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Abstract 

This thesis presents a detailed analysis of architecture and urban planning strategies for developing 
energy-efficient cities in a Chinese context. The overall aim of the work is to examine how Chinese 
urbanisation and city construction can be improved from an energy-saving perspective. 

China is in the process of transforming from an agricultural to an industrial country, and it will 
consume more energy than ever before. Creating energy-efficient cities is an important part of 
sustainable energy development. City development is a complicated process that affects the interests 
of many stakeholders, and the strategies for establishing energy-efficient cities can be directed at two 
levels: components and systems. 

The main components of energy-efficient cities are energy-efficient buildings, which have been a hot 
topic in recent years. In China, a number of new, stricter codes for energy-efficient buildings are 
being issued. In addition, many research institutes have developed Building Environmental 
Assessment (BEA) methods, where energy efficiency is an important factor in the models. Various 
technical solutions for energy efficiency are also being developed. This thesis analyses different 
solutions and their applicability within the Chinese context. 

The investigation in Nanjing clearly demonstrated that system-level strategies are vital for achieving 
energy-efficient cities. The Swedish energy efficient models of the housing development Hammarby 
Sjöstad and the smaller scale Eco-villages were analysed to see if these solutions were compatible 
with the Chinese context. The strategies to reduce energy demands can be further subdivided into 
reducing building energy consumption and reducing transportation energy consumption. These 
strategies were implemented into the urban design for the southern region of Hexi New City District, 
Nanjing, which will be used as an example of new urban construction in a rapidly urbanising China. 

This thesis proposes a route for developing energy-efficient cities. In the construction of Chinese 
cities, technological strategies for energy-efficient buildings have been implemented successfully, but 
the systems structure of such cities requires special attention, particularly in the context of rapid 
urbanisation. Urban planning with energy considerations must be seen as equally important to the 
development of energy-efficient buildings. City planners should play a key role in this process, not 
by saving energy directly, but indirectly, by influencing the behaviour of persons living, working and 
travelling within their city. Local and regional governments, which have special powers in China, 
should take responsibility for policymaking, demonstration, standardisation and education. In the 
broad context of intelligent urban planning, technological, economic, and social strategies for energy-
efficient buildings will all play a positive role. 

China’s government has started the process of improving urban energy efficiency. However, this 
process will be difficult and progress will be slow. The thesis discusses the conditions in the Chinese 
context and identifies problems that require solutions in the near future. 

 

Keywords: Energy efficiency, Nanjing, China, urban planning, passive house, low exergy system, 
Building Environmental Assessment, LCA, Swedish housing, Hammarby Sjöstad, eco-village, game 
theory, systems theory, soft systems methodology 
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Sammanfattning 

Avhandlingen presenterar en detaljerad analys av arkitektur- och stadsplaneringsstrategier för att 
utveckla energieffektiva städer i ett kinesiskt sammanhang. Det övergripande syftet med arbetet är 
att undersöka hur kinesisk urbanisering och stadsbyggande kan förbättras För att minska 
energianvändning. Kina omvandlas snabbt från ett jordbrukssamhälle till ett industriland, vilket gör 
att energikonsumtionen ökar. Att skapa energieffektiva städer är en viktig del av hållbar 
stadsutveckling. Stadens utveckling är en komplicerad process som påverkar många intressenter, och 
strategierna för att skapa energieffektiva städer kan styras på två nivåer: komponenter och system. 

Huvudkomponenterna i energieffektiva städer är energieffektiva byggnader, som har varit ett hett 
ämne de senaste åren. I Kina utfärdas ett antal nya, strängare koder för energieffektiva byggnader. 
Dessutom har många forskningsinstitut utvecklat metoder för byggmiljöbedömning (BEA), där 
energieffektivitet är en viktig faktor i modellerna. Olika tekniska lösningar för energieffektivitet 
utvecklas också. Denna avhandling analyserar olika lösningar och deras tillämplighet inom det 
kinesiska sammanhanget. 

Undersökningen i Nanjing visade tydligt att systemnivåstrategier är avgörande för att uppnå 
energieffektiva städer. De svenska energieffektiva modellerna av bostadsutvecklingen Hammarby 
Sjöstad och de småskaliga ekosamhällena analyserades för att se om dessa lösningar var kompatibla 
med det kinesiska sammanhanget. Strategierna för att minska energibehovet i städer innehåller 
energiförbrukningen i byggnader och energi för transporter. Dessa strategier utvecklades inom 
samhällsplanering för den södra delen av Hexi New City District, Nanjing. Detta område kommer 
att användas som ett exempel på ny stadsbyggnad i ett snabbt urbaniserande Kina. 

Denna avhandling föreslår en väg för att utveckla energieffektiva städer. I byggandet av kinesiska 
städer har tekniska strategier för energieffektiva byggnader genomförts framgångsrikt, men 
systemstrukturen hos sådana städer kräver särskild uppmärksamhet, särskilt i samband med den 
snabba urbanisering som sker. Stadsplanering med energianvändning måste ses som lika viktig för 
utvecklingen som energieffektiva byggnader. Stadsplanerare bör spela en nyckelroll i denna process, 
inte genom att spara energi direkt, men indirekt, genom att påverka beteendet hos personer som bor, 
arbetar och reser inom deras stad. Lokala och regionala regeringar, som har särskilda befogenheter i 
Kina, bör ta ansvar för beslutsfattande, demonstration, standardisering och utbildning. I det breda 
sammanhanget av intelligent stadsplanering, tekniska, ekonomiska och sociala strategier för 
energieffektiva byggnader kommer alla aktörer att spela en positiv roll. 

Kinas regering har påbörjat processen att förbättra städernas energieffektivitet. Denna process 
kommer dock att vara svår och framstegen kommer att gå långsamt. Avhandlingen diskuterar 
förhållandena i det kinesiska sammanhanget och identifierar problem som kräver lösningar inom en 
snar framtid. 
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1 Introduction 

1.1 Background 

The rapidly developing world economy is creating increasingly serious environmental problems. 
High energy consumption and climate change due to global warming are posing major challenges to 
future development. 

Sustainable strategies for energy use can be considered from two sides, either from the production 
side or from the consumption side. Figure 1-1 shows that from the production side, the focus is on 
alternatives to fossil fuel, while on the consumption side the focus is on energy efficiency. Energy 
consumption is usually easier to measure on the production side than on the consumption side 
because energy providers are much more centralised than energy consumers, which in turn means 
that strategies for energy efficiency focused on energy producers are more influential than those 
dealing with energy consumption. For consumers, energy types are merged and their environmental 
impacts are concealed. 

However, there are two reasons we cannot overlook the consumer (and energy efficiency) in energy 
consumption. One is that existing technologies for renewable energy do not yet have the economic 
efficiency of conventional energy, which prevents replacing fossil fuels. Another reason is that the 
amount of energy produced is determined by energy demand. Thus the effect of reducing energy 
demand is more marked in terms of carbon emissions reduction, especially in the short-term. 
Reducing energy consumption currently means saving fossil fuel. Reducing fuel oil consumption 
promotes even more significant savings. 

The EIA publication ‘Annual energy outlook 2009’ showed that energy use in industrialised countries 
in that year occurred in three main sectors: transportation (29%), residential and commercial 
buildings (38%) and industry (33%) (EIA, 2009a). 

Figure 1-1 Diagram of energy flow from generation to utilisation, showing that fossil fuels cannot be quantified at the 
consumption end of the chain. 

About one-third of primary energy, mostly from fossil fuels, is consumed by non-industrial buildings, 
including houses, offices, schools, hospitals and so on (Anink et al., 1996). In recent years, an 
electricity shortage has become serious in some developed areas of China (Chongqing Economic 
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News, 2004). Immediate action is needed to develop energy-efficient buildings and thus reduce 
energy consumption. 

A further one-third of primary energy is consumed by transport. With the fast rate of urbanisation, 
private car ownership has increased rapidly in China, and its automotive market, the largest in the 
world, is expected to continue to grow strongly for a long time (Waldmeir, 2011). The increasing 
number of cars is causing serious traffic congestion and consuming large amounts of fuel. Current 
research on energy-efficient transport is mainly focusing on vehicles and travel mode. Another 
important aim is to decrease the demand for fuelled transport, especially in urban areas.  

Most construction work and transport take place in and around cities. City life consumes much more 
energy than country life. In China, the energy consumption of a rural population increases 3.5-fold 
when it becomes an urban population (Qiu, 2010). 

The developed countries have been at the forefront in energy-efficient city development, and 
technical measures to increase the energy saving performance of buildings have been available for a 
long time. For example, performance rating systems and tools for sustainable building design have 
been available in many countries since the early 1990s. Integrated methods (or toolboxes) for 
sustainable community planning have also been developed. In the urban planning field, Western 
countries have lead the development of new theories, and there has been much research into compact 
cities, low-carbon cities or zero-carbon cities. However, theoretical research and practices in 
developed countries has usually been aimed at the conditions prevailing in Western countries – low 
population densities, colder climates, and a high degree of economic development. China, globally 
experiencing the biggest demand for buildings and infrastructure, is eager to apply Western 
experiences of urban development and to develop strategies specific to China’s conditions – a high 
population density, different climate (usually hotter), and economically undeveloped areas. 

1.2 Existing research results 

Energy systems analysis and technical component research have focused on power and energy 
sectors for a long time, including urban energy efficiency. However, this research has usually been 
limited to energy’s technical sectors. Decreasing urban energy consumption through architectural or 
urban planning methods is an alternative approach that could be considered. Current research on 
architectural and urban planning strategies to achieve urban energy efficiency can be divided into 
four sectors: 

Civil engineering 

A city system is composed of a number of sub-systems, including buildings, municipal infrastructure, 
transportation, industries, etc. If the energy consumption of each sub-system decreases, the total 
energy consumption will decrease. Hence research on the energy efficiency of urban sub-systems is 
the basis for urban energy efficiency. However, such research is usually restricted to local subjects 
and gives inadequate consideration to the effects of other sub-systems. 

Spatial planning 

Energy efficiency is not a primary focus for conventional city planning. The underlying principle of 
conventional city planning is ‘demand determines supply’, where energy consumption is determined 
by city size and population. According to this principle, energy consumption should be the same for 
similarly sized cities, but it has been shown that the principle does not reflect reality. In the 1990s, 
some city planning experts presented the concept of a ‘compact city’ to counteract infinite expansion 
by the intensive use of urban space (Jenks et al., 1996). The original intention of the compact city 
was to solve the problem of urban sprawl arising from rapid population growth. Today the compact 
city theory is being developed into a paradigm of sustainable urban form. A branch of the compact 
city concept is the megacity, i.e. the extremely large-scale city (Silver, 2007). 

Economic analysis of city planning 

Economists have carried out much research on indicators of city sustainability and have established 
several assessment models, for instance Approx. Environmental, Adjusted Net Domestic Product, 
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Genuine Saving Rate, Ecological Foot-print, Genuine Progress Indicator and Index of Sustainable 
Economic Welfare (Wen et al., 2005). These models measure city sustainability and have played an 
important role in economic approaches to planning. However, they have provided little guidance for 
physical planning. 

Urban ecology 

Urban environmentalists have been researching the optimisation of urban ecological systems, 
particularly greenbelts and rivers, for several years (Wang et al., 2004). The research on optimising 
the distribution of greenbelts to decrease the heat island effect in cities is proving fruitful (Tong et 
al., 2005). Some special indicators have been introduced to estimate the ecological values of urban 
greenbelts. These are not directed specifically at urban energy efficiency, but provide good guidance 
for urban planning. 

Each of these research sectors offers different perspectives on strategies employed to build energy-
efficient cities, although they each also have their disadvantages. The aim of the present study is to 
find and use the advantage of each approach in order to create comprehensive solutions for the 
development of energy-efficient cities. 

1.3 Aims and objectives 

The overall aim of this thesis is to help develop energy efficient cities in China. In order to achieve 
this aim, a sector study was performed; methods for built environment assessment were studied and 
analysed; typical Swedish energy-efficient communities were investigated and compared; and urban 
planning strategies applicable to Chinese situations were explored. The specific objectives were to: 

1. Analyse the important factors that will influence energy-efficient city development in China and 
create a brief framework to improve the energy performance of new cities. 

2. Identify technical measures that can improve energy consumption performance in building 
development, particularly technical models suitable for Chinese contexts, e.g. the Passive House or 
Low Exergy systems. 

3. Analyse the most widely used Building Environmental Assessment (BEA) methods at present and 
foresee possible trends in their future development. 

4. Determine the effect of prices on the distribution of energy-efficient buildings on the market; 
analyse the cost-benefit relationship for energy-efficient building development; present a more 
reasonable paradigm for housing development based on game theory. 

5. Analyse the most important factors for energy-efficient cities at the urban level and present a 
combination of strategies for energy-efficient city development in Chinese urban planning. 

6. Apply the strategies in practice for a new city development and formulate a model for the planning 
and construction of medium-sized cities in China. 

A brief summary of the strategies to promote energy-efficient cities (objective 1) can be found in 
section 3.1. Urban planning is important for developing energy efficient cities, and building design is 
crucial too. More detailed information relevant to this objective is given in Papers II and IV. 
Information relevant to objective 2 can be found in sections 3.2.1~3.2.3. Passive House and Low 
Exergy systems have great potential to improve buildings’ energy performances. Although BEAs are 
not grounded in extensive theory, they have nevertheless had success in commercial buildings. 
Details on the analysis of BEA methods can be found in section 3.2.4, with a more detailed discussion 
presented in Paper I. Details of objective 4 can be found in section 3.2.5, with a more complete 
discussion in Paper II. Details of objective 5 can be found in section 3.3 and in the discussion (section 
5), with a more complete explanation being presented in Papers III and IV. Details of objective 6 
can be found in section 3.4, and additional information relevant to this objective is given in Paper 
IV. 
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The thesis discusses the topic from architectural and urban planning perspectives. Other stakeholders 
in city development have also investigated various specialist subjects, and some issues not included 
in this thesis are mentioned in the context of further research (section 5.4). 

The target audience for this research and thesis is other researchers within several scientific fields, 
(e.g. architecture, building science and urban planning), city planners, contractors, developers and 
consultants interested in the energy consumption performance of buildings. The reader is assumed 
to have basic knowledge of architecture, civil engineering and urban planning. 

1.4 Outline of the thesis 

The thesis consists of a cover essay and four appended papers. The cover essay serves the purpose 
of summarising the papers and putting them into a context. Section 1 provides background to the 
research and its importance, while Section 2 presents the methods used. Some information on the 
south area of Hexi, Nanjing, the site of the implemented planning, is also presented. Section 3 
summarises the results of the respective papers, and architectural and urban planning strategies are 
analysed and applied in the planning for the south area of Hexi, Nanjing. The results of Papers I–IV 
are discussed in Section 4, and important issues for Chinese conditions are discussed in Section 5 as 
well as future research directions. Finally, the overall conclusions of the thesis are presented in 
Section 6. 
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2 Methods 

2.1 Research methodologies 

Cities are complex systems with many components, so research on strategies for urban problems 
should employ a systems perspective in particular, and so systems analysis and systems thinking are 
important methodologies. Traditionally, architects are accustomed to personal work and they often 
consider buildings as their art. They are also taught town planning, so they regularly also work 
professionally as town planners. Architectural opinion represents one aspect of buildings, but a 
building project is really a system. A district, comprising several projects, is a bigger system, while an 
entire city, comprising many communities and infrastructures, is a much bigger system. Modern cities 
are so complicated that they are difficult to summarise by one person using conventional architectural 
methodology. Systems thinking can help architects and city planners identify their roles and strategies 
within the systems. 

Systems research generally includes three processes: definitions, analysis, and proposals. In the 
present study, the first stage involved defining the boundaries of the system. There are different sizes 
of systems in energy-efficient cities, ranging from a single building to that whole city. Hence, methods 
for energy-efficient cities must be discussed at different levels. For a single building project, the range 
discussed is limited to building developers, customers and designers, who are basically direct 
stakeholders. For a community, there are many more diverse customers, who are both direct and 
indirect stakeholders. For a city, administrations and other social institutions must be added into the 
system boundary. Most of these are indirect stakeholders. In the second stage, the factors of systems 
that influence urban energy consumption and their relationships were analysed. In a system, each 
factor has its own particular effects that promote or impede energy efficiency. Finally, based on the 
results of the analysis, strategies for developing energy-efficient cities in China are proposed. The 
strategies may not reduce the energy performance of energy consumers directly, but they can 
influence human activities, and it is hoped that the positive effects will persist for a long time. 

2.2 Interdisciplinary knowledge 

For this systematic research, a wide variety of interdisciplinary knowledge is required. The study 
needs the basic principles and methods of architecture, urban planning, and industrial ecology. 
Architecture studies relationships between energy use, indoor climate and building constructions, 
which is the basis for designing energy efficient buildings. Urban planning adjusts spatial 
relationships between buildings and other urban subsystems, which are important factors for 
decreasing urban energy consumption. Industrial ecology analyses and optimises energy flows 
through city systems, which are intelligent methods for energy efficient cities.  Together these 
different areas of knowledge construct an interdisciplinary field combining technical, natural, and 
social sciences in a systems view at a scale from building to city levels. 

