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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 
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consumptions and CO2 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/m2 to 1365.1 CNY/m2, and the payback years are between 10.4 to 12.6 years. 

Moreover, older buildings have more retrofitting potentials in energy savings and CO2 

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 m2 (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 CO2 

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? 
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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, 
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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 
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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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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. 

Figure 1.1 Research Framework 
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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 CO2 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, 
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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 CO2 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 CO2 emissions’, while 
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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 m2 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 

et al. 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 
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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. 

 

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 CO2 

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 CO2 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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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 

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

 

18 
 



  Chapter 2 Literature Review 

 

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). 

 

 

19 
 



  Chapter 2 Literature Review 

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 

 

 

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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Figure 2.4 The construction and completed areas of residential buildings in Beijing from 1978 to 2016 
(Unit: km2)(Beijing Municipal Bureau of Statistics 2017b) 

 

Since the Reform and Opening-Up Policy was launched in December 1978, China’s 

economy has started to develop at a rapid rate, and the speed of housing construction 

has also accelerated significantly in Beijing, especially since the 1990s. According to 

the Beijing Municipal Bureau of Statistics (2017), the construction area of residential 

buildings in Beijing has grown from 4.6 km2 in 1978 to 77.4 km2 in 2016 and completed 

residential area has increased from 1.9 km2 to 17.6 km2 as shown in Figure 2.4.  

 

2.4.2.1.Climate Zones in China 

China has a vast territory with a total area of about 9.6 million square kilometres. The 

climate varies significantly from south to north and from east to west. China’s Ministry 

of Construction has divided China into five climate zones as shown in Figure 2.5. They 

are the severe cold zone, the cold zone, the hot summer cold winter zone, the 

moderate zone, and the hot summer and warm winter zone (Sun 2013) Table 2-2 

illustrates the average temperature of the five climate zones in China.  
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Although China formulated the first residential building standard in 1986 with a 30% 

energy saving target and raised the target to 50% in 1995, it was not until 2005 that 

the mandatory energy saving standard was adopted for the construction management 

system (Shui & Li 2012). Therefore, before 2005, most buildings did not adopt energy-

saving measures by the design standards. Besides, the service life of residential 

buildings is fifty years in China and there were not a large number of residential 

buildings built before China’s Reform and Opening Up Policy was launched in 1978 

(Ministry of Housing and Urban-Rural Development of the People’s Republic of China 

2001).  

 

2.4.3.The Current Situation in China 

China already has the highest number and largest size of cities in its history. According 

to recent statistics (December 2011), Chinese cities are now home to more than 50% 

of China’s total population. If the current trend holds, it is predicted that by 2025 the 

urban population will be over 1 billion and there will be eight megacities, each with a 

population of over 10 million (Woetzel et al. 2009). Meanwhile, the environmental 

problems are severe. According to a recently released report by the Asian 

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

standards recommended by the World Health Organization, and seven of its cities are 

ranked among the ten most polluted cities in the world (Zhang & Crooks 2012). 

In 1999, the Tenth Five-Year Plan on National Economic Growth and Social 

Development stated that China was ‘actively and steady promoting Chinese 

urbanisation process’. The Twelfth Five-Year Plan in 2011 reported that ‘the level of 

urbanization is not only regarded as an important indicator of industrialisation, but 

also an essential driving force for the country’s future domestic market growth’. 

Therefore, urbanisation acceleration is still a vital policy for the Chinese government 

(Gu et al. 2012). As Liu (Liu et al. 2014) points out, through the guidance of government 

policy, cooperation with international partners and other approaches, China has now 

become one of the most active countries for sustainable urban development 

experiments in the world. 
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One of the most urgent issues for China to deal with is to improve resource use 

efficiency, including the use of energy and materials, and to reduce emissions. The 

complexity of the issue of sustainable development and the uncertainties regarding 

future development suggest that a critical factor is to build more robust and resilient 

cities (Ministry of Housing and Urban-Rural Development of the People’s Republic of 

China 2012). 

Meanwhile, due to rapid urbanisation and the rapid development of the construction 

industry, the quality of buildings built in the 1980s and 1990s was generally poor. 

According to the National Bureau of Statistics of China, the good quality rate of the 

construction project in China was about 30% in the 1990s (National Bureau of 

Statistics of the People’s Republic of China 1999).  

 

2.4.4.Challenges of Retrofitting Existing Residential Buildings in China 

As shown in the report by China Academy of Building Research Shanghai Branch(China 

Academy of Building Research Shanghai Branch 2013) (CABR) in 2013, there are five 

challenges to the sustainable retrofitting of existing residential buildings in China. 

a) There is high energy consumption in buildings: residents pay more attention 

to the size, functions and decoration levels of the living space, yet ignore 

aspects of living quality such as thermal comfort, acoustic environment and air 

quality, resulting in high energy consumption in buildings. The heating and 

cooling loads in China are 3 to 4 times higher than in other developed countries 

with the same climate and the thermal insulation level in Chinese buildings is 

far behind. The external wall insulation is 4 to 5 times worse, the roof 

insulation is 2.5 to 5.5 times worse, and the airtightness is 3 to 6 times worse 

(Liu & Qin 2005). 

b) The capacity of the environment to absorb waste is overloaded: the productive 

process of concrete, clay bricks produces much pollution in the air and water. 

Also, due to insufficient attention to waste disposal, the recycling process is 

complicated to carry out. 
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c) At present, China’s housing construction system has not adapted to industrial 

production. The consultation, design, construction, management are relatively 

independent, which may limit the development of technology application, and 

also bring more economical and management problems such as proper 

external wall insulation with poor quality openings. 

d) Buildings have poor overall thermal performance: the average size of the flat 

has become larger, but the thermal performance of the envelope and the 

indoor thermal environment is poor. Besides, there is not a holistic evaluation 

system to assess the overall performance in China. 

e) The stakeholders lack awareness of sustainable retrofit. They do not have an 

in-depth understanding of a series of related issues such as upfront costs, 

savings and payback times of the retrofit projects, which limits the 

development of retrofitting works. (China Academy of Building Research 

Shanghai Branch 2013) 

 

China has experienced more than 30 years of building and demolishing; many old 

residential buildings have been replaced by high-density, multi-storey buildings or 

high-rise buildings. China is now focusing on the residential buildings completed in the 

period from the 1980s to 2005. These buildings were mostly built at the national 

requirements of necessary living demand. Thus, their quality is relatively low. Besides 

this, these properties mostly are publicly owned. Hence the responsibility for 

maintenance and retrofitting is commonly shared by the property department of 

government agencies and the organisation. As a result, it is challenging to implement 

retrofitting projects without the government’s participation. 

 

2.5.Comparison of Sustainable Retrofit in the UK and China 

With the rapid development of urbanisation, sustainable retrofit has become a hot 

topic in China in recent years. Many low carbon retrofit pilot projects have been built 

in different cities. Chinese local governments also have published some sustainable 

retrofit design and evaluation standards. However, as mentioned in the Hundred 

Questions of Retrofitting Existing Residential Buildings (Ministry of Housing and 
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Urban-Rural Development of the People’s Republic of China 2012), there are still some 

problems of China’s sustainable retrofit. For example, heat metering is a mostly 

unsolved problem in northern China, which makes it difficult to measure the actual 

energy-saving achievements. Also, most of the technologies used in China’s 

retrofitting projects are merely elemental retrofit measures that still require 

optimisation and combination. Besides, the rough construction quality of retrofit 

projects in China will influence the further energy-saving effect. Therefore, sustainable 

retrofitting in China still needs much improvement in many aspects such as design, 

construction and supervision. 

