
 

Diploma Work in Urban Design in China and Europe 

(February 2012~June 2012) 

 

 

 

 

Access a better development for Chinese sustainable building 
-A study of problems and proposal from a technical view 

 
 

 

Author: 
BoYun Gong 

 
 

 
 

Supervisor: 
Rolf Möller 

 

 

 

Blekinge Institution of Technology, June, 2012 
 

 

 



 

1 
 

Summary 

Sustainable building issue plays a key role in world sustainable development as the building industry 
converge major sectors of energy, water and material consumption that have huge affect on social 
and environment. Modern China is under the process of sifting from agriculture society to 
industrialized society, experiencing a fast economic growth and urbanization, facing big amount of 
environment and energy problems. Large amount of migration swam from rural area to urban area, 
which bring up with huge construction work. Low-efficiency of energy use and short life-cycle 
causes big amounts of waste on energy and materials in China. Developing sustainable building is an 
emergency and essential issue.  

There are lots of problems in Chinese sustainable development. The research is try to find out some 
of the most important factors in Chinese building construction sectors in order to explore new and 
better methods for a more sustainable development. As a limitation, the research is focused on 
technical aspects. 

The research is discussing the problems on three aspects: Regulation standard, Stimulate support 
system and transfer of technology. Each of the part is discussed the question of “what is it means to 
sustainable building?” and “how to improve it?”  

To get the answer, several different approaches are used to analyze the problems. A comparison of 
Design standard of Energy Efficiency and Denmark housing regulation in order to find the 
inadequacies of Chinese current regulation, an exploration of Chinese rating system of green 
building certification tries to find how to make an improvement for green building assessment. and 
two cases study is help to understand a proper approach of technical transferring. 
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Chapter1: Introduction  

1.1 Background: the Ration of Sustainable Building 
“Sustainable development is development that meets the needs of the present without compromising 
the ability of future generation to meet their own needs” 

-------Bruntland,<our common future> 
With the increasing energy crisis from 1970th, sustainable development is accepted as a consensus 
worldwide. Building sector plays a key role in the global economic, social and environment 
development. The building sector together with transport sector is the main consumer of energy. A 
study applied by World Business Council for Sustainable Development showed that the building 
sector accounted for 40% of the global energy consumption (WBCSD, 2009). The main energy is 
from nature gas, oil and coal and those resources are limited. Also as a major part of environment 
protection issue, building industry converge major indexes of elements which affect the environment. 
Recent study applied by The Architects' Council of Europe show that 50% air pollution, 42% 
greenhouse gas, 50% water pollution, 48% solid waste and 50% PFCs is coming from building 
industry (Duan, 2007). The Urbanization is still going on the world, especially in developing 
countries. Uncontrolled developing mode with immoderate construction consume huge amount of 
energy and resource, facing the crisis of resource depletion. Over 50% of the natural resources are 
used for buildings and facilities. The energy consumed during these processes (construction and 
operation) accounts for around 40% of the global energy use. (Seyfang, 2009) 

As faster the development of the world goes, these trends will become even worse in the future. Thus, 
the sustainable building issue can been consider as a specific performance of sustainable 
development. The concept of sustainable building concerned with integration of economic, social, 
technology, culture and environment aspects. The major definition of sustainable building is to create 
a healthy and comfortable living condition for human with the least energy consumption and least 
negative effect on environment during the whole life-cycle of the building from the foundation, 
designing, construction, operation, maintenance, renovation and deconstruction. Sustainable building 
has three objectives: to reduce resource and energy consumption, to reduce negative impact on the 
environment and to promote a healthy living.  

Chinese urbanization  

As one of the biggest developing country, China is experiencing a fast economic growth and urban 
spam, facing a big amount of social and environment problems. After 30 years high economic 
growth, with an average of 10% rate of GDP growth annually from 1979 to 2007 (NBSC, 2007), 
large number of migration swam from rural area to urban area. In order to meet the increasing need 
of housing for them, the average area of housing for residential and commercial have increased very 
fast during the last 10 years. In 2008, there were approximately 2.2 million square meters of building 
under construction; the newly started construction projects have taken around half of the total 
amount of global construction projects. According to the official document of “The twelfth’s five 
years developing planning” (CNCP 2011), the urbanization rate reach should be increasing 4% 
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annually and reach 51.5% in 2015, which indicate a continuously growth of building market in the 
future.  
Figure 1 Increasing value and rate of building industry 

 

Source: Chinese statistic yearbook 2011. (NBSC, 2011) 

Low-efficiency of energy use and short life-cycle building in China 

The rapid spam of urbanization directly accelerates the consumption of construction material and 
energy. Research shows that the building sector associated with relevant sectors consumed 46.7% of 
the total amount of the national energy consumption. (Di, 2010, p2) In fact, the low-efficiency of 
energy exacerbate Chinese energy crisis. The energy consumption per unit area is more than two 
time that of developed countries.  

Another problem is Short life-cycle building. Although most of the building is designed to last for 50 
years, but in reality, the average life-cycle is about 30 years which is due to the unlimited building 
construction development. Most of the existing building would have been demolished instead of 
renovation before the design life-cycle.(picture 1) 

Picture 1short life-circle of building 

 

Source: Google picture 
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1.2 Problem statement 

Chinese sustainable building development is slow compared with its fast growth of construction 
industry. The sustainable building issue is a new topic that emerged only after the economic reform 
and opening up of China in 1978. As a prevalence situation, the relevant practitioners in Chinese 
building sectors are lacking experience and knowledge of sustainable building, which lead to a 
lopsided building industry development. The high income (GDP) from construction market in China 
is paid by high energy consumption, resource waste and irreversible environment damage. 

1.3 Increasing “Green consumption” as a possibility 

With the increasing demand of having high qualified life and enhancing public awareness of 
environment protection, “green consumption” becomes a popular word in China in recent years. As a 
big part of “green consumption” market, sustainable building market has also become the most 
important aspect of green energy consumption. Research shows that the demand for green building 
has increased in the recent year. More than 35% of people can accept and willing to purchase a 
“green” building if the price is controlled at 6% higher than normal ones. (Li, 2007) 

1.4 Aim  

To find out some of the most important factors in Chinese building construction sectors in order to 
find new and better methods for a more sustainable development. 

1.5 Limitation  

Sustainable building integrates economical, social, 
technological, culture and environmental aspects.  

There are problems in these aspects that drive forces for 
sustainable building. Like in economic aspects, the main 
energy is from nature gas, oil and coal and those resources 
are limited. The tremendous consumption in building 
sectors directly causes the rising price of electricity and 
gas. Tradition culture is also facing threatened by the 
resource depletion since the traditional wooden construction 
craft is threatened by the limitation of timber use. 

The technology aspects may link to all these problems in different field. Sustainable building is earthed 
in a technological reality. (Chrisna 2010, p39) In this paper, the research is focused on the 
technology aspects and tries to give the answer to the research question. However, technology cannot 
solve all the problems. These objects (energy and resource efficiency) gains have, however, failed to 
address the other reality-that which is behind the rational and underlies the scientific…….in effect 
we have lost sight of the building as a living thing. (Brain & Chrisna, 2001, p17) The focus on 
technology aspects in this paper does not mean that it neglects other aspects. On the contrary, 
improvement of technology solution is aim to become a good tool to resolve the problems in other 
aspects. Thus, this paper is limited the research scope at technology aspects. 

Figure 2 Five aspects of sustainable building 
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1.6 Research Question 

Main research question: 

What is not good enough to meet the Brundtland statement of sustainability within the Chinese 
building sectors from a technical aspect?  

This raises some more sub questions as following: 

Sub research question:  

 Are regulations relevant to sustainable building issues, good enough? 
 Can the use of green building certificates enhance the process and create more sustainable 

solutions? How to make improvement? 
 In which way can technical transferring help to improve the development of Chinese sustainable 

building? 
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Chapter 2: Methods and Theories 

2.1 Research Design 

Theoretical review  

 A review of theories in a historical aspect from both worldwide and China. 

 Research on NWDA Sustainable Buildings Guidance to define the objectives of sustainable 
building. 

 The hard fact that problems in Chinese sustainable building development and focused on 
technical dimension 

Analyze and discussion part 

After the literature review, the research is discussing the problems on three aspects:  

 Regulation standard, 

 Stimulate support system 

 Transfer of technology.  