2.3 Case studies 

The overall aim of the research was to examine Chinese problems with the aid of countries that have 
already experienced these problems, or in other words to solve the problems that have appeared in 
developed countries and might occur, but should be avoided, in Chinese cities. Thus the first step of 
the research consisted of case studies. Many case studies of energy-efficient buildings have been 
developed in European countries, as well as many methods and theories of urban planning and 
architecture. In the present study, we tried to analyse and compare the advantages and shortcomings 
of these in terms of their applicability to the Chinese situation. Sweden’s Hammarby Sjöstad and 
Eco-villages represent two sustainable housing development cases, but they are based on totally 
different paradigms. Thus a comparison between them not only compares projects, but also offers a 



6 

comparison of two paradigms and two models of house development strategies, which could be 
informative for China’s housing development. 

Besides the survey of built projects, the research objects also included BEA methods. The three most 
widely used BEA methods (EcoHomes, LEED-NC and GBTool) were analysed during the research 
process. All three are criteria-based rating systems, so as long as users input the required information 
– many different parameters – the methods produce a rating result. The parameters and weightings 
in these BEA methods were compared one by one. 

Additionally, strategies for urban planning were studied quantitatively in terms of their energy-saving 
potential. For some strategies where it was difficult to make a quantitative analysis, a qualitative 
examination was carried out. 

Architects need good graphical thinking for their work. However, research must base its conclusions 
on data analysis. With the help of diagrams, the advantages and tendencies in cases are easy to 
evaluate.  

2.4 Questionnaire survey 

Data deficiency is a serious problem for the analysis of energy consumption in Chinese cities. To 
analyse the actual energy consumption in Chinese cities and the factors influencing this consumption, 
a questionnaire survey was used to obtain information on building characteristics, household 
characteristics, use of domestic appliances, and fuel oil consumption in Nanjing city. Energy use was 
analysed using associated carbon dioxide emissions. A detailed description of the questionnaire 
survey is given in Paper III. Based on the findings, some possible policies for urban planning and 
architectural design are presented. 

2.5 Implementation 

China is in the process of rapid urbanisation. Almost all the major cities in China are developing new 
urban areas to accommodate a growing urban population. Hexi, a new city district in Nanjing, is a 
typical project of new city development and when this research was started in 2010, Hexi’s plans 
included hosting the 2nd Youth Olympic Games in 2014. Figure 2-1 shows the location of Hexi in 
downtown Nanjing. In addition to theoretical research, data analysis was carried out on the urban 
design for the southern area of Hexi. With the development of the new urban area, more inhabitants 
and companies are migrating to Hexi, which thus makes it a good case study. The construction of 
the central area has almost finished and the southern area is beginning to be developed. Future 
research will focus on the implementation in the south compared with those in the central area, thus 
completing the cycle from case study to theory to practice. Theoretical research that lacks a practical 
application is always flawed. 

 
Figure 2-1 Map showing the location of the developing area of Hexi in downtown Nanjing. 
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3 Results 

3.1 Summary of Strategies 

3.1.1 Levels of energy efficient cities 

Cities, districts and buildings form a hierarchy (Figure 3-1). Materials and energy flow between the 
outside environment and these systems. To optimise the energy performance of a system is to 
maximise cascading within the system. The alternatives for optimisation are relatively limited in a 
small system, but numerous in a large system. The energy performance of a district or city depends 
not only on building performance, but also on other factors such as site situation, greenbelt, transport, 
power system, and so on. An energy-efficient city is not simply an aggregation of many low energy 
buildings. Some issues must be assessed at city level, for instance public transport. Some strategies 
are more efficient at city level than at building level, for instance Combined Heat and Power (CHP). 

Figure 3-1 Three levels of a city in architectural and urban planning category. 

In China, energy efficiency at the urban level has not been considered to be as important as efficiency 
at the building level. China has enacted a series of standards and laws for energy efficient buildings, 
but fewer standards for energy efficient cities (Gu et al., 2013b). The time has come for China to 
develop urban level strategies for its newly developing cities. 

3.1.2 Measures for urban energy efficiency 

The measurement of urban energy efficiency is a difficult problem for China. As has been stated, 
energy consumption is easily quantified at the producer side, as the energy providers are centralised. 
In comparison, it is difficult to quantify energy consumption on the consumer side. Unfortunately, 
cities are on the consumer side. In China, the government usually signs responsibility agreements on 
energy conservation with major energy-using corporations and determines the total energy targets 
and unit targets, a system that has obvious limitations (Wu and Yan, 2007). The total energy 
consumption cannot reflect energy saving potential, and the sustainability of different energy 
resources is also difficult to compare. 

On the energy consumption side, energy types are converged and their environmental impacts are 
therefore concealed. General indicators of energy consumption, such as megawatts of electricity, can 
measure the absolute energy consumption, but cannot reflect the environmental effect of the energy 
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resource. Additional indicators are needed to measure the environmental impacts of urban energy 
consumption. Emissions of carbon dioxide, the main greenhouse gas, are now a mainstream 
indicator for measuring fossil fuel consumption, and are used in the study in Nanjing. 

As a developing country, China is in the process of rapid urbanisation. The carbon emissions of 
urban populations greatly exceed those of rural populations. China’s carbon dioxide emissions per 
capita were 3.8 tons in 2004, and they are continuing to grow (UNDP, 2007). Increasing the energy 
efficiency of cities is an important component in decreasing carbon emissions in modern China. 

3.1.3 Two sets of strategies 

The strategies for building energy-efficient cities can be classified into two sets. One approach is to 
make the sub-systems, such as buildings and vehicles, more energy-efficient. The other approach is 
to adjust the relationships between the individual factors. For instance, building houses and offices 
closer together will reduce transport energy consumption, while adding vegetation and dedicated 
cycle lanes beside the road will encourage people to walk or ride bicycles. The subject of research for 
the first approach is energy-efficient buildings, while that for the second approach is low-carbon 
urban planning. 

Social, economic and technical approaches for creating energy-efficient buildings have been 
researched widely, with the emphasis on sustainable city development. However, low-carbon urban 
planning has received less attention. The energy consumption of a city depends on urban sub-systems, 
but each urban sub-system will influence the energy consumption of other sub-systems. To increase 
urban energy efficiency, energy with higher exergy should be reused for purposes needing lower 
exergy levels within the system as much as possible. As a city is a bigger system than a building, there 
are numerous possibilities (Figure 3-2). 

In an architectural and urban planning context, one challenge is to design energy-efficient buildings 
and another is to develop energy-efficient urban planning. 

 
Figure 3-2 Energy consumption of a city system as determined by its sub-systems and their interrelationships. 
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3.2 Architectural strategies 

Today no one questions the importance of energy saving for buildings, even in China. Figure 3-3 
shows some of the factors that affect building energy use, and demonstrates that energy supply and 
use is a very complex issue for a building. 

 

Figure 3-3 For a city, sustainable issues involve many sections where energy issues are important, but even for a single 
building, energy issues offer many challenges. 

To promote energy-efficient building development, many approaches have been developed at three 
levels: administration, the building industry, and architectural design (Figure 3-4). Due to the 
uncertainties in energy supply and concerns over the risk of global warming, many countries have 
introduced target values for reducing energy consumption in buildings. New strict codes for energy-
efficient buildings have been issued and enforced (EBC, formerly ECBCS). At the same time, many 
research institutes have developed BEA methods, where energy efficiency is an important factor. 
Various technical solutions for energy efficiency have also been developed. In many European 
countries, a series of measures have been developed to minimise energy consumption. 

 
Figure 3-4 Three sets of approaches for promoting energy-efficient buildings. 

The importance of codes and laws is undeniable. However, standardisation and legislation are 
relatively slow processes. Today, administrative methods are being replaced by market methods 
against a background of deregulation and globalisation. In the short term, market and technical 
methods can solve problems more quickly, but in the long term, national laws and policies have a 
deeper effect in changing the situation for the building industry throughout the whole country of 
China (Gu et al., 2006, 2009). 

BEA systems are not only assessment methods, but also market-based stimulatory approaches for 
sustainability within the construction market. The first BEA method, BREEAM (BRE 
Environmental Assessment Method), was launched in 1990. These methods are still being developed 
and their importance is widely recognised by society (BREEAM, 2005). Another well-known BEA 
system, the USGBC (U.S. Green Building Council) Leadership in Energy and Environmental Design 
rating system (LEED), is also relatively new, but has developed rapidly (USGBC, 2005). BEA systems 
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have been very successful not only because of their scientific character, but also because they meet 
the requirements of the building market. 

Technical methods for energy efficiency have been developed over a long time period. Passive energy 
conservation emerged with human civilisation and has been evolving for at least hundreds of years. 
The capacity of the building envelope to be energy efficient increased continuously with the 
development of material science and construction technology. Increasingly advanced scientific 
models and technical measures have been developed and are providing more choices nowadays for 
architects in terms of energy efficiency design. The Passive House and Low Exergy (LowEx) systems 
are two representative methods in European countries. These approaches are unfamiliar to architects 
and construction companies in developing countries in terms of their effect and applicability. 

This thesis classifies all discussed energy efficiency approaches into technical, economic and social 
types according to their properties, ranges and subjects (Table 3-1). Technical methods solve 
concrete problems for individual projects; social methods solve systematic problems for the whole 
of society; economic methods act as an intermediary. Technical methods include physical and 
instantaneous methods, for instance energy-saving light bulbs, heat pumps or district heating. Social 
methods are theoretical and long-term, for instance national energy policy, education, or standards 
for energy performance of buildings. The division into the three types is not very strict and most 
approaches are a mixture of all three aspects. For instance, China’s ‘Design standard for energy 
efficiency of residential buildings in Hot Summer and Cold Winter Zone’ also covers shape 
coefficients1 (Ministry of Construction of P.R. China, 2001). Here all the approaches discussed are 
classified into one of three types based on their main contents. This has been done solely for the 
sake of the thesis structure, and does not mean that one approach belongs strictly to a certain method. 

Table 3-1 Classification criteria for social, economic and technical methods. 

 Property Range Subjects 

Social methods Soft Whole society Mental 

Economic methods ↓↑ ↓↑ ↓↑ 

Technical methods Hard Individual case Physical 

3.2.1 Energy use of buildings 

The energy use of buildings can be discussed in a narrow sense or a broad sense. 

In a narrow sense, it means the energy use of a building during its operating period, which usually 
includes four categories: space heating, ventilation and air conditioning, household electricity 
(appliances, electronics, and lighting), and water heating (EIA, 2009b). In general, space heating, 
ventilation and air conditioning (HVAC) will use most of the energy, and these categories have a 
strong relationship with building design. Household electricity and water heating are both 
independent systems for which energy consumption depends on intrinsic factors, and they have a 
weaker relationship with architectural design. Therefore, in a narrow sense, the energy consumption 
of houses mainly refers to HVAC. Energy use is usually measured per unit time, which can be per 
year, per 10 years, per 50 years, etc. 

                                                      

1 Shape coefficient is the ratio of exterior surface to floor area. The smaller this ratio is, the lower the energy loss area and 
the higher the energy efficiency. Hence, control of the shape coefficient is a basic technical method for energy efficiency in 
an architectural design. China’s ‘Design standard for energy efficiency of residential buildings in Hot Summer and Cold 
Winter Zone’ 4.0.3 states that the shape coefficient of rectangular residential buildings must not exceed 0.35 and that of 
point block residential buildings must not exceed 0.4. 
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In a broad sense, energy use should be discussed from a Life Cycle Assessment (LCA) perspective, 
which should include energy use during the whole life cycle of a building, not only in its operating 
period, but also its material production, transportation, construction and demolition stages. The LCA 
principle has been adopted in some modern environmental assessment methods, as well as in energy 
consumption assessment. 

However, less than 10% of energy is consumed in the construction phase of an average building 
(although for new energy efficient buildings this value is larger) and most is consumed in the 
operating phase. Hence this thesis mainly discusses energy consumption in the operating phase. 

3.2.2 Indoor comfort 

Energy consumption is a reflection of human activities. If residents did not use heating and cooling 
facilities or electrical appliances, all buildings would be ‘energy-efficient’. Unfortunately, this is 
impossible in modern societies, which means that managing indoor comfort is critical for the 
development of energy efficiency of buildings. The indoor climate includes the thermal environment, 
the luminous environment and the sonic environment; of these, thermal environment is the most 
important. 

The human body continuously produces heat through its metabolic processes. This heat must be 
dissipated to the environment, or the body temperature will increase. The body’s thermal balance 
can be expressed as: 

M ± Rd ± Cv ± Cd – Ev = ΔS 

where 

M = metabolic heat production 

Rd = net radiation exchange 

Cv = convection (incl. respiration) 

Cd = conduction 

Ev = evaporation (incl. in respiration) 

ΔS = change in stored heat. 

Figure 3-5 illustrates a person’s heat exchange. A condition of equilibrium is that the sum (ΔS) is 
zero and such equilibrium is a precondition of thermal comfort at 50% RH (relative humidity) and 
less than 0.15 m/s airflow speed. However, comfort is defined as ‘the condition of mind that 
expresses satisfaction with the thermal environment’, which requires subjective evaluation and clearly 
embraces factors beyond the physical/physiological (Szokolay, 2004). 

 
Figure 3-5 Heat exchanges of the human body (Source: Szokolay, 2004, p.16). 

To keep indoor air fresh, it is necessary to exchange it with outdoor air, which is the main function 
of ventilation systems (Table 3-2). 
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Table 3-2 Typical ventilation requirements of living or working spaces (Source: Szokolay 2004, p.264). 

Function Air changes per hour 

Kitchen, other than domestic 20 

Kitchen, domestic 10 

Laundry, boiler room, operating theatre 15 

Canteen, restaurant, dance hall 10 ~ 15 

Cinema, theatre, lavatory 6 ~ 10 

Bathroom, bank hall, parking station 6 

Office, laboratory 4 ~ 6 

Library 3 ~ 4 

Staircase, corridor (non-domestic) 2 

All other domestic rooms 1 

Air inhaled: at sedentary activity               0.5 m3/h 

                   at heavy work                        up to  5 m3/h 

Limitation: CO2 content, absolute limit    0.5% 

                   noticeable ‘used air’ effect      0.15% 

A problem associated with ventilation systems is thermal loss. Natural ventilation systems are 
difficult to design for full functionality. The difficulty with a house ventilation system is the building’s 
small space, which requires a relatively simple system. The most rational solution would be a 
ventilation system with heat recovery instead of a large-scale central ventilation system as applied in 
commercial buildings (Figure 3-6). 

 
Figure 3-6 Principle of a ventilation system (Source: City of Hannover, 2005). 

With economic development, China’s people are pursuing higher indoor comfort standards. 
However, the high Western indoor comfort standard must be adapted for a Chinese context, for 
instance, taking into account cooking traditions, a greater total population and a higher population 
density. 

3.2.3 The Passive House and Low Exergy Systems 

Comfort and energy conservation are two ways to describe building characteristics. They are related 
and restrict each other.  Logically, improving indoor comfort will consume more energy. However, 
energy-efficient buildings try to combine high indoor comfort with low energy consumption. In the 
last twenty years various ‘energy saving’ measures have been conceived, developed and implemented 
in building envelope systems, together with their associated environmental control systems such as 
lighting, heating and cooling. Those measures can be categorised into two groups: those for ‘passive’ 
systems and those for ‘active’ systems (Ala-Juusela, 2003). 
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‘Passive’ systems are building shell systems using various factors in the environment such as the sun 
and wind to illuminate, heat, ventilate and cool the indoor climate. The evolution of passive systems 
has kept pace with human civilisation. The capacity of the building envelope increased with the 
development of material science and construction technologies, but even the best passive system still 
has the disadvantage of relying on the surrounding natural environment while lacking the ability for 
active adjustment in extreme situations. 

‘Active’ systems use equipment to adjust the temperature, humidity, airflow, brightness and other 
elements of the indoor climate. These range from fireplaces to modern air conditioning systems, 
from candles to modern electric light bulbs. However, active systems need external energy to 
function. In most cases, this external energy has come in the form of fossil fuels. Most of the active 
systems are independent and do not necessarily work with passive systems. 

The term ‘Passive House’ refers to a construction standard that is a refinement of the Low-energy 
House (LEH) standard (Table 3-3). The main characteristic of the LEH standard is that no more 
than 65kWh/(m²a) of energy may be used for heating purposes. Application of this standard would 
reduce the consumption of oil for heating purposes from 12–15 L/(m²a) to 6.5 L/(m²a) heated 
housing area (European Commission, 1995). To meet the LEH standard, houses must have better 
heat insulation: not less than 14 cm thickness of insulation material, no heat bridges, windows with 
double glazing and good, airtight frames. 