As retrofitting has been practiced in the UK for some time, it is significant to study the 

UK’s experience on sustainable retrofit and make comparisons between different 

aspects of this in the UK and China to discover the gap and find out how and to what 

extent those technologies and processes can be transferred to China to optimise the 

sustainable retrofit solutions. 

 

2.5.1.Energy Use and Retrofit Target 

2.5.1.1.Energy Use and Retrofit Target in the UK 

It is widely known that the UK government has committed to reduce CO2 emissions by 

80% compared with 1990 levels by 2050 (Climate Change Act 2008). In order to 

achieve this target, domestic CO2 emissions have to be reduced by 17 MtCO2 per year 

by 2050. Also, the government has an intermediate target of reducing the UK’s CO2 

emissions to 34% below 1990 levels by 2020 (Bothwell et al. 2011). In Wales, since 

2011, the government has agreed that action should be taken immediately to achieve 

its sustainability targets, which involves reducing CO2 emissions by 3% each year from 

the average level of 2006–2010. Also, Wales has a higher target than the rest of the 

UK: it aims to reduce CO2 emissions to 40% below 1990 levels by 2020 (Iorwerth et al. 

2013). 

In the UK, the CO2 emissions associated with all energy use are 467.5 million tonnes 

in 2013 (Department of Energy & Climate Change 2015a). Around 50% of the energy 
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use in the UK and CO2 emissions is related to energy use in buildings, where housing 

accounts for 28% (Palmer et al. 2011). About 27% of greenhouse gas emissions is 

attributed to around 6 million existing homes. (Bernier et al. 2010). 

As analysed by DECC (2012), the UK’s energy use for space heating (61% of household 

energy use (Figure 2.6) is more extensive than that of electrical power, commonly up 

to five times during the heating season, which shows the significant energy and CO2 

emission need to be reduced in this area. Therefore, for existing housing, reduction of 

energy use in space heating has to be a priority for achieving CO2 emission reduction 

targets. 

 

Figure 2.6 Percentage breakdown of household energy use. Source: Department of Energy and Climate 
Change (DECC 2012) 

 

2.5.1.2.Energy Use and Retrofit Target in China 

The Chinese government published the ‘Design standard for energy efficiency of 

residential buildings in severe cold and cold zones’ in 2010. In this standard, the target 

is to reduce CO2 emissions by 65% compared with 1980 levels. Besides, the 

government also proposed a CO2 emissions target of 40%–45% reduction by 2020 in 

comparison to 2005 levels (Ministry of Housing and Urban-Rural Development of the 

People’s Republic of China 2012). 
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Figure 2.7 Percentage breakdown of household energy use (Shui & Li 2012). 

 

As shown in Figure 2.7, the annual report on China’s building energy efficiency 

indicated that China’s urban residential energy consumption includes six major 

components, including space heating, air conditioning, lighting, cooking, domestic hot 

water, and home appliances (Shui & Li 2012). Among them, the energy use for space 

heating in China accounts for a relatively small proportion of 47% compared with the 

UK, whereas the proportion of cooking energy use in China is 13% more than that in 

the UK. The energy use of electrical appliances in China is half that of the UK. Even if 

considering the air conditioners, the energy use of the appliances in China is still less 

than in the UK. As pointed out by American Energy News (Hislop 2015), due to the 

increased incomes and modernisation, the energy use of buildings in China has grown 

by approximately 7.7% each year since 1998. Figure 2.8 shows the growth of the 

energy consumption of buildings in China from 1998 to 2012. It can be seen clearly 

that residential buildings account for more than two-thirds of the total energy 

consumption. 
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Figure 2.8 China’s buildings energy consumption, 1998-2012 (Hislop 2015) 

 

As shown in Figure 2.9, in China, space heating also accounts for more than 50% of 

household energy use and occupies approximately 65% of the total energy 

consumption, together with the energy use in air conditioning and ventilation. Also, it 

should be concerned that lighting also makes up a large proportion (Jiang 2014). 

 

Figure 2.9 Annual changes in China’s household energy consumption breakdown (Jiang 2014). (1kWh = 
0.305 kg tce) 

 

Building energy consumption is directly related to living standards. In the UK, due to 
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the relatively cold weather and high requirements for thermal comfort, the energy 

consumption for heating and hot water is relatively large, and the proportion of 

building energy consumption to the total national energy consumption is also higher 

than that of China (Liu & Qin 2005). 

 

2.5.2.Policy, Legislation and Standards 

2.5.2.1.Policy, Legislation and Standards in the UK 

The UK government has created a series of regulations, standards and guidance to 

help homeowners, landlord, stakeholders and house associations to make existing 

buildings produce fewer carbon emissions. 

The UK government’s Carbon Act (Climate Change Act 2008) has a commitment to 

reduce 80% CO2 emissions below 1990 levels by 2050, with interim targets of 26% by 

2020. It was expected that residential buildings would achieve this reduction for the 

sake of counteracting transport growth (Gleeson et al. 2011). 

The Energy Company Obligation (ECO) policy sets targets for the primary energy 

suppliers to deliver energy conservation measures to households. The delivery of the 

ECO is funded by the energy suppliers through levies on domestic energy bills. The 

targets are separated into two aspects: bill savings of low-income households and 

carbon savings by using cost-effective measures (The UK Green Building Council 2015). 

The Minimum Energy Performance Standards (Private Rented Sector) are a set of 

standards that has been set for rental properties. The private rented sector (PRS) has 

the highest proportion of low energy efficiency building stocks. As a result of these 

new standards, it has been illegal to rent out the properties with the lowest energy 

efficient ratings since April 2018. Landlords have been required to improve properties 

with Energy Performance Certificate (EPC) bands of F and G to EPC band E. Besides 

this, landlords have also been required to accept reasonable requests from tenants to 

install energy efficiency measures since April 2016 (The UK Green Building Council 

2015). 
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The UK Renewable Energy Feed-in-Tariff (FiT) is the main fiscal stimulus to incentivise 

the uptake of the UK’s small-scale renewable electricity-generating 

technologies. Many household technologies qualify for the scheme, such as solar 

electricity (PV), wind turbines, hydroelectricity, anaerobic digesters, and micro 

combined heat and power (CHP) (The UK Green Building Council 2015). The scheme 

offers a guaranteed minimum payment per electricity unit (p/kWh) for renewable 

electricity generation and a further payment for each electricity unit which exports to 

the local network (Rhoads 2010). The FiT was cut for new installations from 1st 

January 2016. Since then, the return rates reduce every three months, which makes a 

longer payback time for solar PV investments (Which? 2018). 

The Renewable Heat Incentive (RHI) is a proposed framework to encourage the uptake 

of renewable heat technologies for homes, businesses and public facilities.  The 

scheme offers fixed payments for participants for over seven years for renewable 

energy generation and uses for homes heating. Heat will be supported from different 

sources including biomass boilers, heat pumps, solar thermal collectors, bio methane 

and biogas. The scheme aims to increase the UK renewable heat levels from 1% to 12% 

by 2020 (The UK Green Building Council 2015). 

The Green Deal was the previous flagship energy efficiency policy.  It was designed 

around a ‘Pay as You Save’ model: ‘householders received up-front finance in the form 

of a loan to pay for energy-saving measures which were then paid back using the 

savings made on their energy bills’ (The UK Green Building Council 2015). The 

fundamental principle of the Green Deal was payment by instalment for measures of 

energy saving, including that cost, labour and products should not go beyond the 

planned associated average cost savings on a bill during the period of the green 

finance arrangement (DECC 2011). 