Each of the part is discussed the question of “what is it means to sustainable building?” and “how to 
improve it?”  
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Regulation:  

 Analyze the problems in Design Standard for Energy Efficiency and its meaning 

Stimulate support system:  

 An introduction and comparison of mains stream rating system: BREEM, LEED, GBtools, 
discussing about how it can help participants enhance their knowledge by achieving the goals. 

 Analyze and discuss the advantage and disadvantage of Green Olympic Building Assessment 
System (GBCAS)  

 Discuss about what a mature database meaning for sustainable building. Take the online 
database-Sundahus as an example. 

Transfer of Technology  

The research list several approach of technology transferring by international cooperation and 
discussing if they are good ways to increase the knowledge of Chinese building sectors. 

 Quick fix of technology support-case study of XiDong project, “container house” 

 Proposal and possibility of transferring technology and combining with traditional sustainable  
culture 

 A case study of Vorarlberg in Austria to find new insight on new technology and traditional 
building craft. 
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2.2 Literature Review 

2.2.1 A Theory Review of World and Chinese Sustainable Development 

The idea of “sustainable building” came up in 1970s, during the time of energy crises and 
environment pollution concerns. The movement is basically based on the self-sufficiency of housing 
stock due to the more and more expanse on energy. But before that, tracing back to 19th century, 
John Ruskin, William Morris and Richard Lethaby, used their own way to explore the relationship 
between human and nature in the industrialization world. They used the term “nature” at the time in 
explaining their model; but it was later replaced with “low-energy design” in the 1970s. (Brain & 
Chrisna, 2001) This dramatic change indicated the fundamental of contemporary sustainable 
development as it is focused on saving energy. Thus, with the price of energy going down, the 
movement gradually lost its attention. However, the green movement continued throughout the 
1980s and 1990s. High tech becomes the keyword in sustainable building movement. It is more 
about technology incentive “smart” building. “The close of the century witnessed a fascinating blend 
of building design, known as Eco-tech or eco-cool embraced precision engineering, computing and 
ecology”. (Brain & Chrisna, 2001, p10) Due to the advent of protection for climate change, “low 
carbon” is added into the concept of sustainable building in 1990s. Nowadays, it is public healthy 
that drive the development of sustainability. In 2000, Vale and Vale (2000) defined the concept of 
“Green architecture” as: saving energy, respecting its user, holistic environment, minimizing the 
consumption of resources and considering the climate change. The definition of sustainable building 
is a developing notion that every time there was revolution from social and technical, it would be 
reflected in it.  

The Enlightenment in Europe promulgated a scientific rationalist view of the world. (Brain & 
Chrisna, 2001, p10) Research and exploration of sustainability is “measured” by scientific approach 
in West society. However, China has his own explanation of sustainability by “feeling”. Developed 
from the philosophy of “Confucian” thousands years ago, Chinese ancient philosophers and 
Sociologists are committed to clarify the relationship between human with nature, human with 
society. The approach of sustainability research is totally different from west society-- practice by 
instinct. For example, in the classic theory of Confucian <WuJing>, there is a specification article 
<Moon Regulation> that describe nature feature and set up ruler for human activities according to 
different months and seasons. This is a primeval but complete regulation of ecological management 
approach that coordinates human development with nature which is summarized by practice and 
“feeling”. (Liu, 2000)  

This Chinese philosophy has strong influence on building sectors. It is extremely emphasis on 
“harmony of human and nature” and it is reflected from every detail in the unique Chinese traditional 
construction from location, spatial pattern to construction and even decoration. As ancient Chinese 
believe that a perfect life of dwelling is being in harmony of nature from spirit to substance, they 
believe that nature feature will influence the occupant’s destiny. Practice by instinct, Chinese 
philosophers and architectures summarize and generalize a theoretical approach of planning and 
construction-- “FengShui”.  
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Even in this spiritual approach of sustainable building, the technical solutions by the wisdom of 
ancient Chinese architecture provide a strong support for “FengShui” theory. Under the premise of 
same requirement and effect, Chinese wooden construction is the most efficiency and economic 
solution worldwide in the same historical period. (Yan, 2010) The ancient Chinese architecture 
invent a wooden construction approach that can avoid using any conjunction components such as 
nail or glue, and the construction can be fasten and supported by themselves by the force of gravity. 
It allows the architecture to use least material to build the house that followed up with Chinese 
Aesthetics and philosopher. Also, the user can easily change the spatial pattern by removing or add 
the partition in order to adapt the season change which is one of the principles in “FengShui” theory. 
Another example is in the planning aspects of “FengShui”. One of the most important principle in 
“FengShui” planning is a good house should be backup with mountain and facing or surrounded by 
river. (Fig 3) The scientific explanation is that traditional Chinese wooden construction is facing 
threaten of fire risk, and from culture aspects, people believe that water can bring with wealthy and 
good luck. However, it is impossible that every house can be based on such perfect surrounding. A 
more realistic way is to introduce the water into the house. It concern with the technology solution 
that the artificial water storage should prevent from drying and flooding due to change of seasons. 

 

 

 

 

 

 

 

 

 

 

 

2.2.2 Objectives of Sustainable Building 

To clarify the technical problems, it is important to define the objectives of sustainable building. 
According to the NWDA Sustainable Buildings Guidance (CCI, 2008), California Department of 
Resources Recycling and Recovery divided the objectives into three parts: environmental, social and 
Economic.  Table 1 shows a summary of these objectives and the element of approach. Source: 
Summary from http://www.calrecycle.ca.gov/GreenBuilding/Basics.htm 

(Moutain) 

(pool) 

(R
iver) 

(R
oad) 

Figure 3 traditional Chinese settlement and the best location of living  (Yan, 2010) 
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Table 1 Objectives of sustainable building 

Environmental 
Aspects 

Objectives Approach description 

Well Siting A site to be well suited to take advantage of mass transit 

Protect and retain existing landscaping and natural features. 

Recycled content paving materials, furnishings, and mulches help 
close the recycling loop 

Material 
efficiency 

Use sustainable construction materials; it has the several 
characteristics such as zero/low harmful emission; high recyclability; 
longevity and local production  
Good plans and management for material throughout the 
deconstruction, demolition and construction 

Reuse and recycle construction and demolition materials. 

Well-designed material planning and other material efficiency 
strategies to reduce the amount of material used in the building  
Adequate space and facility to manage the solid waste  

Water 
efficiency 

Use dual plumbing system which can treat waste water and grey water 
separately  
Using low-flush toilets and shower heads and other water saving 
equipment 
Recalculating system for central hot water distribution  

Social aspects Occupants 
healthy and 

safety 

Good overall building environmental quality can reduce the rate of 
respiratory disease, allergy and promote the working performance  
Reduce the emit of toxic gases by zero or low emission material and 
Furniture  
Provide positive ventilation and filtration system by good cooling and 
heating system  
Prevent the microbial contamination by resistant materials  

Economic 
aspects 

Energy 
efficiency 

Passive design strategies e.g. building shape, orientation, passive solar 
design and natural lighting  
Develop strategies to provide natural lighting 
High-efficiency lighting system  
Properly sized and energy-efficient heat/cooling system 
Use alternative energy sources like renewable energy  
Use computer modeling to optimize energy design of building  

Saving 
operation cost 

Integrated system at conceptual phase to ensure the building is one 
system rather than a collection of stand-alone systems to saves cost  
Some costs saved by improving occupant health, reducing pollution 
and landfill waste which usually cannot be simply quantified  
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2.2.3 Stumble of Modern Chinese Sustainable Building Development  

Now, modern China is under the process of sifting from agriculture society to industrialized society. 
The spiritual approach based on ancient Chinese agriculture social value becomes hard to adapt 
modern China. The continuous of industrialization crash the traditional value and bring out same 
problems that Western society has experienced in the process of urbanization: pollution, energy crisis 
and   

Now, China has the world hugest construction volume annually in the past 10 years, facing threaten 
of energy and resource drain. The energy consumption reached more than 25% of total national 
energy consumption in 2006. Moreover, the energy consumption was predicated a continuously 
growth in the next 15 years. While in the same time, energy efficiency development is expected to 
have a good future prospect since a huge expenditure of 500 billion RMB (67.7 billion US$) was 
invested in energy efficiency projects only in 2008. (Xu, 2007) According to the objectives of energy 
efficiency improvement in 11th Five-Year Plan (CNCP, 2011), new buildings should strictly subject 
to the design standard of 50% energy conservation. Several major cities such as Beijing shall take a 
lead in implementing the 65% energy-saving standard, by the end of 2020, 40% of the total energy 
saving targets should be contributed by the building sector.  

