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Abstract： 

The purpose of this research is to examine how The Natural Step 
Framework, combined with Life Cycle Assessment and Ecological 
Footprint could help to manage the sustainability challenges of 
construction materials in China and to consider how these tools and 
concepts might inform each other in combination. Based on a literature 
review regarding the current reality of building materials in China and 
industry experience with use of existing sustainability concepts and 
tools, we build a conceptual model to integrate the three above concepts 
and attempt to analyse how they could work better together in the 
management of a sustainable transition. We then analyse the likely 
strengths and limitations of such an integrated model and finally use this 
to inform a vision of a sustainable future for building materials, 
discussing how the model may help China move towards sustainability. 

  Keywords：  

Building Materials, Sustainable Development, The Natural Step 
Framework, Life Cycle Assessment, Ecological Footprint. 



 
ii

Acknowledgements 

We wish to thank all the people who contributed to the completion of our 
thesis. 

On the other side of the globe, we wish to give our sincere thanks to our 
supervisor Mr. Scott Grierson. In the process of our thesis, he provided 
clear guidance and helpful suggestions. Without his patience and efforts our 
thesis would not have been possible. 

We are grateful to Dr. Karl-Henrik Robèrt for his guidance and valuable 
suggestions to improve our learning process. We would also like to thank 
Mr. David Waldron, Dr. Sharon Kao-Walter, Ms. Roya Khaleeli, Mr. 
Henrik Ny and Ms. Sophie Byggeth from the Blekinge Institute of 
Technology who all contributed in some way to the development of our 
thinking. We would also like to thank our student colleagues Mr. Richard 
Blume and Ms. Tamara Connell who provided help in copywriting our final 
draft. 

We would like to also acknowledge our interviewees from both the 
Department of Commerce and the Department of Construction in Yunnan 
Province, China who graciously took the time to meet talk and in the 
process provide us with valuable data and insights regarding the current 
reality of building materials in China. 

Sincere thanks go to Kunming University of Science and Technology, 
China for providing this opportunity for us to go to Sweden to pursue study 
in sustainability, and in particular to Mr. Yayu Huang and other teachers 
who provided help along the way. 

Finally, thanks to our families for their love and support throughout our 
studies! 

Dan Dai & Xiuying Tang  

Kunming, China 

June 2006 



 
iii

Executive Summary 

Addressing the sustainability challenges inherent in the production and 
consumption of building materials in China (and in turn, consideration of 
how this impacts on urban life and ecosystems) is a significant leverage 
point in achieving sustainable growth. How this issue is addressed could 
arguably be the difference between global successes or failure in the 
broader sustainability mission, such is the sheer scale of contingent 
materials flow and energy. China’s building materials industry has seen 
tremendous growth in recent years and is a major cornerstone of the 
broader economic development that has averaged 9% per annum nationally 
for the last 27 years. In addition, the increasing domestic mobility and 
freedom of the Chinese population means that demand for housing and 
infrastructure is set to continue to grow as literally hundreds of millions of 
rural peasants flock to the cities in search of work and a better life. Indeed, 
this movement constitutes by far the largest single mass migration in the 
history of human civilisation. It creates a massive demand for new urban 
infrastructure such as housing, offices, shops, factories, public works and 
other civil engineering projects on an unprecedented scale. 

The aim of this thesis is to build an understanding of how improved 
materials management in the Chinese construction industry could assist a 
transition towards a sustainable China. Due to the time limitations of this 
thesis, it was decided to focus only on outlining a methodology and to 
investigate relevant frameworks that represent the first step towards this 
outcome. A specific research question emerged, namely, “how could The 
Natural Step Framework, Life Cycle Assessment and Ecological Footprint 
be used to address the sustainability challenges of materials management in 
the Chinese construction industry and how might these tools and concepts 
inform each other?” 

Throughout this research, we observed that The Natural Step Framework 
(TNSF) describes core, guiding principles for moving toward sustainability. 
It can assist decision-makers by providing a practical set of planning and 
design criteria that can be used to direct actions and develop effective, 
lasting solutions to environmental, social and economic concerns. It also 
provides a shared mental model across organizations, disciplines and 
cultures to encourage dialogue and creates the conditions for significant 
change to occur. 

A pivotal paper entitled “Strategic sustainable development: Selection, 
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design and synergies of applied tools” (otherwise known as the “Carnoules 
paper”), describes TNSF as dependent on complimentary tools in order to 
address all aspects of a sustainability challenge. This includes various tools 
to monitor and manage any transition, and to benchmark performance or 
reveal hidden impacts.   

Life Cycle Assessment (LCA) is one such analytical tool for quantifying 
environmental stressors; it has proven in many instances to be a valuable 
tool that helps to build a comprehensive systems view and identify 
environmental considerations that are part of decision-making towards 
sustainability. The Ecological Footprint (EF) is a method for estimating the 
biologically productive area necessary to support current consumption 
patterns and could likewise be useful in the Chinese context. It is of 
particular use here as China sees a heavy imbalance towards demand versus 
domestic biocapacity of native resources (timber for example) used in 
construction. Obviously this has significant implications beyond political 
boundaries in terms of wider socio-ecologcial impacts and needs to be 
addressed. The EF method could be also used to test different scenarios and 
examine their impact in footprint terms, quantifying and distilling resource 
use in a way that could assist decision-making. 

Despite the strengths of these tools and the ways in which they have 
individually been developed and indeed might be applied, there is limited 
evidence to suggest that sustainability tools and concepts are often truly 
integrated in theory or application. Furthermore, to ensure sustainability 
‘success’, full consideration must be given to the systemic impact of the 
measures and solutions that are proposed in any given situation. In this way 
it becomes important to take a synthesis approach where application of 
multiple tools and concepts avoids becoming simply ‘the sum of the parts’ 
but rather represents an integrated whole. With some limited exception to 
earlier works, Holmberg (1999) proposed that EF can be placed within the 
TNSF in integrated fashion. Ny (2006) also proposed an integration of 
TNSF and traditional LCA that ultimately led to the concept of Strategic 
Life Cycle Management (SLCM).  

According to our research work, it was concluded that it would be possible 
to integrate the TNSF, LCA and EF into a single applied model, wherein 
LCA and EF are informed by and ultimately enhance the outcomes 
underpinned by the TNS Framework.  

The “ABCD method for Backcasting from Sustainability Principles” is used 
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in this instance to apply the proposed model. In summary this would 
present as follows: 

In the action planning process, SLCM can help to evaluate specific 
opportunities to reduce energy, material and environmental impacts at each 
stage of the building material’s life cycle. Transparencies of 
dematerialization and substitution aspects under each system condition – 
current situation as well as visionary options – are all essential for strategic 
decisions. LCA & EF could be combined to provide a tangible way to 
evaluate how to reduce “footprints” in each stage of the materials lifecycle. 
Once the primary actions are taken, the results will compare with 
anticipated goals, helping to adjust and continually refine the plan. 

In conclusion, it is one thing to understand how each of TNSF, LCA and 
EF work individually but another thing entirely to combine them. Through 
our research, it is possible to answer the primary research question although 
‘on-site’ systematic analysis or action planning did not actually take place. 
Neither have we here used extensive, validated and concrete examples to 
illustrate how to transition towards sustainable management of building 
materials in China due to limited time and access to information. In this 
regard, one clear finding is that there is an opportunity for the Chinese 
government and industry to enhance reporting and capture of critical data in 
the construction industry. This would help to understand the nature and 
extent of the challenge and thereby provide impetus and a context for 
informed corrective action to take place. 

In exploring how sustainability tools and concepts can be tailored to work 
in combination we feel that a strategic framework such as that proposed 
here has clear potential to help manage the complexity and enormity of the 
Chinese construction challenge and thereby warrants investigation and 
testing in application through further research. This is not proposed as an 
exhaustive nor exclusive model and naturally has its limitations - it should 
be revised, expanded and enhanced later and could in turn be integrated 
further with other tools and concepts - however an early integrated 
approach represents an important step forward in thinking about a 
sustainable future for China. 
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1. Introduction 

1.1 Background 

The construction industry in China is a major consumer of raw materials1 
and energy, and contributes significantly to environmental pollution. 
According to research statistics from the Chinese Ministry of Construction, 
nearly 50% of acquired raw materials are used on building projects [1]. For 
example, the timber used in construction was about ten million cubic 
meters in the year 2000, nearly 20% of the wood consumption of the whole 
country. Energy used in construction is nearly 50% of the overall energy 
supply to the national grid (not to mention ongoing energy consumption of 
the built environment). Construction and related industries cause 34% of 
the total pollution in the country and building wastes account for 40% of all 
manmade wastes [1]. In China there is a growing realisation that 
construction is a major contributor to sustainability problems - pollution 
and environmental degradation, social problems and galloping economic 
growth. 

Since 1979 construction activity has being rapidly increasing in China. For 
example, housing developments completed in the first half of 2000 covered 
an area of 166 million square metres, representing 13.7% more than the 
same period in 1999 (95.74 million square metres), which itself was a 
21.4% increase over the previous year [2]. Evidently, we are witnessing a 
comprehensive growth in the housing construction field, and the trend will 
continue as the Chinese population and urbanization continue to increase. 

The population of China is currently 1,315 million and of this there are only 
480 million urban residents, accounting for 37.7 percent of the total 
population. According to forecasts, the total population in 2030 will be 
1,519 million, and urbanization is estimated to increase to 950 million by 
this time (62.5% of the total predicted population) [3]. Urban construction 
activity in China is consequently expected to boom for an extended period 
as a result of this astonishing dynamic. 

                                                 
1 The phrase “Raw materials” is used in this thesis to refer to virgin materials to make different kinds 
of products for construction applications, which are extracted from the earth crust, felled from the 
forest regions or transiting waste back into them. 
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The construction sector has been booming for some time already and China 
has achieved a breakneck pace of economic progress in the last two decades 
since it has gradually opened its doors to the global economy. China has 
been developing at a rate of over 9 percent each year for the past 27 years 
[1]. This growth spurred high resource consumption and with little time or 
thought given to the consequences, has led to serious environmental 
pollution. As urban infrastructure becomes increasingly stressed and 
sustainable planning considerations hard to prioritize, this also leads to 
social disclocation, disharmony and poor health and sanitary conditions. As 
it stands, some 17 of the world’s top 20 most polluted cities are to be found 
in mainland China so without a considerable rethink of sustainable 
development strategy, the future looks grim for China’s citizens and the 
promise of ‘a better life’ in the city will fade rapidly. 

Policy is also a big factor affecting growth of the construction industry. 
Recently, the State Development Planning Commission Minister Zeng 
Peiyan pointed out that China should “continue to adhere to proactive fiscal 
policy, prudent monetary policy and intensify implementation of western 
development strategy…as a matter of high priority” [4]. 

The construction industry has many opportunities to address the issues of 
resource consumption and pollution. Sustainable construction and 
management of materials should be a part of the vision of a future China. 
While the West operates in a free market economy, China’s government-
guided economic policy might offer an opportunity to balance out all 
aspects of development at the same time. For example, in China’s 
“Eleventh Five Year Plan”, the national development overview supports 
energy-saving and low environmental impact initiatives [5]. For the 
construction industry, this means that government and companies should 
consider sustainable building materials and practices that create an energy-
efficient, low-emission construction industry and strive to build sustainable 
urban environments. Coupled with architects, politicians, planners and the 
Chinese people themselves, it is still possible to envisage an exciting and 
sustainable future for Chinese cities. 

1.2 Aim and Scope 

This study examines on a conceptual level how the Chinese built 
environment can be strategically transformed towards sustainability through 
the use of building materials that are relatively easy to manage from a 
sustainability point of view, through proactive management practices and 
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systematic planning. The study proposes widespread adoption of The 
Natural Step Framework (TNSF), integrated with Life Cycle Assessment 
(LCA) and Ecological Footprint (EF) as a means to begin to address these 
sustainability challenges. 