In July 2015, the Green Deal Finance Company (GDFC), which financed Green Deal 

loans, was no longer funded by the government. As a result, no new Green Deals have 

been offered since then, but this will not affect existing loans (The UK Green Building 

Council 2015). 
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The Existing Homes Alliance (ExHA) is a collaboration of organisations, to campaign 

and lobby for a national retrofitting programme to reduce carbon emissions in existing 

residential buildings in the UK. The ExHA published minimum standards of home 

energy efficiency by using an energy efficiency rating system, which is based on the 

current regulations requiring all new buildings to introduce minimum energy 

efficiency standards on all tenures through the targets of zero carbon homes for 2010, 

2013 and 2016 (The Existing Homes Alliance 2010). 

Energy Performance Certificates (EPC) require all new and existing buildings to have 

their energy performance assessment before being sold or rented, which results in 

increasing retrofitting through market pressures (Council 2013). 

 

2.5.2.2.Policy, Legislation and Standards in China 

In China, beginning with the Tenth Five-Year Plan on National Economic Growth and 

Social Development in 1999 and developed further in the Eleventh and Twelfth Five-

Year Plans, the retrofitting of existing residential buildings has become a significant 

issue.  

There are two main national policies to deal with the climate and energy issues in 

China: the ‘The Twelfth Five-Year Plan’ issued in March 2011 and the ‘National Climate 

Change Programme’ developed in 2007. The former has the objective of reducing 

energy consumption and CO2 emissions per unit of GDP by 16% and 17%, respectively, 

by 2015. The outcomes will be in comparison to the levels of energy used in 2010. This 

plan also aims to increase the portion of renewable energy to 11.4%, along with the 

goal of covering approximately 21.7% of the nation’s land with forest by 2015 

(National Bureau of Statistics of the People’s Republic of China 2011). The latter aims 

to treat the climate and energy issues and was the first policy plan directed towards 

climate change in China. This policy was developed over two years, with the 

engagement of 17 government ministries (National Development and Reform 

Commission of China 2007). 
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There is also a National Green Buildings Evaluation Standard (also called the ‘Three 

Star Standard’) (GB/T 50378–2006), which defines and describes the requirements of 

the criteria and the objectives of sustainable building in a clear and comprehensive 

way. It can be used as a ‘valuable design and quality assurance tool’ and a 

benchmarking tool to support clients and investors to understand sustainable 

buildings (Ebert et al. 2011). 

Building energy codes. China’s first building energy code was issued in 1986 for 

residential buildings in north China, which required to reduce energy consumption in 

space heating to 30% below the 1980 levels (Hislop 2015). After that, the building 

energy codes have improved over time. Currently, there are three energy codes for 

housing in four climate zones, including severe cold climate and cold zones, hot 

summer and cold winter zones, and hot summer and warm winter zones. Besides, 

there is a building energy code for commercial buildings. These codes are mandatory 

for buildings in urban areas, and voluntary in the rural areas (Table 2-3). 

 

Table 2-3 Development of Building Energy Codes in China (Yu et al. 2015) 

 

 

Specific to the retrofitting of existing residential buildings, an energy efficiency 

retrofitting and the cost-sharing system was established by the State Council in 2008, 

formulating the targets, contents, procedures, technologies, standards, funding 

sources, cost sharing, operation and management for retrofitting through a legal point 
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of view. Hence, the sustainable retrofitting of existing residential building should be 

accorded with procedures prescribed by law (Bao et al. 2012). 

The Green Building Action Plan released in 2013 indicates that by the end of 2015, 

more than 0.4 billion m2 out of 3.5 billion m2 of houses in northern China need to be 

retrofitted to achieve the level of current building energy code. By the end of 2020, all 

eligible buildings with retrofit values in the northern heating zones should be 

retrofitted (Ministry of Housing and Urban-Rural Development of the People’s 

Republic of China 2013a). Local governments also share these ambitious goals. For 

example, the government in Beijing set the goal to retrofit 150 million m2 in the 

northern heating areas by 2015, which is equivalent of the total floor areas retrofitted 

in north China from 2006 to 2010 (Yu et al. 2015). 

Besides, a national standard was released in 2015 entitled the ‘Assessment Standard 

for Green Retrofitting of Existing Building’, which takes into account the economic 

feasibility, technological improvement and geographical applicability of the 

sustainable building retrofit and aims to standardise the evaluation of sustainable 

retrofitting of existing buildings (Ministry of Housing and Urban-Rural Development of 

the People’s Republic of China 2015). It has seven evaluation categories including 

planning and architecture, structure and material, heating ventilation and air 

conditioning, water supply and drainage, electricity, construction management, and 

operation management, and one promotion and innovation part. The evaluation 

results are divided into three levels: one-star, two-star and three-star. Other existing 

retrofit strategies vary according to different cities and climates. For example, the 

government of Beijing published a strategy called ‘Specific Implementation Plan of 

Sustainable Retrofit’ in 2007. 

In 2017, China’s Ministry of Housing and Urban-Rural Development published the 

Building Energy Conservation and Green Building Development ‘The Thirteenth Five-

Year Plan’. It focuses on continually promoting the sustainable retrofitting of existing 

residential buildings, and also emphasises exploring holistic retrofit patterns that will 

improve existing buildings and the environment as a whole, as well as install suitable 

facilities for elderly people such as elevators for multi-storey buildings and expand the 

scale of renewable energy applications. To be specific, it aims to complete the existing 
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residential building retrofitting of more than 500 million square meters and increase 

the proportion of energy-saving buildings to more than 60% of the existing residential 

buildings in China, and replace the conventional energy sources with renewable 

energy ones by 2020 (Ministry of Housing and Urban-Rural Development of the 

People’s Republic of China 2017). 

Although China has established a number of policies and regulations for the 

implementing housing retrofit, depending on local circumstances, there is still a lack 

of adaptability of economic management policies and procedures, the implementation 

of technology, and the evaluation system of standards. The overall perspective on the 

administrative examination and approval procedures, there is no difference between 

retrofit and new build projects in the steps of tendering, design, construction and 

other fundamental aspects. In addition, the procedures for retrofitting are relatively 

complex and have long implementation cycles. Also, the related organisations focus 

only on the statistics of the completion and there is a lack of regular assessments on 

the quality of the project. Thus, it is hard to achieve a potent inspection and 

supervision system. 

From the British experience, establishing a thorough assessment system is the 

fundamental guarantee of carbon reduction. The UK is the first country to introduce a 

‘carbon budget’ form with the regulations to cap national total CO2 emissions. 

Combined with China's current situation, it should establish and improve energy 

saving as the main content of the legal system as soon as possible. It should establish 

an independent organisation similar to the British ‘Climate Change Committee’ to 

implement energy conservation monitoring and the inspection of illegal activities. Also, 

it should create an incentive system for householders to reduce their energy 

consumption. In conclusion, it requires the cooperation of all parties especially the 

actions of the government to achieve a sustainable retrofitting process and reduction 

of CO2 emission in existing housing. 
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2.5.3.Retrofit Measures 

In a retrofit project, solutions selection and design should be considered as the most 

critical part, as these have decisive impacts on the overall performance. A poor retrofit 

plan is difficult to improve through construction quality (Kerschberger 2010).  