‘Passive Houses’ are buildings that provide a comfortable indoor climate in summer and in winter 
without needing a conventional heat distribution system (Feist et al., 2001). The heat insulation of 
Passive Houses is so good that the heat radiation from human bodies and household appliances can 
meet the heating requirements. The house heats itself, so it is a ‘zero-energy house’ too. The 
precondition for European passive house construction is an annual heating requirement that is less 
than 15kWh/(m²a), and the combined primary energy consumption of living areas may not exceed 
42kWh/(m²a) for heat, hot water and household electricity. With this as a starting point, additional 
energy requirements may be completely covered using renewable energy sources (Passive House, 
2005). The criteria proposed by the International Passive House Association (iPHA) for energy use 
are that the space heating energy demand is not to exceed 15kWh/(m²a) of net living space (treated 
floor area) or 10W/m² peak demand; the total energy to be used for all domestic applications (heating, 
hot water and domestic electricity) must not exceed 120kWh/(m²a) (iPHA, 2013). 

Table 3-3 Technical Index of the Passive House (Source: Passive House, 2005). 

Items 
Requirements 

Measure Specification 

Passive solar 
gain 

Passive solar gain Optimised south-facing glazing Close to 40% contribution to space 
heating demand 

Super-glazing Low-emissivity triple glazing U-value 0.75 W/(m²K), solar 
transmission factor  50% 

Super-frames Super-insulated window frames U-value  0.8 W/(m²K) 

Super-insulation Building shell Superinsulation U-value ~ 0.15 W/(m²K) 

Building element 
junctions 

Thermal-bridge-free construction (linear thermal transmittance, 
exterior dimensions) < 0.01 W/(mK) 

Air-tightness Airtight building envelope less than 0.6 air changes per hour at n50 

Combining 
efficient heat 
recovery with 
supplementary 
supply air 
heating 

Hygienic ventilation Directed air flow through whole 
building; exhaust air extracted 
from damp rooms 

Around 30 m³ per hour and person 

Heat recovery Counterflow air-to-air heat 
exchanger 

Heat transfer efficiency   80% 

Latent heat recovery 
from exhaust air 

Compact heat pump unit Max. heat load 10 W/m² 

Subsoil heat exchanger Fresh air preheating Fresh air temperature  8 °C 
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Electric efficiency means efficient 
appliances 

Through fitting the Passive Houses with efficient household appliances, hot 
water connections for washing machines and dishwashers, airing cabinets and 
compact fluorescent lamps, electricity consumption is also decreased, by 50% 
compared to the average housing stock, without any loss of  comfort or 
convenience. 

Meeting the remaining energy demand 
with renewable sources 

Cost-optimised solar thermal systems should meet about 40–60% of  the 
entire low-temperature heat demand. Over the annual balance, the remaining 
energy consumption (for space heating, domestic hot water and household 
electricity) is offset completely by renewable sources. 

Advantages of the Passive House: 

• Low primary energy consumption. 

• Simple concept. 

• Developed constructions and productions.  

Shortcomings of the Passive House: 

• Difficult to obtain the highest indoor comfort. 

• More expensive than ordinary buildings. 

The active systems need energy to operate. This energy can be grouped into two kinds: low-value 
energy and high-value energy. 

Exergy is a kind of energy that is entirely convertible into other types of energy (Ala-Juusela, 2003). 
High-value energy such as electricity and mechanical workload consists of pure exergy. Low-value 
energy has limited conversion potential, for instance, heat close to room air temperature. Low exergy 
heating and cooling systems allow the use of low-value energy, which is delivered by sustainable 
energy sources, for instance, by using heat pumps, solar collectors, either separated or linked to waste 
heat, energy storage, etc. Common energy carriers such as fossil fuels deliver high-value energy. So 
what we are talking about is actually saving exergy, not energy. 

As an example, a 12 V/2.3 Ah car battery and 1 litre of water at a temperature of 43°C present in an 
ambient temperature of 20°C both have 100 kJ energy. However, it is obvious that the battery is 
more useful – that is, easier to transform into a variety of useful actions – than the water. So the 
battery has more exergy than the water (Ala-Juusela, 2003). 

High-value energy is easy to use, but most is generated from fossil fuels. Low-value energy sources 
are difficult to utilise, but most of them are sustainable, for instance, geothermal energy, wind energy, 
industrial waste energy, etc. Future buildings will be designed to use low-value energy sources for 
heating and cooling. The development of low-temperature heating systems and high-temperature 
cooling systems is a necessary prerequisite for using alternative energy sources. 

High-value energy is widely used in heating and cooling because of its high exergy. However, systems 
for high-temperature heating and low-temperature cooling also encounter some problems: the large 
difference in temperature between heat exchangers and air results in the indoor temperature being 
non-homogeneous in a given space; the low temperature of cooling systems readily causes 
condensation of moisture; the equipment and pipes have to be able to endure high temperatures; 
and softened water must be used to avoid sediment encrustation. The development of LowEx 
systems can solve all these problems (Ala-Juusela, 2003). 

LowEx systems use a low temperature difference between cooling or heating media and the inside 
of the building. Because the heating and cooling media temperature is close to the air temperature, 
the indoor temperature is comfortably high enough and homogeneous, the pipes are slow to encrust 
or cause condensation, and the equipment does not need to be heat-resistant. The low temperature 
requirement makes it realistic to utilise low-value energy, for instance industrial waste heat, river/lake 
water, solar energy, wind energy, etc. All of these are difficult to use in general because of their low 
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exergy, but they also have a couple of notable advantages: low costs, wide distribution and eco-
friendliness. 

LowEx technologies can be grouped into five sets: Surface Heating and Cooling (S), Air Heating and 
Cooling (A), Generation/Conversion of Cold and Heat (G), Thermal Storage (T), and Distribution 
(D) (Ala-Juusela, 2003). The first two sets are more closely related to architectural design, while the 
last three sets are more closely related to energy subjects. Surface Heating and Cooling is applicable 
to active indoor thermal adjustment and Air Heating and Cooling is applicable to heat recovery. The 
Heating, Ventilation and Air Conditioning (HVAC) systems are not only accessories of buildings, 
but also part of their construction, so they should be considered during the architectural design phase. 

Advantages of LowEx systems: 

• High indoor comfort compared with the Passive House. 

• Energy efficiency. 

• Wide applicability. 

• Space efficiency. 

Shortcomings of LowEx systems: 

• Not more energy efficient than the Passive House. 

• Complicated constructions. 

• High costs. 

It should be emphasised that neither the Passive House nor LowEx is a single technical method, but 
a series of relatively complex technical methods. 

3.2.4 Building Environmental Assessment 

BEA is a category of methods for environmental assessment of building environments including 
indoor climate, single building and building group/community. BEA also has different methods for 
environmental assessment of industrial products. It evaluates not only general environmental impact 
issues such as energy, water, waste, material, etc., but also issues such as lighting, ventilation, noise, 
parking etc. related to living performance, including occupant health and satisfaction. BEA is based 
on LCA methods. 

LCA is a technique for assessing the environmental impacts associated with a product over its entire 
life cycle. It is an integrated ‘cradle to grave’ approach used to assess the environmental performance 
of products and services (ISO 14040; Baumann and Tillman 2004). Many LCA tools are also 
implemented in building environmental assessment, for instance Dutch SimaPro, American BEES, 
German GaBi, British TEAM, etc. However, in that they consider buildings as industrial products, 
these tools only examine the raw material and energy issues, and cannot consider the social aspects 
of the buildings. In the scientific area, LCA has been acknowledged as one of the most powerful 
methods, but it is not the main technique discussed in this thesis. Instead, ‘criteria-based BEA’ 
methods (Assefa et al., 2006) and ‘credit-weighting’ scales (Lee et al., 2002) are discussed. 

LCA is a robust quantitative assessment method, but it has not been used on a large scale for building 
environmental assessment for two reasons: conflicts between depth and applicability, and uncertainty 
due to the lack of reliable LCA data, which means that the assessment result for one building is not 
applicable to other buildings in practice. Thus, LCA tools in the construction industry are less 
developed than those in other industries (Scheuer and Keoleian, 2002). 

Moreover, BEA methods have developed a new approach, which has been called the Middle Path 
by some researchers (Scheuer and Keoleian, 2002). 
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Figure 3-7 shows different boundaries of LCA and BEA. 

 
Figure 3-7 LCA includes more ‘impact categories’ while BEA includes more ‘environmental categories’. 

The goal of BEA is to identify and evaluate the environmental impacts of building development and 
operation. For a new construction, the conclusion of the assessment could support decision making 
and promote sustainable design and planning. For an existing building, an objective assessment is a 
useful starting point for the identification of disadvantages and for reforming the design. Whatever 
the style of the construction, these assessments do not determine decision making, but they do 
influence the process.  

Generally, BEA functions include: 

• Presenting a set of quantitative environmental measures and evaluating methods for sustainable 
buildings and communities. 

• Promoting official policies and regulations aimed at sustainable construction. 

• Raising consumer awareness of environmental issues and standards. 

• Recognising and encouraging environmental design for buildings, and stimulating the market 
for sustainable construction. 

• Improving environmental management of the built environment. 

• Forcing the building market to pay more attention to ecological issues. 

Most BEA systems have been (or are now being) commercialised for two reasons. First, BEA 
certifications are not mandatory rules or regulations administered by authorities, and second, the 
BEA process generates high costs due to the complex steps and need for input from a large numbers 
of professionals. 

There have been many mandatory standards in the building industry. If buildings do not meet these 
codes, they are not legitimately certified. However, BEA is not a part of mandatory standards. The 
path that BEA tools are taking is largely one of industrial collaboration: they are voluntary, market-
based standards. Many BEA organisations are developing incentive programmes to extend the 
implementation of BEAs. For instance, at the end of 2003, the Australian Government Department 
of the Environment and Heritage began a process to commercialise National Australian Built 
Environment Rating System (NABERS) and called for Expressions of Interest from suitably 
resourced, experienced and committed organisations to undertake the commercialisation phase, 
including market rollout, promotion, implementation and on-going administration of NABERS. In 
August 2004, the Sustainable Energy Development Authority of New South Wales was awarded the 
tender to make NABERS a commercial reality (NABERS, 2005). 
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Unlike political approaches, economic approaches are voluntary. If the former is a stick, the latter is 
a carrot. The purpose of BEA is not assessment itself, but to promote energy efficient building 
development. It works through marketable operations rather than despite market constraint. Hence, 
BEA is classified as a kind of economic approach for the purposes of this thesis. 

For a relatively new method, BEA has developed rapidly. For instance, LEED has developed nine 
sub-rating systems covering new construction, operation and maintenance of existing buildings, 
commercial interiors, core and shell, schools, retail, healthcare, homes, and neighbourhood 
development. Some disadvantages of the old version have been corrected in the later version. It is 
hoped that even better versions will soon become available. 

3.2.5 Large-scale or small-scale 

Hammarby Sjöstad is one of the biggest construction programmes in Europe. The goals of the 
project can be summarised in one sentence: Twice as good as ordinary new housing. The project’s 
goals are as follows: energy consumption should be half that of normal buildings of the 1990s; 80% 
of transport should be public transport, bicycle and walking; harmful and hazardous waste should be 
reduced by 50%; water usage should be reduced by 50%, and metals/gravel from raw materials by 
50% (Svane, 2005). To meet these goals, the latest technologies, many developers, and city authorities 
were gathered into the project. Hammarby Sjöstad appears to be the inspirational model for future 
houses and neighbourhoods: technologically advanced, modern, and fashionable. 

At the same time, some efforts have been made to create sustainable neighbourhoods known as ‘eco-
villages’. Eco-villages are small communities that are developed and designed by the local inhabitants 
themselves (Gilman, 1991). In some regards this goes against the trend of global industrialisation and 
urbanisation. Eco-villages result when residents are not satisfied with the standard buildings provided 
by industrialised developers, and they become jointly responsible for construction and maintenance 
of their eco-village. Compared to urban residential communities, the eco-villages are so small that 
the public cannot relate to them as easily as they do to a large project like Hammarby Sjöstad. Tens 
of eco-villages have been created in Sweden, and more are currently under construction (Norbeck, 
2004). 

Generally, large-scale and compact buildings will be more efficient because of their centralised energy 
production and waste treatment systems (Table 3-4). The eco-villages are so small-scale that their 
supply systems cannot meet the economic marginal costs, which contributes to their high costs and 
relatively low benefits. The energy use of buildings is related to both architectural design and users’ 
habits, which explains variations between theoretical values and actual values. 

Table 3-4 Comparison of surface areas, heating energy consumed and construction costs for eight housing units in 
different configurations (Source: Preisig et al., 1999). 

 
 

8 separate houses 
(ground floor plus 

basement) 

 
2 terraces of 4 houses  

(ground floor plus 
basement) 

 
block of 8 flats 

(2 storeys plus basement) 

Site area 100% 70% 34% 

Envelope surface 
area 

100% 74% 35% 

Heating energy 100% 89% 68% 

Construction costs 100% 87% 58% 
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Table 3-5 presents a comparison of energy consumption for space heating, hot water and electricity 
in different areas, using Hammarby Sjöstad as an indicator of relative performances. The energy 
consumption was 120 kWh/(m²a) in Hammarby Sjöstad’s first phase, which was double the design 
objective (Svane, 2005). The first generation of eco-villages did not perform better than Hammarby 
Sjöstad. The energy use in Uppsalahem’s rental buildings in Hågaby (a rebuilt eco-village) is 180 
kWh/(m²a). The newly built BRF Hällen (a new eco-village) has been estimated to use around 110 
kWh/(m²a). This level is not particularly good, but it is lower than the average Swedish house, which 
is 200 kWh/(m²a) (Berg, 2002). The next generation of eco-villages in Lindås and Glumslöv offer a 
better energy performance, about 60–80 kWh/(m²a), but this varies a lot between identical houses, 
a natural result of different habits and number of inhabitants. It is remarkable that the real energy 
use in Hammarby Sjöstad’s first phase was twice the stated objective level. This is largely due to the 
fact that the original objective was a political goal that was largely ignored by the developers who 
stayed focused on 110 kWh/(m²a) as demanded by the building codes. With the increasingly stricter 
building codes, the next phase of Hammarby Sjöstad has shown a better energy performance 
(Freudenthal, 2006).  

Table 3-5 Comparison of heat plus hot-water energy consumption in different areas (Source: Gu et al., 2009). For reference, 
the building code requirement was changed from 110 kWh/(m²a) to 90 kWh/(m²a) in 2013 for the region where Hammarby 
Sjöstad is located. 

 Hammarby Sjöstad - 
Objective  

Hammarby Sjöstad, 
first phase - Real 

Hågaby - rebuilt 
buildings 

Hällen newly 
built houses 

Swedish house 
average 

60 kWh/(m²a) 120 kWh/(m²a) 180 kWh/(m²a) 110 kWh/(m²a) 200 kWh/(m²a) 

In theory, the large-scale city communities are energy-efficient per capita, but in practice most 
developers will not pay the costs to meet energy efficiency requirements. Eco-villages have good 
objectives, but the small scale of such developments means it is difficult to achieve the highest level 
of energy efficiency. Therefore, the most energy-efficient building is likely to be a large-scale 
development enjoying the full participation of inhabitants. 

3.2.6 Provider paradigm and support paradigm 

Hammarby Sjöstad and Eco-village represent two types of housing paradigm. 

In the book ‘Housing without Houses’, Nabeel Hamdi (1991) defines the public mass housing strategy 
as typical of the ‘provider paradigm’. The opposite of this principle is called the ‘support paradigm’ 
or ‘enablement strategy’. In the provider paradigm, the providers, mostly governments and 
corporations that produce residential houses, use mass production principles: centralised, 
standardised, industrialised and instant. Generally, the residents have little choice and they may not 
influence the building designs as they wish. In the support paradigm, however, the supporters do 
most of the work by themselves. Therefore, the principles of this paradigm are decentralised, varied, 
handmade and incremental. According to this principle, the state should support local resources and 
not produce ready-made houses (Vestbro, 2004b). 

In the provider paradigm, the primary public consideration is to ensure project completion, and the 
developers, architects and residents also view the project from their perspectives. The city authorities 
may use the project to renew old industrial areas and solve the city’s housing problems; the 
developers may focus on more commercial benefits; the architects may want to see buildings with 
high aesthetic and technical values; and the residents may care about good living conditions, public 
transport, services such as education and shops and, of course, price. In the support paradigm, the 
residents’ environmental and living ideas are the first to be considered. However, their plans can be 
restricted by the construction company. 

Whether in the provider paradigm or the support paradigm, the architects are responsible to one 
client only: either the developer, or the residents. Housing design is thus a linear and one-way process. 



19 

Figure 3-8 illustrates the process of the two paradigms. In the linear system, the architects’ initial 
designs usually cannot be carried out in full because they have to make compromises with their clients.  

 
Figure 3-8 Two paradigms in housing development. 

The systematic development strategy is an alternative to the linear development process and offers 
an alternative to the present approach for developing energy-efficient buildings. In a linear system, 
architects are only responsible to their client, but in a systematic development system all the 
stakeholders have to be engaged in the design of the buildings. The architects have to provide an 
integrated solution to various stakeholders and accept their comments. The design is an interactive 
and two-way process rather than a result. With the systematic development strategy, energy saving 
technologies can be applied in an optimised manner. In conventional conditions, architects perform 
the role of technical support, while in systematic conditions they act as the coordinator of different 
stakeholders (Figure 3-9). ‘Architects work at many levels and may influence the development 
process’ (Szokolay, 2004, p. 234). They must be responsible for cooperation among stakeholders. 

