industries around the area such as oil production and steel and iron 
production the goal is to reach a zero emission and zero pollution from the industries. 

Tian (2011) states that Sweco has with the base of Symbio City philosophy set up 141indicators for 
Caofeidian New City development. The development committee of Caofeidian uses the 141 targets 
as guidelines to develop own more suitable targets for the city. Sweco’s targets are set according to 
international standard and some of it is considered to be too high and too innovative for the Chinese 
standard. The main reason for the incapability to reach the similar targets set for Swedish eco cities 
are the behaviour of the society, it’s hard to change the behaviour of a whole generation into 
sustainable thinking. It is common for average citizens in developed countries to think about a 
healthy and sustainable life, it is this kind of thinking that will make eco cities sustainable while in 
China the common though is still the advantaged gained into investing in this new technology. Tian 
(2011) set an example pointing out the cultural differences; the requirement of fresh water in 
housing is an essential part in the Swedish living standard, in China there is a lack of fresh water, 
even if the government is willing to invest in fresh water in housing projects the average citizens 
might still have doubts and end up boiling the water anyways, there is therefore no market for fresh 
tap water projects. With the big gap in cultural differences Tian (2011) still believes that Sweco’s Nine 
Themes of Planning has brought a positive result for the planning of the city even if Sweco’s position 
was only to develop a concept plan they have set the fundamental base to initiate the development. 
Different to Swedish eco city planning, the planners are not with the development process during the 
whole progression but only at the start, the initial plan changes with the practical reality as the 
development progresses. It is not sure that the nongovernmental parties have any power in setting 
the goals for the development as they see fit. The government decide on the initiation of the project 
and sent request to planning and technical organisation for the develop plan, the government then 
scan though the plan and change if they see unfit (Tian, 2011). Ying Tan (2011) the Sweco’s Chief 
Representative for China Market believes that the Chinese government should have higher goal and 
visions for the success of the eco city, if the government would raise the price for fossil fuel and set a 
clear rule that fossil fuel is restricted within the eco city it will push the developers into more 
sustainable instead of economical thinking. Renewable resource doesn’t necessary raise the 
investment for the developers, the developers need to put in part of the investment for the project 
development and part to join the government network for either heat for electricity. The amount put 
into the government network would be the same and the investment for renewable resources would 
in long term pay of considering scarce in fossil fuels (Tan, 2011).        

The main layout of the city differs to other Chinese cities are that the districts are divided into 
240mx240m, these city districts are considered to be small compared to normal city planning 
methods. The small districts increase the occasion of using walk and bike transportation method and 
decrease the use of cars (Tian, 2011). 

The current task is to develop the islands around the bay area to increase tourism and in turn 
increase the market value for estates. There is also an overall construction taken place at the present 
where roads and basic facilities have begun to rise. The current first completed residential area is 
mainly for official use. Local planners and works can now live within the area. The area has been 
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given the national green building certificate with a two star green building. In this residential area 
solar power is the main source for hot water production, all building are equipped with solar panels 
and street lights are equipped with both solar cells and wind power generation. For heating and 
cooling Swedish technology of ground heat pumps are used to extract water from the ground. The 
first stage of Caofeidian New City will take advantage of the waste heat from nearby power plants 
and waste heat from steel and oil production industries. A conventional thermal power plant is being 
built within the city as peak load production. These will be included in the district heating system. 
District heating technology is common in Northern Chinese cities today (Tan, 2011) the development 
of the district heating system in Caofeidian will be a government investment and it is unsure if it will 
be a profitable one considering the resource used for it (Tian, 2011). A focus on development of 
sustainable energy within electricity production is more essential since heat production in the 
conventional method was driven by electricity, electricity is therefore considered more utilized (Tian, 
2011). Tan (2011) believes that the district heating in Stockholm can’t necessary be compared to that 
of China, the system is fairly small in some cities and supported by several heat plants while in 
Chinese cities the district heating system supports larger population and area even if it with several 
heat plants it is in a bigger scale. The most essential development within district heating is in Beijing 
is the conversion of fuel from coal to natural gas. Even if natural gas is still not a renewable resource 
it decreases the emission of green house gases. Due to the location of Caofeidian it has the 
advantage of using waste heat from nearby industries but it is unsure if these industries which is 
privately owned will want to ‘share’ the resources. Their economical base is strong enough to be 
without the extra investment gained from selling waste heat hence no great benefit would gain to 
the industries. Tan (2011) believe there is a lack of sustainable thinking with the general public to be 
able to see environmental benefits in this synergetic relationship and it is for this reason that waste 
heat hasn’t been common in district heating supply. If waste heat from the same steel industry was 
used in Sweden it can supply for a whole average size Swedish city. 

Waste for incineration to produce heat is not a current option for Caofeidian New City due to the 
small amount of waste produced. Recycling of waste is one of the main focus for the sustainable 
development, a resource management centre will be built on the outskirt of the city near the 
artificial wetland were waste will be collected from Caofeidian city, Caofeidian industrial area and 
from the nearby county of Tanghai. The wetland has the ability to purify, among others purification 
of sewage water. (Tian, 2011) 