2.5.3.1.Retrofit Measures in the UK 

In the UK, the retrofitting measures are designed to reduce energy demand, especially 

space heating. They cover a range of technologies (Figure 2.10), mainly including fabric 

insulation, air tightness improvement, windows and doors retrofit and heating system 

improvement. Other popular measures include lighting and control upgrading, 

energy-efficient equipment and appliances, and Mechanical Ventilation Heat 

Recovery (MVHR). These measures can be considered as ‘easy targets’ and natural 

substitutions. Cost-effective benefits can be seen gradually by occupants through 

these measures, not only in increased energy efficiency but also in improved thermal 

comfort (Jones, Lannon & Patterson 2013). In addition to typical retrofit technologies, 

the UK also focuses on renewable energy technologies such as solar photovoltaics (PV), 

wind turbines, biomass, etc. The implementation of low carbon technologies is often 

associated with added value ‘multiple benefits’, such as reducing fuel poverty, 

upgrading quality of life, improving health conditions, and promoting the local 

economy. 

According to Ma et al. (Ma et al. 2012), the retrofit technologies can be categorised 

into four groups: heating and cooling demand reduction, energy-efficient equipment 

and low energy technologies, human factors, and renewable energy technologies and 

electrical system retrofits. Among them, the first two groups belong to energy 

demand-side management, renewable energy belongs to supply-side management, 

and human factors belongs to energy consumption patterns (Figure 2.10). To be 

specific, the following ranges of retrofit measures are generally considered. 
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Figure 2.11 illustrates three typical retrofit approaches applied in the UK: the 

technically led approach, the funding led approach and the whole-house approach. 

For the technically led approach, fabric improvement is normally the first approach to 

be considered in most retrofit projects because it has the possibility of being applied 

independently of the other measures. Thus, fabric improvement should be given 

priority in housing retrofitting. Besides, housing should be insulated to the best level 

in one go to achieve economically optimal levels (Route 2009). 

 

 

Figure 2.10 Main categories of building retrofit technologies (Ma et al. 2012) 

Figure 2.11 Different housing retrofit approach (Route 2009) 
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Fabric insulation is commonly considered the most effective strategy (Li et al. 2017).  

Figure 2.12 shows the different forms of the wall insulation. The most common retrofit 

measure in the fabric first approach in the UK is external wall insulation (EWI). In some 

of the UK’s retrofit projects, internal wall insulation is needed because the average 

cost of it is low and it does not affect the exterior look of the building. For buildings 

with historical value, damage to the building look has to be strictly avoided. If the 

external insulation is only employed on a single terraced house or one of a pair of a 

semi-detached houses, the whole row of houses can be visually obtrusive. However, 

in most non-historical cases, where the external appearance of the building is not a 

limiting factor, external wall insulation is highly recommended. It can be used on the 

flank walls or rear walls of some properties where the insulation work does not affect 

many external appearances. External insulation is best installed when repairs to walls 

are being done in order to save costs and reduce inconvenience. External wall 

insulation also has the potential to enhance wall conditions, facades, and damp 

penetration. It helps to reduce mould growth, which can impact householders’ health. 

(Energy Solutions 2011) 

 

 

In the UK, many residential buildings were built with cavity walls, 60% of which did not 

have thermal insulation by 2004 (EHCS 2004). Cavity wall insulation can reduce up to 

40% of heat loss through the walls (EST EEBPH, 2003). Older houses with solid walls 

require external or internal wall insulation to improve their performance. It is 

evaluated that improving an old house with poor insulation to post-1990 standards 

through the roof and wall insulation can reduce heat loss by 50%–80% (Roberts, 2008).  

Figure 2.12 Wall insulation form 
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In addition, airtightness improvement can reduce heat loss from ventilation and can 

be an assistant benefit from the fabric improvement, which can significantly improve 

the thermal performance of the house (Everett 2007). Moreover, improving windows 

by replacing the single glazing to double glazing can reduce heat gains from outside. If 

replacing with low-E glazing, the heat gains and solar gains can be significantly reduced, 

thus decreasing the heating and cooling demands (Li et al. 2017).  

Regarding system improvement, both large scale and small scale retrofit projects use 

the measures of updating to energy efficient boilers; some boilers with a hot water 

tank which can be combined with solar thermal for domestic hot water. Fuel switching 

is another measure to improve the system. Although 69% of the current fuel for 

domestic use in the UK is gas, which means the measure of fuel switching has a limited 

potential of only 22% in the UK, it is still considered as a relatively cheap retrofit 

measure with a significant effect (Patterson 2012).  

Moreover, Mechanical Ventilation Heat Recovery (MVHR) system works well in the 

houses with good airtightness as it can reduce the heat loss by preheating the supply 

air and recover heat from the stale exhaust air. In doing so, it can not only improve 

the indoor air quality but also reduce the need for space heating energy. However, for 

the property with poor insulation or the system is not appropriately installed, the 

energy use may increase (White et al. 2016). Additionally, Electricity consumption can 

be reduced by installing LED lighting and energy-efficient appliances.  

In terms of renewables, solar PV generally has up to 20% efficiency, which can offset 

the electricity required from the national grid. Over the past few years, solar PV has 

been drastically increasing in the UK, and the cost of purchase and installation has 

significantly reduced (Cherrington et al. 2013). 

In addition, heat Pumps recover heat from a various sources and provide heat for 

buildings. The heat can then be used to provide domestic hot water and space heating 

and cooling (Xing et al. 2011). The air source heat pump (ASHP) and ground source 

heat pump (GSHP) are two main heat pump types. ASHPs are usually easier to install 

than GSHPs, as they do not need any trenches or drilling, but are often less efficient 

than GSHPs. Solar-assisted GSHP systems use solar thermal collectors as supplemental 
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heating components and to improve the thermal performance of the heat pumps 

(Reda et al. 2015). For building retrofit, the ASHP is considered a better option for 

retrofitting in the UK for its less space requirement, easiness of installation, and low 

operation and maintenance cost (Rad et al. 2013). 

The funding led approach generally depends on the funding available and free 

measures provided by some non-profit scheme. This approach can improve some 

houses to a certain extent and householders can also benefit without paying large 

amounts of money. However, installing renewables without fabric retrofit is like 

heating a house with the windows open. The new measures cannot achieve a perfect 

retrofit result. Moreover, later on, when it is necessary to retrofit the fabric or add 

other retrofit measures, this will lead to rework, which will also cost more money, time 

and manpower.  

The UK begins to look at the whole-house approach for retrofit the existing housing in 

recent year, which combines the fabric measures with system improvement and 

renewables, can reduce CO2 emission by over 90% and cost saving by more than 200% 

(Li et al. 2015). 

 

2.5.3.2.Retrofit Measures in China 

Over the past few decades, the technology research and development of existing 

housing retrofitting in China has mainly focused on seismic reinforcement, 

engineering methods for equipment upgrades, energy-saving insulation construction, 

new materials, and solar heating systems, etc. It seems that many new technologies 

have been generated in China in recent years both for creating new low carbon 

projects and retrofitting old projects. However, some of the existing residential 

retrofit projects in China in the past few years have focused more on building fabric 

insulation than holistic improvement. As a result, although the thermal performance 

of the building has been enhanced, the overall living conditions of residents and the 

environment of the community have not improved significantly. (Ministry of Housing 

and Urban-Rural Development of the People’s Republic of China 2012). 
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The retrofit measures for existing residential buildings in China mainly include the 

following content: 

Building fabric retrofit includes wall insulation, waterproof roof insulation, floor 

insulation, balcony and other parts insulation, glazing improvement, and building 

entrance door replacement. Most of the existing residential buildings for retrofit in 

China have been in use for 20 to 30 years, and most of them have problems such as 

damage and lack of functionality etc. due to different structural design and seismic 

design standards at that time, as well as uneven construction quality. In the 

construction of the fabric retrofit, it may increase loads of the external walls and roofs. 