 

 

 

 

 

Figure 3-9 (a) Linear development process and (b) systematic development process. 

3.2.7 Standardisation and legislation 

One reason that energy-efficient buildings have not been implemented widely in China is the lack of 
mandatory regulations, which is in stark contrast to Europe. As an example of the development of 
mandatory regulations, one can look at the EU vehicle emissions standards, where new regulations 
are predictably stricter than older versions. Implementation is complicated and currently these 
standards have five levels: in 1992, Euro 1 was forcibly implemented in the EU countries, in 1996 
Euro 2, in 2000 Euro 3, in 2005 Euro 4 (David et al., 2005), and Euro 5 has been applicable since 
September 2009 (Fontaras and Dilara, 2012). If there was no EU agenda to limit vehicle emissions, 
it is unlikely that car producers would consciously attempt to reduce the emission levels of their 
products. 

Of course, the building construction situation is not exactly like the car industry. The building 
industry is not monopolised by a few manufacturers. Construction companies are usually relatively 
small-scale in China, and even an individual family may build houses. Therefore, many stakeholders 
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consider construction their private affair and believe they have the freedom to decide the building 
level of energy use. 

Stakeholders do have the right to decide the building level of energy use, but it must be within a 
certain scope. Buildings may use different materials, from cheap plaster to expensive stone, but they 
generally also use electricity and water and produce solid waste and wastewater, demands which are 
supported by municipal infrastructures. In these aspects, constructing buildings is the same as 
manufacturing cars. 

The case of the EU vehicle emissions regulation shows that legislation and standardisation are 
important for promoting environmental protection. Incentive programmes are useful as 
demonstrations and to extend the concept, but their availability is limited. Comprehensive energy-
efficient building development still ultimately relies on administrative methods (Zhang et al. 2011). 

After 2000, when the Chinese legislative process was streamlined, the laws and regulations related to 
buildings’ energy performances were stricter, which promoted more low-energy buildings. China has 
published some policies, standards and laws for energy efficiency, many of them aimed at setting 
building parameters (Table 3-6). 

Table 3-6 China’s recent laws and regulations related to energy-efficient buildings. 

Year Policies Professional standards Laws 
2001  Design standard for energy efficiency of 

residential buildings in hot summer and 
cold winter zone 

 

2003  Design standard for energy efficiency of 
residential buildings in hot summer and 
warm winter zone 

 

2004 Mid- to long-term special plan for 
energy conservation 

  

2005  Design standard for energy efficiency of 
public buildings 
Technical code for solar water heating 
system of civil buildings 
Technical specification for external 
insulation on walls 

Energy saving management 
regulations for civil buildings 

2006 Decision about strengthening energy 
saving tasks by the State Department 
Policy for energy saving technologies 

Evaluation standard for green buildings Renewable energy law of P.R. 
China 

2007 Mid- to long-term development plan 
for renewable energy 

Codes for acceptance of energy efficient 
building construction 

Energy conservation law of 
P.R. China 

2008   Energy saving regulations for 
Civilian Buildings 
Energy saving regulations for 
State-funded institutions 

2009  Technical code for the retrofitting of 
public building on  energy efficiency 

 

2010  Design standard for energy efficiency of 
residential buildings in hot summer and 
cold winter zone (new edition) 
Design standard for energy efficiency of 
residential buildings in severe cold and 
cold zones 

 

2011  Standard for energy efficient building 
assessment 

 

2012  Design standard for energy efficiency of 
residential buildings in hot summer and 
warm winter zone (new edition) 

 

2014  Assessment standard for green building  
2015  Design standard for energy efficiency of 

public buildings 
 

2016  Code for thermal design of civil building  
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3.3 Urban planning strategies 

3.3.1 Theoretical foundations 

Soft systems theory 

Biologist Ludwig von Bertalanffy (1968) proposed ‘General system theory: foundations, develop-
ment, applications’ (later shortened to General System Theory). It has been successful in solving 
many structural problems, such as railway schedules and mass production management.  

However, General System Theory is difficult to use in solving unstructured problems, such as social 
problems. This is because conventional systems theory uses hard systems methodology, which 
assumes that the real world is structured and mechanical. Humans can identify the rules of this world 
and use them in practice. However, there are so many indefinite factors in the human world that 
conventional engineering cannot address such as social, cultural, educational and health issues, and 
management. Soft system thinking represents a different mode of thought that does not consider the 
world to be mechanical and absolutely controllable by humans. However, humans can influence and 
organise the world by using limited, internalised actions, which are processes of interaction and 
communication between problem solver or manager and real world problematic situations, rather 
than a result (Checkland, 1999). Stakeholders related to a city development also form a social system. 
Soft systems methodology can be used in these situations. 

Game theory 

Encyclopaedia Britannica (2018) defines game theory as ‘a branch of applied mathematics that 
provides tools for analysing situations in which parties, called players, make decisions that are 
interdependent. In every game, a decision of one player will influence other players.’ Thus, game 
theory studies strategic interactions rather than stable situations (Stanford Encyclopaedia of 
Philosophy, 2006). Since it was established in the 1940s, game theory has been applied in many 
diverse academic fields, ranging from economics, biology and psychology to sociology and 
philosophy. 

The book ‘Theory of Games and Economic Behavior’ by John Von Neumann and Oskar Morgenstern 
(1944) established game theory. The authors discussed methods for finding optimal solutions for 
zero-sum and cooperative games, such as gambling and time bargaining. John Nash (1950, 1951) 
later developed a definition of an ‘optimum’ strategy for multiplayer games, known as the ‘Nash 
equilibrium’. According to his theory, what every player wants is to maximize his or her interests, but 
acting on absolute rational self-interest may hurt everyone involved in the game. In a non-zero-sum 
game, the total reward (the sum of the reward received by the two players) would be greater if the 
two players cooperate2 (Poundston, 1992). However, players are usually absolutely selfish, unless 
there is interference from an external power, for instance national laws or codes. So the result of 
‘both win’ is rarely obtained in the real world. The usual outcome adheres to the Nash game theory, 
which is so general that it can explain most ‘game’ phenomena, which are usually non-cooperative in 
the real world (Lucas, 1981). 

Although similar to decision theory, game theory studies decisions that are made in an environment 
where various players interact. In other words, game theory studies optimal behaviour when costs 

                                                      
2 ‘Prisoner's dilemma’ is a famous model of a non-zero-sum game. There are two accused persons. They are being 
interrogated separately and do not know what the other is saying. If one pleads not guilty and the other person confesses, 
one will stay in jail for 10 years, and the other one will be released. If they both plead not guilty, they will both receive a 
sentence of one year. If both plead guilty, they will both receive a sentence of five years. Obviously, pleading guilty is the 
most rational choice for each of them, whether the other one pleads guilty or pleads not guilty (regardless of actual guilt). 
Consequently, both of them will be in jail for five years. Although the best result to the system would be that they both 
have a one-year sentence, this result is, in practice, nearly impossible to achieve. 
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and benefits of each option are not fixed, but depend upon the choices of other individuals. A 
building project is a game in which many stakeholders participate. Game theory can contribute to 
rationalisation of the building development process and indicate who should play which role. 

Problems of energy-efficient buildings and ideas of urban planning 

Space heating, ventilation and air conditioning, household electricity, and water heating are the main 
types of building energy consumption. Heating and cooling usually consumes the most energy, so 
that is often the focal point in saving energy; the basic method is to enhance the insulation of the 
building envelope. However, improving the insulation performance also increases the material costs 
(Figure 3-10). Meanwhile, if energy use for heating and cooling decrease, the proportion of overall 
energy consumption of a building decreases, and therefore the energy-saving effect also decreases 
(Figure 3-11). When the thermal performance of the building envelope is at a relatively high level, 
further improving the performance brings additional costs, but the benefit will not increase 
proportionally. Hence, it is necessary to find methods to decrease the energy demands of buildings 
at source. 

 
Figure 3-10 Principal cost-benefit curve of building envelope thermal performance. The optimum insulation thickness 
for walls can be calculated by overlaying the costs for building a wall of different thicknesses (curve 1), with the energy 
costs of heating the building (curve 2). During the first half of the 1990s, the optimum insulation thickness was about 

28cm (curve 3, point A), but if energy prices increase the optimum insulation thickness also increases (curve 4). (Source: 
Professor Björn Karlsson, Linköping) 

 

Figure 3-11 The higher the energy standard, the lower the space heating contribution to overall energy consumption 
(Source: Passive House, 2005). The energy saving potential is almost exhausted for Passive House. 

The source of urban energy consumption is human activities: work, living, entertainment, travel, etc. 
Urban form provides and restricts space to residents of the city, influencing their activities. Figure 3-
12 shows how the energy performance of cities can be optimised by optimising urban sub-systems 
and urban form. 
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Figure 3-12 The left column shows functions that a city should offer its inhabitants. The right boxes are the components 

of the physical environment that should be organised to fulfil these functions. The organisation of the physical 
environment depends on how functions are prioritised. Urban planning tries to achieve the goal of energy efficiency by 

influencing the city’s human activities with optimisation of urban form. 

Although cities can be self-organised, urban planning is still the main method for adjusting urban 
form, especially with the development of new cities in China. Urban form can strongly affect the 
activities of people living in a city, so form is key for urban energy efficiency. Urban planning has no 
energy-saving effects that are as directly quantifiable as energy-efficient buildings, at least in the short-
term, but its positive effects will persist over the long-term. 

3.3.2 Investigation into energy consumption in Nanjing 

With a population of eight million (November 2010), Nanjing, the capital city of Jiangsu Province 
and located in the Yangtze River delta region, is representative of a large Chinese city (Nanjing 
Statistics Bureau, 2010). Nanjing City is located at 32°02’38”N, 118°46’43”E, in a region where the 
coldest monthly temperature in January is 2.4°C and the hottest monthly temperature in July is 
27.8°C, with an annual average of around 15.5°C. The average relative humidity is 77% (CDC, 2011). 

The survey on energy consumption was carried out in three different urban areas, representing the 
three phases of residential development in Nanjing since 1978. These areas were Zhujiang Road (Site 
A) in the old city, Longjiang area (Site B) in the unplanned residential area, and Hexi area (Site C) in 
the planned satellite town. Basic information about the households and their energy consumption 
was collected in the three areas. Various characteristics relating to urban living, such as climate, 
geographical, architectural, economic and social factors, and their impacts on energy consumption, 
were analysed (Figure 3-13). 
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(a)                                                    (b)                              (c)                                (d) 

Figure 3-13. Location of study sites A–C and examples of streets and buildings at each site. (a) Site locations; (b) 
Zhujiang Road, Site A; (c) Longjiang area, Site B; (d) Hexi area, Site C. 

The survey was carried out by researchers and students from the School of Architecture, Southeast 
University, China, in 2011. In all, 1500 questionnaires were randomly distributed in the three areas 
(500 in each) and the total number of valid returns was 77, representing 204 inhabitants (Site A 26 
valid returns, representing 70 inhabitants, Site B 28 valid returns, representing 74 inhabitants, Site C 
23 valid returns, representing 60 inhabitants). The response rate was thus 5.1% in total. These valid 
answers were used in this study. 

The questionnaire consisted of two sections, asking for basic information about the household and 
details of its energy consumption. 

The first section had questions on the type of housing, number of household members, their age and 
income, distance to work and means of transport, and main household appliances. 

The second section of the questionnaire explored the main use of energy. In terms of fuel categories, 
many types of energy carriers were considered, but only three types are actually used by respondents: 
electricity, natural gas and petrol. Electricity was the chief energy carrier, data on which were acquired 
from their bi-monthly electricity bills (meter reading occurs every two months in Nanjing) from 
January to November 2010. Electric energy use was then calculated in terms of kilowatt-hours per 
household over a period of one year. Coal and liquefied petroleum gas were once the main fuels for 
domestic cooking, but today these are usually only used in commercial boilers. Natural gas is currently 
the main source of energy for domestic cooking in Nanjing and data on natural gas consumption 
were obtained from the east area of Sichuan province (Nanjing Local Chronicles Compilation 
Committee, 2011). Petrol is the dominant fuel used for private vehicles in China, while diesel, 
compressed natural gas, and liquefied petroleum gas are more often used for public transport in 
Nanjing (Zhu, 2010). The petrol consumption was estimated by multiplying the average petrol 
consumption per kilometre by the total driving distance. For those using public transport, energy 
consumption was calculated using the average fuel efficiency of public transport and travel distance 
(IPCC, 2006). 

In order to relate the data to the discussion on climate change, the amount of energy consumed was 
further converted into CO2 emissions using the IPCC carbon emissions calculation formula (2006 
edition) (IPCC, 2006). It was concluded that the IPCC formula was the best available option for this 
study, although a field-tested formula would have been more accurate. 

The CO2 emissions per capita of the respondents, for household and transport, amounted to 1.97 t 
in 2010, of which the CO2 emissions from electricity consumption comprised 1.15 t (58%) (Table 3-
7). Per capita CO2 emissions from natural gas consumption were 0.05 t (3%) and from petrol 
consumption 0.77 t (39%). 
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Table 3-7 Comparison of per capita CO2 emissions per year. 

 CO2 emissions from 
electricity (ton) 

CO2 emissions from 
natural gas (ton) 

CO2 emissions from 
petrol (ton) 

Total CO2 
emissions (ton) 

Site A 1.14 0.05 0.54 1.73  

Site B 1.10 0.06 0.61 1.77 

Site C 1.19 0.06 1.19 2.44 

Average 1.14 0.05 0.77 1.97 

Nanjing’s electricity consumption shows clear seasonal variation. Figure 3-14 shows bi-monthly 
electricity consumption per household. In line with the mean monthly temperature in Nanjing, 
electricity consumption showed accompanying seasonal trends. Electricity consumption in summer 
was almost twice that of spring and autumn, and also considerably higher than consumption in winter. 

 

Figure 3-14 Electricity consumption (kWh) per household in different seasons (kWh). Summer = July-Sept. 

Location of the home in relation to work was clearly an important factor influencing a household’s 
transport energy consumption. Figure 3-15 shows CO2 emissions per capita in the different areas. 
Site A had the lowest transport-related emissions, about 71% of those at Site C, which had the highest 
transport emissions. However, electricity and natural gas consumption showed only small differences 
between the different sites. The main difference was in petrol consumption, which at Site C was 220% 
of Site A and 194.8% of Site B. This shows that location has an important influence on residents’ 
energy consumption for transport. 

 

Figure 3-15 CO2 emissions per capita with respect to location for the different energy carriers studied. 

The study in Nanjing revealed that household use and transport were the two main contributors to 
domestic energy consumption in the city. Household devices with a high coefficient of performance 
(COP), usually central air conditioning systems, did not make buildings more energy-efficient. 
Architectural design should seek to reduce the use of such devices. Energy consumption generally 
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increased with increasing income, especially at lower levels of income. Family structure also 
influenced energy consumption, with high-income families and small families consuming more 
energy per capita. The results showed that economic and social factors were as important as technical 
factors for energy efficiency. The detailed analysis and calculations are given in Paper III. 

3.3.3 Strategies to reduce urban energy demands 

The main components of urban energy consumption are industry, buildings and transportation. 
Industrial energy efficiency mainly depends on improvement and innovation of industrial processes. 
Energy consumption of buildings and transportation is closely related to urban form. Hence these 
two sectors are the main research objects in this study. 

Increasing the intensity of land development 

Large buildings have natural advantages in energy efficiency over small buildings, due to their small 
ratio of building envelope area to useable space. The shape coefficient (ratio of building envelope 
area to useable space) of a high-rise building is usually only 20% to 30% of a single house. According 
to Swedish experiences, large-scale apartment buildings can save 30% to 50% energy compared with 
single family houses (Gu et al., 2009). 

Meanwhile, while providing the same useable area, large-scale buildings occupy less land than small 
houses. The floor area ratio (FAR) 3 of general low-rise housing districts is about 0.3; that of a 
multilayer district is about 1.0; and that of a high-rise high-density district can be more than 2.0. For 
the same demographic residential community, a high-rise high-density district could save 50% more 
land than a multilayer district and 85% more than a low-rise house district. Figure 3-16 shows the 
relationship between energy use and city density. The land saved could be used for parks to increase 
the district’s energy efficiency (Gu et al., 2013a). 

 
Figure 3-16 Transport energy vs. urban density for 32 cities (Source: Baker and Steemers, 2000). 

Enhancing sunlight and natural ventilation 

Most developed cities in China are in the southeast, coastal area of the country, where the climate is 
warm but the temperature fluctuates considerably. The maximum temperature is around 40°C in 
summer and the minimum temperature is around -10°C in winter. In addition, the relative humidity 

                                                      
3 ‘Floor area ratio’ is the ratio of the total floor area of buildings on a certain location to the size of the land of that location, 
or the limit imposed on such a ratio. FAR = (Total covered area on all floors of all buildings on a certain plot)/(Area of the 
plot). FAR is an important indicator for measuring the building capacity of land. The higher the FAR, the more volume can 
be constructed on a site. 
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is quite high throughout the year, so in winter people feel much colder, while in summer they feel 
hotter. This is the Chinese Hot Summer and Cold Winter Climate Zone. Here, sunlight in winter 
and natural ventilation in summer could reduce the demand for heating and cooling energy 
dramatically. 