This is primarily based on the need to understand and assess the materials 
and the concomitant energy flows used in the Chinese construction industry 
in terms of their sustainability impact. The outcome of this would be an 
integrated framework to support strategic recommendations related to 
construction practices, design, policy, economics, product development and 
other relevant issues that could lead to widespread change towards 
sustainable construction. However, given the enormity of this challenge, the 
scope of this particular study is necessarily restricted to outlining the 
methodology and relevant frameworks that represent the first step towards 
this outcome. 

Furthermore, there are many primary, secondary and even tertiary aspects 
of construction that have sustainability implications and it can be difficult 
to draw system boundaries around where such an investigation starts and 
stops. However here we have attempted to restrict our scope to focus on the 
problems related to the direct life-cycle impact of building materials 
themselves (as products). 

1.3 Limitations 

This thesis proposes a method to analyse the reality of Chinese building 
materials and is grounded in TNSF. In applying the “ABCD method for 
‘backcasting’ from sustainability principles”, this model also provides a 
framework for developing a future vision and developing an action plan. 
This framework cannot only be used directly to assess sustainability aspects 
from a basic principled understanding of sustainability, but also to inform 
and integrate various kinds of tools and concepts for decision support 
[6].Tools such as LCA and EF can help to build a model for assessing 
Chinese (building) material flows, highlighting the opportunities and 
challenges for enhanced management of such. One of the main limitations 
at this point is that the model has not been tested in practice due to time 
limitations and lack of access to relevant data. However, there is evidence 
of considerable real life experience with the components of the model – 
TNSF, LCA and EF, so even if the model as such will not be tested within 
the realm of this study, it will not be created from solely theoretical ground. 
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Another limitation of the study is that the researchers were unable to use 
references in languages other than Mandarin Chinese and English. This 
restricted access to a large body of work from elsewhere and of course 
meant that some translation was also necessary from Chinese to English, 
which has added to the time constraints. 

1.4 Research Question 

For our investigation, we chose to focus on the following research question: 

How can the TNS Framework, LCA and EF be used to address the 
sustainability challenges of managing materials in the Chinese 
construction industry, and how might these tools and concepts 
inform each other? 

1.5 Layout of the paper 

In our thesis, Section 2 briefly outlines the methods we used to undertake 
the study.  

Section 3 sets out the results of our study which is a proposed 
methodological framework, representing an integrated model for 
transitioning Chinese building materials towards sustainability. 

Section 4 will discuss how the model might work and be applied in the 
Chinese construction context including building the vision and action 
planning for building materials in a sustainable society. We also discuss the 
strengths and limitations of this integrated model. Furthermore, we consider 
the role of sustainable product development in transitioning building 
materials towards sustainability. 

Section 5 will revisit the research question and reflect on the outcomes and 
shortcomings of the study. In addition we make some brief 
recommendations regarding possible future research in this area. 
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2 Methods 

In this paper we employ logic and inference, literature review and case 
study as the means to explore our research questions. As a formative 
reference, we structured our thinking according to the ‘Qualitative Research 
Design’ model [7], in order to consider our goals, conceptual framework, 
research questions, methods and validity, and their relationship to one 
another. 

2.1 Logic and inference 

Based on available data from both English and Chinese sources, we make 
relevant assumptions and draw logical conclusions about the use of current 
building materials and resource flows in China. Where necessary this 
requires transparent discussion of possible limitations of such data and 
assumptions also. In the context of this study an absence of data can be 
considered a result in itself in some instances too, serving to highlight just 
how little data is collected and/or synthesised in relation to our research 
subject. 

2.2 Literature review 

The TNS Framework is a unifying theory that can be used to inform LCA, 
as in the case of Strategic Life Cycle Management (SLCM) [8]. Similarly, 
TNSF has been used to inform EF [9]. Together, these three components 
constitute important theoretical background for this study. In addition, 
preliminary work that has attempted to propose ways to integrate tools and 
concepts around a principled sustainability framework are critical to our 
thinking. Refer to section 3 for an explanation of the integrated research 
model we have created incorporating these key concepts. The China 
Construction report -“An economy in overdrive and construction in China” 
is also included in the literature review and provides various relevant 
insights.  
 

2.3 Case study 

In our thesis we will use a case study from Taiwan to illustrate an applied 
model for current assessment of building materials. This presents a generic 
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model for life cycle analysis that could be used as the basis for expanding 
our research. It also provides useful insights into a contextually relevant 
example of Chinese construction. 
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3 Results 

The results of our research are detailed in the following sub-sections. 

3.1 Results of literature review 

3.1.1 Current Challenges: An economy in overdrive 
and construction in China 

China’s building materials industry has achieved tremendous growth in the 
last few years and China is now one of the leading global players in the 
building materials manufacturing industry. It is expected to continue to 
expand in the future in view of declining industry tariffs as a result of 
China’s commitments to the World Trade Organisation [10]. This presents 
numerous sustainability challenges that need to be addressed in the context 
of feverish and opportunistic money making on one hand and a desperate 
thirst for infrastructure on the other.  

Challenges highlighted below include economic, social and environmental 
factors which are driving the boom in the construction materials industry, 
thereby driving up demand for consumption of resources. This covers 
issues relating to energy, international trade, technology, building materials 
evaluation systems and management. 

Economy 

The current extended construction boom began in the 1990’s and the 
Chinese construction industry has been experiencing a high growth in total 
output value with an annual average speed of 11% achieved over the past 5 
years [10].  China’s building materials are forecasted to achieve a growth of 
2-3 percentage points higher than that of the national economy in the 
coming decade, and the sector is expected to generate more than a trillion 
Renminbi (RMB) in export value by 2010. The construction industry is an 
important factor in stimulating national economic growth and the strong 
prospects of China’s building materials market have appealed to building 
materials suppliers and traders from around the world. 

China has maintained its number one position in terms of import of some 
non-metal mineral products such as cement, plate glass, construction 
hygiene ceramics, graphite and talcum. The quality of products has 
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improved tremendously over the last few years and the numbers of related 
manufacturers and employment in the industry have also increased. China 
is now a recognised leader in manufacture of building materials. 

Society 

Changing social practices are also impacting demand for housing, 
infrastructure and consequently, the consumption of building materials. 
Here we introduce a few examples: 

 Rural Urbanization 

Traditionally an agrarian economy, in which the majority of the population 
made a living on the land, China is now undergoing radical change. As 
restrictions on domestic movement have been steadily lifted and the nation 
gradually modernises its agricultural sector, many people are following the 
global trend and moving to cities in search of work and improved living 
conditions. In fact, it is expected that by 2030 approximately 450 million 
additional people will migrate into urban areas to places already stretched 
in terms of infrastructure capacity [3]. 

Prevailing opinion suggests that the development of rural areas and 
urbanization should be closely linked and well co-ordinated in China. 
“Urbanization needs a well-advised approach”, Guo Shuqing, a member of 
the Chinese People's Political Consultative Conference said recently [3].  
Rural areas that have become industrialized should follow the path of urban 
planning. This means they need to take into account adequate 
infrastructure, such as roads, electricity and sewage systems. 

 Divorce Rate 

In 2004, China saw 282,000 more couples divorced with an increase rate of 
21.2 percent on the previous year. Compared with the statistics of 2003, 
1.613 million couples in total filed for divorce, according to the statistics of 
the Ministry of Civil Affairs [11]. The sharp rise in divorce numbers in 
China in recent years not surprisingly adds considerably to the demand for 
housing, because couples usually live in separate apartments after divorce. 
Ordinarily this would not represent a major challenge however the sheer 
numbers have the potential to cause problems in terms of materials supply 
and construction demand. 
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 Increasing wealth 

The “Open Door Policy” adopted by China in 1979 has brought about 
enormous growth in the economy as well as cultural change. With this 
growth, people’s living standards have improved and average apartment 
sizes have also increased correspondingly. In 2000, this has seen growth of 
10.3 square metres per capita in terms of living space for urban residents as 
compared with that in 1978; the total per capita housing area is now 24.8 
square metres [1]. This naturally also adds to the demand for materials for 
application in urban residences. 

Environment 

The overall life cycle of building materials, including manufacture and 
waste phases, has potentially heavy environmental impact. According to 
one estimation regarding building materials use in China, every year the 
contingent waste gases emitted amount to over 1000 billion m3, waste water 
amounts to 35.5 billion ton and CO2 emissions in construction account for 
40% of total industrial output [12].Waste produced by the construction of 
new buildings and the demolition of old ones has becoming a serious 
problem for many Chinese cities and represents an opportunity for 
enhanced materials management. 

Most construction waste goes into landfills, increasing the burden on 
landfill loading and operation. Waste from sources such as solvents or 
chemically treated wood can result in ecospheric pollution, causing soil and 
water degradation.  

Energy 

There exists a direct link between materials choices (and methods) used in 
construction and overall building energy consumption, which is increasing 
year after year. Statistics on total energy consumption and building energy 
consumption shows that the proportion of building energy consumption to 
the total energy consumption in China is rising annually, amounting to 
27.8% in 1999. According to the experience of developed countries, it will 
inevitably amount to around 35% [13]. The current energy consumption 
situation is that energy consumption of buildings nationwide is nearly one 
third of the total energy consumption of electric power, about 1.2 trillion 
kW, the coal fraction of which represents about 0.41 billion tons of 
standard coal. With the energy consumption of actually producing 
construction materials being added, this amounts to 46.7% of overall 
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domestic energy consumption. According to the results of this investigation, 
the per unit energy consumption of common public buildings is between 20 
and 60 kW electricity power, which is twice that in urban residential 
buildings; the per unit energy consumption of public buildings of large 
scale is 70 to 300 kW electricity power, which is 10 to 20 times that in 
urban residential buildings [14].  

According to a report issued by the Chinese Ministry of Construction, much 
of the construction materials manufactured locally are used to feed 
domestic demand [13]. However, China is also an important exporter of 
certain products. In addition, China imports vast amounts of materials that 
are used in the construction industry from elsewhere around the world, 
notably timber (see Appendix A for data). 

China’s construction material exports continue to grow steadily. In 2000, 
exports of building materials by China were worth US$ 2.5 billion, US$ 1.9 
billion in 2001, US$ 2.3 billion in 2002, US$ 2.8 billion in 2003, and US$ 
3.02 billion in 2004. China is now the second largest cement exporter in the 
world, accounting for about 17 percent of the total global cement trade [15]. 
China’s major exports include glass fibre products, sanitary ceramics and 
asbestos products (now banned for use in many countries due to cancerous 
effects). More than 70 percent of export income was from Japan, Belgium, 
Hong Kong and the United States. Paradoxically, China is also one of the 
biggest importers of building materials and these imports are also growing 
steadily. China imported US$ 2.8 billion in 2001, US$ 3.4 billion in 2002, 
US$ 3.9 billion in 2003, and US$ 4.3 billion in 2004 [15]. Examples of 
these import and export construction material flows in China are given in 
Appendix B.  

However, in terms of detailed analysis and recording of materials flows and 
usage, there appears to be a distinct lack of data regarding many categories 
of construction materials in China and the ‘total picture’ is far from clear. 
Data is only readily accessible in relation to select construction materials 
and a breakdown according to volume of each life cycle stage of these 
building materials is absent and extremely difficult to estimate. 
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Green Building 

China has begun to develop an understanding of environmentally friendly 
construction in recent years by learning from the experience of developed 
countries in relation to production and use of new materials and practices. 
This is an important knowledge asset to achieve sustainable management of 
construction materials in China. 

Although many developed countries have successful experience in 
sustainable building research, design and operation, it is not suitable for 
China to simply copy their experience. Sustainable buildings in developed 
countries are usually single houses with a garden, low building density and 
more available renewable energy source per unit floor area, while most big 
cities of China have much higher population and building density and much 
lesser availability of renewable energy per square meter floor area.  