The building area for the first stage of Caofeidian New City development includes an area of 9.19 
million m2. Tsinghua University (2011)calculated a heat requirement for buildings of 472MW for the 
first stage and a hot water requirement of 38MW for the first stage. According to the Tsinghua 
Universities, 2011 Sustainable Energy Department research on Caofeidian; the solar power will 
account for 2592-2809 hours yearly with radiance larger than 5400MJ, the ground heat within 100m 
depth has a temperature of 13~15°C a temperature of 15~17°C between 100-200m if deeper than 
200m the temperature rises to 15~24°C. The solar power is the main resource for hot water supply 
while ground heat is used for cooling in the summer and heating in the winter. Furthermore it is 
calculated that household waste for the year 2020 will rise to 540ton per day, household waste 
water up to 1680 thousand ton per day with a temperature of 13~16°C in the winter and 22~26°C in 
the summer providing amount of heat accounting for 40.8MW. Oilfield waste water heat calculated 
three pumps equivalent to 40~42 thousand ton per day with temperature of 35°C~40°C in the 
summer and above 30°C in winter accounted for 19.4MW. Waste heat from nearby noble gas 
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processing station, with 6 vacuum furnaces a waste heat of 1.5MW is given. Sea water heat gives a 
temperature of 5-8°C in the depth between 25-50m during winter. Power plant circulating waste 
water heat with two condensing steam turbine will give waste heat accounting for 335MW. The steel 
industry low-temperature circulation waste water heat with temperature between 50~60°C accounts 
for 290MW, slag water with temperature between 50~90°Chas a flow of 5760ton per hour and gives 
268MW. Waste gas from the steel industry with temperature below 250°C gives 512MW heat. Tan 
(2011) states that apart from utilizing waste heat, geothermal heat and sea water heat other 
renewable source are considered in form of wind power, tidal and wave power and hydroelectric 
power are considered in electricity production. Due to the location, Caofeidian has the opportunity 
to exploit many renewable energy resources. Sweco has therefore set the goal for renewable 
resources use to be 95% within first stage of Caofeidian New City. If waste heat from the steel 
industry can’t be exploited the need for district heating is not essential. The district heating system is 
a huge investment with waste heat from industries as a large base of fuel at the moment. The 
replacement would be to use ground water, sea water, solar power and waste incineration. The 
systems would be more resembling central heating with areas closest to water supported by sea 
water heat, areas toward the resource management centre supported by waste incineration and the 
rest supported by ground heat.  

It has been discussed that the use of district heating and district cooling might not be suited for the 
Chinese lifestyle. Chinese people like to use natural breeze instead of any cooling devices, it’s 
required that a building is well ventilated with windows in every facade. Chinese people believe that 
direct wind from mechanical cooling devices can cause sickness. The use of central air condition is 
better in the aspect that it can be turned off based on each individual’s desire. District heating also 
has the effect that it is difficult to adjust. Old district heating systems in China doesn’t have 
temperature adjustment, when it gets too hot and dry in the room windows had to be opened. The 
new system can be adjusted but many are afraid that frequent adjustment with temperature might 
damage the device. When it gets cold the Chinese people are more use to putting more layers of 
cloth rather than use mechanical systems. Many have pointed out that the traditional lifestyle of the 
Chinese is very economical leading to a more sustainable life than with the westernised sustainable 
technology. The Chinese is also more used to bicycle and public transportation oriented travelling 
method. Based on the traditional lifestyle, being economical with funds means energy are utilized as 
little as possible, when energy is reduced resources are reduced as well. This means sustainable 
thinking should be easy to implement into Chinese society because a sustainable lifestyle is about 
utilizing as little resource as possible. (Tan, 2011)  

Wuxi Sino-Swedish Low-Carbon Eco-city 
The Wuxi Sino-Swedish Low-carbon Eco-city also known as the SSLE project is part of the new city 
development project known as Taihu New City located approximately 6km south of the Wuxi city 
centre and south to the lake Taihu. The development project has a total area of 150km2 and a 
population of 800 thousand. The planning of the New City took 9 years and with an overall 
construction of 3 years the city has now reached a primary shape that divides the city into three 
secondary city parts. The nature city is located to the West by the Lake Taihu with nature sceneries 
and famous tourist attractions. The Taihu city is the centre part of the area and the most well 
developed area that includes residential areas, wetland parks, schools, the city exhibition hall and the 
SSLE. To the south-east is the international technology development park which is still in its 
development phase and will include science parks and universities.(Wuxi Taihu New City, 2010) 
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Figure 25: Location of the New City in relation to 
the old city. Source: Wuxi Taihu New City, 2010 

Figure 26: The Three secondary city 
divisions. Source: Wuxi Taihu New City, 
2010 

 

The complete Taihu New City has in the late 2009 targeted on developing the entire city into an eco 
city with focus on the 6 targets such as functions of city, green transport, resources and energy, eco-
environment, green architecture and social harmony. In addition the area will not include any heavy 
industries to reduce carbon dioxide emission (Xiaoxing Feng, 2011, the planning department director 
of Wuxi Taihu New city).  

The SSLE is located in the south of the Taihu city centre part of the New City, close to the Shangxiahe 
lake Wetland Park and Gonghuwan Wetland Preservation Area. The total area of the SSLE is 2.4km2 
and includes city functions as recreation and sport facilities, residential areas and commercial 
facilities. The SSLE concentrates on 7 strategies of sustainable ecological development such as 
function and administration of a city, green transport, energy usage, water resource usage, solid 
waste treatment, landscape and environment and green architecture. (Wuxi Taihu New City, 2010) 

According to Stellan Fryxell, architect SAR/MSA for Tengbom the promotion of the SSLE project 
started before the planning phase unlike the method used within Swedish eco cities. The promotion 
of Hammarby Sjöstad started after the success of the new Swedish sustainable technology within the 
city district; the city district itself became a valuable object which the Swedish government wanted to 
export but only as a finishing product and not as an idea. The Chinese government on the other side 
want to sell land to developers as a result the promotion of the idea became the leading priority. The 
Chinese sees the success of Hammarby Sjöstad as an investment for their future eco city 
development, it is for this reason the architect agency Tengbom that was involved in the planning of 
Hammarby Sjöstad was chosen as the winner for the master plan for the SSLE. The concept brought 
forward by Tengbom resembles the sustainable techniques used in Hammarby Sjöstad based on 
Swedish environmental technology. The difference between the SSLE and Hammarby Sjöstad is the 
different focus points. There are different requirements on environmental techniques between the 
Chinese cities and Wuxi has a large focus on solar energy, district cooling and fresh water recycling. 
Tengbom visited the landscape and made a visual presentation that became the winning concept, 
the Chinese government of Wuxi state then sell the idea to different developers. It is very different 
from eco city development in Sweden where the planner and architects are with the process from 
beginning to end, in this case the government have the power to change any design they see fit and 
developers can as well seek building permit for their own replacement idea if they detect something 
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that is not up to their standard. The Politician and government have the overall power at the start to 
decide targets and goals that needs to be fulfilled but economics is still in control when reality comes. 
This means that developers have the power to change anything which is not profitable. The Swedish 
political power is much stronger, the City of Stockholm owns most of the land and estate in 
Stockholm County and the City only sells and rent out to developers that agree to their targets and 
goals. For the Chinese sustainable development to extend from economic based to environmental 
based more Politian, county majors and local government should be more involved, as well as a 
wider media reach to the public to cause awareness. The top leaders of the Communist Party in 
China are well aware of the significance of eco cities in the world today; they want to advance in 
development of the sustainable technologies and cooperate with developed countries with lead in 
sustainable development. The problem lies with the developers that aim for immediate income. 
Sustainable technologies used in Sweden have proven to be a long time investment which can be 
hard to accept for Chinese developers, especially when the technology is new to the Chinese society. 
An exchange between heat pumps to district heating can have a period of investment for five years, 
after the five years money can be saved from rising fuel prices energy and environmental issues 
needs to be a long time investment effort (Fryxell, 2011). In Wuxi, Feng (2011) contradicts the role of 
the government and states that as in Sweden, the role of the government is strong, the developers 
can’t themselves change anything due to the sustainable agreement set at the start as the base for 
the contract to sell the land. 