The best orientation (direction perpendicular to the long façade) of buildings in this climate is south. 
To take advantage of natural ventilation, the depth of the building should be less than 15 metres. 
Therefore, the best shape and position of houses should be south-orientated slabs. It is well known 
that the slab shapes have less flexibility and suitability than pointed shapes in housing developments, 
because this shape requires the land division to be more regular to utilise available sunshine in the 
streets. 

According to ‘Design standard for energy efficiency of residential buildings in hot summer and cold 
winter zone (JGJ 134-2001)’ (Ministry of Housing and Urban-Rural Development of P. R. China 
2010), the CDD26 (cooling degree days based on 26°C) of Nanjing is 175, and the annual cooling 
electricity consumption is 24.9 kWh/m². If ambient temperature drops by 1 degree, the CDD26 will 
be 125 and the annual cooling electricity consumption will be 21.2 kWh/m², which means an energy 
saving of 15%. 

To modify extreme temperatures, utilising sunlight in winter and natural ventilation in summer 
should be brought to the forefront in urban planning.  

Green space planning 

Urban greenbelts can adjust a microclimate and lighten the heat-island effect. Shade trees can reduce 
the use of air conditioning in summertime (Akbari et al., 1997, 2001), which consumes 40–60% of 
the total energy used in buildings in the south of China (Yang et al., 2005). Trees also act as carbon 
sinks, removing CO2 from the air:  a 10cm circumference tree can store 3 kg CO2 per year, and a 
20cm circumference tree can store 18 kg CO2 per year (Casey Trees, 2018). A tree can remove 10 to 
11 kg CO2 emissions per year (Akbari, 2002). One hectare of forest can store 100 to 300 t carbon 
depending on tree species (Zhao et al., 2008).  

However, it is not the case that the bigger the urban green space the better it is for the environment. 
If the land under urban construction is finite, the bigger green space will make the city area bigger 
and then commuting energy consumption will increase. If the increment is more than the saved 
energy, the green space will add to urban energy use. It is also possible to plant ‘greenery’ in streets, 
on walls, in courtyards and on roofs. In planning appropriate urban green spaces, the following 
strategies should be used (Gu et al., 2013b): 

• Replace a large area of greenbelt with a couple of smaller greenbelts. 

• Connect the individual greenbelts with green corridors. 

• Combine urban water bodies with green space. 

• Make the best use of space between buildings.  

Decrease land use for vehicles 

Different modes of transportation need varying amounts of land. In a typical walking city, roads 
occupy less than 10% of the land, but in a motorised city 30% of land use is roads and an additional 
20% of land is used for car parks. Thus vehicle transport requires 3~5 times more land than other 
transport means, and the construction land area per capita is more than 150m². A city with a perfect 
public transport system falls between these two types, where roads usually occupy less than 15% and 
construction land area per capita is less than 100m² (Cao and Lu, 2001). 

Private cars have low utilisation, as 90% of the time they are parked, but each car requires several 
parking spaces (at home, at work, at a shopping area, etc.). Hence, some radical environmentalists 
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argue that cars should be banned in urban areas (Efendy, 2008). However, vehicles are necessary to 
modern cities, not least for their flexibility to respond to emergencies. 

Mixed functions 

Commuting is the consequence of zoning. In the developed countries, people moved away from the 
old city centres to low-density settlements on the edges because of the better living conditions and 
cheaper price of dwellings (Thomas, 2003). China is repeating this urban construction mode of 
developed countries, which has induced urban sprawl and commuter traffic. The high land values in 
the city centre areas have led to commercial and business functions replacing the residential function. 
Since there is a long distance between homes and the workplace, car use is hard to avoid. If a district 
can provide mixed functions, the requirements for long distance travel will decrease and there will 
be a saving of transport energy. 

The energy-saving potential of hybrid electric vehicles is unlikely to exceed 15.8%, if the vehicle flow 
rate does not change. Buses, trains, bicycles and walking have much higher energy-saving potential 
than green vehicles. Table 3-8 compares the energy-saving potential of some typical activities and 
shows that public transport is more effective than the technical innovation of vehicles in the near 
future. The detailed calculations are given in Paper IV. 

Table 3-8 Comparison of transport CO2 efficiency using different strategies. 

Transport composition Reference 4 Technical improve. Public transport Pub. trans. & walk 

Green cars  45%   

Effective cars 50% 20% 20% 10% 

Full size cars 25% 5% 15% 5% 

SUV  5%   

Bus & train 20% 20% 60% 60% 

Bicycle & walk 5% 5% 5% 25% 

CO2/100 km per capita 17.75 kg (100%) 14.95 kg (84.23%) 11.15 kg (62.82%) 6.35 kg (35.78%) 

 

The use of private cars is related to economic development. Cars are usually bought by families when 
the GDP per capita reaches US$ 3 000, and widespread when the GDP per capita is US$ 10 000. In 
2008, China’s GDP per capita was US$ 3 000. In some developed cities, GDP per capita has exceeded 
US$ 10 000 and private car ownership has increased rapidly (Li, 2010). Since the popularisation of 
private cars is inescapable in the near future, encouraging people to use public transport or bicycles 
instead of cars is an important issue. Figure 3-17 shows how transport mode is related to city size. 
Two kilometres is a rational distance to walk and five kilometres is a rational distance to travel by 
bus. Over a range of five kilometres, cars have more flexibility than public transport and will be used 
more frequently. If most inhabitants can live and work within a distance of 5km, car use could be 
considerably limited. In city planning, having multiple functions in one district can decrease long-
distance transport and reduce private car usage. 

                                                      
4 According to the Wall Street Journal data (2011), 11,588,783 cars, including 1,921,777 (16.68%) small (green) cars, 
2,857,598 (24.66%) midsize (effective) cars, 901,942 (7.78%) luxury (full size) cars, and 5,907,466 (50.98%) large cars, light-
duty trucks and SUVs, were sold in the US in 2010. Using this composition, the CO2/100 km per capita should be 33.75 
kg, much more than the reference value. 
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Figure 3-17 In a walking neighbourhood, local services should be within easy walking and cycling distance (Source: 

Gauzin-Müller, 2002). 

The optimal path may be approached from two aspects: on the one hand, reversing the trend of 
removing residential functions from a city’s old town; on the other hand, supplying commercial and 
business functions in the residential communities in a city’s new areas. 

Public space matching public transportation 

To encourage inhabitants to use public transport, the convenience of access at both ends of the 
journey is also important, because a person has to complete at least two stages when using public 
transport for one journey – from the departure place to the station and from the station to the 
destination place. Sometimes these stages of the journey can take more time than the transport itself. 
The users of public transport are usually located within a 10-minute walking distance from a station. 
Sometimes, it can take several minutes to cross a main road in cities. The service area of public 
transport shrinks without the support of pedestrian systems. The space that matches public 
transportation is combined ground and underground urban space, which promotes public transport 
utilisation. 

To implement this type of public space use, measures must be taken at two levels. At the building 
design level, concrete designs for transport transfer are necessary, and designers need to be aware of 
this. At the urban planning level, self-contained systems planning for pedestrians is essential, 
especially in motorised cities. Montreal, Tokyo and Hong Kong are excellent examples of cities with 
a city walkway system. Figure 3-18 shows Hong Kong’s walkway system in its central area, where 
four subway stations and tens of districts and buildings are connected with several kilometres of 
pedestrian bridges.  
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Figure 3-18 Hong Kong’s walkway system in its central area. Four subway stations, tens of  districts and buildings are 
connected with several kilometres of  pedestrian bridges (Source: HK Planning and Infrastructure Exhibition Gallery). 

Table 3-9 shows a summary of urban planning strategies for reducing urban energy demands. It is 
obvious that urban planning is more helpful to transport energy efficiency than building energy 
efficiency. This shows that urban planning is a powerful tool for managing urban energy efficiency. 
Although it is helpful to reduce building energy consumption, the main methods lie in the designs 
of the buildings themselves. 

Table 3-9 Strategies of  urban planning to reduce urban energy demands. 

Categories Contents Strategies Energy 
efficiency 

energy 
efficiency in 
buildings 

Land use Increasing the intensity of land development 15~25% 

Urban space distribution Enhancing sunlight and natural ventilation 4~5% 

Green space planning Replacing a large area greenbelt with several smaller 
greenbelts 

Connecting the individual greenbelts with green 
corridors 

Combining urban water bodies with green space 

Making the best use of space between buildings 

Not certain 

energy 
efficiency in 
transportation 

Mixed functions Integrated living-service functions in 2-kilometre 
radius and working functions in 5-kilometre radius 

50% at best 

Land use of transportation Reducing road area 50% at best 

Public space matching public 
transportation 

Combined ground and underground urban space Not certain 
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3.4 Practice in the south area of Hexi, Nanjing 

3.4.1 Background 

Located between the Qinhuai River and Yangtze River, the Hexi New City District is becoming a 
modern riverside new town. The south region of 15 square kilometres is planned to be a sustainable 
urban district for living, work and leisure. It will be the main region of construction in Hexi for the 
next ten years. 

 
Figure 3-19 Aerial view drawing of  the south region of  Hexi. 

After the zoning plan, two areas of work started immediately. One was an urban design directed by 
the Urban Planning Bureau, and the other was guidelines for environmental construction in the new 
city district directed by the Construction Committee. The former represented the basis for the 
optimised detailed plan, and the latter comprised the specifications for the execution of development 
projects. 

3.4.2 Urban design 

The urban design optimised the urban structure and form according to sustainability principles in six 
areas: land use, transport, green space, water system, energy efficiency for buildings, and material 
recycling. 

Improving urban functions and land use intensity 

The original plan was based on the master plan for Hexi new city district, which designated the south 
area as a purely residential area with 30 000 to 50 000 residents. The subsequent regulatory planning 
increased the number of residents to 150 000. The new urban design increased it to 180 000 ~ 200 
000 residents, which increased land use intensity three-fold. The new urban design included 150 000 
working units and abundant local services for the community, which reduced the dependency on the 
old city. 

Increasing mixed-used districts and local supply 

The new planning broke up business districts and added more mixed-use blocks with flexible 
functions. Cities can complete the function distribution by self-organised evolution, which avoids 
the waste of urban space during man-made land use design. 

The old planning continued the business axis in central Hexi along the eastern side of the main road. 
The new planning compressed the width of this business axis and added business land or mixed-use 
land in other areas, which increased the coverage of public supply. 

 

 



32 

Optimising road structure and public transport 

The old regulatory planning considered the area to be a commuter town, meaning that residents 
would sleep there but normally work elsewhere, so it extended the mode of ‘wide roads, big blocks’ 
and oblique direction of the road grid in central Hexi. No pedestrian-friendly roads and rail transport 
were included in the old planning. 

The new planning adjusted the road direction, reduced oblique blocks, and increased road density. 
It increased roadside pedestrian and bicycle tracks, which connected community centres through 
junction stations. It optimised the public traffic system to replace the patchy public transport. A 
subway and a BRT (Bus Rapid Transit) line were planned to cross the main public areas.  

Optimising river systems 

The site has a dense river network. One-third of the land is covered by water. The old planning 
retained a few rivers, but excavated a new artificial lake in the central area. 

The new planning preserved the basic flood channels, and supplied natural rivers on the basis of 
narrowing the planned rivers. The idea of a central artificial lake was abandoned and replaced with a 
preserved wetland in the south. The new planning increased the density of rivers without raising the 
proportion of water areas very much. 

Optimising green systems 

A very large park of 30 ha in the central area and eight midsize parks in communities were included 
in the old planning. One consequence of the large central green area was the non-homogeneity of 
the smaller green spaces. Another problem was the lack of connection between green areas. 

The new planning compressed the central park to 15 ha and distributed the remaining green areas to 
the communities. Four midsize parks were added, to bring the total up to 12. Green corridors were 
planned, combined with rivers to improve the connections between areas and optimise the structure 
of green space. 

Energy efficiency for buildings 

The new planning provided detailed guidance on building development for height, density, FAR and 
orientation. Aimed at Nanjing’s dominant wind direction, the planning readjusted the arrangement 
of high-rise buildings to induce the summer wind to cross the central area and to prevent the winter 
wind entering the downtown area. 

Table 3-10 summarises the improvements in the new planning through urban design. The detailed 
design can be found in Paper IV. 

Table 3-10 Improvements in the new planning for Hexi. 

Categories Contents 

Original plan New plan 

Land use 150 000 residents within 15 km² 

100 m² per capita 

Residential area 39.3% 

Transport area 13.4% * 

Green area 25.9% 

Water area 4.8% 

Public, service and others 16.6% 

180 000 residents within 15 km² 

83.3 m² per capita 

Residential area 32.0% 

Transport area 22.8% 

Green area 26.5% 

Water area 5.0% 

Public, service and others 13.7% 

Transport system Relies chiefly on ground motorised transport 

No pedestrian-friendly roads 

No rail transport 

Little public transport 

Adds pedestrian and cycle friendly roads 

Plans a subway line and a BRT line 

Plans a bus loop line 

Bus stations 
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Green space Forested area surrounding the district 

A large central park (30 ha) 

Some community parks connected with greenbelts 
along roads and rivers 

Enhance the forested land 

A smaller central park (15 ha) 

Increased number of  community parks 
with improved distribution 

Water system Simple spillways Saves more rivers and lakes 

Rainwater recovery 

Buildings No content Sunshine and natural ventilation planning 

* The transport area in the original plan did not include streets within residential communities. 

3.4.3 Green guidelines for construction of Hexi 

The subsequent ‘guidelines for environmental construction’ were enacted by Nanjing Construction 
Committee as technical guidance documents. Nanjing Construction Committee was the former name 
of Nanjing Municipal Commission of Housing and Urban-rural Development before 2010. It was 
the lead agency for Nanjing’s housing and urban construction issues, and it was also responsible for 
the examination of buildings. The document formulated a series of indicators for construction in the 
new town. The energy-related contents are as follows:  

The guidelines limit energy consumption of buildings and emphasises passive energy efficiency. 

Solar water heaters must be installed on 12-storey or lower residential buildings and commercial 
buildings that have hot water demands. 

Water bodies with an area of more than 5 000 m² or a volume of more than 15 000 m³ should be 
preserved. 

Buildings with an area of more than 200 000 m² or building groups with an area of more than 300 
000 m² should install CHP systems if they have stable heat demands. 

The appendix to the guidelines (Table 3-11) presents concrete control targets for eight aspects: land 
use, public transportation, green spaces, energy-efficient buildings, utilisation of renewable energy 
resources, water conservation, building materials, and indoor climate. 

Table 3-11 Guidelines for environmental construction in the new city district. 

Categories Contents Remarks 

Land use Floor area ratio: Residential district > 1.8 

Commercial or business district > 3.0 

Industrial district > 1.0 

 

Green transportation 

 

Distance from any points to bus stations <500m 

Bicycle parking 

Underground 

 

Green spaces Public greenbelt 

Porous ground >50% 

Ratio of  green space 

Conversion of  
roof  gardens 

Energy efficient Buildings Energy saving 65% * 

Sun-shade 

 

Utilisation of  renewable 
energy resources 

Solar hot water 

Solar energy utilisation 

 

Water conservation Reservation of  natural lakes (area >5 000 m²) 

Rainwater recovery 

Water reuse 
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Building materials Renewable materials 

Fully furnished house 

Sorting of  municipal solid waste 

 

Indoor climate Natural ventilation 

Sunlight 

 

*Relative to local residential buildings constructed 1980–1981, which were regulated in Design Standard for Energy 
Efficiency of Residential Buildings in Hot Summer and Cold Winter Zone. 

A modified detailed plan based on the urban design and guidelines for environmental construction 
was finally proposed. The planning outlines for land sale and development included three kinds of 
requirements: 

• Land use and building indicators: function, area, floor area ratio, coverage rate, greening rate, 
limited height, permitted access location. 

• Requirement of urban design: building set-back, street wall, arcade, public interface, 
underground passage. 

• Technical targets: an energy consumption target for the building, greenbelt surface area, water 
permeability rate of the ground, rainwater recovery rate, solar use rate, efficacy index of HVAC, 
bicycle parking. 
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4 Summary of appended papers 

Papers I–IV constitute a theoretical basis for approaches to Chinese energy-efficient building 
development, as well as describing my contribution to Chinese projects. In addition to the work 
presented here, I have played an active part in research at the Architectural School, Southeast 
University, China. 

4.1 Paper I 

Gu, ZH., Wennersten, R., Assefa, G. (2006) Analysis of the most widely used Building 
Environmental Assessment methods. Environmental Sciences 3(3): 175-192. 