In any case there are many good sustainable building technologies or design 
assets that can be found in traditional Chinese dwellings. The technical 
strategies for these buildings for example are that a wooden wall of less 
thermal mass speeds up night cooling. Likewise a double-pitched raft with 
an overhead double-layer-tile structure consisting of a layer of local tile and 
another layer of ‘Wang Brick’ can provide good thermal insulation yet also 
support rapid night cooling [16]. 

Due to the many advantages of traditional Chinese buildings, more and 
more Chinese researchers are considering ways to combine Chinese 
technology and tradition with the experiences of developed countries to 
develop sustainable buildings in China. Not only will this be beneficial to 
sustainable development in China and preserve cultural heritage, but it will 
also have benefits for the global environment. As Jared Diamond has tabled 
in his book, Collapse: 

"China's achievement of First World standards will approximately 
double the entire world's human resource use and environmental 
impact. But it is doubtful whether even the world's current human 
resource use and impact can be sustained. Something has to give 
way. That is the strongest reason why China's problems 
automatically become the world's problems" [17]. 

Today, there is no known building materials evaluation system in existence 
that is combined with sustainability principles in China, and it is hoped that 



 
12

this research can make a contribution to fill this deficit. 

3.1.2 Applicable Sustainability Concepts and Tools  

The Natural Step Framework 

TNSF is a science and systems-based methodology for successful 
organizational planning towards sustainability. The approach was 
developed in the late 1980’s in response to growing concerns about public 
health and societal problems.  

TNSF describes core guiding principles for moving toward sustainability. It 
is intended to assist decision-makers by providing a practical set of 
planning and design criteria that can be used to direct social, environmental 
and economic actions, developing effective, durable solutions to a broad 
range of sustainability challenges. At the same time, TNSF also provides a 
shared mental model across organizations, disciplines and cultures to 
encourage dialogue and create the conditions for significant change to 
occur [6] [18].  

In addition, “when making decisions in any complex system, a primary 
challenge is to develop an understanding of how individual components are 
connected” [6]. The model represented by the TNSF provides a 
comprehensive and consistent approach for planning in complex systems 
and delineates five levels of understanding. Brief introduction to this 
framework follows, along with a method of strategic planning by 
‘Backcasting’ from a sustainable future [19] [20]. 

Level 1: The system 

The primary level is where one understands the biospheric ‘system’ within 
which decisions are made so that they are well informed and effective in 
achieving desired outcomes. That is, the healthy functioning of socio-
ecological systems must be understood in order to become aware of how 
we might be deviating from the supporting mechanisms of life itself. 
Sustainability is a global requirement and broadly, the ‘system’ that must 
be considered is ‘society within the biosphere’. A sub-system can be made 
by defining more specific system boundaries while remembering the 
connection to the larger system. For example: a community, within society, 
within the biosphere [21]. 
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Level 2: Success in the system 

The success level describes 4 basic principles (or ‘system conditions’) for 
social and ecological sustainability. 
  

“A generic definition of social and ecological sustainability should 
rely on basic complementary principles that encourage solving 
problems upstream in cause effect chains. Furthermore, the 
definition should be concrete enough to guide thinking while asking 
relevant questions with regard to sustainability” [22]. 

 
Four socio-ecological principles (also known as ‘System Conditions’) have 
been developed by NGO, The Natural Step, for this purpose and are used in 
this study. The basic principles of sustainability are defined in the following 
way: 
 
In a sustainable society, nature is not subject to systematically increasing: 
 

 concentrations of substances extracted from the Earth’s crust. 
 concentrations of substances produced by society. 
 degradation by physical means. 

 
and in that society; 
 

 people are not subject to conditions that systematically undermine 
their capacity to meet their needs. 

Level 3: Strategy 
This level describes the process of developing strategies in order to arrive at 
sustainability (‘success’). 
 
When making strategic progress towards sustainability, it is crucial to apply 
“backcasting”. Backcasting is an essential planning methodology when the 
system is complex, and when current trends, actions and planning are part 
of the systemic problem [23]. Backcasting means that the starting point of 
any planning is the envisioned, successful future outcome, and then 
strategic planning is directed towards this outcome from the present. 
The ‘ABCD Methodology’ is a special tool for systematically applying 
backcasting from basic principles of success – an operationalising of TNSF 
(seeing Figure 3.1) [21] [24]. 
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Figure 3.1 The ABCD Process – The Natural Step Framework [21] [24] 

A: Share the mental model 
B: Analyse the current situation based on system conditions. 
C: Build the vision of the future, listing the measures and solutions 
D: Prioritize from the C list based on a set of questions, such as: (1) Does 
this option lead in the right direction—i.e. toward sustainability? (2) Will it 
provide a flexible platform for future progress, or will it become a ‘dead 
end’? (3) Will it provide sufficient returns, both in monetary and non-
monetary terms, to sustain future progress? [6] 

Level 4: Actions 

This level describes the actual concrete actions that are suitable for pursuit 
within the strategic guidelines, at the same time reaching sustainability 
(success) in the system. “Compliance with all system conditions is the 
strategic starting point” [21] for action planning.  
 

Level 5: Tools 
This level describes available tools and concepts for sustainable 
development, which can be used to measure, manage and monitor the 
actions. Tools are used to “evaluate how the actions comply with the 
overall plan and objectives” and to assess “the actual impacts in the system 
we want to protect” [21]. 
 
Effective, sustainable management of building materials poses numerous 
challenges in relationship to application of TNSF. Clearly, most modern 
developed industrial processes breach the four system conditions, and the 
building materials industry is no exception.  
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An example of a successful attempt is found at Hydropolymers, a large 
Norwegian-owned plastics and petrochemical company [26] – many of 
their products find their way into construction and infrastructure projects. 
Hydropolymers developed an evaluation model that applied TNSF which 
identified four primary challenges.  They set out each challenge based on 
the four system conditions.  
 
Their “TNS challenge No. 1” for instance was that the industry should 
make a long-term commitment to becoming carbon-neutral. They go on to 
describe that “this is one of the currently most debated threats to the planet” 
and that this adds an unacceptable; 
 

 “burden of increasing quantities of carbon dioxide released into 
the atmosphere from fossil sources. (Breach of system condition 1 of 
the TNS framework). The problems associated with this are 
commonly referred to as ‘climate change’” [26].  
 

Through step-by-step improvement, the UK PVC industry was able to 
strategically plan a transition towards sustainability in partnership with 
Hydropolymers. This strategic application of the TNSF enabled 
Hydropolymers to clearly identify and prioritise their areas of greatest 
impact and leverage. In discussing the “Barriers to the challenge”, they 
reported that; 
 

“one clear barrier to this challenge is to prevent those companies 
who are prepared to commit to carbon neutrality not to endanger 
financial ruin (economic unsustainability) in the process, especially 
if there is no incentive to do so for competing materials”[26]. 

 
Another example is Carillion, which is a large construction company in the 
UK. This company had been exploring the application of TNSF. The 
methods the company adopted are a good example of an approach that 
achieved more sustainable management of materials [27]. 
 
Carillion won the contract for construction of a large UK hospital and 
applied TNSF to this project from 1999 to 2002. The application included 
seeking upstream design solutions, reducing transportation, protecting 
wildlife, decreasing energy use, decreased materials, improved waste 
management and employment impacts. After applying TNSF, Carillion’s 
project “generated identifiable savings of £1.8 million, including 30% less 
energy consumption and 35% less carbon dioxide emissions” [27].  
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Life Cycle Assessment and Strategic Life Cycle Management 
 
LCA is a tool for the systematic evaluation of the environmental aspects of 
a product or service system through the entire cradle-to-grave ‘life cycle’. 
The entire life cycle starts when raw materials are extracted from the earth, 
followed by manufacturing, transport and use, and ends with waste 
management including recycling and final disposal. At every stage of the 
life cycle there are emissions and consumption of resources. LCA provides 
an adequate instrument for environmental decision support. LCA has 
proven to be a valuable tool to document the environmental considerations 
that need to be part of decision-making towards sustainability. 
 
LCA has been summarized as: 
 

“An accounting technique adapted to the environment. It first 
sums up the pollutants emitted and resources consumed in 
delivering, using and disposing of a product or service. This is 
known as the life cycle inventory, or LCI. It then estimates the 
potential impact of those pollutants and resources on the natural 
and human environment. This is known as the impact assessment” 
[28]. 

 
However, LCA lacks a sustainability perspective and “brings about difficult 
trade-offs between specificity and depth on the one hand, and 
comprehension and applicability on the other hand” [8]. So a new general 
approach SLCM has been developed to manage materials and products, 
which is based on backcasting from basic principles for sustainability, 
namely, where sustainability principles form system boundaries. SLCM 
enlarges the scope to not only include known environmental problems but 
also the potential social, ecological and economic problems from a systems 
perspective. At the same time it is expected to “help avoid costly 
assessments of flows and practices that are not critical from a sustainability 
and/or strategic perspective and to help identify strategic gaps in knowledge 
or potential problems that need further assessment” [8]. A comparison 
between LCA and SLCM is given in the following table. 
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Table 3.1 A comparison between LCA and SLCM [8] 

Approach  Abridged 
Description   

Data type Sustainability 
issues covered 

Objective  

LCA Detailed 
compilation and 
evaluation of 
materials and 
energy flows 
between a chosen 
system and its 
environment 

Quantitative 

 

Resource 
consumption 
and emissions of 
known 
pollutants within 
chosen scope 

Facilitates a 
choice of 
materials or 
product with 
lowest 
environmental 
load values 
within chosen 
scope 

SLCM Sustainability 
assessment of a 
product life cycle 
using backcasting 
from 
sustainability 
principles 

First 
quantitative 
then 
qualitative, 
as required 

Potential socio-
ecological and 
economic 
problems from a 
full systems 
perspective 

To identify 
strategic 
pathways 
towards 
sustainability 

 
From the comparison we could conclude that SLCM provides a framework 
for sustainable management of materials, which help to do continuous 
evaluation from social, ecological and economic perspectives, and also 
helps to identify strategic pathways towards sustainability rather than to 
simply choose lowest environmental impact products. The understanding 
this SLCM approach brings is critical to addressing systemic sustainability 
challenges as it serves to illustrate that there are no sustainable materials of 
any kind as such, only sustainable management of these. 
  

The Ecological Footprint 

“The Ecological Footprint is a method for estimating the biologically 
productive area necessary to support current consumption patterns, 
given prevailing technical and economic processes. By allowing 
comparing human impact to the planet's limited bioproductive area, 
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this method tests a basic ecological condition for sustainability” [9]. 

EF is a tool to help measure the consumption of natural (renewable) 
resources however is also applicable to energy use (based on both 
renewable and non-renewable sources). EF is applicable at different kinds 
of scales, such as the individual, families, groups, organizations, regions 
and countries. 

The Footprint can be used to test different scenarios and examine their 
impact on footprint. For example, Cardiff Council is now using the 
footprint in a novel approach to reduce the impacts of events and 
developments (e.g. the FA cup final and the Millennium Sports Village). In 
addition, “the footprint approach can help to us decide how to make lives in 
Wales more sustainable so that other nations and future generations can 
also enjoy the wonders of our planet”[29]. 

Most of the EF estimates are based on “average national consumption and 
world average land yields” and thereby converting consumption into land 
area [30]. As shown in figure 3.2, EF converts services to their land area 
equivalents for analysis, specifically examining bioproductive land, 
bioproductive sea, energy land, built land and biodiversity [31].  

