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Abstract

Rapid urbanisation in China is leading to significant demands for energy and resources.
China's urban housing is therefore facing the following problems: on the one hand,
due to the acceleration of urbanisation and improvement of living standards, there is
a rising trend in new housing developments. On the other hand, many residential
buildings in cities in China are below modern standards of energy performance,

sustainability, or liveability, and they need to be improved.

The aim of this research is to investigate the retrofit projects in Wales, UK, to explore
the retrofitting of existing residential buildings at the community scale in Beijing, China,
to find out how and to what extent the retrofit technologies and processes can be
transferred from the UK to China, and the most suitable, sustainable, cost-effective
combination of retrofit strategies to improve energy efficiency and sustainability. This
is achieved through a holistic method based on qualitative research and simulation
research including a literature review, case studies, on-site surveys, interviews, and

modelling for the Chinese case studies.

There are three stages in this research: first is to investigate low carbon housing
retrofitting projects in Wales in the UK across environmental, economic and social
aspects, to find out how and to what extent those technologies and processes can be
transferred to China. Second is to investigate the retrofitting progress and
development in China and explore the optimal retrofit solutions for different types of
Chinese residential buildings at both building and community scale. The last stage
looks at the research outcomes, addressing the multiple social and economic benefits,
to provide suggestions and guidance for retrofitting residential buildings in China to

create a high-quality living environment.

The UK case study reviews seven retrofit projects. The findings show that most of the
large-scale retrofit projects in the UK mainly conduct elemental retrofit, which uses

one or two retrofit measures with relatively low cost, and can generally reduce energy



consumptions and CO; emissions of 10% to 30%. Meanwhile, there are some
examples of deep retrofit in the UK at small scales, but the retrofit costs tend to be
relatively expensive so that large-scale deep retrofit has not been considered to be
financially available. Now the UK starts to look at multiple benefits of retrofit relating

to issues like fuel poverty alleviation and job creation.

From the case study in China, it is found that the fabric retrofit could reduce up to 54%
of the gas consumption due to less heating demand with improved building envelop,
while the electricity use can be significantly reduced through installing solar PV to the
roof and the south facade above the third floor, with reductions of 82.2% to 90.9% for
high-rises, and 168.8% to 179.2% for mid-rises and multi-storeys. The best retrofitting
results can be achieved by applying the highest specification of the ‘whole-house’
approach, which combines fabric, system, and renewable retrofit measures, with
annual CO2 emissions reductions of 75.6% to 80.6% for high-rises, and 104.7% to 105.2%
for multi-storey and mid-rise buildings. The retrofit costs are ranging from 597.9
CNY/m? to 1365.1 CNY/m?, and the payback years are between 10.4 to 12.6 years.
Moreover, older buildings have more retrofitting potentials in energy savings and CO>
emissions reduction. In addition, there could be added benefits at the community
scale, across economic and social aspects such as energy bill reduction, health

improvement and job creation.
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Chapter 1 Introduction

Chapter 1 Introduction

1.1.Research Background

Today, more than 54% of the world’s population lives in cities, and this percentage is
likely to increase to 66% by 2050 (United Nations 2014). With a large number of the
rural population moving into urban areas, these areas are under significant pressure
to meet the needs of expanding the population. In the meanwhile, cities are
responsible for approximately 75% of the world’s total energy consumption and 80%

of global greenhouse gas emissions (United Nations 2007).

Chinese cities are home to more than 50% of China’s population. China is also one of
the three countries experiencing the largest urban growth according to the World
Urbanization Prospects by UN DESA’s Population Division in 2014 (United Nations
2014). It is estimated that, if this rate maintains itself, there will be more than eight
megacities, each with over 10 million people, by the year 2025 (Woetzel et al. 2009).

China now has more large cities than ever before (Liu et al. 2014).

Rapid urbanisation in China is leading to significant demands for energy and resources.
From 2000 to 2010, China's construction area has grown from 27.7 billion to 45.3
billion m? (Ministry of Housing and Urban-Rural Development of the People’s Republic
of China 2012). Currently, the energy consumption in China creates 4.6 tons of CO-
emission per capita, accounting for 20.6% of the global total, which exceeds the global
average value. For the past 20 years, the energy consumption of buildings in China
has been increasing at more than 10% per year (Cai et al. 2009), and it may grow by
an extra 70% from 2012 to 2050 if this trend continues (IEA & BERC 2015). In 2007,
the building sectors accounted for 31% of total energy use in China. According to the
current situation, the building energy consumption in cities is expected to reach above
35% of China’s national energy consumption in 2020 (Ministry of Housing and Urban-
Rural Development of the People’s Republic of China 2012). Besides, China’s building
energy consumption is the second largest in the world after the United States,
accounting for nearly 16% of the total energy consumption of buildings in the world

in 2012 (IEA & BERC 2015).
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China's urban housing is facing several problems. On the one hand, due to the
acceleration of urbanisation and the improvement of living standards, there is a rising
trend in new housing development. On the other hand, many residential buildings in
cities in China are below modern standards of energy performance, sustainability, and
liveability, and they need to be improved. At the same time, a large number of building
stocks have been demolished, resulting in a waste of resources, environmental

pollution and social conflict.