To Achieve these target, China is lacking action implantation planning. Also, there are lots of problems 
in different dimensions that make barriers for sustainable building development.   
 
The cognitive dimension 

The main problem in China is that generally, there is a public misunderstanding of the concept of 
sustainable building or green building. As sustainable building is a multi-object concept, it is 
involved in many fields, but majority of Chinese including architects and policy makers simply 
consider sustainable building as equal to low carbon or low energy building; and the green building 
as equal to highly green covered building. 
On the other hand, the consumers have misunderstanding on the price or the building cost of 
sustainable building. “Green building is expensive and luxurious”. This misunderstanding is due to 
the speculation of developers and asymmetric information (figure 4) of building market. There are 
some projects which are advertised as “green building”, using high-tech solution or expansive 
material instead of using efficiency design strategy; While in the building market, the information on 
green building is lacking transparency and sometimes ambiguous. For instance, the product provider 
(developers) without supervision may give false information to the consumer, leading to a bad faith 
of building market. Due to a lack of relative regulation, both consumers and developers cannot get 
accurate information and standard about what is a green building from both the government and 
relative council. (Li, 2007)  
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Figure 4 asymmetric information 

Source: self- drawing 
The economic dimension 

Although from long term perspective, one of the aims of sustainable building is to save energy and 
material, which means that the home owner or developers can get return from sustainable building 
itself. “Green cost” is simply a noun to denote the extra cost for making the building “green”; 
however, those without accurate information about the concept, have a misguided notion about the 
actual meaning. The extra cost of making building “Green” has the future benefits of saving energy 
and improving human health. In China, the sightless of the consumers and developers pursue a 
short-term profit, neglecting long-term reward by refusing to undertake the extra cost.  
There are huge differences between most developing countries and China, making the objective of 
the developer totally different. In most cases of building project in the developed country, the 
developer is equal to the owner, which means they care about the future use of a building. Whenever 
there is an extra “green cost” say (about 6~8 % higher), they provide discounts that generate returns 
after 30 years, and reduce 50 % of manager ‘cost after 50 years. (Li, 2007)In China however, most 
building projects are not owned by the developers, which means, they sell the house to the user and 
hire a different management company to bill the owner separately. They do not care about the future 
use of the building unlike the case in Western societies.  
 The implementation dimension 

This differs from most of developed countries, in which the whole process of building project is 
highly controlled by the architects and their group. In China, the stage of building process is 
independent from each other: the development, plan and design as well as construction, operation 
and management are all billed and handled individually by a separate management. Thus there are 
conflicts among different stages; in many cases, the architect would raise a sustainable concept, 
while he is unable to control the construction team. Also, the construction team may misunderstand 
or refuse to implement plans due to lack of relative knowledge and experience. 
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The technical dimension  

The hardcore of energy saving, reducing impact to the environment and promoting healthy living 
condition concern with technical solution. As a basic reflection of building technology, the problems 
in Chinese building material are extremely severe. 

Manufacturing process of building material 

The process of manufacturing building material varies from pure human craft to centralized factory 
producing. Most of timber production have only few process and normally, it does not need the 
heating process; while mental production such as steel or aluminum have very complicated 
manufacturing process. For example, steel fixture are produced from iron ore, processing from 
cleaning, Sintering, and melting to cooling from 1700-1800°C. The process will release big amount of 
greenhouse gas and consumption of a tremendous amount of energy. The more complicated the 
process is, the more negative its impact on the environment. 

In China, the building sectors are still concentrated on using high energy consumption material such 
as cements, steel and aluminum as the main construction material, what make it even worse is that 
the energy-consumption in manufacturing building material is much more than that in the developed 
countries, According to the research, the Unit energy consumption of steel, cement and brick is 1.2 
times that of western countries; glass is 1.5 times and building ceramics is 2 times. (Di, 2010). 

Also, in China, the building sectors are still using some materials that damage environment and 
harmful to human during the manufacturing process. For example PVC, the process of 
manufacturing PVC need the addition of a lot of poisonous material such as Chorine and 
O-terephthaloyl hydrochloric acid; moreover, it releases hazardous substances such as dioxins and 
others. (EPA 1994) Many countries and organizations suggest not using PVC as a building material; 
Sweden is the first country to forbid the use of PVC as a building material. Another one is aluminum. 
Like other metallic materials, the process of manufacturing aluminum fixtures consumes a huge 
amount of energy. Besides, it release big amount of greenhouse gas such as Nitrous oxides and sulfur 
dioxide which causes acid rain and Light smoke pollution. (ECRA 1995).  

Recycle and Reuse of building material 

The recycle and reuse of building material is a very important section of life-cycle of building 
material. Although, there is still energy consumption in the process of recycling building material, 
compared with the process of manufacturing, the proportion is acceptable. For instance, the energy 
consumption in recycling steel is about 20~30% of that in manufacturing; the energy consumption in 
recycling aluminum is only 5% of that in manufacturing. 

Table 2 Comprehensive energy consumption in manufacturing and recycling process of material in China (GJ/t) 

Section 
steel 

Steel 
Fixture  

Aluminum Cement Glass Ceramics Clay 
brick 

Concrete 
masonry 

Timber 
production 

13.3  20.3  19.3  5.5  16.0  15.4  2.0  1.2  1.8  
Source: (Zhao & Tong, 2003)  
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In recent China, except for metal products which could reach 80% of recycling rate, others like 
concrete, ceramics, glass and plastics are seldom reused or recycled. In the Scandinavian the 
proportion of using recycled and reusable material can reach 30~40%. (Zhao & Tong, 2003)  

Building Insulation and Air-tightness 

Besides the material, the high building energy consumption also reflects the technology problems in 
Chinese sustainable building. Approximately 95% of Chinese building belongs to high energy 
consumption building. The energy consumption per unit area of these buildings are triple times that 
of developed countries. (Li & Wang, 2008) In China, the main consumption on energy cost during 
the building operation stage is the heating lost from building envelope, which occupy 57%~77% of 
total building energy consumption. (Li & Wang, 2008) The main problem is the bad insulation 
performance of building envelope. The thermal transmittance (U-value) is almost twice than that of 
Scandinavian countries. 

Air-tightness is another key technical factor of building energy consumption, especially in Chinese 
server cold zone. The research show that the heating lost due to the air-tightness problems in Chinese 
sever cold zone occupy 50% of the heating lost in high energy consumption building. (Li & 
Wang,2008).  

There are several other technical problems like inefficiency of transmission and distribution system 
that cause huge energy waste on heating transfer process; the heating system is hard to adjust by for 
different seasons that due to the unnecessary waste on overheating, etc. (Li & Wang,2008). These 
technical problems are direct reasons of inefficiency energy consumption in Chinese building sector. 
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Chapter 3: Analyze 

3.1 Enforcement of regulation 

The enforcement of the law is very important extent to which sustainable building policies can be carried 
out and how they can be enforced. Thus a clear definition how applicants should respond and improve 
the performance is obligatory. (LGA, 2006) National standard is the tool to enhance the building 
sustainability as an obligation by qualified the requirement. The standards should meet the capacity of 
the local construction industry. One thing should be noted that in order to achieve the sustainability goals 
the target or standards used in the policy should be a little challenging for the developer while they are 
achievable at the same time. (Di, 2010) It means that the target should present the best practices in 
current technical background in the local context.  

3.1.1 Design Standard for Energy Efficiency (for cold and Severe Cold Zone)  

As mentioned before, Chinese government has realized the severe problem in low-efficiency of 
building energy. Thus, in 2010, MOHURD have issued Design Standard for Energy Efficiency for 
different climate zone except for mild zone. The target is to save 50% energy, in other words, the 
new building and renovation of old building should cut half of their energy use on heating and 
refrigeration with same indoor thermal environment.  

Discussion 

The thermal transmittance (U-value) is the principle factor in the determination of the steady-state 
heat loss/gain. Adding insulation is the most common way of reducing the U-value of a whole 
building. It helps to reduce heating/refrigeration load in the cheapest way. The small cost of 
insulation material can be quickly earned back by the annual saving of energy use. Good thermal 
insulation also helps to reduce the flow of heat into the building when the temperature outside is 
higher than building inside. Stay in a well-insulated structure will be cooler than in that of 
poor-insulated structure. Increasing standards is providing to be an effective political energy saving 
strategy. Having been implemented since 2005, the European Directive for Energy Performance 
attempt to unify the diverse national regulation, to define minimum common standards on buildings` 
energy performance and to provide certification and inspection rules for heating and cooling plants. 
(Yao et al., 2006) Based on that, Scandinavian countries are located in “Cool northern climate zone” 
and have the highest standard on U-value requirement. 