Therefore, it is essential to review and check the data of the original building structure. 

Reinforcement measures should be added when necessary to ensure structural safety 

(Ministry of Housing and Urban-Rural Development of the People’s Republic of China 

2013b). 

In China, it is preferable to use external wall insulation because of certain advantages. 

First, it has better energy saving performance. The building structure is entirely 

enclosed by external insulation layers, non-gap layers can help to prevent thermal 

bridges, so that the overall thermal insulation performance can be improved. External 

wall insulation could save 20% more heat loss than internal wall insulation and reduce 

energy demand for heating in winter and air-conditioning in summer. Second, it can 

improve the indoor thermal environment. External wall insulation helps to keep the 

building warm in the winter and cool in the summer because the thermal mass will 

absorb heat from the dwelling, leading to an evener temperature and a more 

comfortable indoor environment. Thirdly, it can protect the exterior wall. External wall 

insulation will reduce the temperature difference of exterior walls and interior walls 

and reduce the structural damage by natural conditions. Besides, it does not reduce 

the size of the living area and does not require any moving of residents, which is 

especially essential for communities with a large population. It can also be combined 

with facade renovation for the purpose of improving appearances.  

The flat-to-pitched roof retrofit refers to converting the flat roofs of multi-storey 

buildings into pitched ones to ensure the thermal insulation and waterproofing 
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function of the top floor, as well as increasing the renewable potential of the building 

(Beijing Municipal Commission of Housing and Urban-rural Development 2005).  

Indoor heating system retrofit mainly includes installing household heat metres and 

adding thermostats to each room to achieve room temperature control, replacing old 

radiators and removing radiator covers, adding insulation to the heating pipes in 

public areas and replacing them if necessary. 

Heat source and network retrofit consists of installing insulation or replacing heat 

networks, improving the heat supply efficiency of the pipe network, reducing heat loss 

and increasing safety, replacing low energy efficiency equipment in the boiler room 

and installing temperature adjustment devices to adjust the heat on different outdoor 

temperatures. 

In addition, building airtightness will be improved after fabric retrofit. The installation 

of an organised fresh air system can reduce not only heat loss but also enable the 

combined effects of energy saving, dust prevention and noise reduction, and hence 

improve the indoor living quality as well as residents’ health (Ministry of Housing and 

Urban-Rural Development of the People’s Republic of China 2013b). 

Renewable energy technologies such as solar thermal systems and solar PV systems 

can also be installed. Solar thermal systems have been widely used in China for many 

years because of more mature technology development and relatively low costs. As 

an additional device, the collectors are mostly installed on the roof of the building, 

which to some extent affect the building appearance. Thus, before retrofit, it is 

necessary to consider the integration of solar equipment and construction design such 

as the location of the collector, pipe laying, and water tank, etc. (Song & Jiang 2007). 

 

Generally speaking, the difference of retrofit measures between China and the UK is 

not great. The ‘fabric first’ approach is adopted in both countries as the main retrofit 

approach. However, UK has a more holistic approach involving a series of analysis 

before applying retrofit measures rather than rushing to start without paying enough 

attention to the design process in the early stages in China. As a result, most retrofit 
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projects in China have not achieved satisfying results. The retrofitting of existing 

residential buildings is a holistic process. It is essential to have a comprehensive survey 

to ensure that possible risk factors are appropriately evaluated when designing 

retrofit solutions in a particular construction element. The application of retrofit 

measures should focus on the consideration of appropriate technology combinations 

and energy efficiency rather than an uncontrolled bricolage of a large number of 

different technologies. Proper performance of retrofitting depends on an integrated 

approach with a proper preliminary design and a range of appropriate technologies. 

 

2.5.4.Implementation Process 

2.5.4.1.Implementation Process in the UK 

In the UK, the process of retrofitting is very complex: in the pre-retrofitting phrase, a 

large number of surveys and assessments will proceed on different aspects such as 

market, architectural design, energy use, retrofit technology, cost and stakeholders’ 

perspectives, etc. Also, during and after the major retrofit activity, there will be a 

regular monitoring system and a persistent procedure of verification and assessment 

to ensure the retrofit performance (Zhou & Fan 2013). 

In the UK, in addition to the government-led, top-down pattern for most large-scale 

retrofit projects, the ‘bottom-up’ approach related more to residents’ daily decision-

making has been given more and more attention. It is often locally driven at the 

neighbourhood scale, offering investment, jobs and profits to local stakeholders. 

According to this approach, stakeholders also play an essential role in the retrofit 

implementation process. In some cases, private sector stakeholders invest in and 

construct retrofit projects and they not only largely affect the landscape and urban 

space, but also impact the supply and design of home space, and consequently 

influence the living quality of residents (Kriese & Scholz 2011). 

Figure 2.13 and 2.14 illustrate a systematic approach for the sustainable retrofitting 

of existing buildings to identify, determine and implement retrofit measures for the 

best result. The overall retrofit process includes two parts: first is strategic plan and 
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selection of tools and models; second is retrofit activities in the whole process. It 

should be noticed that regular monitoring systems and frequent reviews in the long 

period (i.e. post-retrofitting period) are necessary to ensure the efficiency of the 

operation system (Ma et al. 2012).  

 

 

 
Figure 2.13 A systematic approach for sustainable building retrofits (Ma et al. 2012) 
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Figure 2.14 A roadmap of low carbon retrofit (Rhoads 2010) 
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2.5.4.2.Implementation Process in China 

In China, most retrofit implementation is government-led, central, top-down, and 

supply-driven. As shown in Figure 2.15, it mainly controlled by government 

departments and authorities. The pre-retrofitting assessment is also led by the 

government. After the approval of different levels of the department, the retrofit will 

directly pass into the implementation phase. There are few monitoring processes after 

retrofitting, and the assessment and supervision are also inadequate.  

 

2.5.5.Financing of Retrofit 

2.5.5.1.Financing of Retrofit in China 

The cost of retrofitting existing housing in China is mostly funded by the government. 

The capacity of market financing is weak in most of north China, which leads to 

significant financing pressure. 

Regarding the cost of retrofitting existing housing in China, energy-saving retrofit cost 

is in the range of 300 to 350 CNY/m2 (Ministry of Housing and Urban-Rural 

Development of the People’s Republic of China 2012). In 2017, Beijing introduced 

Figure 2.15 Implementation process of existing buildings retrofitting in China (Zhou & Fan 2013) 
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technical and economic indicators for the retrofitting of the existing residential 

communities, which provide some detailed costs for different retrofit measures, as 

shown in Table 2-4 (Beijing Municipal Commission of Housing and Urban-rural 

Development 2017).  

Table 2-4 Retrofit cost of different measures in China (Beijing Municipal Commission of Housing and 
Urban-rural Development 2017) 

Retrofit measures CNY/m2 

Wall retrofit 
Insulation 196.35 

Painting 9.71 

Roof retrofit 

Roof insulation 111.93 
water proof 334.63 

Flat-to-pitched roof 
retrofit (including 

dismantle the original roof 
& build the new one) 

1077.91 

Window 
replacement 

Multi-storey 103.62 
High-rise 110.15 

Lighting 
retrofit For a four-storey flat 74.7/floor 

Heating system 
retrofit 

Heating metering system 
retrofit 240 

Heating boiler coal-to-
gas retrofit 

7043.42 

Renewables 
Solar thermal 500-1500 

PV 1908.26 
GSHP 280-450 

  

In recent years, the China central government has set an example, using the ‘Award 

on Behalf’ approach, offering financial award according to climate zones. The standard 

awards are 55 CNY/m2 in the severe cold zone and 45 CNY/m2 in cold zones. The award 

has been divided into two parts, the retrofitting content and process and the 

management and energy saving, which account for 70% and 30% of the funding, 

respectively. 