After the beginning of Reform and Opening Up Policy in 1978, China’s economy began
to grow at a rapid rate, and the speed of housing construction has also accelerated
significantly. However, at that time, most of the houses were built to meet people’s
basic living needs, and the building standards could not keep up with the speed of
construction, resulting in hidden risks to building quality. Therefore, the current
retrofitting of existing housing in China is mainly focusing on building stocks
completed 20 to 30 years ago. Most of them use a basic elemental retrofit strategy,
such as improving wall insulation or changing single glazing to double. 90% of these
projects are led by the government, and the implementation process has not yet been

done in a clear, systematic and unified way.

To solve the current retrofit problems in China and achieve the new national carbon
targets made in 2012, it is significant to consider many aspects of China’s current
retrofit scheme and explore more suitable, sustainable, and effective ways to

implement the retrofit process.

In the UK, the retrofitting of urban housing has been practised for some time, and the
retrofit scales up in recent years. Also, the ‘whole-house approach’ which includes a
broader range of low carbon measures, has gradually been introduced in recent years.
Thus, although there are many differences in context, scale, housing systems, and
regulatory patterns, between the two countries, transferring the retrofit process and
retrofit technology from the UK to China will provide valuable suggestions for

implementation approaches and improvement of the existing housing retrofit process.
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1.2.Research Aims, Questions and Objectives

1.2.1.Research Aims

The aim of this research is to investigate the retrofit projects in Wales, UK to explore
the retrofitting of existing residential buildings at the community scale in Beijing, China
to find out how and to what extent the retrofit technologies and processes can be
transferred from the UK to China, and the most suitable, sustainable, cost-effective
combination of retrofit strategies to improve energy efficiency and sustainability. This
will be divided into three parts. The first part will investigate the current low carbon
housing retrofit projects in Wales, the UK in environmental, social and economic
aspects to find out how and to what extent these technologies and processes can be
transferred to China. The second part will explore the optimal retrofit solutions for
different types of China’s residential buildings sustainably. This will improve the
existing cities. The final part will discuss the social and economic aspects of the
research outcomes to provide suggestions and guidance for retrofitting residential

buildings on the community scale in China to create a high-quality living environment.

1.2.2.Research Questions

To address the research aim, five research questions are posed:

1.What is ‘Sustainable retrofit’? What are the reasons and drivers of sustainable

retrofit?

2.How is the sustainable retrofit developed in the UK? What are the processes,
implement methods, technologies, financial schemes, and multiple benefits of low

carbon retrofit in the UK in practice?

3.What are the problems and challenges of current housing retrofit in China? To what

extent can the UK’s experiences be transferred to China?

4.What strategies can be gathered from this research to improve the existing housings

and communities in China?



Chapter 1 Introduction

5.How can the research outcomes be applied in practice to create a high quality living

environment?

1.2.3.Research Objectives

In order to achieve the research aim and answer each of the research questions, the

objectives to be achieved in this research are outlined below:

1.To identify the definition, development, reason and importance of sustainable

retrofit;

2.To explore the UK’s retrofit methods, implement processes, technologies, financial

schemes, and multiple benefits through the examination of practical projects;

3.To discover the problems of the current retrofitting of existing residential buildings

in China to find out the gap between the UK and China;

4.To identify the most suitable, sustainable, cost-effective retrofit approaches in
transferring the technologies and processes from the UK to China to improve existing

housings and communities;

5.To discuss research outcomes with more social, economic aspects and multiple
benefits to provide suggestions and guidance for retrofitting residential buildings in

China to create a high quality living environment.

1.3.Research Scope and Focus

This research focuses on the retrofitting of existing residential buildings in Beijing on
a community scale. The main research object is a typical ‘gated community’ which
consists of many multi-storey flats and a small number of high-rise flats. These flats
were commonly built from the 1980s to 2000s in China. Most of them are below
modern standards in both sustainability and liveability, and they need to be improved.
Four case studies have been chosen to examine the different retrofit solution
combinations in detail. As retrofitting has been practised in the UK for some time,
4
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seven cases in Wales have been surveyed to study the experience relating to policy,
technologies, processes, implementation, management, financial schemes and
multiple benefits. Besides this, broader aspects have been covered, including fuel
poverty, health improvement, potential saving, and job creation etc. to generate a
holistic sustainable retrofit approach and to identify optimal solutions for improving

existing residential buildings and communities in China.