The aim of Paper I was to give an overview of the present status of the most widely used BEA 
methods, as a basis for further research. BEA is a term used for several methods for environmental 
assessment of the building environment. Generally, LCA is an important foundation and part of the 
BEA method, but current BEA methods are more comprehensive than LCA. Indicators and weight 
assignments are the two most important factors characterising BEA. 

From the comparison of the three most widely used BEA methods, EcoHomes (BREEAM for 
residential buildings), LEED-NC and GBTool, it was demonstrated that BEA methods are shifting 
from ecological, indicator-based scientific systems to more integrated systems covering ecological, 
social and economic categories. It was shown that, because they are relatively new methods, current 
BEA systems are far from perfect and are undergoing continuous development. Future development 
of BEA methods will focus more on non-ecological indicators, and how to promote implementation. 

Most BEA methods have been developed based on regional regulations and LCA methods. They 
have not however attempted to replace these regulations, but rather, they have tried to extend 
implementation through incentive programmes. 

As Paper I showed, there are several ways to enhance BEA in the future: expand the study scope 
from design level to whole life-cycle level of constructions, enhance international cooperation, 
accelerate legislation, and standardise and develop user-orientated assessment systems. 

4.2 Paper II 

Gu, ZH., Wennersten, R. (2009, 2017 redaction) A study about Chinese developing strategies to 
energy efficient housing development in architect’s perspective, combined with Swedish experiences 
and Game Theory. Civil Engineering and Environmental Systems 26(4): 323-338. 

Many energy-saving techniques have been developed over the years and can considerably reduce the 
consumption of primary energy and utilise renewable energy in architectural design. However, in the 
real world, energy-efficient buildings have been slow to develop during recent decades, especially in 
developing countries.  

Paper II compared Hammarby Sjöstad and Eco-villages, two representative cases of sustainable 
housing development in Sweden, and summarised them into two paradigms, namely a provider 
paradigm and a support paradigm, which are top-down and bottom-up, respectively. Paper II 
attempted to analyse the differences between them, especially from an energy efficiency perspective. 

The aim of Paper II was to find the most suitable paradigm for Chinese community development 
based on game theory, which provided a new methodology for considering the question. Housing 
development is a game process involving diverse stakeholders, who all try to choose different actions 
in an attempt to maximise their returns. If the architects’ and engineers’ proposals are not consistent 
with the interests of other stakeholders, they will have little chance of being applied in real projects. 
Paper II presented the systematic development strategy implemented in an energy-efficient housing 
project in Nanjing, China. 
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4.3 Paper III 

Gu, ZH., Sun, Q., Wennersten, R. (2013) Impact of urban residences on energy consumption and 
carbon emissions: an investigation in Nanjing, China. Sustainable Cities and Society 7(2013): 52-61. 

This paper analysed the energy consumption of urban households in Nanjing and the influencing 
factors in this energy consumption. The households studied are located in three urban districts of 
Nanjing: the city centre, a spontaneous residential area around the old city, and a planned satellite 
town. A questionnaire was used to obtain information on building characteristics, household 
characteristics, use of domestic appliances, and fuel oil consumption. Energy use was analysed by 
conversion into CO2 emissions. 

The study revealed that household use and transport were the two main contributors to domestic 
energy consumption in the city. Household electricity consumption showed obvious seasonal 
characteristics, being higher in summer than in the other three seasons. Transport energy 
consumption reflected geographical characteristics; the old town nearest the business area had the 
lowest transport energy consumption. Household devices with a high COP did not make buildings 
more energy-efficient, therefore architectural design should seek to reduce the use of such devices. 
Energy consumption generally increased with increasing income, especially at lower levels of income. 
Family structure also influenced energy consumption, with high-income families and small families 
consuming more energy per capita. The results showed that economic and social factors were as 
important as technical factors for energy efficiency. 

Based on the findings above and considering sustainable urban development, the following policies 
that could possibly indirectly affect energy consumption were proposed. 

1) Urban sprawl cannot solve developing city problems. Making the most of existing city land to 
develop a compact city is the only way to create an energy-efficient city. Promotion of mixed 
residential and commercial activities without creating land use conflicts is the most important strategy 
for decreasing energy consumption for transport. The CO2 emissions from a fully mixed function 
city area are only about 70% of those of a wholly residential area. Urban planning should reverse the 
trend of removing residential functions from the city centre and provide more commercial and 
business functions in suburban areas. 

2) Thermal performance should be improved not only by constructing new buildings, but also by 
refurbishing old buildings. An equally important consideration is to restrict per capita floor area. 
However, small households containing only one or two members are less energy-efficient per capita 
than households with more members. 

3) Satellite towns should be developed more carefully. Land finance is currently a major driving force 
in the development of new satellite towns in China. Even if new satellite towns are unavoidable, they 
should be as close to downtown areas as possible. The provision of adequate public transport to 
connect satellite towns and the central city is essential. While local services may meet most 
requirements in new towns, transport between satellite towns and the city centre is unavoidable. 
Vehicle use has a negative impact on energy efficiency and the environment. 

4) Energy issues should be considered from a systems perspective. Despite high performance by a 
single element, e.g. central air-conditioning, the overall system may not be efficient. Every technology 
also has a scope of application, and the best adapted is the best solution. It is important to explore 
and develop interactions between systems at different levels within the city and between the city and 
its surroundings. There is a need for more intelligent design of buildings and better systems for 
energy distribution, where locally produced energy can be complemented with centrally produced 
energy in new smart grids for electricity and low temperature district heating and cooling systems. 
By working with neighbourhoods, the interactions between systems should be examined not only 
from a technical but increasingly also from a social and economic perspective. 
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4.4 Paper IV 

Gu, ZH., Han, DQ., Wennersten, R. (2013, 2017 redaction) Strategies of urban planning for low-
carbon and energy-efficient cities: the practice in the South Area of Hexi New Town, Nanjing, China. 
Urban Development Studies 20(2): 94-104. 

Much energy is consumed and carbon emissions are increasing in cities, and this increase will 
accelerate with the rate of urbanisation in China. Current research about the energy efficiency of 
cities is mainly focused on the energy efficiency of urban sub-systems and less on their interactive 
influence. Urban planning is the preferred method for improving the energy efficiency of cities by 
adjusting city form, and urban planning strategies can be classified into two types: decreasing the 
energy consumption of cities, and increasing the efficiency of energy utilisation. Paper IV compared 
these types and analysed the consequences quantitatively. 

It was found that increasing the intensity of land development, enhancing sunlight and natural 
ventilation and optimising green space can reduce the energy consumption of buildings. Reducing 
the road area, enhancing mixed use of land and planning public space, and matching public 
transportation can reduce the energy consumption of transportation. CHP and district heating are 
also good choices for large-scale building groups. 

Urban planning was demonstrated to be more helpful for increasing transport energy efficiency than 
building energy efficiency. Paper IV showed that urban planning is very a powerful method for urban 
energy efficiency and can be helpful for reducing building energy consumption, but the main 
methods still involved improving building energy thermal performance. 

These urban planning strategies were implemented in the urban design for the south region of Hexi 
New City District, Nanjing, and the guidelines for environmental construction in the new city district. 
The sustainable urban design optimised the structure and form of the city according to sustainable 
principles in six areas: land use, transport, water, greenbelt, energy efficiency of buildings, and 
material recycling. 

The guidelines for environmental construction in the new city district included sets of strategies and 
rules for urban construction in seven categories: Land development, preservation of water resources, 
transport development, energy efficiency and renewable energy resources, material reuse, urban 
microenvironment adjustment, and waste treatment. 

To implement the urban design and guidelines for environmental construction, the planning outlines 
for land sale and development should include three kinds of requirements: land use and building 
indicators, requirement for urban design, and technical targets. 
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5 Discussion 

5.1 China’s situation 

5.1.1 National conditions 

Chinese Economic Reform began in 1978 with the aim of converting the Chinese planned economy 
into a market economy, somewhat similar to Swedish deregulation in the late 1990s (Silveira, 2001). 
After 30 years of rapid development and urbanisation, China is now facing the problem of energy 
shortages. Considering China’s population of more than 1.3 billion, a small increase per capita can 
lead to a large increase in energy demand in the whole country, even if overall energy consumption 
per capita is relatively low. 

Before the reform, only 10% of China’s inhabitants were living in cities, but today more than half 
the population is living in cities, and more people are continually migrating from rural areas to urban 
areas (National Bureau of Statistics of China, 2018). The process of urbanisation will obviously 
increase energy demand as well. This increasing demand requires huge investment in fixed assets. 
Chinese investment in fixed assets represents more than 50% of its GDP, which was the highest 
proportion in the world (Figure 5-1). The rapid economic growth in China has resulted in excessive 
consumption of resources and a deterioration of the environment, which poses a serious threat to 
ecologically sustainable development. 

 
Figure 5-1 Annual Chinese investment in fixed assets, 1 Chinese Yuan ≈ 1/6 US Dollar (Source: National Bureau of 

Statistics of China, 2018). 

China covers a very large territory (9 600 000 km²), similar in size to the whole of Europe (10 160 
000 km²). There are five thermal design zones in China: the Extremely Cold Zone (the northeast 
area), the Cold Zone (the north area), the Hot Summer and Cold Winter Zone (the central area), the 
Hot Summer and Warm Winter Zone (the south area), and the Warm Zone (the southwest area) 
(Figure 5-2). Different zones have different thermal requirements: in the Extremely Cold and Cold 
zones, heat preservation and heating are the main problems; in the Hot Summer zone ventilation 
and cooling are the main problems; and in the Warm zone no active adjustments are generally made. 
On the whole, China is subject to a strong monsoon climate, and most areas experience the south-
eastern and south-western monsoons, which makes south China hot and wet and north China cold 
and dry (Ministry of Water Resources of China, 2004). This is very different from Europe’s ocean 
climate, which is wet and warm. No single general paradigm can meet all the requirements of different 
areas in China. Europe’s experiences of energy-efficient building must be analysed, classified and 
adjusted to fit different Chinese climate contexts. 
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Figure 5-2 Thermal design zones of China. (Source: Code for Design of Civil Buildings, GB 50352-2005) 

To deal with this challenge, the Chinese government mapped out the 11th Five-Year Plan (2006–
2010), which laid out a road map for China’s sustainable development. Energy efficiency was an 
important sector in the plan. Ten energy-saving programmes were presented: high energy-efficient 
boilers; regional combined heat and power (CHP); utilisation of industrial waste heat; substitutes for 
oil; energy efficiency of electrical systems; energy efficiency of power systems; energy efficiency of 
buildings; energy efficiency of illumination; energy efficiency in government offices; establishment 
of inspection systems and technical support systems for energy efficiency (State Council of China, 
2006). 

Although the government has identified a policy of energy efficiency, it has less power to guide the 
building market than it did several decades ago. Before 1978, almost all buildings were planned, 
financed and constructed by the state. Today, most Chinese housing development operates under 
market-based principles and all kinds of capital, most of it private, is being invested in the Chinese 
real estate market (Chow and Niu, 2011). In the past decade, investment in residential buildings has 
increased rapidly (Figure 5-3). However, with the rapid house price appreciation, the government 
began to promote public housing again starting in 2012 (Chen et al., 2013). 

 
Figure 5-3 Annual Chinese floor space of buildings under construction, 1 Chinese Yuan ≈ 1/6 US Dollar (Source: 

National Bureau of Statistics of China, 2018). 
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Initially, investors tried their best to obtain more benefits at the expense of other responsibilities. 
Now, the early frenzied atmosphere is slowly calming down and the energy crisis is manifesting, and 
Chinese authorities, developers, architects and consumers are starting to be aware of the importance 
of energy efficiency. However, these players have little experience in these areas. Preliminary 
regulations for the building market have just been established, but these are far from perfect, which 
makes the situation more complex: while the government needs investors to build more buildings to 
solve the housing problem, large-scale, low-standard development will induce a higher environmental 
impact and energy pressure. 

Although it covers a large territory, China is a traditionally high population density country, as more 
than half the land is not suitable for human habitation. With rapid urbanisation, a large number of 
rural dwellers are entering the cities, which are becoming more crowded than ever. The number of 
Chinese cities where the population is more than one million was 113 in 2005 (National Bureau of 
Statistics, 2006). The more developed the area, the higher the density. More than half of China’s large 
population are farmers, who are likely to become urban residents if the urbanisation process 
continues. The large-scale migration from rural areas to urban areas brings new construction and 
greater energy requirements, and will increase overall urban energy consumption. People desire better 
living conditions and more space. However, there are not enough energy resources for this increased 
urban population to enjoy Western levels of consumption. 

Roughly a billion Chinese (or more than 90% of the population) live in only a little more than 30% 
of China's land area (Heilig, 1999). Figure 5-4 illustrates the geographical concentration of the 
Chinese population and the increasing concentration of population in the eastern portion of the 
country since its rapid growth began in the mid-20th century (Wang and Wei, 2010). 

 

(a)                                                     (b)                                                 (c) 

Figure 5-4 Changes in population density in China showing an obvious trend of population concentration in the eastern 
coastal regions (Wang and Wei, 2010,). Red means high density and green means low density. (a) Density in 1949; (b) 

Density in 2000; (c) Density in 2020 (projected). 

Oil, gas and coal are precious resources, but they can at least be replaced by renewable energy. In 
China, another precious resource is land, which is totally non-renewable. Unfortunately, all buildings 
must occupy land. Small-scale communities need more land area than large-scale communities. 
Hence high-density communities will still prevail in China. Large-scale building is positive for energy 
efficiency, but it also increases the environmental load per unit area. In a short time period there 
have been large areas of new construction creating a lot of dust, which has been an important reason 
for bad air quality in Chinese cities. ‘Time is money’ used to be a much-used slogan at the beginning 
of the Chinese economic reform, and it is hard to imagine building construction being slow and 
deliberate in the current China. The major challenge is to increase quality and energy performance 
without delaying the building speed. 

China’s government considers urban energy efficiency to be of special significance. Besides different 
climates, China also has different economic levels and social structures. The central government has 
to maintain economic growth to maintain social stability. Cooperative house buildings are still illegal, 
for the land is state-owned (ironically, these houses can be found everywhere in Chinese rural areas, 
since the central government cannot manage such large areas of land). All these factors require 
China’s urban planning to be different from conventional Western methods, especially for new city 
development (Table 5-1). 
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Table 5-1 Differences between China and European countries. 

 European countries China 

Economic development Developed country Developing country 

Urbanisation More than 80% about 50% 

Climate Cold winter and warm summer Cold winter and hot summer 

Building and 
infrastructure type 

Mix of old and new buildings and 
infrastructure 

New buildings and 
infrastructure 

5.1.2 Energy consumption 

China’s energy consumption and CO2 emissions have increased very rapidly in the past 30 years and 
especially in the past decade, making China the second largest energy consumer and the largest CO2 
emitter in the world (Chinanews.com, 2011; IEA, 2010). Responding to growing challenges of energy 
demand and CO2 emissions, the Chinese government has been trying to develop strategies for 
sustainable energy in recent years (Xu et al., 2010). In 2011, for the first time, China’s urban 
population exceeded its rural population. In that year, the urban population reached 691 million, 
representing 51% of the total population, while the rural population was 657 million, representing 
49% of the total (National Bureau of Statistics of China, 2012). In general, managing energy 
consumption in cities is an important part of strategies for sustainable energy, since cities are 
currently the main energy consumers worldwide (Crompton and Wu, 2004). In addition to 
architectural design and spatial planning, the pattern of energy use in households due to human 
activities is important for a city’s total energy demand and associated CO2 emissions (Chen et al., 
2010). Therefore, it is necessary to analyse household energy use in urban areas and apply this 
knowledge in devising strategies for sustainable energy and climate change. 

5.2 Important issues to consider in promoting China’s energy 

efficiency 

5.2.1 The roles of government 

New city development is a kind of executive-led activity, which will be influenced by many 
stakeholders in a type of game. Pure administrative planning without matching economic 
considerations is difficult to carry out. Even in China, it is impossible for the government to manage 
all aspects of development. However, the government should fully accept its responsibilities in these 
domains: 

• Providing policies to encourage higher energy efficiency. 

• Building demonstration projects to confirm the feasibility of energy efficiency. 

• Surveying and quantifying the energy consumption of buildings and other sectors in cities. 

• Proposing standards for regulating energy consumption and solving problems with sub-
standard construction. 

• Providing public education on energy-efficient living and life styles. 

Market transformation and legislation represent two faces of China’s green building development. 
Market approaches encourage the professionals to work beyond pure academic boundaries. Laws 
and regulations set the lowest standards for development products. 

BEA systems represent attempts by professionals to extend the energy efficiency in building 
development. The LEED rating system entered China several years ago, and some projects have 
already achieved LEED certification while more are in the assessment programme (USGBC, 2005). 
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In fact, Chinese building developers’ reasons for applying LEED certification are not related to the 
environment, but to promoting their buildings through this high-grade certification. Besides LEED, 
China’s government has also developed a national BEA system, which is called ‘Evaluation Standard 
for Green Building, GB/T 50378-2006’ (2006) and which came into effect on June 1, 2006. However, 
it is only the first step to establishing a Chinese BEA system. So far this standard is only a regulation, 
and no specific institution is responsible for the empirical tasks of assessment and certification. There 
is a long road to travel for the Chinese BEA system to be firmly established. 