Due to technical barriers and other reasons, the standard on requirement of U-value for building 
envelope in China has a huge gap with that in the Scandinavian. Table 5.3 shows a comparison for 
the U-value limit of building envelope between Chinese cold and severe cold zone and Denmark. 
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Table 3 U-value limit of building envelope 

 

 source: Danish Housing Regulation 2010 

One thing should be explained is that the value specificity in Design Standard for Energy Efficiency 
for cold and sever cold zone is varied due to the different areas. But, even for the coldest area, the 
index of U-value is lower than that in Denmark. This tremendous hug shows a significant difference 
of measuring the quantities of “energy-efficiency” of building between China and developed 
countries. As mentioned above the target of relevant standards used should be a little challenging for 
the developer while they are achievable that present the best practice in current technology. So, the 
question comes out that either the index of this standard is much too lower that it does not meet the 
industry capacity or there are technology problems that local building industry is not able to reach a 
high level standard.  

The problems in this standard can only reflect energy efficiency problems in sustainable building 
field. There are many other problems in the sustainable building field due to the relative low 
requirement of the obligation, such as high tolerance for using hazardous building materials, no 
restrict on greenhouse emission from regulation dimension, etc.  

The national standard of green building and other approach of measuring the sustainable target relies 
on this low requirement regulation. For example in The Technical Assessment Handbook for 
Ecological Housing in China, the assessment of the building energy-efficiency is based on two 
indexes: index of heat loss of building (Qh) and index of cool loss of building (Qc). The prerequisite 
in these indexes should be no higher than the limit of Design Standard for Energy Efficiency in local 
area. (Nie, 2003) As a result, it is hardly to achieve a real sustainable target based on a low 
requirement regulation standard. 

3.1.2 Conclusion 

The regulation is not good enough. There are two problems in recent housing regulation. 

 The national standard is too low to achieve a sustainability target. 

 The national standard of green building and other approach of measuring the sustainable target 
rely on these low requirement regulationsmj. 

Source: Design Standard for Energy Efficiency for cold 
and Severe Cold Zone. (MOHURD, 2010) 
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3.2 Stimulation Support System  

To achieve the target of building sustainability, it is necessary for participant such as architect, policy 
maker and developers know enough knowledge of what is  

There are some global independent organizations provide instrument of building sustainability by 
attending the green building certification. Also, database of building product can provide professional 
assessment and information of building products.  

3.2.1 Main stream rating system  

There are many rating systems worldwide and they provide instruments to assess the sustainability of 
the building. These rating systems regularly updated and independently assessed. All of them 
incorporate the main definition of sustainability: Low impact on the earth and creating a suitable and 
healthy living environment.  

Table 4 Current mainstream rating system 

Rating system Description Countries 

BREEM Building Research Establishment`s Environmental 
Assessment Method 

United Kindom 

CASBEE Comprehensive Assessment System for Building 
Environmental Efficiency 

Japanese 

GBTool An international system that has been used to evaluate 
U.S. buildings for the Green Building Challenge 

U.S 

LEED Wildly used in the U.S. market and spread to multiple 
market of worldwide 

U.s.&international 

Resource: Sustainable Building Rating System Summary (K.M.Fowler,2006) 

BREEM 

BREEM rating system which is established by BRE (Building Research Establishment) in Britain 
from 1990 is one of the most successful Green building assessments. There are many countries that 
establish their own assessment system and tools that reference BREEM system due to mature 
development and longtime practice, for example, HK-BREEM in Hong Kong, BREEM Green Leaf 
system in Canada, etc. The latest version of BREEM contains 9 catalogs. The system will assess the 
building from the aspects of management, energy, occupants healthy, pollution, transport, land use, 
local ecology, raw material and water resource. The context of indicators applies more than 20 
indexes. In all these indexes, the energy and pollution aspects have high weight. If the building 
performance conform or exceed the standard of a specific index, it can get corresponding score. For 
example, in “energy” indicator, the applicant can get point 2 if the CO  emission is less than 
50Kg/m annually; based on the benchmark, the applicant can get 2 more point if it can reduce  
5Kg/m until it arrive zero emission. The score of each index plus the weight of each indicator is the 
final score. According to the final score, BREEM assess the building by divide into 4 level, “pass”, 
“good”, “very good” and “excellent”. (Duan, 2007) 

In order to achieve a better score, BRE suggest that designer should consider the BREEM assessment 
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provision in the design stage. Also, the assessor can participate into the project in a proper way to 
help the designer and provide technical instrument.  

LEED (under process) 

LEED (Leadership in Energy and Environmental Design) system is developed by US green building 
council. From the first edition LEED tm1.0 in 1998, the system has developed a mature refinement 
for different area such as LEED NC2.2 for new construction, LEED SB for existing building, LEED 
CI for commercial interior, LEED School, LEED Home, etc.  

The character and advantage of LEED is easy to operate by a simple scoring system. It is widely 
accepted worldwide and being recognized by varies central and local governments (including China), 
manufactory supplies, academic organization. There are six primary catalogs in LEED: Sustainable 
Sites, Water Efficiency, Energy and Atmosphere, Materials and Resources, and Indoor 
Environmental Quality. In each catalog, there are several indexes which have specific requirement of 
sustainability.(totally 41 indexes) 

For all the building is evaluated by USGBC, that makes the process more equitable and convincing. In 
addition, LEED has a clear requirement on the assessment time for each phase of the certification. And 
the information platform of certification is open to public that members can learn the necessary 
information. Also, LEED apply a comprehensive handbook to explain the detail and proposal for each 
indexes and give suggestion to relative design. (Duan, 2007) 

Discussion 

As a tool, rating system can help to promote Chinese sustainable building development in the following 
way: 

First, these rating systems can help relevant participant get knowledge of sustainability through the 
process of assessment. In order to pass and get high score of certification, architects and developers 
involved should learn about how to reach the goals. Rating system like BREEM provides instrument 
from assessors by intervention the project in design stage. Others like LEED provide a comprehensive 
handbook that explain detail and proposal for each indexes and give suggestion to relative design 
approach. It enables the architects and developers ensuring the target of sustainability, the possibility of 
improvement and the approach. Also, as the information are transparency and open to public, the owner 
and user can have a clear and comprehensive recognize of the project that avoid the information 
asymmetric. 

However, these rating systems have their own limitation. They are not able to have an accurate evaluation 
to Chinese building because of the different social and environment situation. China has specific situation 
and different environment problems from Europe and American. The green building assessment should 
follow up with local situation from living inhabitant, traditional custom, etc. Also, the rating system from 
Europe and American cannot assess Chinese building from culture and social aspects.  

Nevertheless, these rating systems can be reference for buildup the assessment system which is suitable 
for Chinese environmental and social condition. GBCAS (discussed below) is a good example which 
refers to CASBEE and combined with Chinese specific social and environment situation. 
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3.2.2 Green Olympic Building Assessment System (GBCAS) 

In 2003, Green Olympic Building Assessment System (GBCAS) is issued by National centre of 
Science. It is designed for contribute to the “Green Olympic” target of Beijing 2008 Olympic Games. 
Developed from Japan`s Comprehensive Assessment system for Building Environment Efficiency 
(CASBEE) in 2004, the emulation is using QL score method. Q (quality) means the quality of 
building environment and service to the user. L(load) means the energy, resources and environmental 
load. Thus the definition of sustainable building is “achieve the best quality with a minimal cost”.  

 

B: Maximum building benefit; Q: Building environmental quality; L: Environmental load: S: 
resources consumed; H: environmental impact and damage 

In order to meet the specific Chinese building process, the evaluation is divided into four stages: 
planning stage, designing stage, construction stage and operation and management stage. In 
accordance with the character of all the stage, it has different appropriate assessment system, which 
differs from LEED that only concern with the result. In GBCAS, the project should pass the former 
stage before they continue to the next stage. The project will be reward the certification when all the 
stages reach the green requirement. Table 2 shows the assess index and weighting of GBCAS in 
different stage. 

The Q/L mode indicates the dialectical relationship between environment load and building quality. 
In that A means the best green building with high quality and low impact on environment and the E 
means using high energy and resource but have low quality. The system using (5-LR) for each index 
and plus the weight to get the final score.  