1.4.Thesis Structure
This thesis consists of eight chapters.

Chapter 1 introduces the research background, including the current situation and
problems of urban housing in China, as well as the research aim, questions, objectives,

and scope. It then outlines the structure and framework of the research.

Chapter 2 is the literature review. It begins with an overview of essential
understandings of the ‘retrofit’, and analyses the drivers and reasons for retrofitting.
It then discusses under what conditions it is better to retrofit an existing building or to
demolish and build a new one. Following this, the key elements influencing
sustainable retrofit are presented. Delineation is then made of the concept of
“sustainability”, which contains the development of sustainability, the definition
across social, environmental and economic aspects, and sustainability at the
community and urban levels. This is joined by a discussion of the development of
sustainable retrofitting in China including the background, built environment, current
situation, and challenges of existing residential building retrofit in China. Next, a
comparison of five aspects sustainable retrofitting in the UK and China is given,
including energy use and target, retrofit policy, retrofit measures, implementation
process, and financing. Finally, a description of fuel poverty, thermal comfort, and

human health is presented.

Chapter 3 provides an overview of the research methods employed, the analytical
framework developed, and case study selection in this research. It begins with a

review of several traditional research methods for architecture research, then is
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followed by descriptions of the research methods chosen in this research. The next
section introduces the building energy modelling development and the modelling
software adopted in this research. Following this, the research framework and the
simulation process flowchart are presented. Lastly, the method’s limitations are

discussed.

Chapter 4 presents the case studies of seven housing retrofitting projects in Wales.
Each project begins with a description of the basic information, followed by a
summary of the work outcomes. Then, the main points of the project are extracted.
The UK’s low carbon housing retrofit processes, implementation methods,
technologies, financial schemes and multiple benefits are investigated. After this, the

primary outcomes and lessons learned are discussed.

Chapter 5 provides the interviews conducted in three cities in northern China in June
2015 and December 2017 in Xi'an. It begins with the introduction of the interview
procedure and the detail information of the interviewees, and continues by listing the
initial questions for the interviewees. Then, multiple issues extracted from the
interview results are interpreted and discussed. After this, the outcome of the

interviews is summarised.

Chapter 6 focuses on the case studies in Beijing, China. It begins with an introduction
of the climate in Beijing. Following this, the interior conditions and input parameters
for simulation are presented. Next, the four cases selected in this research are
introduced. This is joined by the detailed introduction of the location, architectural
layout, construction data, and service system of each case. Then, the retrofit packages
of different measures are selected for simulation. After that, the simulation results for
before and after retrofitting for each case are analysed and compared. Finally, the four
cases are compared in terms of energy demand, supply, CO2 emissions, cost and

savings.

Chapter 7 contains the energy simulation of the four Chinese cases in community scale
and broader related issues. It starts with the simulation of four communities before
and after the retrofit. Then, a comparison are made and the effect of different retrofit

measure combinations is evaluated. After this, comparisons are made between the

6
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four communities and two different scales. Lastly, the social, environmental and
economic aspects of improving existing communities in China through sustainable

housing retrofit are analysed and discussed.

Finally, Chapter 8 presents the main conclusions of this research. Then, the
implications of research outcomes, the limitations of this research, and
recommendations for future research are discussed. This chapter closes with a short

conclusion to the thesis.

1.5.Research Method and Framework

1.5.1.Research Method

This research adopts a holistic method based on qualitative research and simulation
research, including a literature review, site surveys, interviews, case studies and
modelling. Then, an inductive approach is applied to analyse and summarise the

research outcome.

1.5.2.Research Framework

Figure 1.1 shows the framework of this research. Firstly, a literature review is
conducted relating to six aspects of sustainability and retrofitting in Chapter 2. This is
followed by the research method in Chapter 3. Then case studies of seven Welsh
retrofitting projects are presented in Chapter 4. Chapter 5 presents the interviews in
China. Chapter 6 and Chapter 7 focus on the simulation of retrofitting existing
residential buildings in China at both the building and community scales. The last

chapter concludes with the research outcomes.
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Literature Review

I
i ! Y

Case Study _| Interview in Site Surve
in the UK - China Y
] —
Data C_ase S'_cudy
in China
Li !
Simulation
Compare & [
discuss with

Analyse & discuss
with multiple benefits

[ I
Y

Suggestions &
Guidance

v

Review of Research
Outcome

multiple benefits

Figure 1.1 Research Framework

1.6.Summary

This chapter has introduced the basic information of this research including the
research background, aims, questions, objectives, and scope. It then outlined the
thesis structure, and finally the method and framework of this research have been

presented.
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Chapter 2 Literature Review