China’s government has enacted a series of standards and laws for energy-efficient buildings (Table 
3-6). In recent years, China’s government has increased its energy efficiency work, including building 
energy efficiency. The high frequency of new standards is evidence of this. However, public 
education concerning people’s activities has not kept up with those standards or with hardware 
development. In the future, the government should raise public awareness of energy considerations 
and of hardware construction. 

5.2.2 Technical supremacy or urbanism? 

As mentioned before, China is a developing country. Chinese people pay close attention to science 
and technology. There is a common saying in China: ‘Grasp mathematics, physics and chemistry; 
fear nothing throughout the world.’ Not only scientists, but also ordinary people think that 
technology is all-powerful. Technology can truly be very powerful for solving concrete problems, 
but promoting the energy efficiency of an entire society requires mechanisms that involve all 
stakeholders in the process. The basis of this mechanism is systems thinking. Scientists can ensure 
the success of some single cases through their efforts, but the sustainable development of a society 
is not only the responsibility of professionals, but also the responsibility of all citizens. Technology 
is important, but to establish a systems mechanism for energy-efficient cities means that development 
is important as well. If this mechanism is not created, any demonstration cases will always be single 
cases and they will have little or no effect on the nation’s sustainable development. 

A mechanism to enhance sustainable development should include strategies that encourage 
professionals to give greater consideration to social issues, and that encourage ordinary people to 
fully consider ecological issues. 

Chinese culture is completely different from Western culture. Whether Confucianism is a kind of 
religion is debatable, but it deeply affects Chinese people (Creel, 1960). One important idea of 
Confucianism is the Way of the Mean, which is the peak of learning. Without it one would be unable 
to ‘read the book of the world and to discuss world affairs’ (Yao, 2000). The Chinese proverb ‘going 
too far is as bad as not going far enough’ is representative of the middle way. Hence in China intense 
and extreme actions are not welcome, but soft and gradual progress is deeply rooted among the 
people. 

Chinese people would prefer to achieve a balance between performance and cost rather than 
extremely high performance at any cost. This Chinese manner as displayed in the building market 
means that most developers will not develop extremely energy-efficient buildings at any cost and 
most customers will not buy an ecological house at any price. The Way of the Mean makes the capital 
of developers more valuable, but it also reduces the opportunity for progress. 

In summary, China is still a developing country that does not have enough wealth to support the 
highly technical methods that need to be implemented everywhere. The large scale of Chinese 
construction prevents advanced techniques from being implemented in urban construction. 
Furthermore, Chinese culture does not encourage the pursuit of extreme high performance. China 
needs cost-effective methods rather than thorough performance orientated technologies. Urban 
planning is simply the most cost-effective method for the development of energy-efficient cities. 
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5.2.3 Suitability of technical methods 

Technical methods are necessary for energy efficient-buildings. However, both the Passive House 
and LowEx technologies are from developed countries. The Passive House decreases the loss of heat 
emissions by improving building insulation and ventilation systems, thus decreasing the heating 
energy load. LowEx aims at utilising low-value energy sources for heating and cooling. However 
there are some specific problems with these methods that need to be faced in a Chinese context. 

(1) To get extreme thermal performance, more heat insulation material has to be installed. As 
mentioned before, no other country is carrying out such large-scale construction as China. It is 
difficult to increase the production capacity of insulating materials in a short time5. 

(2) These technologies need the highest level of building ability. When the heat insulation 
performance of walls and windows are good, the thermal/cold bridge in the jointed position will 
prove a bigger problem. Unfortunately, most Chinese workers lack formal building education and 
their building ability is not good enough to reach such a high standard. 

(3) A characteristic of low temperature heating systems and high temperature cooling systems is their 
steady thermal comfort but slow response6. When the systems reach the stable situation, the energy 
consumption is low, but the process to get to the balance point takes a relatively long time compared 
to air-conditioning systems. The system must be run on an all-day and all-room basis to avoid long 
waiting times for users. In contrast, air-conditioning systems can run any time and in any room users 
wish, instantly, and this is the conventional practice of most Chinese residents. Therefore, the total 
energy consumption of the LowEx system may not be less than that of air-conditioning systems in 
China. 

(4) The ventilation systems necessary in the Passive House and LowEx systems conflict with Chinese 
cooking habits in the kitchen. Chinese cooking traditions produce a lot of smoke, so ventilation 
systems must be several times stronger than is normal in other countries to extract smoke from 
kitchens. If the ventilation is increased to meet the demand of Chinese kitchens, there will be higher 
energy losses. Furthermore, the air in Chinese cities generally has a high density of dust. The dust 
blended with oil can clog ventilation equipment and make cleaning difficult. 

(5) From an energy efficiency perspective, central cooling and heating systems are good choices. In 
a multi-storey apartment building, it is difficult to install individual systems for each unit and measure 
the individual energy consumption. In Europe, it is common to charge the same heating fee for each 
family, even though their actual usage may different. However in China, a monthly or annual payment 
would not readily be accepted by low income classes. 

In summary, Passive and LowEx technologies have been developed over several years in Europe, 
and have a proven track record of energy efficiency. China’s problems with these technologies could 
be solved from two sides: further improving those technologies according to concrete Chinese 
contexts, and transforming Chinese local low-tech building methods, such as using natural ventilation, 
using caves, or houses built on stilts, into energy efficiency solutions. China needs to lead the way in 
combining high- and low-tech building systems. 

 

 

                                                      
5 The Chinese government has forbidden combustible materials as building external insulation materials in most projects 
after some construction fires, for instance, EPS, XPS, and PU panels. Only rock wool or some composite insulation board 
can be used now. 

6 The drawback of low temperature heating systems should combine with a high mass structure. Unfortunately, most 
Chinese buildings use mass structures of reinforced concrete. Steel structures and timber structures are rare in China because 
of their relatively high costs and fire safety problems. With the increasing labour costs, the advantages of light structures 
are attracting more attention, and then low temperature heating systems will have the opportunity to be implemented widely. 
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5.2.4 Human activities 

The driver of energy consumption is human activity. So far, all attempts to establish energy-efficient 
buildings and cities have been based on technical solutions. We have developed more energy-efficient 
buildings, vehicles, electric appliances, power and heat plants, sewage treatments, etc. Why then have  
we not adapted to more sustainable life-styles? 

The investigation for annual energy consumption of families in Nanjing showed that household 
appliances and commuting traffic were the main factors of a family’s energy consumption. Although 
the energy consumption was related to the climate and position of buildings, the inhabitant’s income 
influenced it too. Rich families consumed remarkably more energy than average income families. 
Children and old people consumed less energy than working people even when they were living in 
the same family, which verified that human activities cannot be ignored in discussing energy 
efficiency of cities. 

Nanjing is a city that has four distinct seasons, which bring both challenges and opportunities to 
space heating and cooling. Figure 5-5 shows a normal household’s bi-monthly electricity 
consumption and a night-working household’s bi-monthly electricity consumption. They have 
different distributions. Normal households consume more electricity in summer, but night-working 
households consume more electricity in winter than in summer. Another unexpected pattern seen in 
night-working households is that the low price electricity consumption was higher than peak 
electricity consumption7 during most months. Simply because of the night working habit, these 
families hardly used air-conditioning in summer, but needed much heating in winter. Therefore, if 
people work during the daytime in winter and night in summer, the energy consuming activities will 
fit the temperature wave better and the electricity use will remain low. 

 
(a)                                                                            (b)  

Figure 5-5 A normal household’s bi-monthly electricity consumption (a) and a night-working household’s bi-monthly 
electricity consumption (b) (kWh). 

Besides the temperature variations of this climate, the urban transport intensity shows large daily 
variations. During the morning and evening rush hours, vehicles take two or three times the amount 
of time to travel along the same roads at non-rush times. Time and petrol is wasted. If people avoid 
the rush hour, commuting time will be shortened dramatically. Saving time means saving energy. 
Since petrol is mainly used for commuting transport, changing driving habits could significantly save 
petrol. 

Energy consumption is related not only to technical features but also human activities. The technical 
aspects have been studied widely and deeply from the perspective of science and technology. The 
human aspects should be given similar consideration as all kinds of hardware and technology. 

                                                      
7 Nanjing Power had a policy of peak-valley electricity price. From 8 am to 9 pm was peak time and from 9 pm to 8 am was 
valley time. The price of peak electricity was 0.56 Yuan/kWh and the price of valley electricity was 0.36 Yuan/kWh. 
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The investigation verified the influence of urban planning on the energy consumption of urban 
residents, and indicated that urban mode can foster energy-efficient human behaviour. The detailed 
investigation and analysis can be found in Paper III. 

5.2.5 Value of the Nanjing practice 

The current Chinese urban planning systems comprise two levels: master plans and detailed plans. 
The master plan suggests a long-term general arrangement of urban functions in space according to 
forecasts of urban population, usually in 20 years. Once a master plan is officially approved, it is 
legally binding. The detailed plan, including many subject plans, makes the master plan concrete but 
cannot change its foundations. From the perspective of potency, they are top-down relationships, 
and from the perspective of time, they are early-late relationships. The consequence of this system is 
that the detailed plan is usually tied to the master plan, but cannot influence it. 

In 1991, the Chinese government published its ‘Code for urban land use classes and standards of 
planning construction land’ (GBJ 137-90), which stipulated that the construction land index should 
be 60~120m² per capita. The index controlled the scale of the master plan in principle. However, 
the actual speed of Chinese city development has been far beyond expert imagination. Many cities 
got their population forecast in the master plan ahead of time, which led urban master plans to be 
revised frequently (Zou, 2005). In 1987, the mean built-up area per capita of Chinese cities was 84 
m², but by 2004 it had grown to 129m² and it has kept on increasing (Zhao and Wang, 2007). The 
built-up areas have exceeded the index, let alone the new city development. In 1990, Shenzhen’s 
construction land area per capita was 196.6m² and Zhuhai’s was 250m² (Zou, 2005). Owing to 
excessive land use, the role of any plan for energy efficiency is limited. 

China’s planning system, in line with the political power system, has existed for tens of years and has 
played a key role in urban development. To reform this system will require quite a long time. Against 
this background, to make a detailed plan for energy efficiency and land use planning that considers 
energy use is necessary. An effective detailed plan for urban energy efficiency should be based on 
compact land use and should be included in concrete guidelines for construction projects (Figure 5-
6). 

 
(a) 

 
(b) 

Figure 5-6 Proposal for Chinese urban planning system: energy efficiency should be considered on master plan level. (a) 
Existing practice. (b) Suggested urban planning thinking. 

The planning practice of Hexi, Nanjing, was just one small case among hundreds of similar new city 
development programmes in China. However, it was one of the first attempts to consider energy 
efficiency issues on a planning level, and can provide useful lessons for other similar cities. 
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5.3 A scenario study for Hexi 

5.3.1 Introduction 

It is assumed that a midsize new district will be developed in a 10 km² area of land in Hexi, Nanjing. 
The new district is planned to accommodate a population of not less than 120 000 by 2030, and the 
energy-related CO2 emission target should be less than half of what a similar sized Chinese urban 
area emitted in 2005. 

Nanjing belongs to the subtropical monsoon climate region, with a moderate climate and four 
distinctive seasons. The average temperature is 15.4ºC. Relative humidity is quite high in winter, 
which makes people feel cold, so space heating is necessary in winter as is cooling in summer. The 
city has abundant rainfall, which is over 1000mm annual. However, it is seasonally extremely unevenly 
distributed, peaking strongly during the summer monsoon while being quite consistently low during 
the winter. Figures 5-7, 5-8 and 5-9 show the climate patterns. 

 

Figure 5-7 Monthly temperature at the developed site. 

 
Figure 5-8 Monthly humidity at the site. 

 

Figure 5-9 Monthly precipitation at the site. 

-10.0

0.0

10.0

20.0

30.0

40.0

Ja
n.

F
eb

.

M
ar

ch

A
pr

il

M
ay

Ju
ne Ju
ly

A
ug

.

Se
p.

O
ct

.

N
ov

.

D
ec

.

Temperature

Month

Average 
Temperature 
(℃)

Highest 
Temperature 
(℃)

Lowest 
Temperature 
(℃)

0
10
20
30
40
50
60
70
80
90

Ja
n.

F
eb

.

M
ar

ch

A
pr

il

M
ay

Ju
ne Ju
ly

A
ug

.

Se
p.

O
ct

.

N
ov

.

D
ec

.

Relative Humidity

Month

Relative
Humidity (%)

Minimum
Relative
Humidity (%)

0.0

50.0

100.0

150.0

200.0

250.0

300.0

350.0

400.0

450.0

Ja
n.

F
eb

.

M
ar

ch

A
pr

il

M
ay

Ju
ne Ju
ly

A
ug

.

Se
p.

O
ct

.

N
ov

.

D
ec

.

Precipitation

Month

Precipitation
(mm)

Heaviest
Precipitation in
One Day (mm)



48 

5.3.2 Carbon emission goals 

CO2 emission reduction is an ambiguous expression in China. As far as the United Nations’ “Kyoto 
Protocol to the United Nations framework convention on climate change” (1998) goes, China signed 
as a developing country so is not to be obliged to cut emissions. To avoid further responsibility over 
carbon emission reduction, the emerging market countries of China and India adopted another 
indicator – carbon emission intensity, which is the ratio of CO2 emissions produced to GDP instead 
of per capita. China’s government committed to reduce carbon emission intensity by 40~45% below 
2005 levels by 2020 under the United Nations’ Copenhagen Accord (2009). However, China’s total 
carbon emissions will still increase8, which is not acceptable. 

UNDP’s “Human Development Report 2007/2008” (2008) reported in 2007 that per capita energy-
related CO2 emissions from China were 4.3 tonnes. It forecasted that in 2015, per capita CO2 
emissions from China were projected to be 5.2 tonnes. Although this is not a very high level (e.g. 
compared with 19.3 tonnes for the United States), the earth cannot sustain another country with 
such huge total carbon emissions. 

It has been recognised by the Copenhagen Accord (2009) that the increase in the global temperature 
must be held below 2°C. To avoid a global warming of 2°C, it is estimated that a concentration of 
less than 450ppm needs to be maintained. The World Energy Outlook 2008 (OECD/IEA, 2008) 
described a “450 Policy Scenario”, which assumed that the carbon emissions would peak in 2020 at 
32.5 Gt and then decline to 25.7 Gt in 2030. That means the peak carbon emissions per capita should 
not exceed 4.6t and long-term carbon emissions should not exceed 3.7t, calculated based on 
assuming a world population of 7 billion. 

Considering the low carbon emissions (2t CO2/capita) in rural areas in China, calculated assuming a 
scenario of 75% urbanisation, 5.5t CO2/capita is the peak target of the new city and the long-term 
target is 4.9t CO2/capita. In 2007, the carbon emissions per capita in Shanghai, the reference city in 
the same climate zone, were at 9.95t (excluding ship and air transportation9) (Liang XH. et al. 2010). 
Therefore, the level of carbon emissions should be reduced by almost 50%, not only from a carbon 
emission intensity perspective, but also from a carbon emission per capita perspective. 

5.3.3 Scenario design 

Scenario definitions 

These scenarios are designed to test and verify the integrated energy efficiency combined with the 
aforementioned architecture and urban planning strategies. Three typical energy-efficient building 
standards and transport compositions make up nine available scenarios. Table 5-2 expresses the 
scenario matrix. CO2 emissions and incremental costs per capita will be analysed within each scenario. 

Table 5-2 Scenario constitutions. 

 Energy-efficient buildings 

B1 B2 B3 

Transport 
composition 

T1 B1-T1 B2-T1 B3-T1 
T2 B1-T2 B2-T2 B3-T2 
T3 B1-T3 B2-T3 B3-T3 

The building standards are set as follows: 

                                                      
8 If China's GDP keeps an average annual growth of 8 percent, its GDP will increase by 116% from 2010 to 2020, and the 
total carbon emission will increase by 18.7~29.5% according to the targets of carbon emission intensity of 40~45% 
reductions. The situation calculated based on 2010 is very serious. 

9 Including ship and air transportation, carbon emissions per capita were at 11.55t for Shanghai in 2007 (Liang XH. et al. 
2010). 
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B1 – The average buildings get the standards of “The design standard for energy efficiency of public 
buildings (GB50189-2005)” (2005a) and “Design standard for energy efficiency of residential 
buildings in hot summer and cold winter zone (JGJ 134-2010)” (2010), which will save energy 50% 
compared to current Chinese buildings. 

B2 – The average buildings get the two-star standard of “Evaluation standard for green building 
(GB/T 50378-2006)” (2006), which will save energy 65% compared to current Chinese buildings. 

B3 – The average buildings get the three-star standard of “Evaluation standard for green building 
(GB/T 50378-2006)” (2006), which will save energy 75% compared to current Chinese buildings. 

The per-capita living areas are calculated as 34 square meters, based on Nanjing’s situation in 2012 
(Nanjing Municipal Commission of Housing and Urban-rural Development, 2012). 