 

Figure 3.2 Converting system services to land area equivalents for EF 
analysis [31]  

Based on the present EF methodology, it is evident that humanity’s 
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footprint is currently around 30 percent larger than nature can sustain in the 
long run [30]. In other words, present consumption exceeds natural capital 
‘income’ by 30 percent and is therefore partially dependent on capital 
depletion. Concerning how much land can perform functions vital to human 
activities, the earth has a surface area of 51 billion hectares, of which 14.5 
billion are land. However, only 8.9 billion hectares of the land area is 
ecologically productive in human terms and 1.4 billion hectares are covered 
by ice [30]. 

A comparison of major strengths and varied limitations of the EF is given 
below. 

Table 3.2 Comparison between major strengths and limitations of the EF 

 

Essentially, EF is a measuring and communication tool with regard to 
sustainability. In conjunction with the TNSF, this is also a useful 
management and awareness tool “that highlights total natural resource 
consumption and energy as an aggregated figure, as a means to contain 
certain aspects of system conditions I-III (qualitative differences in 
different kinds of building materials that affect the size of the footprint)” 
[6]. The reason why we believe this is a particularly useful tool for 
communication and performance monitoring in China is because China has 
moved from using, in net terms, about 0.8 times its domestic biocapacity in 

Strengths Limitations 
Index of biophysical impacts Doesn’t account for the natures of 

environmental impacts themselves 
(toxicity, emissions) 

Reinforces needing to work 
within ecological constraints 

Includes only localised consumption 

Focuses on consumption levels Doesn’t take into account people’s quality 
of life 

Promotes notions of balance, 
equity and global justice  

Is not a dynamic model and has no 
predictive capability 

Conceptual simplicity Ignores many other factors, doesn’t tell the 
entire sustainability story 

Provides a graphic tool for 
communicating resource 
dimensions of the sustainability 
dilemma 

Little about the socio-political dimensions 
of the global change crisis 
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1961 to twice its own biocapacity in 2002 [32]. 

 

Figure 3.3 Chinese Demands and Biocapacity [32]   

Figure 3.3 tracks, in absolute terms, the average per person Ecological 
Footprint and per person biocapacity in China over a 40-year period. Per 
person biocapacity can decline with both increasing population and 
declining ecosystem health. Since the ecological demand exceeds supply, 
the Chinese government currently resolves this shortfall by importing 
biocapacity. By virtue of population and continuing decline in its own 
bioproductivity, as well as appropriation of renewable resources of 
unsustainable origin (such as old growth rainforest timber from Indonesia 
and Malaysia), China is inevitably reducing biocapacity in other parts of the 
world also, contributing greatly to global unsustainability. So an important 
step towards sustainable management of materials in China is to reduce the 
EF of the construction industry and to target this in life cycle stages in order 
to reduce and manage its impact. 

Indeed it has been said in a recent EF study conducted in China that: 

“The positive relationship between ecological footprint diversity 
and resources utilization efficiency demonstrated that there was no 
conflict between increasing ecological footprint's diversity and 
reducing footprints while not comprising our quality of life”[33]. 

In conclusion, EF can easily be communicated and allows for comparison 
of human consumption with nature's limited productivity. So, it is a useful 
(albeit limited) tool for communicating, teaching and planning for 
sustainability. 
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An integrated approach: ‘Carnoules’ Paper 

The so-called ‘Carnoules’ paper (so named after the town in which the 
paper had its beginning), officially titled “Strategic sustainable 
development — selection, design and synergies of applied tools” [6], was 
authored by several internationally recognized sustainability practitioners 
and developers of tools and concepts as a means to map out how the 
various sustainable development efforts could be combined. It shows that 
these tools are in fact complementary and can be used in many applications. 

The Carnoules paper reviews the work of TNS as an international not-for-
profit NGO, instituted to facilitate an ongoing dialogue between scientists 
on the one hand, and decision makers in business and public policy on the 
other.  

The stated objectives in this paper are to: 

“(i) identify such overarching principle levels of strategic planning 
towards sustainable development that can be agreed upon, (ii) 
based on such principles develop a framework for planning that can 
serve as a shared mental model — or language — for sustainable 
development, (iii) support the implementation of the framework in 
various kinds of firms and organizations and (iv) to study the actual 
results from this implementation” [34]. 

The TNSF provides a platform for “more quantitative assessments of the 
objective of meeting the system conditions, as provided by other 
institutions like the Factor 10 Institute, and various tools to monitor the 
transition, for instance tools for management like ISO 14001 and for 
indication of progress such as LCA and the Factor concept (level 5)”[34]. 

In keeping with this theme, the TNSF is used as a foundation and combined 
with LCA and EF to address the sustainability issue of construction 
materials in China. 

 

3.1.3   Case study: Materials flow model in Taiwan 

Taiwan is a densely populated province of China. Due to Taiwanese 
industrial and economic development in the most recent fifty years, the 
construction industry has seen rapid growth accompanied by a significant 
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demand for building materials. Simultaneously, environmental pressures 
have mounted by virtue of building waste and emissions from the 
construction process. The hitherto proposed measures to deal with these 
problems have tended to be short-term, ‘quick fix’ rather than long-term 
[35]. 
 
To assist Taiwan to develop effective materials management strategies, the 
article, entitled “Note on material flows of construction aggregates in 
Taiwan”, presented a materials flow study of aggregates as well as an 
evaluation of the economic and technical feasibility of large scale recovery 
of waste resources. The model is replicated in Figure 3.4 below. 
 
 

 

 

 

 
Figure 3.4 Materials flow of construction aggregates in Taiwan 

In this study, the life cycle of building materials is divided into five stages: 
Raw materials, Production process, Construction, Waste and Disposal, and 
Final treatment. Here waste and disposal has two additional branches, 
where possible recycling or transiting waste back into the raw material and 
production process phases. The alternative is final treatment where 
materials are sent to landfill or otherwise combusted. Undoubtedly there is 
huge potential in China for considering advanced recycling or reuse of 
building materials waste to decrease the overall environmental load.   

From this case study, it is possible to extrapolate a clear materials 
processing flow model. This process model became the default structure for 
sustainable life cycle analysis of building materials in this study.  
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3.2 An integrated model 

In answering our central research question, we established a conceptual 
model that integrates these recognized sustainability tools and concepts.  

 
Figure 3.5  A proposed assessment model for building materials in China 

According to this conceptual model, the TNSF is clearly the foundation for 
any strategic planning activity since it provides the sustainability 
parameters within which positive change can take place. TNSF was chosen 
as a conceptual foundation since it is not only designed for qualitative 
problem analysis, but also includes quantitative assessments of building 
materials in terms of how they meet and/or deviate from basic sustainability 
principles. Central to this is the 5-level framework for planning in complex 
systems that is critical in enabling us to distinguish between various levels 
of data and detail throughout the analytical, planning and implementation 
stages. In addition, the ABCD methodology that ‘operationalises’ this 
framework acts as a manual for backcasting from sustainability principles, 
enabling formulation of a step-by-step transition towards sustainability 
[24]. 

Within the constraints set by the TNSF, there are many useful Sustainable 
Development (SD) tools and concepts that can be applied and integrated to 
work towards success [34].  Whilst there may well be many examples of 
synergistic application of complimentary SD tools and concepts in meeting 
complex sustainability challenges, these are possibly interpreted or applied 
in isolation and we found it difficult to uncover evidence of truly integrated 
approaches. By this we mean that it appears that they are rarely integrated 
into working models that leverage the strength of the whole, as opposed to 
simply ‘summing the parts’ and utilising or applying each separately to the 

TNS Framework 

LCA Eco-Footprint 
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challenge at hand. Furthermore, working models that are placed within an 
overarching principled framework are likewise difficult to find. 

Ny, et al 2006 [8], is one who has broken through this trend to propose the 
integration of TNSF with LCA to create SLCM. This provides tangible 
evidence that such hybrid models can work and indeed would offer distinct 
advantages over these tools in stand alone applications (especially with 
respect to the ‘systems perspective’ and strategic orientation of TNSF). 

As such, we have attempted here to put forward a synthesis model that 
builds on the meshing of TNSF & LCA within the SLCM concept but 
below introduce more interpretive detail on how this relates to each specific 
LCA procedure as presented in the ISO standard.  

Furthermore, we have found that based on the evidence of its continuing 
success as a mainstream communication tool, EF is a worthwhile addition 
to this synthesis model. In Holmberg et al (1999) we see that EF can be 
placed within the TNSF [9], which helps to highlight and track critical 
movements towards sustainability and gives an overall strategic focus 
(mainly in terms of dematerialisation of critical flows). EF is an effective, 
overall measurement tool to establish an overview of performance with 
regard to important aspects of sustainability. It can offer “a quantitative 
interpretation of central aspects of the systematic sustainability perspective 
and put their more abstract criteria into a more tangible measurement”  [21]. 
It is unique in its capacity to communicate very directly how individual life 
style and technical competence relate to such a perspective. 

The integrated model represented in Figure 3.5 could be used to analyse 
building materials in different contexts, and also could be used to simulate 
and/or assess the impact of planning measures to transition the Chinese 
construction industry towards sustainability. The TNSF in this model 
enables the management of the complexity of the challenge and provides 
four discrete sustainability principles against which to evaluate existing 
problems for construction materials, inspire new creative solutions and to 
guide future actions. Coupled with LCA according to the proposed SLCM 
approach, this breaks the whole life cycle challenge out into different parts, 
evaluating problems and opportunities for substitution or dematerialisation 
at each stage. Conceptually, the EF accounting methodology could at each 
of these identified stages aggregate resource consumption data for any 
given building material, helping to analyse the current reality (B), inspiring 
envisioned measures that might contribute to a sustainable future (C) and 
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assisting with prioritisation of options (D). Further explanation and 
reflection on the efficacy of this model is found in the following 
‘Discussion’ section. 
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4 Discussion 

4.1 Sustainability tools for enhanced 
management of building materials in 
China 

This section firstly discusses how TNSF, LCA & EF can relate to each 
other bilaterally (refer Figure 3.5).  This includes exploration of how this 
might work in practice and is relevant to sustainable management of 
building materials in China, which is subsequently the basis to then 
developing and applying the proposed trilateral, integrated model. 

4.1.1 Integrating TNSF and LCA 

Exploring the ‘mechanics’ of how to integrate TNSF and LCA then is 
useful in considering application to the Chinese building materials context. 
Earlier a sustainable materials flow model was presented based on a 
Taiwanese case study. As given in Figure 3.4, there is one obvious 
limitation to this process in that it is not constructed with a complete 
sustainability or ‘whole systems’ perspective, nor does it provide enough 
relevant consideration of all relevant flows. In considering how to integrate 
TNSF & LCA then, alteration to this flow diagram might present a more 
logical and comprehensive life cycle flow diagram for building materials 
that takes all material and energy flows into account. (See Figure 4.1) 

Notably, when backcasting from a sustainable future, it is conceivable to 
eliminate the fifth stage of ‘final treatment’ as ideally at this point resources 
are chosen that can be contained in ‘closed-loop’ technical cycles and 
reprocessed or remanufactured for continuous, circular use. Furthermore, 
for ease of comprehension and to further refine the model, the difference 
between the ‘waste & disposal’ and ‘final treatment’ stages is arguably 
insignificant enough to merge these together anyway. It assumed for the 
purposes of this discussion that all energy inputs at each life cycle stage are 
sustainable. 
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Figure 4.1 Sustainable life cycle flow diagram for building materials 

The waste outputs from the first three stages are captured and treated in the 
fourth ‘waste and disposal’ phase. In this stage, most of the waste will be 
recycled or downcycled, with perhaps a small amount of benign and 
renewable material being incinerated for calorific value (note that waste 
heat from LCA4 could be captured for use in other applications). The 
results of this method of waste disposal will guarantee that material wastes 
and emissions are not systematically increasing in concentration in the 
biosphere. In essence, transportation is all pervasive throughout this model 
and is relevant between and during each stage. 