2.1.Introduction

One of the main components of achieving a more sustainable built environment is to
improve the performance of the existing building stock by retrofitting to increase the
energy efficiency and improve quality of life (Low Carbon Innovation Coordination
Group 2012). However, most of the current retrofitting of residential buildings in
China has failed to consider the sustainability issues and living quality of residents,
which has led to multiple social and environmental problems, such as breaking up
existing neighbourhood relationships, the loss of heritage and construction pollution
(Plimmer al. 2008). Meanwhile, environmental problems are severe. According to the
Asian Development Bank’s report, less than 1% of China’s 500 major cities meet the
World Health Organisation’s recommended air quality standards and seven of these
cities rank among the ten most polluted cities in the world (Zhang & Crooks 2012). In
recent years, environmental pollution in China, especially in the heating season, has
driven both government and stakeholders to focus more on finding ways to reduce
energy consumption and CO, emissions. Sustainable retrofitting should consider
reducing energy demands, and consequently, reducing energy consumption and

greenhouse gas emissions, as well as making the homes more pleasant to live.

This chapter reviews the existing literature related to the area of sustainability,
retrofitting development and related issues including the policies, retrofitting
technologies, implementation process, financial schemes, fuel poverty and multiple
benefits of sustainable retrofitting in the UK and in China in order to achieve the
research objective of ‘identifying the definition, development, reason and importance
of sustainable retrofit’. It begins with an overview of essential understandings of the
‘Retrofit’, then discusses the concept and development of ‘Sustainability’. This is
followed by presenting the development of sustainable retrofitting of existing
residential buildings in China. After this, a comparison is made of five aspects of

sustainable retrofit in the UK and China, including energy use and target, retrofit policy,

9
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retrofit measures, implementation process, and financing. Finally, a description of fuel

poverty, thermal comfort, and human health is provided.

2.2.Conceptualising the ‘Retrofit’

2.2.1.Definition of ‘Retrofit’

The original definition of the term ‘retrofit’ is ‘to fit with a component or accessory
not fitted during manufacture’ (Soanes & Stevenson 2004). When it comes to
architecture, generally, the term ‘retrofit’ is ‘renovation that stretches beyond the
norm to address sustainability matters’ (Bernier et al. 2010). In terms of housing,
‘retrofit’ and other terms such as refurbishment, repair, renovation and restoration,
etc. are all used to describe the building work to extend the useful lifetime of existing

buildings (Baeli 2013).

Regarding ‘Sustainable retrofit’, Low Carbon Retrofit Toolkit (Rhoads 2010) defined it
as ‘incremental improvements to the building fabric and systems with the primary
intention of improving energy efficiency and reducing carbon emissions’. It includes
‘common measures such as top-up loft and cavity wall insulation, or more advanced
measures such as improved air tightness combined with mechanical ventilation with
heat recovery’ (Bernier et al. 2010). Besides, retrofit should not only consider saving
energy and reducing CO. emissions, but also improving the health and quality of life

of residents (Jones et al. 2017).

Therefore, sustainable retrofit can be defined as to improve the building fabric and
system to extend the useful lifetime of existing buildings in order to improve energy

efficiency, reduce carbon emissions, and improve the residents’ quality of life.

Retrofit can be classified into ‘shallow retrofit’ (or ‘elemental retrofit’) and ‘deep
retrofit’. In recent years, a concept of ‘whole-house retrofit’ has come out in many
journal articles, which is a type of deep retrofit. As Baeli points out (Baeli 2013), the
phrase ‘deep retrofit’ often indicates that ‘the combination of elements introduced

will have a strong impact on the existing building’s level of CO> emissions’, while

10
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‘whole-house retrofit’ is ‘typically aiming for an 80% reduction in line with the Climate
Change Act target figure’. ‘Shallow retrofit’ generally uses relatively limited or
fundamental techniques, usually costing much less than deep retrofit and usually has
a reduction of buildings’ energy consumptions and CO2 emissions in the range of 10—
30% (Jones, Lannon & Patterson 2013).

2.2.2.Drivers and Reasons for Retrofit

In most areas in the UK, the expansion of the existing building stocks is taking place,
with about 1% of new buildings being added to the total stock annually (Department
of Energy and Climate Change 2015), which means up to 75% of the current building
stocks will still exist in 2050 (Ravetz 2008). There are about 27 million existing
dwellings in the UK, and only 120,000 new homes are built every year (Baeli 2013).
Therefore, to achieve the target reduction of CO2 emissions and energy consumptions
in the built environment, attention should be given to the improvement of existing
buildings (Clapham et al. 2012).