Although the government has repeatedly emphasised that the government-led 

implementation pattern should be changed into a combination of government 

investment and social investment, this is still in the stage of exploration. China has not 
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established a mature financing model for this type of retrofit implementation (Fang 

2009). 

 

2.5.5.2.Financing of Retrofit in the UK 

In the UK, the cost of retrofit existing housing to meet the targeted 80% CO2 

reductions is estimated to be between £200 billion and £400 billion (Sustainable 

Development Commission 2010). In contrast to China, the majority of retrofitting costs 

are paid by individual householders, though there is some financial support from the 

government.  

The costs of retrofit measures that are commonly used in the UK, according to the 

report from the Department for Business, Energy & Industrial Strategy in 2017 (Palmer 

et al. 2017) are presented in Table 2-5 as below. 

Table 2-5 Retrofit cost of measures commonly used in the UK (Palmer et al. 2017) 

Retrofit measures GBP (£) 

Wall insulation 

EWI Fixed cost £6000+ variable cost of 
£111.49/m2 wall area 

IWI Fixed cost £2400+ variable cost of 
£73.35/m2 wall area 

Cavity wall  Fixed cost £250-£2240+ variable cost 
of £4.76-£5.06/m2 wall area5-6/m2 

Solid wall £55-£180/m2 

Loft/roof insulation Fixed cost £157.97-£986.82 + 
variable cost of £22.79/m2 loft area 

Floor insulation £54-£272/m2 

Window 
replacement 

Double glazing £150-£585/m2 

Triple glazing £223-£1022/m2 

Heating (for a 
small semi-
detached 
property) 

gas boiler replacement £1600-£4000 

oil boiler replacement £2500-£5000 

cylinder jacket £39.5-£90 

LEDs 
bulb only £3.5-£10/bulb 

including installation £50/bulb 

Draught-proofing 
DIY £85-£290/home 

Professional £200-£580/home 
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Figure 2.16 shows the potential trend in cost growth from ‘shallow retrofit’ measures 

to a ‘whole-house’ retrofit approach. It indicates that great improvements can be 

achieved at lower costs, while for savings above 30%–40%, the costs have a sharp 

increase, although major cost growths appear over 60% emission reductions. As a 

result, the majority of retrofit projects employ elemental ‘shallow’ retrofit because 

‘whole-house’ retrofit normally costs too much, and can hardly be afforded by 

households (Jones, Lannon & Patterson 2013). 

 

2.6.Fuel Poverty, Affordable Warmth and Human Health 

Fuel poverty is ‘the situation where a household cannot heat their home to a 

comfortable level at a reasonable cost’ which may lead to households either 

inadequately heating their homes or to unaffordable heating costs (Grey et al. 2015). 

In the UK, this means that a household needs to spend more than 10% of their income 

on fuel consumption to maintain a sufficient standard of warmth (Department of 

Energy & Climate Change 2015b). The main reason of fuel poverty in the UK is 

identified as poor energy efficiency in homes and low incomes. Other causes are the 

Figure 2.16 How the cost and complexity of refurbishment varies with percentage CO2 emission 
reductions (Jones, Lannon & Patterson 2013) 
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size of houses with regard to the number of people living in the properties and the 

fuel cost (Patterson 2012). 

According to BBC News in 2011, 25% of UK homes, and around 41% of Wales homes 

suffer from fuel poverty and affordable warmth rather than energy saving is still their 

greatest concern. The paybacks of the large-scale application of energy-efficiency 

measures may be achieved not only by improving energy performance but also by 

increasing warmth (Jones, Lannon & Patterson 2013).  

Fuel poverty is an important concept to understand the relationship between housing 

and health (Grey et al. 2015). Housing that does not meet building standards is often 

difficult to heat. It is estimated that health problems associated with poor building 

conditions cost the National Health Service (NHS) 2.5 billion pounds a year (Friedman 

2010). Research shows that living in cold houses influences the physical health of all 

people, especially elderly, children, disabled or people with long-term illnesses. Indoor 

low temperature may result in plenty of health problems, such as cardiovascular 

disease, respiratory disease, arthritis, rheumatism, circulatory problems, etc. apart 

from a higher winter mortality. In addition, living in fuel poverty may also cause a 

series of mental health problems such as depression and anxiety and affect social well-

being because of financial stress (Marmot & Bell 2012). 

Jones, et al. (Jones, Lannon & Patterson 2013) point out that the built environment 

has an important influence on people’s health and quality of life. Therefore, the 

reduction of energy consumption and CO2 emissions can not only increase the energy 

efficiency of housing but also bring more benefit to residents’ physical and mental 

health. 

 

2.7.Summary 

The aim of this chapter is to identify the definition, development, reason and 

importance of sustainable retrofit. It has reviewed a series issues of related to 

sustainable development and sustainable retrofit. It started by conceptualising 

‘retrofit’ from a general definition to a concept within a specific context and discussed 
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the various depths of sustainable retrofit, following by clarifying the reasons, drivers 

and key elements of existing building retrofit. It then went over the existing literature 

on definition and development of ‘sustainability’ across social, environmental and 

economic aspects, and examined different concepts in the way of sustainable city 

development. After that, the sustainability at the community level was reviewed to 

illustrate the significance of community sustainability as a first step toward city 

sustainability. 

As discussed in this chapter, the definition of sustainable retrofit is 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.  

To address the sustainability of the retrofitting of existing residential buildings in China, 

the issues of background, current situation, and challenges were discussed in the 

subsequent section. The drivers of sustainable retrofitting in China became clearer 

which can be summerised as follows: firstly, the existing buildings account for 

significant part of CO2 emissions in China which is three times that in developed 

countries; Secondly, the energy consumption of buildings has been increasing more 

than 10% per year; Thirdly, the total floor area of existing buildings had exceeded 44 

billion m2 by 2011 and more than 90% are high energy consumption buildings. 

Moreover, severe air pollution in recent years in China poses a threat to Chinese public 

health. Also, the changes in building polices, regulations and standards require retrofit 

to improve energy efficiency and liveability. 

In order to improve the energy efficiency and sustainability of cities in China, it is 

important to understand how and to what extent the retrofitting experiences can be 

transferred from the UK to China suitably and optimally. Several issues, including 

energy use, CO2 reduction targets, policies and regulations, technology, 

implementation procedure and financial schemes were identified in the last section 

of this chapter to examine the gap between the UK and China.  It found that the gap 

between the two countries is not great in terms of retrofit measures. However, China’s 

construction methods, retrofit material standardisation and on-site detail handling 

still need to be improved. Comparing to China, the UK pays more attention to the 
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design processes and surveys at early stages and has a more holistic approach 

including a series of analysis before retrofit.  

The best retrofit results can be achieved by applying an integrated approach with 

appropriate technology combinations. Therefore, a more detailed understanding of 

the retrofit measures, processes, costs and retrofit effects of the UK retrofit project, 

as well as current retrofit status and issues in reality in China, to further identify how 

to transfer the UK's advanced experience to China.
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Chapter 3 Methodology 

 

3.1.Introduction 

This research investigates a series of questions about the retrofitting of existing 

residential buildings at community scale in China. A holistic method based on 

qualitative research and simulation research was developed, including a literature 

review, case studies, on-site surveys, interviews, and modelling for the Chinese case 

studies. 