Fryxell (2011) believes that more sustainable development is needed due to energy and carbon 
dioxide reason; it will be more expensive for the growth of the country to live in a less environmental 
method while the investment in sustainable development will be retrievable. It can be shown 
through the GDP growth in Sweden since 1996 with 48% together with a decrease in carbon dioxide 
emission with 10%, China want a decrease with 30% with their GDP growth instead of an increasing 
emission as it is today. He also mentions the life style choice for the Chinese should be changed from 
the American role model to the more European style. The Americans consume double the energy 
than the Europeans and plan according to urban sprawl with a car based society. He believes that if 
both governmental and economical parties had more knowledge it would be easy for the Chinese to 
focus on sustainability since China has the world’s fastest economic development and the greatest 
urbanization and it is easier to build new eco cities than to rebuild old cities. Yang Chen (2011) at ÅF 
points out that to reconstruct old cities into eco cities only the existing systems and technologies can 
be used to create a synergetic relationship and thus only give an efficiency of 50-80% which is not 
ideal for eco cities.   

The national board of housing in Sweden has set standard for energy consumption of newly 
constructed housing in Sweden to be between 110kWh/m2/year to 80kWh/m2/year. This is believed 
to be too easy to reach for Swedish standard housing. The trend of passive housing gives an energy 
consumption of 55kWh/m2/year. The national standard for new construction in China is as great as 
300kWh/m2/year with single glassed windows. This standard is the same for the whole country 
independent of location or climate. For SSLE the architect agency Tengbom has set the energy 
consumption to be 85kWh/m2/year, which according to them should not be very difficult to reach. 
Xiaoxing Feng the planning department director of Wuxi Taihu New city states that this target is easy 
to reach; the current housing in Taihu New City has an energy consumption of around 
20kWh/m2/year. This mainly due to the cultural background of Chinese; the culture doesn’t 
encourage high energy consumption of cooling or heating, it has been long imprinted into the mind 
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of the Chinese to adapt to the climate and weather that is present. The use of air condition doesn’t 
apply unless the temperature rises above 30°C, sun shading on buildings are more of a concern and 
ventilation by opening windows are more common. In winter, Chinese put more layers of cloth on 
rather than turning up the heat, the air conditioning wouldn’t be turned on unless the temperature 
drops near 0°C. (Feng, 2011)   

Based on the energy consumption of housing the heating consumption can be calculated thereby 
charging household according to kWh. But in China, heat is sold per m2 instead of on a fixed cost 
which makes production and distribution with district heating very difficult and investment high and 
hard to recover, the suggestion for SSLE is to have a fixed cost for heating after measuring the energy 
consumption of housing (Chen, 2011). The architect agency Tengbom cooperating with the Swedish 
energy company ÅF has suggested district heating fuelled by waste as the main heating system in 
SSLE but doubts has been seen in this suggestion. The main problems are the lack of recycling and 
management for waste and the emission of hazardous substances during incineration. Operation of 
waste incineration without purification systems has been tested in the southern region of China and 
problems with emissions have been noticed. In Sweden and Europe all waste incineration plants are 
to be constructed following the EU commission’s standard on emission. The energy company ÅF have 
promoted the importance of purification system for waste incineration. If a well functioning recycling 
system and purification technology are introduced the possibility to make biogas as well as heat 
would be possible. According to Gunnar Bark (2011) at ÅF the use of CHP plant for combining heat 
and electricity production is very uncommon in China. The plants will either produce electricity or 
heat to further sell to the network due to restrictions of connecting to both the heat and electricity 
national network. China has the technology to use the CHP plant for producing heat and electricity at 
the same time but to get the permission is challenging.      

Other suggestion as heat pump is also mentioned with water from Taihu Lake and waste heat from 
industries. Yang Chen (2011) from ÅF suggest the central heating system for small block districts due 
to the rising popularity of it in China, these districted network can then be connected to create a 
larger network. Feng (2011) disagrees with the use of large heating systems in SSLE, the heating 
needed in the entire Taihu New City are those within public, industrial and business buildings, those 
within residential areas are more suitable with the use of central air conditioning. The heating period 
is very short in the Jiangsu province, due to global warming the temperature during winter season 
fairly exceed below zero degree. Temperatures between the seasons are for the most part stable 
without any extreme high or low plunge. For this reason the construction doesn’t need to be as 
heavy as it is in Sweden though ventilation and sun protection of buildings are greater sustainability 
concerns. New technologies within heat support have been brought forward in Taihu New City; one 
idea is the use of heat pump to pump heat from ground water, but the difference between ground 
water temperature and ground temperature is only a few degrees s and with the transportation heat 
lose the system becomes very inefficient. The heat pumps in Stockholm are efficient due to the hot 
Gulf Stream in the Baltic Sea. Waste heat from industries and swage waste heat has been suggested 
as well but the specific heating method for the SSLE has not been decided yet. Feng (2011) explains 
the most ultimate system used in the Jiangsu Province for heat support is still central air condition. 
This is due mainly to the humidity of the province, the central air condition does not only warm up 
the apartment but it dries the air moister. This is important because the high humidity makes the air 
temperature to feel colder than it actually is.    
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The synergy system in eco cities in Sweden has district heating as one of the important elements 
without it the synergy can’t function. In SSLE case when district heating is not a necessary system a 
focus has been on how to interlink the rest of the systems to a well functional cooperation to get the 
max effect out of all systems instead of developing complicated technology to resemble Swedish eco 
cities. Even if district heating system is unnecessary the need for hot water is still essential, a heat 
plant can disconnect heating for only hot water and industrial water use (Chen, 2011). The most 
common method for hot water production in China is through solar power, this is considered more 
sustainable than developing a new district heating system for just for hot water use (Feng, 2011).   