According to the National Bureau of Statistics in China (National Bureau of Statistics
of the People’s Republic of China 2011), the total floor area of the existing building
stock had already exceeded 44 billion m? by 2011. More than 90% are high energy
consumption buildings, of which residential buildings account for more than two-
thirds of the total energy consumption. It is clear that many existing building stocks
are in need of improvement to enhance their energy efficiency. Although some newly
built low carbon city projects in China could improve the energy efficiency, the large
number of existing buildings still accounts the significant part of CO2 emissions, which

is three times that in developed countries.

In addition, the air pollution in recent years in China is severe, especially in northern
China at heating seasons, which poses a threat to Chinese public health. According to
a report from China News, only 84 out of 338 cities met the national standard for air
quality in China (Ecns.cn 2017). The Global Burden of Disease Study showed that there

were approximately 1.2 million Chinese people died prematurely and 25 million
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disability-adjusted life-years (DALY) were lost in 2010 as a result of air pollution (Yang
etal. 2013).

One of the main objectives in achieving a more sustainable built environment is to
retrofit existing building stock to improve energy efficiency and quality of life. As Phan
pointed out, ‘retrofitting offers many opportunities for the substantial improvement
of the energy performance of residential buildings and the provision of sustainable

alternatives to conventional heating and cooling’. (Schiano-Phan 2010)

However, most of the current retrofit projects of residential buildings in China fail to
take into account of sustainability issues as well as the life quality of residents, which
has led to multiple social and environmental problems, such as breaking up existing
neighbourhood relationships, the loss of heritage and construction pollution (Plimmer
al. 2008). A sustainable retrofitting must consider these aspects as well as reduce
energy demand, and subsequently reduce energy consumption and greenhouse gas
emissions. This is being considered as one of the leading approaches to achieve

sustainability in the built environment at relatively lower costs and higher uptake rates.

2.2.3.What Kind of Buildings Should be Retrofitted?

One critical issue in the decision-making process is deciding what kinds of buildings
should be retrofitted. It is essential to decide whether to retrofit an existing building
or to build a new one, either by demolishing the existing one or choosing an empty
place elsewhere. According to Appleby (Appleby 2013), there are many criteria when
making this decision, such as location, plot size, structural conditions, budget, whether

the buildings are residential or not, whether they are privately owned or public, etc.

As Appleby (2013) indicated, the primary challenge affecting this decision of whether
to retrofit or build new is that most older buildings are not designed to be sustainable.
The most sustainable part of an existing building is usually considered to be the
components that can be re-used, including the site itself. He claims that the higher the
volume of building materials that can be reserved, the lower the influence of the new

materials need for retrofit. A key difference between retrofit and re-build is how much

12



Chapter 2 Literature Review

solid waste material will be generated. Although much of the waste can be crushed
and recycled, the impacts of environmental pollution, including noise and air pollution,

are significant.
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Figure 2.1 CO2 emissions for new build and retrofit as a function of time (Baker 2009)

It is generally believed that the impact of the new building on the environment is less
than that of the retrofitted one. Nevertheless, as shown in Figure 2.1, the CO-
emissions for demolition and new build is only less than that of the retrofit after the
break-even period, and this period can be extended through enhanced retrofit
performance. If this critical period exceeds the CO, emission reduction target time,

then the retrofit is obviously a better solution (Baker 2009).

Demolishing existing buildings which have not exceeded their use lifetime is a waste
of resources and also increases pollution. However, retrofitting seems to be a more
risky and expensive strategy than building new-build, particularly where the existing
building or community is in poor condition (Plimmer al. 2008). If the building is not
regularly maintained, so that the cost of the retrofit is close to the cost of demolishing
and building new build, then it is necessary to weigh the advantages and
disadvantages at this point. On the contrary, there are some trends of retrofitting the

buildings built within a short period, which is also a resource waste.
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A building should be treated as a complicated system. It may go through many times
of the maintenance cycle. The components of the building envelope can usually be
used for 30 to 40 years, so can the fixed parts, such as heat sinks and pipes in HVAC
systems. The replacement cycle of moving parts, such as valves and motors, etc. in the
HVAC system is about 20 years. If the necessary maintenance is done on a regular

basis, then the life of the building in principle is permanent (Kerschberger 2010).

Consequently, it is essential to find out to what extent a building or a community
should be retrofitted or rebuilt, and how to balance and combine sustainable urban
development approaches to improve the existing communities and reduce energy

consumption.

2.2.4.Key Elements Influencing Sustainable Retrofit

Retrofit projects can be achieved under certain situations, especially where the
original buildings are in reasonable condition and have attractive features which are
worthy of preservation (Plimmer al. 2008). Retrofitting can also be cost-effective
where the buildings are relatively simple to be quickly converted, or on major projects

that attract tax relief.