Besides the Q/L diagram, the assessment software provide a serious of diagrammed according to the 
building information that shows the users building performance in each stage and indexes.   
(Programme team of green building for Beijing Olympic, 2003) 

 

 

 

 

 

 

 

 

 

Figure 5 Q/L diagram 



 

25 
 

Table 5 Primary index of GBCAS 

Stage Q/L Primary indexes Weight 

First stage: 
Planning Stage 

Q: Building environment 
quality and service 

Site quality  0.15 

Service and function 0.45 

Outdoor physical environment  0.40 

L: Environment load and 
resource consumption 

Impact on environment  0.35 

Energy consumption 0.35 

Material and resource  0.10  

Water resource  0.20 

Second stage: 
Design stage 

Q: Building environment 
quality and service 

Outdoor environment 0.10 

Indoor environment 0.30 

Indoor air condition 0.35 

Service and function 0.25 

L: Environment load and 
resource consumption 

Impact on environment 0.05 

Air polution 0.10 

Energy consumption  0.40  

Material and resource  0.30 

Water resource  0.15 

Third stage: 
Construction 
stage 

Q: Safety and quality of 
construction 

Safety and healthy of construction 
worker 

0.70 

Construction quality 0.30 

L: Environment load and 
resource consumption 

Environment impact 0.55 

Energy consumption 0.15 

Material and resource  0.20  

Water resource  0.10  

Fouth stage: 
Acceptance 
and operation 
stage 

Q: Building environment 
quality and service 

Outdoor environment 0.10 

Indoor environment 0.20 

Indoor air condition 0.15 
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Service and function 0.20 

Management of green, garage and 
service 

0.35 

L: Environment load and 
resource consumption 

 

Environment impact 0.10  

Energy consumption 0.30 

Water resource 0.15 

Management of water saving and 
energy saving 

0.45 

Source: Programme team of green building for Beijing Olympic, 2003 

Discussion of advantages and disadvantages 

Compared with ESGB (Evaluation Standard of Green Building) which is a Chinese national standard 
of green building, GBCAS has considerable progress. It has scientific and quantify assessment 
approach that clearly indicate not only what should be done but also how much should be done to 
realize a sustainable target. (a further discussion of quantitative assessment approach will be 
discussed below) Differ from other rating system, to meet the Chinese specific social condition, the 
assess process is divided by four stages. The project needs to reach a basic standard of former stage 
before they continue to the next stage. By this way, the assessment has restrict control from design to 
the operator. 

However, there are several disadvantages.  

 There is no incentive mechanism for apply green building certification except the label of green 
building. 

 The assessment process is more complex compared with LEED and BREEM. Each stage has 
individual assessment process. 

 Although there are detail explanation for each indexes, but it lack explanation of the weight and 
the reason why it varies for different stage. 

 Furthermore it lacks the economic benefit aspects. Economic benefit is considered as one of 
objectives of sustainable building. In contrast, the LEED system evaluates building economic 
benefit throughout the whole process.  

 Last but not least, like other rating systems, it is fail to add and quantify culture and social 
factors. 

To find out a more deep reason of advantage and problems, the following part take material and 
resource index in GBCAS as a further discussion of how architect benefit from a scientific and 
quantitative assessment.  
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Analyze of material and resource index 

In China, GBCAS has a relative complete assessment system for building material. The aim of 
assessment is to promote the use of sustainable building material in order to reduce pollution and 
energy consumption in the process of manufacturing, processing, transporting and using of building 
material. (Programme team of green building for Beijing Olympic, 2003) 

Based on the approach of LCA, it has six indicators for green building material:  
Resource consumption: the index C (t/m²) is calculated by the nature resource consumption per unit 
building area. The formula is . 

  (t/t) means the index of resource consumption per unit weight of the i(th) material. 
  (t) means the total weight of the i(th) material used in this building. 
  means the recovery rate of the i(th) material in this building. 
 S (m²) means the building area 
 n means the total number of species of building material. 

Energy consumption: the index E (GJ/ m²) is calculated by the energy consumption per unit 
building area. The formula is  

 

 
 
 
 

 
Environment impact: this indicator using the emission of CO  as the index of environment load, P 
(t/ m²) is calculated by the CO emission per unit building area. The formula is 

 
 

 
 
 
 

 
Localized: This indicator uses the index that indicates the proportion  of localized building 
material within 500 kilometer  (t) with entire building material  (t). The formula is 

 

Reusing of old building material: Old building material means the building materials which come 
from the demolished building and can be used in its original form without re-processing. 
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This indicator uses the index that indicates the proportion  of old building material  (t) with 
entire building material  (t). The formula is 

Indoor climate: this indicator aim to prevent the use of material which may cause negative impact 
on human healthy. The building material should meet the following requirement: 

 

 

 

Advantage and disadvantage  

The approach of assessment in GBCAS transfers the sustainable notion into a quantitative 
calculation. It forces the architects making careful decision on each material used and considering 
different factors that might be neglected before.  

However, there are still problems. Although, in GBCAS the assessment of the building material 
covers all the aspects of sustainable building, however, the material species are limited. Now it only 
provides commonly used building materials (steel, aluminum, cement, flat glass, sanitary ceramics, 
wood, clay brick, concrete block).This is due to the lack of professional standard product database 
which provides professional assessment to the performance and environment impact of building 
material; this becomes a barrier to the development of sustainable building.  

The problems of lacking professional building database extend to the hazardous substances aspects. 
In the indoor climate index, the judgment of hazardous substances is based on national standard 
which is mentioned relative low requirement. Also, it is possible that some of hazardous substances 
are undetected in recent technical means. Thus, a professional database of building material can be 
update and provide the latest information of hazardous substances gives a more accurate evaluation 
rather than a low requirement standard. 

3.2.3Database of Sustainable building products  

In the Swedish rating system Miljöyggnad, the assessment of building material is based on 2 
indicators: documentations of building products and absence of hazardous substances. While both of 
them can be assessed and certificated on online database, such as www.sundahus.se which is an 
online certification of material and products, the applicants can also get a report of the assessment for 
building material with their performance and environmental impact. It provides a life-cycle 
assessment of the process from the extraction of natural material and manufacturing to the use and 
recycle of materials to protect the environment and its impact on human health. Finally, it shows the 
score (A,B,C,D) of material list. The designer can easily judge the performance and environmental 
impact of building material, picking out low-score material and replacing them with other high-score 
materials.  
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3.2.4 Conclusion 

The research question: Can the use of green building certificates enhance the process and create 
more sustainable solutions? Definitely it is an important approach for architects, developers and 
other participants to reach the goals of sustainability. Participants can learn from the process; the 
users and owners can get open and clear information of building sustainability. But current 
mainstream rating system has limitation considering Chinese special situation that they cannot 
making a perfect assessment for a Chinese building. It is more important to buildup and improve 
Chinese own rating system of green building certification. 
Improvement of Chinese current sustainable building rating system GBCAS can be in the following 
aspects:  

 Add economic benefit aspects. 

 Add indicators concern with culture and social factors such as keeping or using traditional craft 
and suitable for local living habitant, etc. 

 The index should be more independent from low requirement of national standard. 

 Establish a professional Chinese building material and products database which provide latest 
and comprehensive information to help the assessment of sustainability of building material. 
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3.3 Transfer of Technology  

Technology transferring is one of the strategies to solve technical problems in Chinese sustainable 
building. By cooperation with international organization, the local institution can get technical 
support from varies aspects. However, the approach of cooperation determines the result. The 
following part discusses different approach of technology transferring. 

3.3.1 Case Study of Container House-A quick fix of products transferring 

WuXi located at North of JiangSu province, has a population of approximately 6 million. It is located 
on the north of TaiHu and south of YangZi River. WuXi is one of the most important economic and 
industry centre in this district. This low carbon and ecological construction project is located at the 
XiDong metro in Wuxi. Driven by the chance of new high-speed train station, the WuXi municipal 
government tries to build up several sub-centers. Wuxi has two major sub-centers. One is the TaiHu 
new town, where Sino-Swedish collaboration is established and another is Xidong new town, where 
it plans to establish Sino-Denmark collaboration. The Sino-Denmark collaboration is focused on low 
carbon, energy saving and sustainable building, aim to build up a new “green” and livable 
sub-centers and propagated as “Danish town”. The project is driven by both Xidong New town 
municipal government and The Minister of Foreign Affairs of Denmark. This Sino-Denmark 
consortium is leaded by Denmark Technological Institution with the platform of FISH China which 
is a network consisted of variety of Denmark companies with building technology and products. The 
Danish Technological Institution is approved by the Ministry of Science, Technology and Innovation 
as an Approved Technological Service Institution. 