Feng (2011) concluded by saying that most of Tengbom’s technical suggestions for the new SSLE are 
unsuitable for the Chinese conditions but the overall planning and integration of the district is well 
thought out and some technical systems are still taken into consideration. The waste vacuum system 
resembling the one used at Hammarby Sjöstad is a very popular idea with the Wuxi development 
agency but worry with the high investment is still present. The lack of sorting is still unavailable in 
Chinese society so the habit of it needs to be brought forward before the system can be introduced 
(Feng 2011). She further states that since China is still a governmental based society it becomes 
easier to integrate ideas into the society if the government has the will. In some aspects, China has 
come even further than Sweden in sustainable technology there is a complete waste water system 
than reuse and clean sewage water as well as well functioning combined sun and wind powered 
electricity for streets lights, in addition most of the residential areas are made up of high raised 
apartment buildings instead of individual town hoses. Feng (2011) adds that the SSLE should be 
sustainable according to the environment given therefore, imported technologies from other eco 
cities isn’t always suitable. She states that one of the most important reasons for international 
involvement as in this case the overall planning made by Tengbom is to establish cooperation, share 
ideas and a promotion for international technology into the Chinese market. These ideas might not in 
the end phase of the development be used but a partnership has been established that can ease 
future cooperation. The current ideas brought by Tengbom might be used in more suitable cities in 
the future even if they are not suited for the current project.   
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Discussion 
In this section the result of the paper will be discussed with the aim of how district heating systems 
contributes to sustainable development in Sweden and if this can be applied to Chinese eco city 
development. 

Definition of sustainability  
The term sustainability as Hammarqvis, J et al (2005) describes can have a various and shifting 
meaning depending on the situation that it is used in and the advantages it brings to the definer. It is 
therefore accepted to think that the term will be interpreted differently within the two countries. 
The term sustainability was established internationally with the Rio conference in 1992 but it wasn’t 
until Al gore’s ‘An inconvenient truth’ in 2006 that shocked the general public and elevated the 
importance of a more sustainable lifestyle. During the Rio conference the UN had for the first time 
brought together all interest parties of environmental and realized it was more accepted subject than 
they had realized. This was a very efficient way to spread information and get ideas accepted; 
fractions of this method can be seen in how the Swedish managed to reduce the carbon dioxide 
emission and the Symbio City concept where all parties both private and public are brought together 
in the planning of the development projects to decide the level of techniques and scale of 
infrastructures that should be used, very different to traditional planning.  

Sweden had a head start in their environmental sustainable development in a way that the country 
was in lack of resources. The natural surroundings of the country made it hard to be oil depended 
and the oil crises finally pushed the country into finding new resource to depend on. The focus of oil 
driven society has long been expelled in Swedish lifestyle. While the Chinese current condition is still 
very oil dependent since there is at the moment no deficiency of oil in China. But the dying 
production of oil is a distant if not soon upcoming problem around the world which will be the main 
concern of production and development worldwide. The initial five year plan focused on economic 
and social development and the Chinese version of Agenda 21 was China’s first trial at sustainable 
development but was more focused on the social and economical development as well, this has led 
to a distinctive increase in the country’s GDP. It is until recently that the focus has been more put 
into environment concerns. Largely based on the fact that China is currently the world’s largest 
emission of green house gases but also on the fact that the economical development of the country 
is stable enough to shift the focus elsewhere. As stated in the beginning; the definition of 
sustainability can shift depending on the situation but the situation where sustainable development 
is needed is the same independent of the country. Both Sweden and China realizes a need of 
environmental upgrade following their industrial age once stabilizing the economy. So one cannot 
say the sustainable development of China is delayed or different to Swedish sustainable 
development but only accordingly to the development of the country; the economical base needs to 
be established before cleaning up what the economic development has done to the environment. 
But the application of sustainable technology might be different based on the different 
environmental conditions. What both countries also have in common is the use of the Olympic Game 
as a reason to promote their sustainable and environment development.  

An already industrialized country will have it easier and more beneficial to focus in environment 
upgrade than an unsteady economical growth country. In this case economical and social 
sustainability has to be stable before social, economical and environmental sustainability can work 
together to get a surplus in all fields. In the present, Sweden has the advantage of having a good 
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economic and technical base while regions in China are still diverse in income. China has very rich 
regions as well as very poor regions, it is for this reason that the 12th five year plan focuses more on 
the characteristics of each province and thereby dividing the whole country into five subdivisions 
based on their economical development stages. The region where the most invested capital goes is 
where all technical and physical resources are. Due to the size of the country, it becomes hard to 
improve the economic base of all regions at the same pace. With the size of Sweden it is easy to 
include all regions in the economic development and easier to establish environmental sustainable 
development when all regions are on the same level. The geography of the countries separates their 
methods in distributing the country’s resources. A problem that Lönngren (2011) pointed out with 
the growing economy of developing countries is the limitation of the earth itself. He thinks that the 
earth’s economy and resources should be seen as one all together and not divided up into different 
countries. These resources should be distributed in a way to help economic growth of countries that 
is in need at the period. The economic growth can be aimed for a period at USA, then Europe and 
later China but it will be challenging for the environment if all of the regions want to develop at the 
same time with the limitation of resources. He also points out the idea of natural resource based 
GNP because a tree in the forest won’t have any value until it is cut down and used. If more effort is 
put into marketing the value of a living tree in the forest the more it will be a concern to grow trees 
and preserve natural resources to raise the country’s GDP.             