Ma, Z et al. (Ma et al. 2012) point out that the success of a building or community
retrofitting depends on many issues. As shown in Figure 2.2, the essential elements
that influence retrofitting include policies and regulations, client resources and
expectations, retrofit technologies, building specific information, human factors and
other uncertainty factors. These issues will be discussed respectively in detail later in

this chapter.
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Figure 2.2 Key elements influencing building retrofits (Ma et al. 2012)

2.3.Sustainable Development and the Concept of ‘Sustainability’.

After understanding the issue of retrofitting, it is necessary to clarify the concept of
‘sustainability’ and its development history to understand better what ‘sustainable

retrofit’ is.

2.3.1.Sustainable Development

Although the term ‘sustainable development’ was firstly used in the book named
Limits to Growth in 1972, concerns about the rapid unsustainable development of
industrial cities have existed since the early nineteenth century. In the middle and late
nineteenth century, with the growth of factories and new technologies such as cars,
electrical lights, railroads, modern plumbing, etc. in cities, increasing numbers of
people moved from countryside to city, resulting in many problems such as pollution,
health, sanitation, residential overcrowding, and insufficient infrastructure. Thus, the
issue of how to keep the balance between humans and nature has begun to attract
attention among researchers and observers. Since the late nineteenth and early
twentieth centuries, the social reformers from Britain, continental Europe and the US
started to draw attention to the deterioration of the urban environment and the

demand for alternative living surroundings. So it can be seen that the central theme
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of sustainability in the nineteenth century was focused on nature and cities (Wheeler

& Beatley 2014).

As discussed in Wheeler and Beatley’s book (2014), for more than a century, different
individuals and organisations have a very different definition of ‘sustainability’
according to their different backgrounds, areas, roles, time scales and so on. Some
stand for the ‘eco-centric’ view, by which nature and other species also have the right
to grow, so humans should reduce their use of nature and limit the growth of cities to
protect our shared living environment. Some may think of nature as a resource, which
we should allocate and manage carefully for our future generations. Some from
developing countries might focus more on human dimensions such as the inequality
of resource allocation and global poverty, while some from developed countries may
see the environmental aspect as the most crucial part. Others may prioritise the

economic dimensions.

The most widely cited definition of sustainable development is ‘development that
meets the needs of present generations without compromising the ability of future
generations to meet their needs and aspirations’ (United Nations 2014). Despite the
fact that this concept is considered vague to some extent and does not distinguish
different aspects of sustainability, the critical concept of the future has become one

of the leading aspects of the sustainable development literature.

2.3.2.Conceptualise ‘Sustainability’ in its Social, Environmental and

Economic Aspects

2.3.2.1.Social Sustainability

Social sustainability is defined as a ‘life-enhancing condition within communities, and
a process within communities that can achieve that condition’ (McKenzie 2004). It
covers a range of issues. Firstly, equity is the main content, including the equity of
access to basic services such as health, security, housing, education, and transport and
the equity between generations, which means that the current generation will not

harm the interests of later generations. Secondly, cultural diversity is an essential
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aspect. The diversity and positive aspects of different cultures should be valued and
well protected and the cultural integration should be supported and encouraged to
meet people’s desires. Thirdly, democracy and governance should be considered.
Furthermore, the community also plays a significant role. It has a responsibility to
maintain the system of transferring the social sustainability consciousness from one
generation to the next. It should also maintain a good quality of life for all individuals
and groups within it. Therefore, it is important to establish a mechanism for the
community to determine its common strengths and needs. Also, social sustainability
contains religion, shared values, relationships between families and friends, humans
and nature. In short, social sustainability is often considered to be a ‘moral capital’,
which requires maintenance by equality, cultural comprehensiveness, political

participation, and community interaction (McKenzie 2004).

2.3.2.2.Environmental Sustainability

Regarding environmental sustainability, it is defined by Goodland (1995) as the
‘maintenance of natural capital both as a provider of sources and as a sink for wastes’.
This definition includes two fundamental aspects. On the one hand, waste emissions
should be maintained within the absorptive capacity of the natural system without
damaging its ability of absorption in the future. On the other hand, the input rates of
renewable resources should be held below the regeneration rates of the environment
and non-renewables should be reduced at the same rate as the generation of
renewables. According to this definition, human activities and the economic
subsystem should be kept at a level within the capacity of the environment to sustain,
and new technologies for sustainable development and the exploitation of renewable
resources should focus more on efficiency increasing rather than quantitative growth.
Moreover, environmental sustainability also focuses on protecting the environment
by reducing energy consumption, pollution and conserving biological diversity as well
as efficiently using natural resources, etc., thereby supporting the long-term
ecological balance. Therefore, humans should learn to live within the scope of the

environment, using natural resources without exceeding their recovery capacity.
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Environmental sustainability aims to improve human wellbeing by protecting the
nature of human requirements and controlling waste emissions to stop harm to

humans (Goodland 1995).