This chapter provides an overview of the research methods employed, the analytical 

framework developed and the case study selection in this research. It begins with a 

review of several traditional research methods for architecture research and is 

followed by descriptions of the research methods chosen. 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. 

 

3.2.Research Method Review 

As defined in the book of Research Methods for Architecture: ‘A research 

methodology is a way of finding something out about a topic – a set of practical and 

pragmatic activities that allow you to ask the relevant questions and achieve some 

robust conclusions’ (Ray 2016). 

Architecture research does not contain only one research method, which is a big 

advantage of the discipline. It gives researchers the opportunity to access a wide range 

of issues related to the built environment (Ray 2016). Therefore, it is important to 

know the different methods available for architecture research and find out which is 

suitable to apply to this study. 
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3.2.1.Context-led Research, Methodology-led Research and Theory-led 

Research 

Context-led research is doing research based on a typical or unique context to build 

the essential significance of the physical, social or historical setting. It allows the 

context to be the main part of the research process, and examine it according to other 

circumstances based on the same principle. The context can be in various forms such 

as a specific typology, a town, a period of time, or a particular career, etc. 

Methodology-led research means applying a relatively developed methodology into a 

new context, which often leads to new possibilities arising. Knowledge plays a pivotal 

role during the research process. The context is a changeable setting. As a result, the 

results of the study may vary depending on the context, which may also modify the 

research method during the research process. 

Theory-led research begins with an established form of understanding and applies this 

to a context through a method. As theory covers a wide range of category and does 

not have a direct difference with the method, many methods have a strong connection 

with theoretical content. Most of theory-led research is usually interdisciplinary and 

borrows theories from other fields like philosophy or the social sciences, etc. (Ray 

2016) 

This research is methodology-led and combines a range of established methods 

informed by previous social science researchers to produce a suitable and holistic 

approach and applies this approach to the context of the UK and China. The 

application of the methods is described in this chapter. 

 

3.2.2.Qualitative Research 

3.2.2.1.The Definition of Qualitative Research 

The definition of qualitative research was given by Norman Denzin and Yvonna Lincoln: 
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‘Qualitative research is multi-method in focus, involving an interpretive, naturalistic 

approach to its subject matter. This means that qualitative researchers study things 

in their natural settings, attempting to make sense of, or interpret phenomena in 

terms of the meanings people bring to them. Qualitative research involves the 

studied use and collection of a variety of empirical materials’ (Denzin & Lincoln 1994). 

Qualitative research provides insights into the issue and helps to formulate ideas or 

theories for potential quantitative research. Qualitative research is often used to 

understand underlying opinions, reasons, thoughts, and motivations. The qualitative 

data collecting approach often uses unstructured or semi-structured techniques. 

Some common approaches contain development and practice, ethnography, research 

and service demonstrations, group discussions, individual interviews, case studies and 

participant observations. The sample size is often small and respondents are chosen 

to fulfil a given quota. 

 

3.2.2.2.Key Elements of Qualitative Research 

As indicated in the book Architectural Research Methods, qualitative research focuses 

on five key elements (Groat & Wang 2002). 

The first element is a natural setting, which means the objects being studied 

commonly exist in the same context as part of daily life, the research will study its 

natural state rather than influence them. 

The second element is interpretation and meaning. This means the researchers play 

an important role in explaining and making data clear during their work besides 

observations and interviews, etc. 

The third element is whether the respondents understand their own circumstances. It 

is significant that researchers should explore and understand the respondents’ 

perspectives about different aspects in detail to gain a holistic picture of the 

phenomenon. 

58 
 



  Chapter 3 Methodology 

The fourth element is the use of multiple approaches. This suggests that qualitative 

researchers should combine a series of approaches which are suitable for both 

research questions and the context being studied rather than focus on the single key 

question. This provides researchers with more comprehensive perspectives and data. 

The final element is inductive logic. The research questions explored through a 

qualitative study are often developed and refined in a reduplicative process. This 

enables the researchers to examine the thinking and opinions identified from the 

ongoing observations. 

 

3.2.2.3.Relation to this Research 

Qualitative research emphasises a holistic exploration of complicated situations and 

context. This research has a comprehensive subject involving human factors as well as 

many aspects across the environment, society, economy, etc. It needs to compare 

multiple aspects, such as policy, retrofit measures, implementation processes, 

financial schemes, etc. through a variety of perspectives such as those of researchers, 

policymakers, technicians, project managers, and residents, etc. It also requires 

studying the literature and fieldwork to understand the whole process of the retrofit 

projects and collecting data. Therefore, this research employs a comprehensive 

qualitative approach to study the background, development, technology and current 

situations of the sustainable retrofitting of existing residential buildings in the UK and 

China. 

 

3.2.3.Simulation Research 

After data collection about the subjects through the survey approach, simulation can 

be considered as a measurable, relatively accurate approach to achieve the research 

main objective: to identify the most suitable, sustainable, cost-effective retrofit 

solution combinations for residential buildings in China to reduce energy 

consumptions and CO2 emissions as well as to improve existing housing. 
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3.2.3.1.Definition of Simulation Research 

According to Groat and Wang (2002), ‘Simulation’ is defined as ‘the representation of 

the behaviour or characteristics of one system through the use of another system, 

especially a computer program designed for the purpose’. This definition contains the 

basic meaning of simulation and indicates the growing dominance of the computer in 

this area. 

In terms of simulation of energy use in building sectors, it is necessary to create 

comprehensive models to assess the technical economic impacts of applying the 

energy efficiency and renewable energy technologies appropriate for residential 

applications, as the characteristics of energy consumption of the residential buildings 

are very complex (Swan & Ugursal 2009). 

 

3.2.3.2.The Top-down and Bottom-up Approaches 

Generally, there are two basic typical modelling methods applied for predicting and 

analysing different aspects of the energy consumption performance and CO2 

emissions of building stocks, which are the top-down and bottom-up approaches 

(Kavgic et al. 2010). The general content of these two approaches is outlined in Figure 

3.1 and in the following. 

The top-down approach regards residential building as an energy sink and does not 

differentiate between energy consumption for personal and other end-uses. Top-

down models are often used to determine the supply demands and the impact on 

energy consumption from long-term changes within the residential building. Variables 

commonly used in top-down models are macroeconomic indicators such as gross 

domestic product (GDP), employment proportions, climatic conditions, building 

construction or demolition rates and numbers of units in residential buildings. The 

advantage of this modelling is that it is easy to obtain reliable, simple aggregate data. 

The disadvantage is the lack of detailed data of energy use from end-uses, so that it is 
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not able to find out the factors affecting the energy performance and improvements 

(Swan & Ugursal 2009). 

The bottom-up approach is established from data on a hierarchal level of 

disaggregated components. The data can be combined and analysed to explain and 

estimate the impact of individual end-uses, individual houses, or groups of houses on 

energy consumption and CO2 emissions (Kavgic et al. 2010). General input parameters 

include building attributes such as fabric, age, climate data, temperatures, occupancy 

and appliances, etc. The strength of bottom-up models is that they have a high level 

of detail, which allows the model to simulate technological options, so that it can 

predict the energy consumption of each individual end-use and explore improvement 

areas. The relevant drawbacks are that it requires the extensive of input data to 

support each component, which is difficult to obtain, and the calculation techniques 

are more complex than those in top-down models (Swan & Ugursal 2009). 