In the end it is the economy that sets the base for environmental sustainable development but it is 
the government that still needs to push forward the idea. If the government itself doesn’t have a 
strong economic base then it needs to depend on investors, the investors will then be in charge of 
the development and follow their own terms and goals. A strong economic based government as 
Sweden which owns most of the estates in Stockholm can rent and sell land based on government 
terms. In China if the government is in need to sell land to boost their economy the term they set to 
sell the land won’t be as crucial as getting the profit. Since China has a diverse economic base it is 
reasonable to think that some regions will sell land based on income while others put more enhance 
in sustainable development. Of course the regions with most of the capital are more viewed by the 
public and these regions need to set a good image resulting in the government focusing more on 
sustainable development and using the same method as in Sweden; the investors need to agree to 
goals and terms before land is sold. Being a communist country as China many might think the 
government hold all power in development of the cities. This is not wrong as long as the government 
has the economy to support the ideas with. In Sweden, it can be seen that the City of Stockholm are 
in charge when concerning the development of the city and can easily influence organisations that 
set regulations.  

The role of Hammarby Sjöstad as pilot promotion model 
Since Sweden had a succeeding head start in their environmental sustainability it is naturally that it 
will be an example for others. Hammarby Sjöstad has become the main promotion model and with it 
a wide span of business opportunities for companies and organisations involved in the project. China 
is the perfect business cooperation partner for these organisations since the country has until 
recently opened its doors more widely to western investors and culture, its rapid rise of GDP as well 
as environmental downgrading is very attractive to foreign business. China as well seizes this 
opportunity to establish relationships and partnerships. As seen in the case studies, the Swedish 
Planning agencies are only responsible for the concept plan and overall plan of the eco cities in China. 
It has also been pointed out by the Swedish agencies that since they have conducted their part of the 
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job no signs have been given on the feedback to their solutions. Of course, this can due to the fact 
that the sustainable planning processes are different in China; the initial planners are not with the 
development project till the end. But if China wants to duplicate the success of the Swedish eco city 
then it is expected to think that the planning method would be the same. It is brought up in the case 
studies that some of the Swedish ideas for Chinese eco cities are too innovative and goals difficult to 
reach or that the targets are to low and technology too costly resulting in the China side 
reconstructing the development plan. More communication is needed in this field to establish a 
successful partnership and information can be learned for future cooperation. It can be seen on the 
Swedish side that there hasn’t been enough background information research when the plan was 
presented to the Chinese cities. The Swedish concept plan was mainly based on Hammarby Sjöstad. 
Hammarby Sjöstad was the main reason that Sweden was chosen as the initial planner but the 
conditions of Hammarby Sjöstad is not equivalent to the conditions in China. Many have stated that 
the main problem is the accustomed lifestyle difference. When walking on the street, it’s not 
uncommon to see people spitting and throw waste randomly because they know there are hired 
cleaners who will clean for them. The size of the population has made man labour cheap and 
convenient. What is often done with machines in western world is replaced by man force. The 
country is still very economic based which means investment in large complicated technical systems 
won’t be popular until reinsurance in profit. It is also brought forward that the traditional lifestyle of 
China is environmental sustainable without the help of innovative technical solutions. It is 
accustomed with the lifestyle to be frugal whether it is in economy or energy saving, which has 
economic saving as a base. This originate due to the fact that China has long been a below average 
income country and with the large population it becomes easy to be replaced especially in carers. It’s 
important to save the income for a rainy day. The child support system is not as good as it is in 
Sweden either which means all school tuitions needs to be supported by the family, the single child 
policy also meant that all hopes are put on one child to succeed and the best way is to get the child 
into the best and most expensive schools. Most families that don’t have a good economic base need 
to save in everyday activities such as the use of minimum electricity and heat, or the use of public 
transportation and bicycle instead of car. Poverty has brought a natural saving lifestyle and this 
lifestyle is considered more sustainable than many in developed countries. But as economic situation 
improve the traditional lifestyle changes with the westernised lifestyle as the ideal model. Bigger 
housing and more electrical equipments as show of improved living standard is the result of resource 
exploitation and a path to a less sustainable lifestyle. To implement sustainable thinking in the still 
developing country means that even with the quick economic development and increased lifestyle 
statues the Chinese population will still be used to put on more cloth rather than turning on the heat, 
and use natural ventilation by opening the windows instead of turning on cooling systems. 

What really needs to be done to improve sustainability is increase the building standard of Chinese 
housing. China is the world’s quickest urbanised country with large population moving into the 
country every year leading to a sufficiency in housing that needs to be restored by quick construction. 
The quick construction has led to the buildings being bad insulated and easily damaged. The lifetime 
of most buildings in China is only between 25-30 years while in Sweden it’s about 50 years. An 
improvement of the building quality would lead to a decrease in energy lost.  

Since it has been pointed out that China’s eco city development is largely based on economy it is 
understandable that the developers and investors want to use the most economical material and fuel 
for the development. The power and heat generation in China is usually based on fossil fuels; the 
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coal supported heating in Beijing has recently been replaced by natural gas. Natural gas according to 
many is still a fossil fuel but the government believe it to be an upgrade from coal. The problem lies 
with the availability and pricing of the resources. The fossil fuels are not deficient in China and 
therefore the prices for these are sometimes even lower than wood based fuels. But the fact that 
fossil fuels are decreasing is an essential problem and a habit need to be made to transfer the use of 
limited resources to renewable. The prices of these fossil fuels needs to be raised so the 
consumption becomes lessen. The 12th five year plan also puts a focus on the development of ‘new’ 
fuels that can replace the traditional use of fossil fuels.                              