2.3.2.3.Economic Sustainability

Since the Middle Ages, the ‘maintenance of capital’ has been introduced by
accountants to ensure businessman to understand the value of their sales and how
much they can spend without harming their capacity for future business. As indicated
by Goodland (1995), over the past 20 years, economic sustainability has been more
concerned with natural capital, because the human economy has grown at a scale that
the ecosystem may not be able to support permanently, both as a provider of
resources and as a sink for wastes. Thus, economic sustainability should focus more
on maintaining steady economic growth without exceeding the capacity of the natural

environment.

To sum up, sustainability is a changeable and complicated concept for which there is
so far no commonly agreed definition. It is a precise concept that needs to be defined
according to the specific context. However, no matter what definition of sustainability
is applied, the consensus is that society, the environment and the economy are the
three pillars of sustainable development. As shown in Figure 2.3, sustainability is an
integrated concept of social, environmental and economic aspects which aims to
achieve social well-being, environmental integrity and economic stability so that the
general quality of life of present generations can potentially be shared by all future

generations (Asheim al. 1994).
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Figure 2.3 Requirements and pillars for sustainability, from the micro level to global level (Hassan &
Lee 2014)

2.3.3.Sustainable Housing

The Oxford Dictionary defines the term ‘house’ simply as a ‘building for human
habitation’. The term ‘housing’ means ‘houses and flats considered collectively’
(Soanes & Stevenson 2004). It is also a verb which applied a range of actions including
planning, producing, financing, allocating and maintaining dwellings (Clapham et al.

2012).

The word ‘sustainable housing’ refers to a wide range of content. Firstly, the house
should be sustainable in a physical condition, such as low energy, water and material
use. Secondly, sustainable houses should be resilient and adaptable to changes of
function or changes in the climate. Thirdly, it is supposed to support the ‘well-being’
and healthy lifestyle for people. Also, it ought to be part of a socially and economically
vibrant community. It is not only about the quantifiable physical attributes but also
about the design aspects of creating space and responding to the aesthetic and
cultural identity of a community. It must encourage a sustainable lifestyle and

environment for its occupants and the surrounding community (Jones 2012).
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2.3.4.Sustainability at the Community Level

Communities to a city are like cells to a body. A community is an ideal place to start
and implement change to help to achieve city sustainability. Communities can initiate
and generate their solutions to their everyday economic problems and thereby build

long-term community capacity (Roseland 2000).

A sustainable community is ‘a community that uses its resources to meet current
needs while ensuring that adequate resources are available for future generations. A
sustainable community seeks a better quality of life for all its residents while
maintaining nature’s ability to function over time by minimising waste, preventing
pollution, promoting efficiency and developing local resources to revitalise the local
economy’ (SEDEPTF 1995).

The community can be seen as the gateway to the city. Sustainability at the
community level is a reflection of that at the urban level. Policy-making at a
community level will highlight the role of all stakeholders, thus creating a demand for
sustainability solutions. A crucial objective for communities to achieve sustainability
is ‘more efficient use of urban space, minimising consumption of natural capital, and

multiplying social capital’ (Roseland 2000).

2.3.5.Sustainable Cities

As mentioned by Wheeler and Beatley (2014), the social reformers from Britain,
continental Europe and the US started to draw attention to the deterioration of the
urban environment and the demand for alternative living surroundings in the late
nineteenth and early twentieth centuries. Therefore, it is essential to review the

development of different types of sustainable cities.

The idea of the ‘garden city’ was first proposed by Ebenezer Howard in 1898 (Howard
1898). It was aimed at solving the overcrowding problem in cities by encouraging the
devolution of population from cities to the countryside. This idea has influenced many

city planners and designers. It not only involved physical planning principles but also
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referred to the social and economic aspects. It proposed to create a balance between
city and country life, which was considered the main principle for establishing
sustainable communities during the nineteenth century. Although the content of this
balance has changed over time, the idea of ‘balance’ provided a roadmap for
sustainable city development (Wheeler & Beatley 2014). Over the past forty years,
there has been a general trend for city concepts to become more comprehensive,

covering several aspects of sustainable development (Table 2-1).

Table 2-1 Features of different concepts

Features of different concepts.

Concept Date of origin Concept contents

Carbon efficient Environmental Energy effidency Economic Social
economy protection growth aspects

1 Green City 1970s L ]

2000 L ] L) L]
2 National Garden Gty 1990 ®
3 National Environmental Protection Model City 1997 L] L]
4 Eco-demonstration Community 1995 L ] [ ]
5 National Eco-garden City 2004 L ] L ]
6 Eco-county, Eco-city and Eco-province 2003 L ] L ] [ ] L]
7 Low-carbon City 2008 L] L] L]
8 Low-carbon Eco-city 2010 ® L ] ® ® L ]

Data sources: Sino-Singapore Tianjin Eco-city (2009); China Low-carbon Eco-city Development Report (2011); The Introduction of the National Environmental Protection
Model City (MEP, 2009); National Standards for Developing a National Garden City (MOHURD, 2000).