Figure 6 Site location 

 
Source: Google map                                    

Project description 
The pilot house will be built at the JiuLiHe wetland park of Xidong new town. The land will be 
offered for free for the purpose of building a temporary pilot house (tentatively 5 years) to showcase 
sustainable Danish building technologies. The pilothouse would be an industrialized housing facility 
for the showcase of Future Industrialized Sustainable Housing. 

JiuLiHe Wetland Park (Picture 4) located at south-west of Xidong new town. As a part of the 
Comprehensive Ecological Restoration project for TaiHu Lake, the Wetland Park itself is a 



 

31 
 

sustainable project which aims to improve the water quality ecological situation for this area. The 
Pilothouse stays in the “tourist active area” (Figure 6) where there are already build up with pavilion 
for Xidong urban planning and a café restaurant. The total area of the project is 500m², Contain a 
restaurant, a future residential building with kitchen, bathroom etc. and an exhibition house with 
future design, materials & construction methods. 

Design Concept 
The basic idea of the project is container house, which means it integrated products and technology 
solution into a container as pre-fabric furnished and fully equipped modular unit. After arrive the site, 
the constructor team unfolded the container and installed the housing. There are two dimensions for 
the strategy of the concept: Commercial strategy and implantation strategy. For the commercial 
strategy, it is a cost effective solution to integrate varies of housing technology companies to supply 
sustainable housing facility by forming a business network. Also, as a start, the project is aim to 
create a supply chain by system deliverable for 2nd or 3rd generation. Figure 7 show the process of 
container installation. 

 

 

 

 

 

 

 

 

 

Figure 7 site location Source: Fish China Figure 8 wetland park   Source: Fish China 

Figure 9 Notion of Container house 
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As for the implantation dimension, the approach of transport container house is aim to resolved the 
problem of transnational construction, it simplified the construction process on the site in China. In 
Denmark, the containers are packed with Danish building products. It contains both building product 
and technical solution. After arrive the site, the construction team unfolded the container and build 
up with basic structure construct. In this way it can suitable for different building system. (Figure 6.4) 
show the approach of implantation.   

Data of Container house  

Area: 150 m² +30 m² Landing, 2.Floor; Roof: 142 m²; Windows: 30 m²+8 m² Roof window 
 

 

 

Picture 2 Rendering Picture of Container House Source: FISH China 

Figure 10 Building approach 
Source: Fish China 
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System Solution 

This project integrates various Danish housing technology companies to apply solution of 
sustainability such as:  

 Green roof with BIPV and solar panel 
 Ventilation system integrated with warm pump systems 
 Facade solution  
 Intelligent system and metering system 
 Comprehensive interior design 

Sustainability Target 

This project is in alliance with Active House; Active House is a vision of buildings that create 
healthier and more comfortable living for their users without any negative impact on climate and the 
environment – thus moving us towards a cleaner, healthier and safer world. The sustainability target 
of the project will follow up with the specification of Active house from the perspective of energy, 
indoor climate and the environmental impact.  

 The annual energy demand including energy demand for space heating, water heating, 
ventilation, air conditioning including cooling, technical installations and electricity for lighting 
would be less than 50 kWh/m2 

 It will use the standard level for new dwellings and larger renovations for indoor climate which 
satisfies the need of special use for sensitive people with special needs (sick people, very young 
children, the elderly etc.). 

 The limit values for indoor CO2-concentration in living rooms, bed rooms, study rooms and 
other rooms with people as the dominant source and that are occupied for prolonged periods 
would be set at 350 ppm above outdoor CO2-concentration. 

 Water save strategy: >80% of the floors inside the building are easy to clean or do not need to be 
cleaned with water. For Tabs, showers or toilets water saving installations would be used. 

 

 

 

Figure 11 Plan and section of container house 
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The highly sustainable commercial building  
At the same time, there is another project for the cooperation. The building was planned to be built 
on a building plot within the 5th district of South Plaza in front of the railway station of Wuxi 
Xidong, “NEW town high speed railway station business district.” Xidong New Town will provide 
the block by public bidding process and it will make use of highly sustainable and low energy 
technologies from experienced Danish companies within this field. However, the project is 
suspended for the time being; the relative developer SIGMA has decided to give up the project. This 
decision is due to the fact that, the developer has no interest in sustainable office building as they 
planned to build a new industrial park. As a result, FISH China is trying to find another developer 
that is interested in the project and willing to pursue it. 
Interview finding  
The research aims to analyze case study through the data collected from interview with relative 
experts and project managers:  
Anders Thomason is the project manager of Danish Technology Institution. As Danish cooperator he 
is the leader in charge of the whole design and construction process. Mr. Anders provides 
information on design and detail construction data of the project. 
Cheng XingXing is the office director for the project in Xidong Municipal government. She provides 
information on project background and site. 
 
Self assessment of the project 
Anders. T The demonstration project is a preliminary step in Chinese building market. 

However, there is still a long way to go. FISH China will undertake a 
learning-by-doing approach to apply and test its solutions in a Chinese social 
environment. 

Cheng. X In Wuxi, both Sino-Sweden project and Sino-Denmark project are demonstration 
projects, the local developers and municipal government need to observe market 
reaction in the next 3 years before embarking on future plans. However, we (XiDong 
municipal government) has learn a lot of knowledge and experience from the 
cooperation. 

 
Cooperation barrier 
Anders. T Due to the different cultural backgrounds, the Chinese market is hard to understand 

and difficult to do business in. The suspension of highly sustainable commercial 
building has been a failure and an example. It is very hard to make a step further due 
to the lacking knowledge of Chinese building market.  

Yu. P The cooperation barrier in the pilot house project is a focus at the design stage and it 
takes quite a long time to adjust design scheme. Due to the different cultural 
backgrounds and social environment, the design scheme had to been adjusted 
according to local housing regulations. For the reasons associated with jet lag, 
different working habits, language barrier, inefficiency of communication method 
etc, there are obstacles of communication delays during the whole project. Also the 
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municipal government has little knowledge of sustainable building thus, increasing 
the barrier of communication. 

 
Building cost 
Anders. T Temporary container houses for an exhibition house. Price: 2-3000 RMB/m² for 

design & construction; that is the basic house.  
Permanent houses (active houses) with more functionality and design. That is basic 
houses + ad on functional modules. Prices: Design & Construction 3-4000 RMB/m². 

Cheng. X The building cost is acceptable as a villa at WuXi suburb area. However Ms. Cheng 
is not sure if it will be over budget in a real commercial project, based on the past 
experience. (She indicated another project in WuXi, Sino-Sweden project that was 
over budget.) Moreover, transport (shipping) cost for containers is an unsteady factor 
of total building cost which can add to the project cost. 

 
Chance/Challenge for international cooperation 
Anders. T A good national relationship drives international cooperation in sustainable 

development. For example: Aarhus (in Denmark) and Harbin (in China), are sister 
cities; therefore, they have cooperation in “district heating.” This demonstration 
project “container house” is also driven by the Danish embassy in China. This is an 
“up-to-down” mode in Chinese word, it clearly describes both chance and challenge: 
it is easy to start the project at “up” level which means cooperation with local 
government, but hard to continue at “down” level which means cooperation with 
local developers.  

Cheng. x Recently, due to the policy tendency, the urban planning for new town or cities is 
intended to be labeled with ecological, sustainable and “green” technology.  
XiDong new town is a good example of ecological and sustainable urban plan; there 
are huge investments at building up ecological environment— at JiuLiHei wetland 
park. At the same time, the sustainable building is still lacking in other amenities.  
Organizations such as FISH China and Danish Technology Institution are welcomed 
due to their ability to provide mature technology and design in sustainable building 
field. As a challenge, local municipal government has no experience at cooperation 
with foreign institutions. 

 
Key factor lead to the success 
Anders. T For Denmark companies, the most important point is to find a carefully selected 

Chinese organization and authority as co-operation partners, as they can help Danish 
companies to understand the Chinese culture and way of doing business. Without 
sense of identity, it’s hard to success in Chinese building market. 

Cheng. X The key factor is relying on how to transfer the demonstration project into real use. 
In recent period, it is hard to convince the Chinese consumers to accept a Danish 
design house, as they are from different culture background. 
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Discussion 

This project shows one of the technologies transferring approach. The project is cooperation between 
Danish and Chinese organization The Danish organization tries to make a pack of technical solution 
and building products in a “container” and export to China.  