The district heating system in Sweden has long existed before the rise popularity of sustainable 
thinking. A large system is a way to reduce both cost and fuel use for a country that was in lack of 
fuels due to the cold climate, especially that of coal and oil. The use of bio fuels and waste has 
gradually been taken over in the fuel market. Once the market learned that waste can be reused as 
fuel the significance of recycling became greater. It has increasingly been easier for the population to 
join the recycling culture; there are constant advertisements on media and the increase of recycling 
stations can be easily detected. When looking at the Chinese situation, the lack of oil and coal is not 
crucial and the existence of a recycling culture is almost none. The substance such as paper and 
plastic which can be sold are already taken out, what is left is a mixture of household waste, metal 
and glass; not suited for incineration. There is no real ideal fuel for district heating; the choice of fuel 
depends on the location and the price. Waste is a good fuel since it should be taken care of instead of 
going to the landfill where waste emits more greenhouse gas resting than incinerated. Waste can be 
seen as an ideal fuel for the Stockholm district heating system, many might argue otherwise due to 
the amount of hazardous emissions and ash during incineration process but if recycled well, the 
household waste should not include anything but organic wastes, which as the bio fuels are part of 
the closed carbon cycle. But household waste in China is not well sorted, even if the amount of waste 
produced is increasing every year due to the increased living standard and is enough to support an 
average Chinese city with heat the incineration technology is still insufficient. The waste incineration 
plants in China have a low degree of efficiency and lack purification systems and let out more 
hazardous substances during incineration than allowed. The smell of these plants is furthermore a 
problem. The Chinese interviewer mentions that the smell of a waste incineration plant can be 
noticed from far away and this result in unwanted housing in a few kilometre radius of the plant. 
There is also the question of disposing the ash; a low efficient waste incineration plant will produce 
more unused ash that will be deserted in landfills.  

The importance of fuel in the district heating system 
By taking away individual burners in homes and replacing it by a large district heating system the 
environmental standard has seen to be increased in both Sweden and China. All interviewers agree 
that district heating is the most environmental sustainable method when heating is needed for a long 
period for a large area. It is the fuel that really defines the sustainability of the system. Waste can be 
seen as the main fuel used in district heating system in Stockholm, besides waste biomass is an 
important source as well as heat pumps and bio oil. Yet due to the cold and long winters in Sweden 
the use of only renewable fuels are not enough at the moment, the coal incineration is still up to 13% 
of the total fuels used, this does not even include the use of fossil oil during peak periods. The energy 
company Fortum have stated that the use of coal will be taken away and replaced by bio fuels and 
waste to reach the zero carbon goal put up by the city of Stockholm. A new waste incineration plant 
is already under construction. But the goal of becoming carbon dioxide free by the year 2030 for NDS 
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is doubtful for many Chinese actors. They believe that zero carbon is impossible in big cities; the goal 
only becomes an advertisement device for the city.    

Sweden has a good base in economy and in the standard of housing; most housing built today are 
either passive houses of plus houses which means that there is a less need of heating. There is also 
no lacking in biomass, due to the location of Stockholm the use of heat from the Gulf Stream can 
contribute to the goal of becoming fossil fuel free at least in the field of heat production. As 
mentioned before location and price have the main impact on the resource choice of the district 
heating system. In Sweden, heat was at the beginning a rest product of power generation when 
there was a lack of oil but in China the use of CHP plant for combining heat and electricity production 
is very uncommon due to restrictions of connecting to both the heat and electricity national network. 
The production of hot water is moreover not included in the heat production. Hot water are largely 
based on solar power, it is common to see solar panels on top of every building in China. These 
differences in energy solution are why China needs to find their own synergetic solution within their 
eco cities, and not copy what has been done in Hammarby Sjöstad. China with the large population 
needs to build big cities and an eco city with a normal Chinese city size can’t have the same synergy 
or sustainable technology used in Hammarby Sjöstad; it is too costly. The government only invest in 
the overall planning, in environmental technologies and in public buildings and facilities. All other 
infrastructures are investor supported and the investors need to make sure that the investment they 
put in to the city can be retrieved. 

Most of the eco cities in China are newly developed areas opposite from reconstruction areas in 
Sweden. In China there is always a problem of too many people and too little land. The areas that can 
be developed within the city have already been developed and redeveloped. The only possibility is to 
develop outside the city. It is often common to replace farmland with cities. Many might think that 
urban sprawl is in its self not sustainable and replacing farmland is not sustainable either, but for the 
large population that urbanises and in need of housing and farmers that become rich and doesn’t 
farm any longer it’s a well use of unplanted land. One could say that this urbanisation process is due 
to the farmers, China’s population was once based on farming now with the increased living standard 
farming is less and less needed, and the farmers instead sell the land to industries or government 
and move themselves into the city which in turn has led to the great urbanisation.    

China needs to find Synergy that connects the energy production with other technical systems 
around the cities. Being a still developing country means that there are always large industries 
nearby. Industries and other business around the area can provide waste heat. The eco cities in China 
have a benefit as they are all within newly developed areas. New cities have the opportunity to 
create new infrastructure to cooperate in a synergetic way. New cities have more opportunity to 
create sustainable solutions without interfering with old systems. It is easier to create infrastructures 
from scratch to locate them near industries so that waste heat can be exploited or close to 
geothermal heat so less heat is lost in the transferring process. All technical solution within the urban 
infrastructure can be solved in a less complex way. Chen (2011) pointed out that to reconstruct old 
cities into eco cities only the existing systems and technologies can be used to create a synergetic 
relationship and thus only give an efficiency of 50-80%.  
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Sweden can contribute with their sustainable knowledge in Chinese eco city planning but can’t let 
China copy the same ideas that have shown positive result in Swedish planning. It is important for 
country and culture to develop in their own way and thus finding their own synergetic solutions.     

Possibility for District heating in Caofeidian 
The climate of the region has extended the winter period and winters are cold and dry with 
temperature that can drop from -3°C to -22°C in January. This winter climate resembles that of 
Stockholm. Caofeidian belongs to the northern region where indoor heating system is essential in the 
standard of living. 

The economic base of the Hebei region can be seen as average in comparing to the whole country. In 
the 12th five year plan the energy reduction has set the province in the second category with the 
highest rate of energy consumption per unit of GDP as 17% based on the economic development of 
the province.  