Since the 1990s, China has made progress toward sustainable urban development in
many ways. Different urban concepts such as Green City, Eco-city, Garden City, Low-
carbon City, etc. have been used by the government in different periods in China. In
the 1990s, city concepts were focused on environmental perspectives. The concept of
‘Green City’ has been explained in different ways over time. In the beginning, it was
interpreted mainly as increasing green space in cities. Now the concept ‘Green City’
does not only refer to cities with green spaces but also ones with various
environmental, economic and social aspects of development. The ‘Eco-city’ and ‘Low-
carbon City’ are often recognised as approaches to achieve green cities in China.
‘Garden City’ focuses more on landscape and green space coverage in cities. In 1997,
the Ministry of Environmental Protection of China issued the concept of the National
Environmental Protection Model City and defined it as ‘a city with rapid economic
growth, a clean and beautiful environment and healthy ecosystems’ (Ministry of
Environmental Protection 2009). The ‘Low-carbon City’ is a newer concept than the

‘Eco-city’ and is more widely used at the international level. In 2007, the World
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Wildlife Fund (WWF) started a ‘Low Carbon City Initiative in China’ project to explore
approaches for low carbon development in China’s urban areas. Shanghai and Baoding
became the first pilot ‘Low-carbon Cities’ in China, and many other cities followed suit,
creating a new layout of coordinated development between energy use and economic

growth (WWF 2007).

2.4.Development of Sustainable Retrofit in China

2.4.1.Background Issues

As a pillar industry of the national economy, the construction industry in China has a
long and convoluted history. In August of 1949, the same year as the establishment of
the People’s Republic of China, China’s first national construction company opened.
During the following eight years, construction sectors were set up throughout the

country and the first architectural design institutes were established.

However, just as China’s construction industry flourished, the ‘Great Leap Forward’
and the ten years of turmoil starting in 1958 caused tremendous damage to the
development of the construction industry (Peng 1987). During the subsequent
Cultural Revolution, the institutes of architectural design, research, and universities
and colleges were discredited, and a set of well-developed architectural systems were
mistakenly criticised. The entire construction industry was paralysed. At the same time,
unrealistic economic goals led to extreme chaos in project management and
implementation, and labour productivity dropped significantly. While construction
costs nearly doubled, project quality declined generally, and the construction accident

rate reached the highest level since the founding of the People’s Republic of China.

China’s Reform and Opening-Up Policy in 1978 was a historical turning point. At that
time, the government shifted to focus on economic development. The construction
industry also started restoring and developing. In 1983, the total output value of the
construction industry in China was 105.3 billion yuan, an increased of 1.4 times since
1976. By 1998, the area of completed buildings reached more than 4.9 billion square

meters, of which more than 2.3 billion were residential buildings, nearly four times
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the total of 30 years before (National Bureau of Statistics of the People’s Republic of

China 1999).

At the same time, the process of rapid urbanisation closely accompanied China's
economic growth and social development. At the beginning of the 1980s, a principle
of restricting the size of large cities and promoting small cities and towns was adopted
as the primary strategy for achieving urbanisation (Li 2010). A ‘county to city’ upgrade
policy was adopted to grant city-level status to existing counties that met specific
requirements. Through this policy, the total number of cities in China proliferated,
from less than 250 in 1982 to more than 650 in 1997. In other words, urbanisation in
China was characterised by a large number of new cities, which was different from the
expansion of existing cities through migration from the countryside in most developed
countries (Anderson & Ge 2005). The Chinese government stopped ‘county to-city’
upgrading in 1997, and since then, the total number of Chinese cities has changed

little.

2.4.2.The Built Environment in Beijing, China

The built environment refers to ‘the human-made space in which people live, work,
and recreate on a day-to-day basis’ (Roof & Oleru 2008). This includes ‘the places and
spaces created or modified by people including buildings, parks, and transportation
systems’. Recently, the definition has been expanded by public health research to
involve more aspects such as community gardens, and mental health (Assari et al.

2016).

Beijing, as the capital city of China, is the centre of politics, economy, culture and
education. It is the second largest city by population in China after Shanghai (China
Daily 2009). According to the latest census data from the National Bureau of Statistics
of China, Beijing has a permanent population of 21.7 million, and the population
density is 1324 people per square kilometre. There are 6.7 million households in the
city of Beijing. The average household size is 2.45 people per household according to

the latest census (Beijing Municipal Bureau of Statistics 2013).
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