As a demonstration project, there are several positive aspects that promote the development of local 
sustainable building. 

 New technology demonstration: including water efficiency, energy efficiency, low carbon 
technique and humanity design for disable. 

 The approach of “container house” applies a solution of transnational construction. 

 Knowledge transferring: Through the process of cooperation, the participants in local municipal 
government have learned knowledge about sustainable building. 

 Build up foundation for further cooperation: accumulation experience of international 
cooperation for both sides.   

However, the research finds that it is not a good solution for a quick fix as technical transferring. 
There are plenty of problems in the following aspect: 

 Cooperation barrier: there is language and communication barrier that prolong the design 
process. Furthermore, as Danish architect try to “pack” everything into a container, they are 
rarely consider the local situation and both side lacking communicate. As a result, the project 
takes long time to coordinate and adjust in order to meet the local housing regulation and 
environment situation. 

 Lacking sense of identity: this is the most important factor that the way of “container” house is 
hard to success in Chinese building market. The highly sustainable commercial building is a 
failure example that it lacks attraction to the local developers. 

 Although the house may looks sustainable for all the technical solution that used, but the house 
is simply rely on high tech and lacking a basic concern of local climate and environment.  

The project is a not a successful example of technology transferring. Although, there are some 
achievement in the project, but it is failed to apply a long-term and virtuous cooperation approach.  
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3.3.2 Technology transferring in a traditional culture view 

“Sustainability” is interdependence with local society, culture and environment. What is often 
ignored in architectural circles is the way sustainable development as a concept bridges two central 
agenda of building design: technology and social purpose. (Brain, 2001) High tech is a tool, not the 
purpose. Technology is help to solve human problems, including psychological need. A simple 
“quick fix” of technology transferring is hard to satisfy it. The following part discusses the 
possibility of technology transferring based on a culture viewpoint.  

Chinese traditional wooden construction building 

China has long history of using timber for traditional housing, 
forming a unique system of wooden structure. The post and beam 
structure form the main wooden structure of Chinese traditional 
building. The components such as Column, beam, “Ling”, “Fang” 
and “DouGong” composed framework of structure that support 
load from roof and floor. In 2nd century BC in China, there are two 
main structure forms: post-and-lintel construction and “ChunDou” 
construction. The key factor of technology solution is the “Tenon 
joint structure”.(figure ) The connection between the wood 
components do not need other auxiliary materials connected 
components, and relies mainly on the plug between the two wood 
components. By using this method, the whole construction have 

advantage of flexible (against earthquake), prefabrication, site 
assembly and saving material etc.  

DouGong (Picture 3) is one of the unique components in Chinese wooden structure system, mainly 
used in the joint of beam and column. By expanding the contact area, reduce the span of structure 
components and the steady of structure. Also, it helps to support the overhangs of eaves. As a 
structure component, it contains the aesthetic meaning that the DouGong is part of the important 
factor in the façade composition. 

 
Picture 3 DouGong  

Figure 12 Tenon joint structure 
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Decline of Chinese traditional building craft  

Chinese traditional wooden structure is facing the risk of being lost. Part of the reason is the 
limitation of raw material. In China, forest resource is limited by the uneven distribution and relative 
low quantity. The total area of forest is 175 million (m²) and the forest coverage is only 18.25%. 
Therefore, in order to protect forest resource, there is a limitation of using timber as building material. 
However the most important problem is the conflict from modern living habitant. The hardcore of 
culture value is impacted by industrialized society that traditional wooden structure is no longer 
suitable for modern urban life. Also, compared with concrete and steel construction, traditional 
wooden construction have problem of durability, which cause high frequency of repair and 
reconstruction. With the declination of traditional craft heritage, the Chinese traditional building is 
disappearing.  

International cooperation with raw material 

The problem of raw material can be solved by international cooperation. Although China has 
limitations on using timber as building material from China itself, but it is encouraged to use and 
import timber from countries which have already formed a virtuous circulation of forest resource. 
Sweden is a typical one. According to the Evaluation Standard for Green Building (GB/T 
50378-2006), the explanation of 4.4.10, (MOHURD, 2006) encourages the use and importation of 
timber from the country which has formed a virtuous circulation of forest resources, depending on 
adequate financial support. Since 1980, Sweden has gradually transformed the traditional forestry 
mode into ideal sustainable development. Now Sweden has 23 million hectares of productive forest 
land and 4 million hectares of productive forest area within Natural parks, Nature reserves and 
Nature conservation agreements. (Swedish Wood www.swedishwood.com)The forest coverage is 
nearly 70%. By the end of 2000, the harvesting of timber was only 65% of the growth but according 
to a forecast on forest growth, in the next 50 years, the volume of forest will have a continuous 
growth. (Swedish Wood www.swedishwood.com) 

Timber is an outstanding renewable material for sustainable building. It has relative low embodied 
energy, the manufacturing process has low impact on the environment and it is recyclable and 
reusable. Table 5.6shows a comparison of different energy consumption for building a 2200 m² cabin 
with different material: 

Table 6 Energy consumption for building a 2200m² cabin 

Building method Embodied Energy (GJ) portion 
Timber 1480 1.0 
Concrete masonry with wooden  roof 2550 1.7 
Prefabricated steel 3150 2.1 
Concrete sloping wall with wooden 
roof 

4030 2.7 

Prefabricated steel construction with 
Aluminum roof 

4830 3.3 

Source: (Paola, 2006 p182) 
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Technology transferring with traditional building craft 

Besides the raw material, it is more important to find new insights and the development in traditional 
wooden craft. There may be new challenges and possibility if it is combined with modern technology 
and material.  

Today a wooden apartment block can be up to eight storey’s high 
or perhaps taller still. After hundred years’ development, Sweden 
develops a mature technical framework of wooden construction. 
Glue laminated timber, or glulam, is a material manufactured by 
gluing small pieces of timber, known as laminates, together to 
produce large size and long lengths. Glulam may be curved or 
straight and use for either structural or appearance application. 
Cross-laminated timber in different forms is used to a large extent 
for the load-bearing construction. (Swedish Wood 

www.swedishwood.com) In Shanghai EXPO, Nearly 1/4 of the 
building materials of Sweden pavilion are new glulam. Sweden 
pavilion (Picture 2) is temporary building which must be removed 

after the exhibition. Thus, designer try to use recyclable and reusable material as much as possible, 
even the link of construction is using bolts and screws. All wooden components are processed in 
Sweden before they arrive to Shanghai. The glulam consists of various dimension of timber; after the 
process of drying and planning into sheet, they are classified as a variety of intensity levels. These 
multi-layer sheets bonding overlap by adhesive and form different length, thickness and shape. 
(Timber Building in Australia) By this way, the strength of the glulam is higher than that of steel in 
same weight, which means that the beam made of glulam can support the public building need of 
long spam space such as gymnasium and so on. 

The root of green building lies on the consensus of 
life-enhancing. There is no tenable argument to separate 
human action from culture action. For the traditional 
protection, it is not enough to focus only on 
preservation of existing building. It is more urgent to 
develop new technology and solution to give a new 
insight on traditional building craft. 

 

 

 

 

 

 

Picture 4 Entrance of Sweden pavilion 

Figure 13 cross laminate timber 

Source: Swidishwood 
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3.3.3 A Lesson from Vorarlberg Sustainable Architecture 

Vorarlberg is famous with his unique sustainable building culture. It establishes its own region 
identity and explores a new model based on a historical original. There is universal consensus for 
local architects to use reasonable approach to explore a more sensible, functional and cost-efficiency 
solutions. The principle of innovation building material use and integrated with latest technology and 
building product plays a key role of it and it feedback a better solution that encourage local 
participants. This virtuous cycle is conducive to harmonious collaboration between architects, 
craftsmen, clients and local authorities. Today, it is the most heavily industrialized region of Austria, 
but produce with the lowest energy consumption. (Ulrich, 2010) 
 
A historical of traditional revolution of timber house 

Vorarlberg is an alpine region. As a extremely mountainous area, it is geography closed off from the 
rest of Austria, with limited connection that the way to the neighbor province are only three surface 
roads. Like China before, this area had a strong agriculture tradition but had experienced 
industrialization at the beginning of 19th with the raise of textile industry.  