The primary advantage of this approach is that it forces consideration of the 
full range of ‘inputs’ and ‘outputs’ as relevant at each stage, where ‘input’ 
refers to all related materials and energy, and ‘output’ to emissions and 
waste produced. Where this is married to the principled TNSF, activity can 
be guided towards ultimate compliance with sustainability ‘success’ in a 
strategic manner. This will require significant coordination across the 
supply chain to ensure progress is made at each life cycle stage, since a 
variety of actors may be involved. 

The first stage of the model relates to raw material. These raw materials 
could be obtained from a variety of sources, including minerals extracted 
from the earth’s crust and timber felled from forestry resources 
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(possible violations of system conditions 1 & 3). For extraction we 
obviously need energy, materials, labour, etc., namely ‘inputs’, to access 
the raw materials. At the same time, emission, waste, and social impacts are 
considered as ‘outputs’ that will be produced. The waste represented by the 
central ‘output’ of this stage will transfer to ‘waste and disposal’ to be dealt 
with. Naturally enough, the full spectrum of sustainability principles 1-4 are 
implicated in this stage, which requires close scrutiny as a sub-system of 
the larger materials system of which it is a part (as for each stage).  

The ‘product process’ represents the point at which raw materials are 
assembled into products. Within a sustainability framework, this aspect of 
product development is clearly enhanced when guided by a set a shared 
sustainability principles [36]. The raw materials fed into this stage may also 
include waste redirected from other industrial processes. The ‘inputs’ are 
the related materials, labour, instruments, energy consumption, etc., and the 
‘outputs’ represent wastes and emissions. Various ancillary substances or 
processes might be used in the refining of materials into final products and 
these too need investigation. Systemic analysis might reveal social impacts, 
for example, impact on the health of workers or communities in proximity 
to production facilities and should be analysed according to principle 4. The 
waste and emissions depicted as ‘output’ from this sector transfer to LCA 
stage 4 also.  

Thirdly, the ‘construction process’ signifies the actual construction phase, 
where housing and infrastructure is assembled from the various products. In 
this sector the ‘inputs’ are the related materials, energy consumption, 
labour, etc. The ‘outputs’ are the construction waste, emissions. Building 
sites are well known for generating enormous amounts of waste of both 
materials and energy so the staged process ensures that the impacts 
associated with this phase can be identified and addressed in full view. 
Concerns such as the safety of construction workers, affordability or the 
quality of construction all may be relevant here. The wastes, including the 
construction wastes connected to any demolition, should be transported to 
the next stage ‘waste and disposal’. 

Finally, ‘waste and disposal’ represents the end of the life cycle where 
‘input’ is essentially the wastes from the first three stages in addition to any 
materials and energy required for reprocessing these. In this process, new 
technologies will be used for waste recycling, reuse, degradation, and 
managing by-products. In reality, landfilling or burning of waste may also 
exist as an option and may be acceptable if assurances can be made that it is 
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safe for the biosphere and complies with sustainability principles 1-4.  

Established LCA practice typically involves a highly structured approach to 
goal definition, analysis and overall presentation and interpretation. SLCM 
is no different and so examination of how the TNSF framework for 
sustainability might be operationalised in partnership with traditional LCA, 
using the ABCD methodology [8], was a logical step in understanding how 
China might better manage its building materials. 

The proposed elements of a SLCM are shown in Figure 4.2 below. 
Operationalising this within a principled sustainability framework can still 
be done whilst retaining a language and overall structure that relates closely 
to established global standards in LCA (ISO 14040). Below we explore 
what this would mean at a detailed level related to A-B-C-D analysis step, 
building on the LCA standard. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.2 SLCM Framework 
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A step: Strategic Goal Definition and Scope 

The goal and scope link directly to the ultimate purpose of achieving a 
sustainable society as viewed from the point of backcasting [8]. 
Sustainability principles form the basis to define the goal and scope.  

 Define the Goal(s)  

The goal is to identify overall life cycle (cradle-to-grave) environmental 
and social impacts for building materials (according to the life cycle model 
presented in Figure 4.1). That is, to identify and evaluate current impacts at 
different life cycle stages and by backcasting from a sustainable society 
(guided by sustainability principles) help to build the vision and influence 
the development trajectory of each stage towards this sustainable outcome. 

Determine the scope 

The scope should not just include direct or existing impacts, but also 
indirect or potential impacts to the environment and society. The scope 
includes defining the data type, how to organize the data and display the 
results, setting the boundaries of required data, and determining the 
required accuracy of data and ground rules [37]. 

B step: Strategic Life Cycle Inventory (SLCI) and Strategic Life Cycle 
Impact Assessment (SLCIA) 

Analagous to step ‘B’ of the Backasting method, SLCI, which includes 
existing and potential social-ecological and economic items, is undertaken. 
The full SLCI is used as input to divide into different categories, and assign 
the qualitative first and the quantitative next, if necessary, to different items. 
After that, SLCIA takes place to assess social-ecological impact 
considering the system conditions as system boundaries. The result 
highlights which items violate the four sustainability principles, and helps 
decision-makers to create plans which not only fix the problems but avoid 
reproducing known problems[28]. The SLCIA could establish a clear 
connection between current and potential building materials impacts, which 
could help the Chinese government to make decisions and target specific 
‘hot spots’ or leverage points.  

In relation to building materials this would involve first establishing an 
agreed sustainable life cycle flow diagram for building materials (see figure 
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4.1). Hence the data collection task would be based on the four stages of the 
diagram: raw material, product process, construction, waste and disposal. 

A follow-up task is to develop an SLCI Data Collection Plan. The plan 
helps to instruct all the information collection to ensure that all the 
necessary information is captured, which could avoid more time and 
money. This includes the following [28]: 

• Defining data quality goals,  
• Identifying data sources and types (in this case defining the 

materials for analysis but also identifying relevant social indicators),  
• Identifying data quality indicators, and  
• Developing a data collection worksheet and checklist.  

Next, collect data on the identified building materials. There are many 
approaches to collecting data, including site-visits, direct contact with 
experts, searching databases, etc. 

Lastly, evaluate the socio-ecological influence. The SLCI will be used as 
input and results assessed according to sustainability principles in the 
SLCIA.  

C step: Option generation of Interpretation and Improvement 
Assessment (IIA) 

Much as with Backcasting’s ‘Step C’, IIA provides a full scope of options 
available and improvements based on the four sustainable principles, and 
categorises them into the two distinct and useful mechanisms or options: 
dematerialization and substitution. That could help to deal with complex 
trade-offs and prioritisation later [28].  

D step: Option analysis and option choice of IIA 

This map directly to the ‘Step D’ task of prioritisation whereby IIA 
provides a set of questions to ensure that the full context of sustainable 
management of building materials, which balances economic, social and 
ecological dimensions, is considered [28]. 
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4.1.2 Integrating TNSF and EF 

EF deals only with demands placed on the environment and do not attempt 
to include the social or economic dimensions of sustainability (albeit it does 
infer much about these). However, if placed within a principled framework 
(TNSF), EF becomes one of the few means to aggregate a variety of human 
impacts in a way that is consistent with thermodynamic laws and ecological 
principles and enables effective communication of this. 

According to John Holmberg’s paper [9], TNSF could be combined with 
EF whereby the four system conditions are fundamental, and EF is used to 
calculate a footprint based on each principle. This would be done to 
benchmark resource and materials consumption and thereby assess 
measures to more effectively manage a sustainable transition. 

Sustainability Principle 1 

Principle 1 is about dealing with deterioration of the biosphere due to 
systematic accumulation of substances extracted from the lithosphere. 
These substances include fossil fuel, minerals and metals. For example, the 
EF of specific metals could be calculated when accurately inferred or 
assumed. A metal could be converted to an area proportional to an area 
from which the same amount of metal will be weathering, thereby 
contributing to calculation of an EF through assessment of assimilation 
capacity. Sometimes, metals’ footprints can be calculated even where 
assimilation capacity is unknown. One example given is about calculating 
the footprint of copper in Sweden; the emissions of copper (excluding 
leakage from deposits) have been estimated at 3,000 tonnes/yr (Nilarp, 
1994). Since we do not know the assimilation capacity of copper, we 
compare this value with the natural leakage of copper. An estimate of the 
natural leakage of copper of 430g km2/yr has been made for agricultural 
soils in Sweden (Andersson, 1992). This gives a footprint of 7,000,000 km2 
[9] and can provide a benchmark for localised or even regionalised 
emissions. 

Sustainability Principle 2 

Principle 2 deals with the deterioration of the biosphere from increasing 
concentration of substances produced by society. In China, substances and 
compounds foreign to nature are widely used, and this is an increasing trend 
so it is an important step to calculate the footprint of these substances and 
understand the systemic impact and volume of their flow. Indeed, “a 
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waste assimilation figure has been devised for use in EF calculations in 
relation to treatment of these non-renewable substances for which it is not 
possible to calculate a direct biological equivalent”[9]. When the waste 
assimilation capacity is known, the footprint of non-synthetic substances 
could be calculated by converting to an area needed for biological 
processing of materials. In truth, it is not possible to use the EF method in 
relation to some materials and substances due to the lack of knowledge 
about assimilation capacity. So we need combine with other useful tools, 
fortunately the model is not exclusive. 

Sustainability Principle 3 

Principle 3 is concerned with degradation of nature by physical means. This 
covers systematic and destructive manipulation, displacement and 
harvesting of natural capital and natural flows within the biosphere.  

For example, timber harvest is used in analysing forestry productivity. 
Footprint calculation should include the production capacity and 
biodiversity lost, as well as contingent energy requirements etc. When 
biodiversity losses or reproductive capacity are known, we can accurately 
infer that we need an area to compensate them.  In this case, template 
values for losses should be used. 

Sustainability Principle 4  

The fourth principle deals with the systematic undermining of the capacity 
of humans to meet their needs. Chinese population growth is closely 
connected to this principle. Area efficiency, dematerialization, distribution 
of resource use and population growth are included enabling us to get some 
direct and indirect calculations using EF [9]. 

 

4.1.3 Integrating LCA and EF 

There has been no evidence found of LCA and EF being applied in an 
integrated manner, in China or elsewhere, but we posit that the two tools 
could be effectively combined to assist with transition to sustainable 
outcomes. 

The first task would be to collect the information about materials or 
products based on life-cycle stage, and then convert the materials and 
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energy consumption into land area equivalents for each.  

Subsequently, developing a (backcasted) vision is critical to defining next 
steps. In terms of energy and resource consumption, a land area equivalent 
could be determined that is proportional to the ‘system’ in question (in this 
case China) and which meets with the parameters of the vision for each life 
cycle stage. Compared with the vision, the EF of materials in each stage 
could help to identify areas for prioritisation, decision making support and 
act as an indicator to track progress. 

One example of using timber follows to introduce how it might work: 

We assume we have already calculated the current EF of wood based on 
each life-cycle stage (Figure 4.3): the EF of stage 1 (raw material) is 
0.1ha/capita, stage 2 (production process) is 0.3ha/capita, stage 3 
(construction) is 0.2ha/capita and stage 4 (waste and disposal treatment) is 
0.1ha/capita. The total EF for construction timber usage in China depicted 
here is 0.7gHa (‘global hectares’). 

0. 1

0. 3

0. 2

0. 1

st age 1
st age 2
st age 3
st age 4

 

Figure 4.3 Ecological Footprint: Current Reality of Chinese timber 
consumption by Life-Cycle Stage 

Keep in mind that much of China’s import of timber reportedly comes from 
old growth forests in Indonesia and Malaysia as opposed to sustainably 
managed forests and that there is also significant energy expenditure 
associated with harvest and transportation [38]. Next, we build a vision in 
which Chinese demand for timber is set to equal domestic biocapacity 
(proportional to other materials) based on these four stages and where 
possible reduces overall energy expenditure in transportation through more 
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locally/regionally available resources. In addition, as a large scale importer 
or producer of wood products, China moves to engage with organisations 
throughout the supply chain in a way that supports a move to best-practice, 
sustainable forestry management. 