The introduction of the eco city and sustainable concept around the Region will help it to reach its 
energy reduction goal and thus also develop its economic base with investors from worldwide. The 
strategic position of the area has long been exploited by industries. The New City of Caofeidian will 
locate to the south of these heavy industries where the land is still clean. These industries have with 
the influence from the New City development been given a zero emission regulation.  

Since the residents of the Hebei province is accustomed to indoor heating the best synergetic 
solution would be using waste heat from nearby industries in a district heating system. The only 
problem with this solution is the agreement from the industries. Waste heat from industries is 
environmentally better than any other solutions. There is no emission of extra greenhouse gases or 
ash and no large heat plant needs to be built with boilers and incinerators. Waste heat with a 
temperature above 90°C can be fully exploited without the addition of extra energy. Tsinghua 
University has calculated the heat required for buildings in the first stage of the development to be 
472MW, other waste heat aside, with only the steel industry’s low-temperature circulation waste 
water heat with temperature between 50~60°C that gives 290MW, slag water with temperature 
between 50~90°C  that gives 268MW and with waste gas from the steel industry with temperature 
below 250°C that gives 512MW heat, these together will be more than enough to support the first 
stage of the city.  

As Tan (2011) mentioned the district heating system is a huge investment and if waste heat from the 
steel industry can’t be exploited the use for district heating will not become sustainable since the 
next fuel in mind will be coal or oil. She states that the replacement chosen instead would be more of 
a central heating with areas closest to water supported by sea water heat, areas toward the resource 
management centre supported by waste incineration and the rest supported by geothermal heat. As 
Tsinghua University calculated, the household waste for the year 2020 will rise to 540ton per day; 
this can’t be compared to the 1200ton waste that arrives at Högdalenverket daily. The amount is too 
small to support the entire first phase of the New City but it might be able to support partial of the 
city. But to rely on waste incineration means a need to develop increased recycling and improvement 
of incineration technologies and this is not realistic at the present. Geothermal and sea water heat 
need to be transport by heat pumps; as Nylund (2011) stated the use of the heat pumps depends 
largely on the electricity price, for well functioning heat pump three parts electricity and two parts of 
oil is needed. In cold winters, the heat pumps use more electricity than it produces. The electricity in 
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china is still fossil fuel based but if the heat pumps can use electricity gained by renewable resources 
than this idea is still sustainable. The location close to the sea has potential in wind and tidal power.    

Synergetic heating solutions in Wuxi Sino-Swedish Low-Carbon Eco-city 
The climate of the region is warm and humid with short winter period and a temperature between -
2°C to -4°C in January. The province of Jiangsu is located to the south of the Yangtze River which 
means that there are no regulations for indoor heating systems. The province is one of the high 
income regions and living standard has rapidly improved with more demand in indoor heating during 
the winter. The economic base of Jiangsu region can be seen as high in comparing to the rest of the 
country. In the 12th five year plan the energy reduction has set the province in the first category with 
the highest rate of energy consumption per unit of GDP as 18% based on the economic development 
of the province. With high income and more investments the development projects in the region 
happens fast; 9 years of planning and 3 years of overall construction has the Taihu New City already 
in shape and residents already in everyday routine. The entire Taihu New City wasn’t meant as a 
sustainable development project, only the SSLE. But as the concept became more popular Wuxi state 
decided to raise the bars and had the whole New City targeting to become an eco city.  

The focus point for this paper is on the SSLE but with the whole Taihu New City in mind since 
technical solutions won’t be separated between the two. Due to the climate and location of the city 
large focus have been put on the use of solar energy, district cooling and fresh water recycling. New 
renewable sources for electric power generation are more significant than that of heating. This as 
Feng (2011) mentioned is mainly due to the cultural background of Chinese and the ability to adapt 
to the climate and weather that is present. The Swedish are more used to turning on the heat when 
the weather changes rather than wearing an extra layer of cloth indoors. Heat for many in Jiangsu is 
not the most essential during the winter but is needed during the really cold periods. Though the 
winter season is only 1-2 month, the humidity in the air cause the temperature to feel lower than it 
actually is. The use of central Air condition is for dual reasons, it acts as cooling device in the summer 
and heater in the winter, the air that is blown out the device act as a drier to dry the moist.      

In China, Heat is sold per m2 instead of on a fixed cost which makes production and distribution with 
district heating very difficult and investment high and hard to recover, Chen (2011) suggestion for 
SSLE is to have a fixed cost for heating after measuring the energy consumption of housing but 
current housing in Taihu New City only has an energy consumption of around 20kWh/m2/year. Which 
means the cost for heat will be very low compared to the building’s energy consumption. The 
amount of heat needed is not enough to invest in a district heating system.  

Other suggestion as heat pump is also mentioned with water from Taihu Lake and waste heat from 
industries but due to the eco city target of the entire Taihu New City all heavy industries are not 
allowed in or near the city, small industries as button factories won’t have the possibility to produce 
waste heat. As for heat pump, the amount of electricity used will be more than the heat taken up. 
The heating needed in the entire Taihu New City are those within public, industrial and business 
buildings and these will be more suited for central heating. Those within residential areas are more 
suitable with the use of central air conditioning. The goal is to use renewable resources in the electric 
power generation such as the new fuel replacement of nuclear power, water power, wind- solar and 
other bio fuels mentioned in the 12th five year plan. 
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Conclusions 
To conclude I have seen the importance of an economic base that set the initiation for environmental 
sustainable development. In my opinion both Sweden and China has both set the focus on 
environmental sustainability after the main industrial period when the economy is stable and the 
environment damaged due to industrialisation. It becomes hard for a country to focus on 
environmental upgrade during its main industrial period when industrial productions are the base for 
economic development. In China the case studies show that even if the government would want to 
head in the direction of environmental sustainability there is still a need for an economic base. The 
problem lies with the developers and investors that aim for immediate income. Sustainable 
technologies are a long time investment which can be hard to accept for Chinese developers, 
especially when the technology is new to the Chinese society.  