A whole-house bottom-up approach have the potential to model buildings in detail to 

consider complicated interactions of residents, passive design and active systems, 

which is relatively easier to send the message of ‘multiple benefits’, while a top-down 

approach is more inclined to avoid problems. Sustainability should improve a better 

quality of living instead of avoiding problems (Jones & Jones 2017). 
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Figure 3.1 Top-down and bottom-up modelling approaches (de Sa al. 1999) 

 

3.3. Details of Research Methods Used to Meet Thesis Objectives 

This research adopts 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. The inductive approach is applied to analyse 

and summarise the research outcomes. The method employed in this research is 

outlined in Figure 3.2 as follows.  
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Figure 3.2 Research methods outline 

 

Since the UK case studies in chapter 4 have already been modelled in the UK by others 

using the same software used in the China case studies in this thesis and compared 

with the actual monitoring data, the author did not repeat the simulation part for the 

UK cases, but carried out a comparative analysis and summary. The Chinese cases has 

been modelled, analysed and compared from different aspects at both building and 

community scale.  

 

3.3.1.Literature Review 

As presented in Chapter 2, a literature review was conducted at the beginning of this 

research in order to achieve Objective 1: 

To identify the definition, development, reason and importance of sustainable retrofit. 
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As mentioned by Ray (2016), site survey means gathering information directly from 

the site by going to and spending time there. This gives researchers opportunities to 

observe and record so that they can avoid second-hand observations and biases. Site 

survey requires a sufficient preparation, including collecting information about the 

social, political and historical context to obtain a better awareness to maximise the 

use of survey resources. 

 

(d) (c) 

(a) (b) 

Figure 3.5 Photos of site survey at the retrofit project in Beijing, China. (a) Block of flats 
prior to retrofit; (b) Flats in the same community post retrofit; (c) Tail water recycling 

equipment; (d) Electricity data collection device 
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The purpose of site survey in this research is to investigate the housing retrofit 

technologies, material uses, implement processes, construction methods and the 

improvement effects in practice in order to learn from the experiences and analyse 

the effective strategies and areas for improvement. 

The site survey in this research was carried out several times between 2014 and 2017 

in the UK and in China. It contains three parts: first is the field research of selected 

retrofit project in Neath Port Talbot in Wales; second is the interviews conducted in 

Beijing, Tianjin and Xi’an in China; third is the field research of selected retrofit project 

in Beijing in China. 

Before visiting, preparation works were carried out, including gathering information 

through the documental survey, figuring out the content being focused on in the field 

and contacting relevant people. During these visits, observations were made on a 

range of aspects including retrofit materials, construction technologies, and the 

implementation processes. Connections were made with the neighbourhood 

committee staff for the follow-up interviews in China. Figures 3.4 and 3.5 are the site 

survey photos taken by the author in Wales and China, respectively. It should be 

pointed out that for the case study in the UK, the main methods are literature review 

and data analysis from previous published papers and reports, and the site survey is 

used to better understand these cases. 

 

3.3.3.Interviews 

As mentioned by Ray (2016), interviews are an important method to obtain research 

information from many relevant people engaged in architectural projects, such as the 

architects, building users and project managers. It generally contains two basic types, 

which are structured questionnaire-based interviews and unstructured interviews and 

open-ended conversations. 

In this research, interviews were used to accomplish Objective 3, which is: to discover 

the problems of current retrofitting of existing residential buildings in China to find 

out the gap between the UK and China. 

67 
 



  Chapter 3 Methodology 

Ten interviews were carried out between June 2015 and December 2017 in three cities 

in northern China in the form of unstructured face-to-face interviews and free-flowing 

conversations. The interviewees have been divided into four groups: researchers in 

universities, government staff from the Environmental Protection Bureau, residents 

living in a retrofitted community, and architects who participated in retrofitting 

projects. Initial questions about the sustainable retrofitting of existing residential 

buildings at a community scale were prepared for different groups of interviewees in 

order to start the conversation. Then, more open-ended talks were conducted to let 

the interviewees provide more extensive information from their perspective.   

 

Figure 3.6 Four groups of interviewees 

 

The purpose of the interviews is to understand the development of sustainable 

housing retrofitting in China from multiple points of view. First, this was done by 

interviewing university professors to know their perspectives on current research and 

to learn more about China's latest housing retrofit studies and projects. Second, 

interviews with government staff were conducted to find out the government point 

of view about sustainable housing retrofitting on policy formulation, retrofit 

supervision and management, etc. Thirdly, interviews were conducted with architects 

to learn more about the design and construction information for retrofitting existing 

communities. Lastly, interviews were conducted with residents of the local 
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3.3.4.2.Case Study in China 

The aim of the case study in China in this research is to examine the effectiveness of 

different combinations of low carbon technologies and strategies in relation to 

reduction of energy consumption and CO2 emissions in order to answer the fourth 

research question: ‘what strategies can be gathered to improve the existing housings 

and communities in China?’ Combined with the modelling simulation mentioned in 

next part, the aim is to achieve Objective 4: to identify the most suitable, sustainable, 

cost-effective approach in transferring the retrofit technologies and processes from 

the UK to China to improve existing residential buildings and communities. 

In the case study, four typical residential buildings built between 1983 and 2001 in 

China were introduced. Two methods were applied to collect information including 

desktop data collection and interviews with staff involved in the projects’ design and 

implementation procedure. An energy performance prediction model was developed 

to simulate these dwellings within the local communities. The information of the 

selected cases in China will be introduced in detail in Chapter 6.  

 

Figure 3.8 Selected cases in China in this research 

 

3.3.5.Modelling 

In retrofit design and planning, energy simulation modelling, as a very effective tool 

to examine a series of options quickly at an early stage, can be used to predict the 
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energy performance of the building in terms of energy reductions, CO2 emission 

reductions and cost savings (Li et al. 2015).  

This research adopts simulation method for predicting and evaluating the retrofitting 

of the existing residential buildings. This simulation is based on four cases at both the 

building and community scales and the input parameters include the information of 

location, weather data, layout, building dimensions, construction materials, and 

heating, cooling, ventilation, lighting, small power and occupancy data. The model can 

be modified along with the retrofitting work when more retrofitting measures are 

being checked, so more realistic conditions can be modelled. The information used 

was taken from national statistics, design principals, building standards, and site 

surveys.  

 

Figure 3.9 Basic modelling process 

 

3.3.5.1.The Software Selected for this Research 

The software employed in this research includes HTB2 and VirVil SketchUp Plug-in. 

Both of them are developed at the Welsh School of Architecture, Cardiff University (Li 

et al. 2015).  
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4.2.2.Economic Outcomes 

 

A total cost of the Warm Wales Arbed 1 programme was £9,658,510, including 

£6,372,155 for implementation of the measures, using Arbed 1 scheme funding, 

£2,141,104 for leverage measures and £1,145,250 for installing EWI and heating 

systems. The grant support mechanisms contributed 58% of the funding and the rest 

was provided by RSL/LAs, as illustrated in Figure 4.2.  

 

 

 

 

Figure 4.3 Percentage of potential financial savings on energy bills as a result of the Warm Wales 
Programme measures installed (Patterson, 2016) 

5,580,3
67, 58%

791,789
, 8%

2,141,1
04, 22%

1,145,2
50, 12%

Grant support mechanisms
RSL/LAs properties
Leveraged measures on RSL/LAs properties
privatly owned properties

6,372,156, 
66%

2,141,104, 
22%

1,145,250, 
12%

Funding Allocation (£)

Energy efficiency improvement & fuel bills reduction

Leveraged measures

EWI & new heating system

Figure 4.2 Funding allocation through Warm Wales Programme 
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