Overall, realising this requires a myriad of strategies (new policies, 
architectural designs, product innovation, dialogue forums, recycling, 
renewable sources of timber and energy, etc) be employed to dematerialise 
or substitute the use of timber in the domestic market to an acceptable level 
that ‘fits’ with the vision. This can then be aggregated to an EF or land area 
equivalent for each stage. e.g. 0.06ha/capita, 0.09ha/capita, 0.12ha/capita, 
0.03ha/capita, as shown in Figure 4.4.  

 

Figure 4.4 Ecological Footprint: Sustainable Vision of Chinese timber 
consumption by Life-Cycle Stage 

 
EF, coupled with LCA then becomes a useful way to scrutinise proposed 
measures and to prioritise and select options that systematically take the 
Chinese construction ‘system’ and the life cycle management of materials 
closer to achieving the identified target of  alignment with sustainability 
principles and targets. 
 
On a more detailed level, once relevant data sets are established, the 
information will be collected periodically for each stage and the EF 
reviewed to help check whether anticipated targets are being achieved. For 
example, we might conclude that stage 2 and its associated life cycle 
stakeholders warrant special attention and incentives, so we need to adjust 
the plan. 

0.06 gha 

0.09gha

0.12 gha 

0.03 gha Stage 1: Raw Material 

Stage 3: Construction 

Stage 4: Waste 
Di l/T t t

Stage 2: Production 
Process

Total Footprint: 0.3 gha 
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4.2 How to apply the integrated model in the 
Chinese construction context 

After discussing how each tool is individually relevant in the Chinese 
context, and how any two of these might inform each other, we now go on 
to explore how the integrated 3-way model might work to help achieve 
sustainable management of building materials in China overall.  

We envision application of the integrated model to analyse the current 
reality, to build the sustainable vision and to do action planning for building 
materials in China, as per the ABCD Backcasting method. Sustainable 
management of materials and products requires continuous evaluation of 
numerous complex social, ecological, and economic factors. This includes 
informing the overall analysis with aspects that are relevant to a basic 
perspective on (1) sustainability, and (2) strategy to arrive at sustainability. 
The resulting overview is expected to help avoid costly assessments of 
flows and practices that are not critical from a sustainability and/or strategic 
perspective and to help identify strategic gaps in knowledge or potential 
problems that need further assessment. Early experience indicates that the 
approach can complement some existing tools and concepts by informing 
them from a sustainability perspective—for example, current product 
development and LCA tools [8]. 

4.2.1 Assessing the Current Reality 

Backcasting is a central pillar of the TNSF and a critical strategic 
orientation for analysis and evaluation of the current reality of Chinese 
building materials. The more accurate the information is, the more valuable 
the analysis can be in support of later decision making.  Therefore a 
structured life cycle approach helps to eliminate the possibility that key 
issues will be overlooked. In fact, it is a big challenge to assess the current 
situation: lots of information is currently lacking relating to materials flows 
and types; there is limited consideration given to social problems (although 
the ongoing reform process is addressing this); there is focus on existing 
symptoms without consideration of potential or underlying systemic 
problems; few sustainability concepts or tools are currently used in China; 
and there is a lack of strategic leadership for the building materials industry. 
This integrated model could help to manage the complexity of the problems 
- it provides clear system boundaries and explicitly aims to systematically 
analyse the materials’ system.  
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An example for how to apply the model for analysis of timber used for 
Chinese construction follows. 

First, we understand what the current usage of timber looks like based on 
the four system conditions, and use an inventory (SLCI) to list all the 
contingent aspects. Inventory items might look like those in the following 
table: 

Table 4.1 A SLCI Inventory of Timber Usage in China 

Life Cycle Stage Item 
 
Stage 1 
 
Raw Materials  

Listing all consumed trees species 
The area which the trees come from 
The growth & reproductive capacity of these trees (x m3 
per ha) 
The condition for workers 
Energy and methods used for harvest 
Post-harvest chemical treatment of timber (preservers 
etc) 
Transportation 
……… 

Stage 2 

Production Process 

Manufacturing methods 
Waste treatment methods 
The condition for workers 
Energy use during production 
The route from factory to construction sites 
……… 

Stage 3 

Construction 

Durability of construction method 
Worker site safety 
Waste treatment methods 
………  

Stage 4 

Waste Disposal/ 
Treatment 

Kinds of energy  
The disposal methods 
Area of land to landfill  
By-product of waste 
……… 
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Next we assign quantitative and/or qualitative indices to each of these 
inventory items wherever possible2. Then, using the SLCMIA, we can 
comprehensively evaluate and categorise social and ecological impacts and 
assess their severity. Then, decision-makers can clearly understand what 
problems exist and use this as a platform for innovation and action. At the 
same time, we calculate the EF of construction related timber in separate 
life cycle stages and present this as a single value, which provides 
communicative benchmark data about gross consumption of materials and 
energy related to timber. 

Although the integrated model makes it relatively easy to identify the 
‘hotspots’ that are key factors in violation of the sustainability principles, a 
lot of time may be needed to collect all the information. Hence the results 
may not be correct due to time delay after we do a full analysis using the 
model. Improved reporting mechanisms need to be introduced in such a 
way that they enable relevant analysis to take place in an acceptable time 
frame. We should consider how to synthesize and interpret these impacts in 
terms of how they relate to ‘trade offs’ and ‘gray areas’ as we move 
forward. 

  

4.2.2 Building a sustainable vision  

The model could be used to help build a vision for building materials and 
the role it could play in a sustainable China. Overall, to achieve strategic 
co-ordination across the building industry in China in support of a move 
towards sustainability would greatly benefit from the development of a 
shared vision of where the industry is trying to go. As Collins & Porras 
suggest, such visions are critical to energising action and motivating people 
as well as ensuring that a consensus view is preserved throughout - a 
compelling vision of what sustainable success for the Chinese construction 
industry looks like will inevitably be fundamental to moving the entire 
system in the right direction [39]. Why is the vision important for the 
building materials industry? One reason is that in providing a future point 
from which to backcast it becomes the fundamental basis for analysis of the 

                                                 
2 At this point, using TNSF, societal flows of certain materials (such as metals) can for instance be 
compared with the naturally occurring abundance of the same in order to determine their rates of 
assimilation, natural concentration or weathering rates. See: Azar et al., 1996, “Socio-ecological 
indicators for sustainability”, Ecological Economics, 18: 89-112 
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current reality in that “the vision determines the destination, which is the 
starting point for successful strategic planning” [21]. Another reason is that 
it provides guidance and motivates the materials industry to change. 
Brainstorming the measures to achieve the vision should be considered in 
two broad categories: dematerialization and substitution. Brainstorming 
measures provides possible solutions for how to achieve the vision, and 
they should not be limited by current science and technologies (that is, we 
should consider that new science and technology may develop, rather than 
limit a search for possible solutions to what is known today). 

As part of the vision building process, each stage of the LCA (SLCM) can 
be used to showcase what the future could look like in line with the 
sustainability principles, and EF used to project target ‘footprints’. In 
building the vision for building materials based on our model, it might be 
possible to take into account ‘second order’ guiding principles of operation 
to compliment the ‘success’ level, which might for example say that, “In a 
sustainable world, Chinese demand for materials does not exceed domestic 
biocapacity3” or that “no single life cycle stage should be in violation of the 
sustainability principles”.  

Then, we ‘brainstorm’ possible measures covering all social and 
environmental aspects of building materials identified in our SLCMIA. 
Here we just give some sample measures of possible outcomes (these 
sample measures do not cover all relevant parts of the analysis of the 
current situation): 

 
Dematerialization:  
1. Improving the efficiency of materials utilisation by way of computer 

aided design and production 
2. Improved Life cycle management of construction materials 
3. Life cycle management of construction materials 
4. Supply Chain Behavioural Change programmes 
5. Communication, Collaboration & International Research Partnerships 
6. Building materials waste will be reused or recycled 
7. Developing new technology for dealing with construction waste 

                                                 
3 This is not to say that imports should cease as this is impractical, but rather is a commentary on 
proportional levels of consumption. For example, if a total consumption of Chinese resources 
exceeds local biocapacity, the result will be that China inevitably diminishes the resources of other 
nations to meet native needs from a ‘bird’s eye’ perspective. 
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8. Optimizing the route for building materials transportation 
9. Implement tracking technology 
 
Substitution: 
10. Local materials usage and appropriate revision of traditional 

construction 
11. Enforcement regarding the management and supervision of building 

materials 
12. Using green building materials 
13. Tougher legislation for emissions relating to building materials 
14. Using energy efficient building materials 
15. Education on green building materials 
16. Production employees are not subject to unhealthy working conditions, 

unfair working hours, and insufficient working wages – reinforcing 
minimum conditions 

17. No fossil fuels used in building materials processing 
18. Popularizing and showcasing new, sustainable materials  
19. Uniform standards for building materials  
20. Eco-labelling for building materials 
 
Below we explore in brief a small selection of these possibilities: 
 
Improve the efficiency of material utilisation by computer aided design and 
production 
 
In China, there are big wastes of materials in the construction process due 
to delay in information exchange, and limited experience in use of 
information technology in the management of construction projects. Often, 
independent contractors perform different tasks on site but few 
communicate or co-ordinate with the others, wasting valuable time and 
material. The profession of ‘Quantity Surveying’ in China is largely absent 
so computer-aided site management could assist managers to decrease the 
time and materials wasted [25].  Such technology is useful in that:  
 

“Firstly, the information process produces information which 
indirectly or directly controls the material activities taking place. 
Secondly the information processing activities constantly need 
feedback information about what is actually happening in the 
material process, in order to check compliance with the designs or 
monitor the progress of the work against the schedules” [40]. 
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It is foreseeable that future development and application of computer 
technology could aid management of the whole life cycle of materials 
beyond just the construction phase, through innovative supply chain 
stewardship partnerships. 
 
Improved Life cycle management of construction materials 
 
All the four stages - raw material, production, construction, and waste and 
disposal processes - should be well managed to protect the environment and 
society. 
 

 Construction waste handling 
 
Much of the construction waste can be reused by sorting waste, removing 
or crushing. For example, scrap steel, scrap wire, accessories and other 
metal scrap can be manufactured into a variety of specifications of steel.  
Scrap wood may be used in the manufacturing of artificial timber. Brick, 
stone, broken concrete, and other waste can generate sand for construction 
bricks.  

 
In recent years, both in Shanghai and Beijing, construction companies have 
undertaken some useful experiments on construction waste recycling. In 
July 1990, two construction companies in Shanghai called Huating and 
Holland, respectively, have introduced a method of sorting structural 
construction waste. Recycled construction waste residues equalled 480ton, 
translating to savings in sand material costs of 14,400/yuan/t and 
3,360/yuan/t in garbage-freight, bringing net economic benefit in this 
instance alone to 1.24million yuan (USD $160,000) [41]. 

 
Another example was demonstrated by the construction company Carillion 
in the UK, which worked with devising improved delivery procedures and 
ordering (logistics) at a hospital site, thereby reducing waste to landfill (by 
up to 50% compared to similar schemes) and avoiding landfill taxes and 
disposal costs of £19,000. Savings in lifetime maintenance costs are 
estimated at around £130,000 with 20% less waste to landfill and over 700 
tonnes of waste recycled [27].  
 

 Renewable energy is used in the whole process 
 

There is a huge energy equation related to the production of building 
materials. If this could be transitioned and replaced by renewable energy, 
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China’s energy demand will be alleviated and much atmospheric pollution 
mitigated.  