But the political will is strong at the moment which sets a good base for sustainable development. 
With a strong political will as a first step, the next step is to establish a better communicated 
cooperation and partnership between Chinese and Swedish government as well as developers and 
scientists, so that ideas can be exchanged and learned and this in turn in my opinion will lead to a 
more successful development of the eco cites. At the moment, the cooperation for Caofeidian and 
the SSLE can be seen in planning as the first cooperation of its kind, communication cooperation 
together with background information about the country such as culture hasn’t been learned before 
the plan was established. If this kind of cooperation should continue Sweden should contribute with 
their sustainable thinking as suggestions but should let China develop in their own way and thus 
finding their own synergetic solutions. If China wanted to copy the Swedish sustainable development 
then the planning process should be the same as well this means that the Swedish planners should 
be more involved during the whole process of the development.  

As for the suggestion of heating solution for Chinese eco cities, I believe that if all stakeholders were 
brought together in the beginning of the planning process then heating solutions might be resolved. 
Instead Caofeidian still doesn’t know if they are ‘allowed’ to use waste heat from the industries. The 
industries should have been brought into the development plan from the start in a way to convince 
the industries that they are a part of the development for China’s future and hence they will have an 
achievement with the cooperation. China is still largely industrial based in some regions which means 
that the use of waste heat from industries is part of a national synergetic system; the waste heat 
from industries are used to heat up facilities related to development and housing for workers. If 
district heating is not supported by renewable resources such as waste heat from industries and 
none fossil related fuels then the method becomes unsustainable. The sustainability of district 
heating is also closely related to the climate. District heating system contributes to sustainable 
development when the climate is cold enough and winter period long enough. Mild climate region 
such as the location of SSLE is not suited for district heating especially when the hot water 
production is in a separated system fuelled already by renewable resource. 

Sweden’s climate is suited for district heating and it has been proven that district heating is the best 
method for large area heat support. Stockholm mainly incinerates waste in their district heating 
network to produce heat, power and hot water. Waste is still a problem in China that needs to deal 
with, the use of waste as incineration resource is not a possibility at the moment, but the amount of 
waste will increase with increased living standard this means an implementation of recycling culture 
is needed. China should reduce the amounts that end up in landfills by introducing technologies and 
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systems to reuse waste. An upgrade in sorting facilities and incineration plants are needed for the 
benefit of the environment. It’s a progress which Sweden can contribute their knowledge within.      

Lastly it’s pointed out in interviews that China should have it easy to adapt to a sustainable lifestyle 
since the population already has a saving lifestyle with minimum use of energy. Some suggestions 
that many interviewers and I believe needs to be done to decrease energy consumption even more is 
to improve the quality of housing so no extra energy is lost. There is also a need to change the 
charging system for heat, instead of being sold per m2; a fixed cost makes production and 
distribution with district heating easier. A raised price for fossil fuels can be implemented so more 
renewable fuels are explored and used. This includes renewable resource within electric power 
generation. Power generation solutions are more of a concern than heating solutions. The use of 
central air conditioning in mild climate regions are based on electric power and so are some hot 
water generation. The need for electric power is needed everywhere but the need for heating is 
limited within the country.   
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Future studies 
The heating systems for Caofeidian and SSLE are still in proposal phase. The actual heating system 
supporting these eco cities won’t be known until the finishing phase of the development. A research 
could be done on the then finished system to compare the similarities and differences between 
Hammarby Sjöstad and NDS to find out if the involvement of the Swedish actors had any impact on 
the Chinese eco city development. Urban technical solution other than heating should be analysed as 
well, especially that of electric power generation. For example if Swedish power generation 
sustainable? How could China escape from the 80% coal generated electricity?  
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Appendix 

Questioneris 
Part 1  

• What do you consider as being sustainable?  
• How is an eco city sustainable?  
• Why has Sweden aimed at developing these sustainable cities?  
• How will Hammarby Sjöstad/ NDS contribute to the sustainability of Stockholm and in turn 

Sweden?  
• In your option why do most developed/developing countries aim to build sustainable cities 

now? Is it a trend? Or deficiency in resources and focus on environment?  
o Is it possible for underdeveloped countries to focus on the implementation of 

sustainability and eco cities? 
• Will the production economy decrease due to implementation of sustainability in a city? 

o Then is it more possible for a developed country to success in sustainability rather 
than a developing country?     

• In an eco city, is it more environmental friendly to use district heating? Or central heating 
with environmental furnace and renewable resources if district heating is none existing in the 
nearby area.    

o Is it still considered an eco city if the district heating system includes a CHP plant that 
uses renewable resources but also includes a CHP plant that uses fossil fuels? 
(Stockholm)  
 Should this plant be demolished or replaced by renewable resources? Or 

should district heating not be used at all?  
• How important is heating system in planning of a city district?  
• Does the planner play an important role when choosing the type of heating systems that 

should be applied?  
o Is there anyone that can decline the choice of system and suggest another?   

• Will heating still be needed in a passive house? And considered as important?  
o Will heating be needed in a passive house built in a warm climate?  

• What is the first to think about when planning an eco city? 
o And how is it related to heating system when thinking about a closed consumption 

and contribution circle?  

Part 2  

• What is the difference between central heating and district heating in  
o System  
o Economy  
o Environment  

• Is it possible to connect housing with central heating to a district heating network? 
o Is it difficult? Within technical and economical aspects.  

• Is it possible to exchange housing using gas or electric heating for district heating?  
• What is the most common resource for heat supply in your system?  
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• Which one do you consider to be the most environmental material to use for a heating 
system? 

o Is it more expansive in price and drift than a less or non renewable/environmental 
resource? 

• Does the choice of resource for heating depend on the economical state of the country?  
o Does the choice depend on the length of the heating period?  

• Is it more environmental to have the heating plant at process all year round than only for a 
period of time? 

o Is it more economical? 
• How many years does it take to get an economical gain for a newly built district heating 

system?  
• When did district heating become popular as a mean of heating supply? Why? What was 

used before?  
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Site visit – Caofeidian 
 

 

  



64 

Site visit - Wuxi Sino-Swedish Low-Carbon Eco-city 
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