 
Figure 14 Vorarlberg area   Source: Google map 

Carpentry is the basic foundation of Vorarlberg architects culture. In Vorarlberg building trade, 
carpentry plays the decisive role. The carpentries of Vorarlberg had several significant achievements. 
However, most of them are abroad. Between 1650 and 1800, Vorarlberg`s baroque masters have 
accomplished several great projects in southern Germany, Switzerland, Alsace, and Bohemia. After 
the 19th, the carpentries are not only craftsmen, but also architects and engineering. Industrialization 
brings out new method with new building material like concrete and steel, which gave carpentries 
new task of design and construction in the concrete or steel framework. Nevertheless, the 
responsibility of carpentries are diminished and replaced by machine and other tools. (Ulrich, 2010) 
 
Timber construction experienced revival in1960th, a group of young architects started to practice in 
Vorarlberg. They design timber house with modern element with open floor plans, large windows. 
(picture x) Their work is primary based on the industrialized construction infrastructure and 
technology and focused on function, structure efficiency and minimize of material use which resolve 
a simple construction space.  
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Picture 5 New timber construction 

  
Source: (Ulrich 2010) 
The attitude of these architects towards regional culture is the reason for the successful of new timber 
construction movement. They do not to try to replicate traditional forms, but to translate and update 
traditional process and principle. (Ulrich, 2010) The union of architects and craftsmen has 
successfully buildup a contemporary method that continues the local timber building culture. The 
traditional carpentry has successfully transformed to modern fabrication techniques and acting a 
important role in the design process. The pre-fabric component by customization of the carpentry 
trade plays an important role in collaboration with architects. Furthermore, many manufactories 
provide entire prefabricate house which is developed by local architects. The craftsmen`s work 
significant contribute to the development of local architecture culture which promote the sustainable 
practice of working, living and building. 
Picture 6 pre-fabric component and entire house 

  
Source: (Ulrich 2010) 
The new timber construction movement is a continuously developing progress. At first, these local 
architects practice their notion on small project like one-family house. Later on with a wide 
acceptance in the population, these architects move forward to expand their field to large public 
buildings such as schools, office buildings, industrial facilities, fire stations, museums and 
multi-family housing. Since timber does not always be the most suitable material for many of these 
building tasks, the architects are increasingly looking to steel, concrete and masonry. Architects 
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developed design strategy and discipline which is summarized from the experience of timber 
building and had been proven useful when employing other building material and construction 
techniques. 
The movement by architects worked on individual building has huge influence on whole society. The 
architects, local authorities and overall population reach a consensus of concepts and principles 
developed from those individual works and apply it into urban scale. The local government has 
launch the project “vision Rheintal” which looks at settlement pattern, transportation, economic, 
landscape and social infrastructure in order to ensure the sustainable growth in the future. Today, the 
progress is still continuing and forming a unique architecture culture with the label of sustainable, 
low-energy and has earned Vorarlberg a widely admired reputation in the international design 
community. (Ulrich, 2010) 
 
3.3.4 Conclusion 

Can technical transferring help to improve Chinese sustainable building? It depends on a proper 
approach. A simple technology or products import as quick fix which ignoring local traditional 
culture lacks the foundation of success --sense of identity. As the case study of “container house” 
shows, local developers and authorities has little interesting on the project even it have high 
technology. Moreover, there is doubt on the “sustainability” which simply rely on the technology 
solution, ignoring the social and environment impact. However, these projects have a positive impact 
for local sustainable building development by transferring knowledge to local authorities and 
inhabitants. 

The technology transferring based on a traditional building culture have great poetical in China. New 
technologies provided by technical transferring through international cooperation provide new 
insight and possibility for Chinese traditional building culture to adapt contemporary construction 
principle. The case of Vorarlberg is a good example of how to implement modern construction 
principle and using the latest technology solution without abundant traditional construction craft, but 
to give new vitality and development with traditional culture.  
The success of Vorarlberg indicated several key factors:  

 Keeping Culture heritage: not only for region identity but also for the wisdom of sustainability in 
traditional culture. 

 A revolution attitude to the traditional craft to adapt new technology solution and meet the need 
of contemporary life.  

 Role models: start with good role models in individual work will have great impact on larger 
scale.  
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Chapter 4: Conclusion 
4.1 Recapitulation of the Study 
The research try find out some of the most important factors in Chinese building construction sectors 
in order to explore new and better methods for a more sustainable development. In the historical 
review of worldwide and China, the paper finds the close relationship of technology and sustainable 
building notion: technology is strong support as tools to realize sustainability. Thus, the paper lists 
the problems in Chinese sustainable development, especially in technical aspects. The analyze part is 
divided into three aspects to discuss different approach to solve the problems and enhance Chinese 
sustainable building: enforcement from regulation, get support from rating system and database, 
approach of technical transferring.  

4.2 Reflection on Research Question 
The main research question is: What is not good enough to meet the Brundtland statement of 
sustainability within the Chinese building sectors from a technical aspect?  

To answer the main research question there are three sub questions is formulated: 
 Are regulations relevant to sustainable building issues, good enough? 
 Can the use of green building certificates enhance the process and create more sustainable 

solutions? How to make improvement?  
 In which way can technical transferring help to improve the development of Chinese sustainable 

building? 

Enforcement of regulation 

Currently, the regulation relevant to sustainable building issues are not good enough. The 
requirement of relative regulation, for example, Design Standard for Energy Efficiency for cold and 
sever cold zone, is too low to achieve a real sustainable target. The national standard is too low to 
achieve a sustainability target. Furthermore, the national standard of green building and other 
approach of measuring the sustainable target rely on these low requirement regulations. 

As a result, the architects cannot achieve real target of sustainability. Without the enforcement from 
law and regulation, it is hard to push the development of sustainable building. 

Stimulation Support System 

Using a mature rating system for applying a green building certification is an important approach to 
reach the goals of sustainability. Participants such as architects and developers can learn from the 
process; the users and owners can get open and clear information of building sustainability. There 
are several aspects to need to be improved of Chinese current sustainable building rating system: 

 Add economic benefit aspects. 
 Add indicators concern with culture and social factors such as keeping or using traditional craft 

and suitable for local living habitant, etc. 
 The index should be more independent from low requirement national standard. 
 Establish a professional Chinese building material and products database which provide latest 

and comprehensive information to help the assessment of sustainability of building material. 
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Transfer of Technology 
Technology transferring is a way to promote Chinese sustainable building development. It depends 
on a proper approach.  
The case study of “container house” shows a serious of problems for a quick fix of technology 
transferring which neglect local culture, society and environment.   
On the contrary, the case study of Vorarlberg as a success example indicated how to implement 
modern construction principle and using the latest technology solution without abundant traditional 
construction craft, but to give new vitality and development with traditional culture. Summarized 
from the case study of Vorarlberg, there are several key factors lead to the success. 

 Keeping Culture heritage: not only for region identity but also for the wisdom of sustainability in 
traditional culture. 

 A revolution attitude to the traditional craft to adapt new technology solution and meet the need 
of contemporary life.  

 Role models: start with good role models in individual work will have great impact on larger 
scale.  

The research raise a new proposal that the technology transferring based on the foundation of 
traditional culture have great poetical. New technologies provided by technical transferring through 
international cooperation provide new insight and possibility for Chinese traditional building culture 
to adapt contemporary construction principle.  
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Annex: Questions List of Interview 
1. Interview to Anders Thomsen, manager of Denmark Technology Institution 
Can you introduce the background of project, how does the project start? 
 
About highly sustainable commercial building, why the project is suspend?  
 
What is the target of sustainability of the pilothouse? 
 
What technology and other method used in the project as to improve the sustainability? 
 
Is the project running well? Does it meet any barriers in the cooperation?  
 
What do you think of the biggest chance/challenge in the cooperation with China? 
 
This is a demonstration project, do you have any plan at develop it into real project? 
 
What is the market position if the project commercialized? 
 
What is the building cost of the project, do you think it is competitive in Chinese building market? 
 
Is there any further plan about cooperation with China in sustainable building field?  
 
In your opinion, what is the key point at international cooperation among Scandinavian and China in 
sustainable building field? 
 
2. Interview to Cheng XinXin, manager of Chinese side 
Can you introduce the basic background of the project and the information of the site-wetland park? 
 
Why choose Denmark technology institute as cooperation partner? 
 
Is the project running well now? Does it meet any barriers in the cooperation? 
 
What do you think of the biggest chance/challenge in the cooperation with Denmark? 
 
This is a demonstration project, do you have any plan at develop into real project? 
 
What is the market position if the project commercialized? What do you think of the building cost? 
 
Is there any further plan about cooperation with Denmark companies in sustainable building field?  
 
In your opinion, what is the key point at international cooperation among Scandinavian and China in 
sustainable building field? 