 
In order to meet a full alignment state for the usage of energy in the 
construction and operation of a building, the following conditions were 
proposed in a study by the Oregon Natural Step Network in the US: 

 
i. All energy sources used are 100% renewable and meet the four 
(TNS) system conditions, including “fish friendly” hydro and “bird 
friendly” wind technologies. 
 
ii. Wind, heat and light generated do not systematically degrade the 
surrounding habitat. 
 
iii. The total amount of energy available to each (building) site is 
equal to or less than the solar energy falling on that site [27]. 

 
Communication, Collaboration & International Research Partnerships 
 
Along with the increasing ubiquity of the internet and ongoing international 
cooperation, there has never been such a degree of interconnection between 
people all over the world. Not only are governments cooperating and 
universities co-researching, but also individuals and organizations.  
 
Different media could be used for research exchanges around green 
building materials, such as video communication, teleconferencing, internet 
conferencing, etc. These collaboration strategies will help China to explore 
different ways to increase green building awareness, decrease building 
materials usage (and contingent energy expenditure) and spur development 
of new building innovations. 
 
Implementing tracking technologies 
 
Emerging technologies could be applied in construction materials 
management, such as barcode technology. A feasibility study was done in 
the UK about a supplier of pre-cast flooring beams. It confirmed the 
technical, economic and operational feasibility of introducing bar coding 
not only in this specific case, but also in the management of other materials 
and components within the construction industry [42].  Examples are given 
on two residential projects in Hong Kong. It showed the effectiveness of 
using barcode technology for an Incentive Reward Program to reduce 
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construction wastes, although some challenges also exist [43]. 

Local materials usage and relationship to traditional construction 

In addition to their relatively benign impact from a toxicity point of view 
and assuming adequate management of these resources (e.g. forests), use of 
local materials and traditional construction methods can save huge amounts 
of transportation energy and have additional advantages when compared to 
more modern materials. A prominent example revealed itself after a 
devastating earthquake struck the now World Heritage-listed town of 
Lijiang, in north-western Yunnan in 1996.  

While many of the newer, modern structures in Lijiang were destroyed, the 
old centre of the town (comprising of traditional structures made of wood 
and clay) stood firm. The typical traditional rural housing in this seismic 
region is a two story rectangular shaped unit, and the frame is made up of 
rectangular modules wherein no glue and nails are used. It is a common 
belief among the general population and the academic community that the 
inherent ductility of timber frames enhanced the overall structural 
performance under the seismic load delivered during the quake. In addition, 
the absence of glue and nails increases the energy dissipation capacity of 
joints and allows the structure to deform and redistribute the lateral loads 
exerted on the frame [44]. In fact such was the resilience of Lijiang’s 
ancient architecture to seismic shock that the new town has now been 
rebuilt based on these proven techniques and traditional materials and once 
again become the de facto standard. 
 
Another case is the traditional residences found in Wannan in the southern 
part of Anhui Province [45]. On-site measurements show that even in the 
heat of summer, when the outdoor temperature is above 38°C, the indoor 
thermal environment is still kept in a comfortable range without any 
mechanical ventilation (see figure 4.5). 
 
This is one example of how traditional materials and designs have 
successfully resisted modernisation - it is advantageous to leverage 
traditions to develop sustainable buildings in China. Combined with 
modern construction methods and technology, this has the opportunity to 
enhance sustainable outcomes. 
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Figure 4.5 Temperature measurements of Wannan traditional residences in 

China [45] 
 
Opportunities exist to better educate citizens and influence their consumer 
behavior also in the face of current social trends. The Chinese family has 
changed from a large unit to an increasingly smaller one and the 
distribution of family household types and elderly living arrangements 
changed considerably in 2000 as compared to 1990. One-couple only 
family households accounted for 12.7% of the total number of households 
in 2000, which was 2.0 times as high as that in 1990 [46]. There have also 
been substantial changes in social attitudes and economic mobility related 
to a drop in co-residence between elderly parents and adult children. 
 
With living standards improving, more and more Chinese people pay more 
attention to comfort at home and in the workplace. Modern building 
materials provide more choices for people, but at the same time this 
represents a threat, with such impacts as toxicity to human health and the 
environment. Eco-friendly building materials (as per the tradition) could 
provide a healthier environment for family members, and likewise could 
protect us from the threat of biospheric pollution. Raising awareness of 
green building materials in the mass media is a good way to mobilise this 
change. The result of changing behaviour patterns and consumer demand 
can help influence the whole building materials market in a move towards 
sustainability. 
 
Enforcement regarding the management and supervision of building 
materials 
 
Numerous projects, such as an employee dormitory building in Guangzhou 
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Province [47], ultimately collapsed due to the poor quality of the materials 
and construction methods applied. A new compulsory product certification 
system, China Compulsory Certification (CCC) [48], was introduced from 
May 1, 2004, encompassing human and ecological health and safety [49]. 
For instance, from August 1, 2005, three common building materials, 
including solvent carpentry dope, porcelain brick and concrete anti-freeze 
are required to gain the 3C certification level, or else they will not be 
permitted for sales or import [50]. In fact, due to low-level of enforcement 
and limited supervisory resources by government institutions, there still 
exists a danger to human health and the environment through unsustainable 
production. 
 
For the long term, government should educate and provide support to 
companies around green materials, to help production, selection and/or 
application in the correct manner. At the same time government should 
amend the pace of policy implementation by establishing economic or 
revenue incentive mechanisms such as subsidies or tax-free incentives for 
sustainable materials [51] to lead companies in the right direction. 
 
Using energy efficient building materials 
 
In China, energy for space heating of buildings accounts for 20% of 
consumption [52]. Carbon dioxide emissions are also a big problem due to 
high fossil fuel usage for heating (coal). Energy efficient building materials 
and designs will help to improve this equation throughout the entire system. 
 
Popularizing and showcasing new, sustainable materials  
 
Every year there are a lot of new technologies and materials emerging, but 
limited ones are used in actual application. One example is wall cladding. 
The weight of wall generally accounts for over 50 per cent of the total 
weight of a building, or even higher in buildings with multiple, load-
bearing walls. Conventional walls use large quantities of raw materials and 
have the characteristics of heavy weight and low cost. China has substantial 
experience in utilizing fly ash, breeze, and coal gangue to produce wall 
materials. Utilization of mine waste, steel slag, phosphogypsum, fuel gas 
desulphurized gypsum, and all kinds of vegetable fiber have also been 
developed. In this case, the new wall materials only account for about 35 
per cent of the total weight [43]. 
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4.2.3 Transitioning towards Sustainability 

The prioritization process involves selecting the most appropriate measures 
for implementation in strategic fashion by asking three questions: 1) is it 
heading in the right direction towards sustainability? 2) Does this provide a 
flexible platform towards sustainability? 3) Will it provide an adequate 
return on social, economic and/or ecological investment? 

In this activity the SLCM approach can help to evaluate opportunities to 
reduce energy, material and environmental impacts at each stage of the 
building material’s life cycle. EF is used to provide a tangible way to 
evaluate how to reduce “footprints” in each stage of the material lifecycle. 
Together with the foundation of TNSF they prompt the question of “what 
has the greatest potential to reduce systemic harm in a strategic move 
towards ultimate compliance with sustainability principles?” 

We selected some of the earlier sample measures to demonstrate the 
prioritization process (see Table 4.2). 

Table 4.2 Prioritization of measures 

The measures Right 
direction? 

Flexible platform? Good return? 

 
Improved life cycle 
management for 
building materials 

 
SC1, 
SC2,SC3,SC4  

Technology 
development 
 

Low risk to 
biosphere 
Low risk to society 
Satisfy the 
customers 

Communication, 
Collaboration & 
International Research 
Partnerships 

 
SC4  

Financial support 
Communication 
technology 
development  

Low risk to 
biosphere 
Low risk to humans 

 
Local materials usage 
and relationship to 
traditional construction 
 

 
SC3,SC4  

Technology 
development 
Financial support 

Low risk to 
economy 
Low risk to society  

 
Popularizing green 
materials  
 

 
SC1, SC2, 
SC3, SC4 

Technology 
development 
Financial support 
Social awareness 

Low risk to 
environment 
Low risk to humans 
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Subsequently, action planning can take place that is based on consideration 
of the current situation (such as technology, economy) and also the 
envisioned future sustainable society. In the action planning process, a 
general plan will be made first, and then the model used to evaluate and 
improve. Measures naturally need to be also understood in terms of their 
projected time horizon (Table 4.3). 

Table 4.3 Action planning 

Measures  Short term  
(2006-2010) 

Medium term  
(2011-2020) 

Long term  
(2021-2050) 

Improved life cycle 
management for 
building materials 

  √ 

Communication, 
Collaboration & 
International Research 
Partnerships 

√   

Local materials usage 
and relationship to 
traditional construction 

√   

Popularizing green 
materials  
 

 √  

Detailed assignment of roles, responsibilities and financing of these 
measures can then take place. When we apply the plan in practice, the 
model could help to monitor the process of implementation. The results can 
be compared with anticipated targets, helping to continually adjust the plan.  

Building materials selection criteria 

In addition to the basic parameters of TNSF, secondary building materials 
selection criteria could be provided for added analysis of the sustainability 
potential of different options during prioritisation. 

Possible additional criteria could be summarized as [53] [54]: 

1. Resource Efficiency  
2. Indoor air Quality  
3. Energy Efficiency  
4. Water Conservation  
5. Affordability  



 
48

1.  Resource Efficiency  

For achieving resource efficiency, the materials should also be considered 
in relation to the following items:  

 Recycling: potential to collect manufactured materials for 
remanufacture. By replacing virgin materials with recycled 
feedstock, natural resources and energy are preserved.  

 Renewal: materials that receive an recognised, independent 
certification (e.g., FSC certified wood).  

 Reuse: reuse means that materials could continue to use their 
original form and structure and do not require additional time or 
energy for remanufacture. 

 Resource efficient manufacturing: minimal waste and raw 
material flow (recycled, recyclable and or source-reduced product 
packaging).  

 Local availability: Building materials are available locally or 
regionally to save energy and resources in transportation to/from 
construction sites. 

 Remanufacturing: possibility to add more value to the product 
later, (such as new functions and/or appearance).  

 Durability: Materials have longer life-span thereby improving 
material efficiency.  

2. Indoor Air Quality (IAQ)  

Materials should meet the following items: 

 Low or non-toxic: Materials that emit few or no carcinogens, 
reproductive toxicants, or irritants as demonstrated by the manufacturer 
through appropriate testing.  

 Minimal chemical emissions: materials have minimal emissions of 
Volatile Organic Compounds (VOCs).   

 Moisture resistant: Products resist moisture or inhibit the growth of 
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biological contaminants in buildings.  

3. Energy Efficiency  

Materials help reduce energy consumption in buildings and facilities.  

4. Water Conservation  

Materials help reduce water consumption in buildings and conserve water 
in landscaped areas. 

5. Affordability  

The life cycle cost of the building material means it can be realistically 
accessible to all segments of the supply chain (including consumers) in a 
way that enables sufficient business continuity, employee opportunity and 
working conditions, whilst simultaneously eliminating systemic ecological 
harm. 

Dealing with ‘Grey areas’: Social, economic and political implications 

When making decisions in complex systems it is hard to prioritize between 
various options [21]. This situation also exists when undertaking action 
planning, in this case for transitioning building materials management 
towards sustainability. There are lots of factors that influence life cycle 
outcomes, collectively categorised as ecological, social and economical 
impacts that all need to be ‘weighed’ in order to make a balanced decision. 

Inevitably trade-offs occur during prioritisation and so action planning 
needs to take a systems view into account that somehow manages these so-
called ‘grey areas’, wherein the decision may be clouded by multiple, 
sometimes seemingly competing factors. In China, we have to guarantee 
economic development; it is fundamental to achieving improvements in 
people’s living standards, but then again it is not an excuse to sacrifice the 
environment as a cost. Further, it is inadvisable to follow the trajectory of 
developed nations that have achieved economic development at the cost of 
ecological and social progress - they now ultimately have to invest 
significantly more money to restore and protect the environment and bridge 
divisions in the community.  
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Figure 4.6 Grey areas (SLCM) [8] 

Presently, it is difficult to negotiate these ‘grey areas’, due to lack of good 
tools or methods, despite the best intentions. In most situations this is based 
on prior experience; however this runs the risk of perpetuating 
unsustainable activity. Progress in this endeavour starts with having 
accurate information at hand that enables a systemically responsible 
decision to be made that has the potential to deliver enhanced outcomes for 
all stakeholders over time. 
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4.3 Strengths and limitations of the 
integrated model 

Clearly, as a thought experiment, the integrated model we have proposed 
here has strengths and limitations that require consideration. Here we 
summarise what we see as the main points: 

Strengths 

1. This model is based on TNSF, so it could be applied at any scale for 
building materials. That is, to individual materials but also for an entire 
industry. 

2. Provided system boundaries can be clearly delineated, the model 
provides a full-scale assessment of the current situation, based on the entire 
life cycle and taken from a principled sustainability perspective (to make 
sure all the aspects are contained).  The results of evaluation provide the 
basis for making informed decisions and at the same time, could track 
progress. 

3. The model is not ‘exclusive’ due to the fact that TNSF can be combined 
with a range of other sustainability tools and concepts based on the needs of 
different systems or specific applications. 

Limitations 

1. The model tries to integrate TNSF, LCA and EF to better lead Chinese 
building materials towards sustainability, but in fact it increases the amount 
of information required for analysis. This potentially adds time and expense 
(although allows for management of complexity). 

2. Although EF is a proven tool, calculating an accurate ‘footprint’of non-
renewable resources is difficult given unknown or inapplicable assimilation 
capacities of certain materials. Furthermore, a common criticism is that as 
an aggregate indicator EF can obscure important data. However, when 
combined with TNSF as proposed here, these shortcomings are offset as it 
provides contextually relevant approximations that can assist with 
communication and recognition of key areas of priority.  

3. This model has not been used in practice, so other limitations are 
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unknown. 
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5 Conclusions and Further Study 

Through this research into Chinese building materials and development of 
the concept model, it is possible to answer the main question of how TNSF, 
LCA and EF could be used to address the sustainability challenges of 
materials use in the Chinese construction industry and to explore in 
theoretical terms how these tools and concepts might inform each other. 
However, we were unable to undertake systematic and detailed action 
planning using concrete examples. This is an important ‘next step’ to test 
validity of the concept and to illustrate how a transition towards sustainable 
management of building materials in China might take place. 

The study did reveal that with a clear, structured vision of sustainable 
building materials in China, backcasting using TNSF provides a 
compelling, strategic method for management of substitution and 
dematerialization measures of the current scale and nature in China. 
Integration of additional tools such as LCA (within the SLCM framework) 
and EF have high potential to improve the overall initiative and provide 
much needed guidance and clear communication of outcomes. There is also 
evidence to suggest that there is good work in materials development taking 
place in China, however, it is without a strategic, principled framework of 
sustainability nor is it anywhere near the volume or type of flow that is 
required to move towards sustainability. Improving this picture will require 
an unprecedented amount of coordination and support from all actors 
within the building materials value chain in order to affect lasting change. 

In application to sustainable management of construction materials, we 
propose that additional, established SD tools and concepts could be 
integrated, such as MSPD (Method for Sustainable Product Development) 
which could identify ‘hot-spots’ or problems and essentially design them 
out of the system; Factor X is helpful to find additional important, 
qualitative and dynamic aspects of sustainable development. Those tools 
and concepts could be integrated to our conceptual model, helping to 
provide more strategic support for managing sustainable construction 
materials from different perspectives. 

Ultimately, more questions have arisen than answers found and there is 
much more work to be done in this area. Progress in this endeavour was 
slow due to the lack of existence and/or accessibility to key data. Moving 
forward, having access to relevant data on flows of all materials used in 
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construction is important in building a picture of the current reality and in 
designing sustainable solutions. The proposed integrated model requires 
additional development and testing, conceptually and practically, albeit 
proves it on a basic level and suggests that further research is warranted. In 
particular, sophisticated tools for management of ‘trade-offs’ and a more 
comprehensive approach to treatment of non-renewable resources is needed 
within the scope of the model.   
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Appendix A: Export and import statistics 
of building materials (Yunnan Province) 

The export information of building materials in Yunnan province in 2005 

Building Materials for 
Export Unit Quantity Country 

unroast iron pyrites kilogram 116000   
sulfer kilogram 219000   

scalelike native graphite  kilogram 2250   

farinose native graphite kilogram 81500   

guisha and quartz sand kilogram 28325   
other natural sand kilogram 4633980   

quartz kilogram 58   
kaolin kilogram 1266000   

other similar earth except 
Kaolin kilogram 299000   

Kentonite kilogram 9600   
fire mud and jonas territories kilogram 16000   

unmilled phosphorite kilogram 94895000 

The republic of the 
philippines, Malaysia, 

The republic of 
Indonesia, 

milled phosphorite kilogram 77006250 

The republic of 
Indonesia,Malaysia,The 

republic of the 
philippines 

milled native calcium 
phosphate kilogram 105000   

diatomite kilogram 62000   
floatstone kilogram 19000   

scabled marble and calc-tufa kilogram 1030033   
rectangular marble and calc-

tufa kilogram 101650   

rectangular granite kilogram 72653   
rectangular sand stone kilogram 96890   
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Building Materials for 
Export Unit Quantity Country 

scree,gravel,detritus and 
firestone kilogram 572532   

scoria, scruff and other 
industrial sullage   kilogram 240000   

uncalcined dolomite kilogram 46160   
calcined gesso kilogram 1.49E+08   

white lime kilogram 25000   
clinker cement kilogram 81097410   

portland cement kilogram 90859300 Vietnam, Burma 
bauxite cement kilogram 12750 Vietnam, Burma 
shuining cement kilogram 50000 Vietnam, Burma 

fiber asbestos kilogram 143400   
other asbestos kilogram 1762950   

feldspar kilogram 302000   
vermiculite kilogram 1000   

mine product kilogram 3265   
sand and copper concentrate kilogram 3660   

precious metal ores and 
concentrates  kilogram 3561   

none bituminous coal  kilogram 2317800   
lianjiao mei kilogram 9190170   

other bituminous coal kilogram 32669900 Vietnam  
lignite kilogram 3945440   
coke kilogram 53658570   

asphaltum kilogram 2   
gasoline kilogram 3612931 Burma  

impregnant kilogram 4200 Burma  
diesel oil kilogram 4755484   

lubrication kilogram 24165   
liquid olefin kilogram 4000 Burma  

heavy oil kilogram 6030   
liquefacient natural gas kilogram 200000   

liquefacient propane kilogram 410330   
petroleum kilogram 73850   
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Building Materials for 
Export Unit Quantity Country 

gaseous petroleum kilogram 39   
vaseline kilogram 111150   
olefin kilogram 62976320 Burma  

steel and steel product ton 137604 Vietnam, Burma 
unforging silver ton 324716 Thai land 

pig irono ton 8201 Thai land 
other paraffin wax, mineral 

wax and similar product made 
by synthetic methods 

kilogram 2126850   

petroleum asphalt kilogram 3159174   
asphalt mixture kilogram 151000   

lead ton 4862 The republic of 
Indonesia 

unforging aliminium alloy kilogram 32532 The republic of 
Indonesia, Singapore 

The import information of building materials in Yunnan province in 2005 

Building Materials for 
Import Unit Quantity Country 

other natural sand kilogram 20230   
quartz kilogram 4134   

scabled quartz rock kilogram 524790   
Bentonite kilogram 142717   

scabled marble and calc-tufa kilogram 699500   
rectangular granite kilogram 79   

uncalcined dolomite kilogram 397280   
other clinker cement kilogram 1986   
mica and mica piece kilogram 2520000   

no swelling fluke stone, pearl 
rock kilogram 23000   

unroast iron ore and 
concentrates kilogram 2.67E+09 Vietnam  

roast iron ore and concentrates kilogram 28773 Vietnam  
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Building Materials for 
Import Unit Quantity Country 

ferromanganese sand and 
concentrates kilogram 2.58E+08 Vietnam, Burma 

sand and copper concentrates kilogram 4.12E+08 Burma, The republic of 
Indonesia 

nickel ore and concentrates kilogram 5.79E+05 Vietnam, Burma 
cobalt ore and concentrates kilogram 3.82E+06 Vietnam, Burma 
lead ore and concentrates kilogram 9.90E+07 Vietnam, Burma 
zin ore and concentrates kilogram 1.66E+08 Vietnam, Burma 

stannum ore and concentrates kilogram 4.12E+06 Vietnam, Burma 
chromium ore and concentrates kilogram 3.84E+07 Vietnam, Burma 
tungstem ore and concentrates kilogram 1.01E+04 Vietnam, Burma 

the original wood kilogram 1.78E+04 Burma  
sawn wood kilogram 1.35E+04 Burma  

stannum kilogram 5.16E+03 The republic of 
Indonesia 

wood furniture piece 1.03E+02 The kingdom of 
Cambodia 

roast molybdenum ore and 
concentrates kilogram 7.00E+05 Vietnam, Burma 

other molybdenum ore and 
concentrates kilogram 8.17E+06 Vietnam, Burma 

titanium ore and concentrates kilogram 6.90E+06 Vietnam, Burma 
niobium, tantalum, alum kilogram 2.28E+05 Vietnam, Burma 

silver kilogram 5.03E+06 Vietnam, Burma 
precibus metal ore sand kilogram 1.42E+02 Vietnam, Burma 

health antimony kilogram 2.94E+04   
other antimony ore and 

concentrates kilogram 3.04E+06 Vietnam  

unforging tin alloy ton 1.54E+02 The republic of the 
philippines 

petroleum asphalt ton 4.23E+04 Singapore  
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Appendix B: Examples of import and 
export flows of construction material in 
China 

Glass 

Among all the building materials, plate glass is a critical building material 
in China, and China is also one of the world’s primary producers of plate 
glass. Its production in 2004 reached 62.1 million cases, and there are more 
than 50 urban glass factories each with annual production of 500,000 cases. 
The data of glass is shown below: 

Glass Import Statistics (Unit: USD million) 

Product 2002 2003 2004 
Glass, Glassware 218 275 316 

Glass fibre 240 327 378 
Float glass & surface glass 96 109 119 

Laminated glass 410 651 742 

In addition to the increase in imports, China also managed to export more 
glass related products in 2004: 

Glass Export Statistics (Unit: USD million) 

Product 2002 2003 2004 
Glass, Glassware 1,478 1,941 2,512 

Glass fibre 204 319 406 
Float glass & surface glass 171 202 243 

Laminated glass 126 156 178 

Compared the two tables above, it is interesting to see the glass export is 
nearly ten times of the import. 
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Wood 

Wood is also an important building material used in Chinese Construction. 
The import and export statistics are shown in the next two tables. We 
discover both the import and export of wood has increased sharply. 
Comparing the two tables, the export of wood exceeds wood imports.  

Wood and Wood Products Export Statistics (unit: USD million) 

Product 2002 2003 2004 
Wood and wood articles 3,418 3,886 4,285 

Plywood 209 309 398 
Wood Sawn 958 983 1,015 

Laminated woods 71 90 106 

Fiberboard 257 267 276 
Hoopwood 20 4 11 

Wood and Wood Products Import Statistics (unit: USD million) 

Product 2002 2003 2004 
Wood and wood articles 2,304 2,796 3,195 

Plywood 345 286 328 
Wood Sawn 151 183 208 

Laminated woods 71 90 102 
Fiberboard 17 17 21 
Hoopwood 9 11 16 

 