The transport compositions are set as the analysis in section 3.3.2: 

T1 – A motorised city with advanced vehicles: green cars 45%, effective cars 20%, full size cars 5%, 
SUV 5%, bus and train 20%, bicycle and walk 5%. The per-capita distance of travel is calculated as 
30 000 km. 

T2 – A city with a perfect public transport system: effective cars 20%, full size cars 15%, bus and 
train 60%, bicycle and walk 5%. The per-capita distance of travel is calculated as 20 000 km. 

T3 – A walking city with a perfect public transport system: effective cars 10%, full size cars 5%, bus 
and train 60%, bicycle and walk 25%. The per-capita distance of travel is calculated as 15 000 km. 

Calculation of carbon emissions 

Generally, the final CO2 emission can be expressed as: 

C(Bi-Ti) = Σ(C1(Bi)+C2(Ti))+C3 tonnes CO2/year 

where C(Bi-Ti) is the total carbon emission per capita at the scenario Bi-Ti, C1 is the carbon emission 
from buildings, C2 is the carbon emission from transportation, and C3 is the carbon emission from 
industry, agriculture and other sectors. 

C3 should be a fixed value because it is related only to the level of economic and social development. 
Since it is in a relatively developed area, based Hong Kong’s value, it is assigned a value of 0.9 tonnes10 
(WWF 2008). Therefore, the final CO2 emission can be expressed as: 

C(Bi-Ti) = Σ(C1(Bi)+C2(Ti))+0.9 

According to ‘Design standard for energy efficiency of residential buildings in hot summer and cold 
winter zone (JGJ 134-2001)’, the HDD18 (heating degree days based on 18°C) of the new city is 
1967, and the annual heating electricity consumption is 37.1kWh/m². The CDD26 (cooling degree 
days based on 26°C) is 175, and the annual cooling electricity consumption is 24.9kWh/m². The per-
capita annual heating and cooling electricity consumption is: 

(37.1 kWh/m² + 24.9 kWh/m²) * 34 m² = 2108 kWh 

With reference to Shanghai, the energy use composition of the four sectors is: space heating and 
cooling 48.0%, household electricity 35.9%, electricity for ventilation fans 1.3%, and hot water 15.8% 
(Qian et al. 2010). Only 50% of hot water is generated by natural gas. The per-capita annual electricity 
consumption is: 

2108 kWh /48% * (100% – 7.9%) = 4045 kWh 

And the per-capita annual natural gas consumption is 

2108 kWh /48% * 7.9% = 347 kWh. 

                                                      
10 This is admittedly a very low value that is far from current Shanghai. But considering the future trend, it could be a target 
value. 



50 

The Jiangsu province’s standard for Low-carbon Building provided the CO2 emission index in 
Jiangsu (Table 5-3). 

Table 5-3 Jiangsu province’s CO2 emission index (wC，j ), Unit: kg/(kWh). 

Electricity Natural gas Fuel oil Coal 

0.95 0.1984 0.31 0.39 

It can be calculated that 

C1(B1) = 4045 kWh * 0.95 kg/kWh + 347 kWh * 0.1984 kg/kWh ≈ 3.9 t 

C1(B2) = 0.7* C1(B1-T1) ≈ 2.7 t 

C1(B3) = 0.5* C1(B1-T1) ≈ 2.0 t 

Section 3.3.2 analyses the CO2 emissions per capita by different transport modes. The three scenarios 
will create CO2 14.95kg/100km, 11.15kg/100km, and 6.35kg/100km. The transport CO2 emission 
can be calculated that 

C2(T1) = 14.95 kg/100km * 30000km ≈ 4.5 t 

C2(T2) = 11.15 kg/100km * 20000km ≈ 2.2 t 

C2(T3) = 6.35 kg/100km * 15000km ≈ 1.0 t 

The entire CO2 emission by each scenario is given in Table 5-4, which is the basis for further analysis. 

Table 5-4 CO2 emissions per capita by different scenarios (t). 

 B1 B2 B3 
T1 9.3 8.1 7.4 
T2 7.0 5.8 5.1 
T3 5.8 4.6 3.9 

5.3.4 Scenario analysis 

Performance analysis 

 
Figure 5-10 CO2 emissions per capita by different scenarios. 

Figure 5-10 is the bar chart of the CO2 emissions scenario matrix. 

The B1-T1 scenario represents the general level of China’s current new cities – targeting action but 
having little real effect, far from the perfect state. To reach the CO2 reduction targets, greater efforts 
are required. 

All T1 scenarios are predicted to fail to reach the target of CO2 emission reduction, which proves 
the importance of urban planning. Whatever energy-efficient buildings are developed, a motorised 
city cannot avoid breaching the upper limit, 5.5t, at least not before non-fossil fuel vehicles 
completely replace fossil fuel vehicles. A big problem for a motorised city is not only the inevitable 
poor energy efficiency of transport modes, but also the inherent need for long-distance travel, which 
induces more CO2 emissions. 
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All B1 scenarios also fail to reach the target, which means China’s current standards for energy 
efficiency of buildings is not strict enough. However, B1-T3 scenarios are near the target, compared 
with B3-T1, which are far from the target. This indicates that transport carries more weight than 
buildings when aiming to reduce carbon emissions, and further highlights the importance of urban 
planning as well. 

All T2 scenarios fail to reach the long-term target. Only B3-T2 scenarios meets the upper target, but 
it still higher the long-term target. This proves, again, that transport carries more weight. 

B2-T3 and B3-T3 scenarios are the only two possibilities that meet the long-term target.  

The improvement from T2 to T3 scenarios is less than T1 to T2 scenarios. Similarly, the 
improvement from B2 to B3 scenarios is less than B1 to B2 scenarios. These patterns show that with 
the requirement increasing, the energy-saving potential is decreasing. 

Without the consideration of costs, the B3-T3 scenario is the most optimistic result. However, the 
cost is an unavoidable problem. The analysis for each scenario’s incremental cost and performance 
cost ratio is also important. 

Performance cost analysis 

The performance cost ratio is the carbon emission reduction ratio divided by the incremental cost 
ratio and can be expressed as 

P(Bi-Ti) = I(Bi-Ti) / E(Bi-Ti) 

where P(Bi-Ti) is the performance cost ratio with the scenario Bi-Ti, I(Bi-Ti) is the incremental cost 
ratio with the scenario Bi-Ti , and E(Bi-Ti) is the carbon emission reduction ratio with the scenario 
Bi-Ti. 

The carbon emission reduction ratio by the reference city (9.95t per capita) can be expressed as 

E(Bi-Ti) = (9.95 – C(Bi-Ti)) / 9.95 

where E(Bi-Ti) is the carbon emission reduction ratio with the scenario Bi-Ti, and C(Bi-Ti) is the 
total carbon emission per capita with the scenario Bi-Ti. 

Table 5-5 shows the carbon emissions reduction ratio, which is a quantification of the energy 
efficiency (Figure 5-11). A larger number indicates a better level. A city with current general urban 
planning and building standards will only get a nominal improvement compared with developed 
cities in the same areas. 

Table 5-5 Carbon emissions reduction ratio based on Shanghai’s level. 

 B1 B2 B3 
T1 6.5% 18.6% 25.6% 
T2 29.8% 41.7% 48.7% 
T3 41.7% 53.8% 60.8% 

 
Figure 5-11 Carbon emissions reduction ratio of different scenarios. 

The incremental cost of each scenario includes two sectors: buildings and urban planning. 

Li Ju and Sun Daming (2009) analysed the incremental costs of 18 buildings that meet the standard 
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certifications, nine buildings got two-star certifications and five got three-star certifications, 
corresponding with the B1, B2, and B3 scenarios. The incremental cost was 2.7%, 6.2% and 9.3%. 
Meanwhile, urban planning does not incur incremental costs (Yang, 2010). 

Table 5-6 shows the incremental costs of each scenario. B3 scenarios require the most additional 
investment. A smaller number means a lower incremental cost. (Z. Gu, personal observations, visit 
to Nanjing 2013 [whatever the proper year]) 

Table 5-6 Incremental costs of each scenario. 

 B1 B2 B3 
T1 2.7% 6.2% 9.3% 
T2 2.7% 6.2% 9.3% 
T3 2.7% 6.2% 9.3% 

Table 5-7 shows the performance cost ratio of different scenarios. The numbers have no units; they 
only show the relative degree of the performance cost ratio. Figure 5-12 is a bar chart of the 
performance cost ratio. A smaller number means a higher performance cost ratio. 

Table 5-7 Performance cost ratio of each scenario. 

 B1 B2 B3 
T1 0.415 0.333 0.363 
T2 0.091 0.149 0.191 
T3 0.065 0.115 0.153 

  
Figure 5-12 Performance cost ratio of different scenario. 

All T1 scenarios have the lowest performance cost ratio, which again strengthens the argument for 
the importance of urban planning strategies during the new city development. 

The B1-T3 scenario has the best performance cost ratio, and the gross cost is also lowest. 
Unfortunately, this scenario does not meet the requirement of the upper target. 

The B3-T3 scenario has the best carbon emission reduction, but the performance cost ratio falls in 
the intermediate level. 

The B2-T2 scenario has a slightly better performance cost ratio and a remarkable lower gross cost 
than the B3-T3 scenario. Although it does not meet the long-term target, it is still a practical choice. 

The B2-T3 scenario has the best performance cost ratio among the scenarios reaching the upper 
target, and it also meets the long-term requirement. Meanwhile, it is economically practical. Therefore, 
it should be the optimum solution. 

Summaries 

Through the analysis of scenarios, the conclusions can be summarised as follow: 

• The task of urban energy efficiency is difficult but achievable. 

• Neither urban planning nor building standards alone can support the overall task associated 
with the development of energy-efficient cities. 

• Comparatively, urban planning strategies are powerful and cost-effective strategies. They 
should be the first consideration during the process of new city development. 
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• The incremental cost is unavoidable. The most cost-effective strategies cannot achieve targets, 
even the upper targets. To realise the “450 Policy Scenario”, administrative authorities should make 
policies to prompt all stakeholders to increase investment in energy-efficient buildings. 

• Without regard to costs, a walking city combined with the strictest building standard is the most 
optimistic result, which is sufficient to face any challenge from climate change. However, its 
performance cost ratio falls in the intermediate level. 

• A walking city with mid-level energy-efficient buildings could meet the long-term carbon 
emissions target. Meanwhile, it is also one of the most cost-efficient models. It is no doubt the best 
solution for a new city development programme. 

• The strictest building energy-efficient standard, such as the Passive House, is not necessary for 
the cities in China’s Hot Summer and Cold Winter climate zone. 

• A city with good public transportation and middle level energy-efficient buildings can meet the 
upper carbon emissions target, and is equally inexpensive. This scenario could be an alternative in a 
tight financial situation. 

5.3.5 Proposals 

To meet the requirements of the “450 Policy Scenario” is so difficult that no single method can 
accomplish the mission. The analysis of the scenarios points out the route that China’s new city 
development should take: a compact, mix-used, walk-oriented, and self-sufficient city mode is 
recommended, while at the same time, considerable energy-efficient buildings are also necessary. 

China has copied and repeated the US’s model for development for several years. The motorised city 
model, for example, Beijing, has dominated the field of urban planning for a long time. The 
responsibility is not only with the planners, but also lies in the ambition of governments. Chinese 
traditional culture also encourages a tendency towards a bigger, wider, and more centralised approach. 
This situation cannot be changed easily and quickly. It depends on the progress of the stakeholders 
in the ‘game’ of city development. Professional urban planners should not only insist upon rational 
urban planning, but they should also take responsibility for educating the public. They should realise 
that the urban form is compatible with economic and social development, and that the general public 
must be made aware of these concerns. 

In consideration of an energy-efficient urban form, Chinese people are generally enthusiastic about 
energy-efficient buildings. China’s education system, largely influenced by the Soviet Union, 
emphasises scientific and technical training above the humanities. Physical standards or regulations 
are relatively easy to implement, and to date, the Chinese public has widely accepted the need for 
energy-efficient buildings. There are persistent rumours that some house owners have brought 
lawsuits against house developers for using insulation that did not meet the national standard of 
energy efficiency in China. Also, residential buildings with a high energy performance have higher 
prices and better marketing prospects. The most problematic barrier is economic. Considering 
China’s level of economic development, current building standards are acceptable in the short term. 
However, buildings are easily renewed, and with further economic development, stricter building 
regulations can be executed. 

In addition to technical strategies, the scenario analyses offered other enlightened possibilities e.g. 
restricting human material comforts. The best way to reduce petrol consumption is not through new 
technologically advanced vehicles, but through reducing the numbers of people choosing to drive. 
Essentially, all architecture and urban planning strategies should try to maintain comfort levels while 
utilising less energy. If comfort levels cannot be ensured with current technology, what will humans 
do? Maintain comfort levels at the cost of irreversible damage to the environment through climate 
change, or control desires for comfort to save the earth? Everyone must choose the second option. 
The best strategies must therefore involve raising human awareness, through education and publicity. 

The proposals for new city development are: 
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• Urban planning: abandoning motorised city structures; enhancing mix-used land development; 
public mass transport a priority; encouraging walking as a mode of transport. 

• Building design: strictly executing current standards for energy efficiency of buildings; 
promoting the higher energy-efficient buildings; not wasting money by pursuing extremely energy-
efficient buildings. 

• Social and economic strategies: public education against vehicle-oriented living style; economic 
stimulation for energy-efficient appliances; regulation and legislation against energy-wasting 
behaviours. 

5.4 Future research 

The energy efficiency of cities is still a new research field for Chinese building designers, planners 
and developers11. Future research should primarily relate to the technical and market methods within 
this area. The focus should be on the improvement of architectural technologies suitable for China, 
and how to absorb Chinese local low-tech technologies into the solutions for energy efficiency of 
new buildings. More detailed case studies are needed in European countries and in China. 

An additional area for future research concerns the balance between the rise in cost and technical 
measures. A barrier to energy-efficient buildings is that developers do not confirm how much money 
they will invest for energy efficiency, and how the customers or other stakeholders will bear this 
increased cost. Investigation into these issues is rare in China. The application of this research may 
help persuade ing developers to increase their investment in energy efficiency. 

Further research should implement these energy-efficient approaches in an actual project, which may 
be a residential community or an office building. Although China is undergoing a major phase of 
construction, greater than any other country at this time, the practical opportunities to design real 
energy-efficient buildings are not numerous. During the time of writing this thesis, four projects 
underpinned by energy-efficient concepts were planned and then subsequently cancelled. It will 
require a great effort to get new projects started in China, but any completed project will provide 
more concrete experience than academic research, so it is absolutely necessary that real examples are 
implemented. 

Finally, a monitoring investigation is recommended for the south area of Hexi new city district, 
Nanjing. The investigation should compare the energy consumption of a recently-built area and the 
newly-planned compact new city district in the south of Hexi. The investigation will test and verify 
the proposals of our scenario analysis. If there is a notable departure from our results, the reasons 
for this should be studied and strategies for improvement should be proposed. 

 

                                                      
11 A casual search of several Chinese databases using the key words “energy efficient city” returns papers that have almost 
entirely been published after 2000, and the bulk of those have been published in just the past few years. 
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6 Conclusions 

6.1 General conclusions 

New technical methods for energy-efficient buildings, such as the Passive House or LowEx systems, 
are innovations for current buildings. After twenty years of development, thousands of cases have 
been implemented in the world. More than 20 000 passive houses have been registered and there are 
2870 buildings listed in the passive house database of 2014 (iPHA., 2014). These are significant to 
research into energy-efficient buildings as they include concepts that have been put into practice. 

LCA for the building industry is not well developed because of building uniqueness, which means 
that every concrete assessment is almost meaningless for other projects. Each successful building 
case is so complicated that it is hard to replicate in another place. The same problems are apparent 
in energy efficient building simulations. Hence, most rational developers, as businessmen, will not 
make environmental assessments of their building developments for technical reasons only, 
especially when the nation does not have a strict standard for energy efficiency of building 
development. Building developers carry out assessments because they want to know how ‘green’ 
their buildings are, but more importantly they want their customers to know how ‘green’ their 
buildings are. Only a certification from a third party with high reliability, such as LEED, can convince 
customers. The role of environmental assessment is then changed from a simply technical feature 
into an important key point that links the two players in the game of building development. It makes 
the nature of the game change from non-cooperative into cooperative. The role of assessment in the 
building development game cannot be explained from a technical perspective, but Game Theory can 
explain it very well.  

BEA is a method that encourages clients to develop more energy-efficient buildings for economic 
benefits, and it has an important role in establishing sustainable building markets. Its main 
achievement is transforming theoretical models into realistic developments. Optimistically, with 
more and more energy-efficient building projects certified, the demonstrable results will influence 
the whole building market. 

Laws and codes regulate the basic standards of buildings. Compared to laws, policies (while not 
mandatory) can have a greater impact because they can have country-wide effects. In China, a 
centralised country, there are no non-government methods that operate at the same level. 

These three sets of methods represent the key phases in the process of developing energy-efficient 
cities: concept research, demonstrations, and spreading information to the whole of society (Figure 
6-1). As the old standardisation and legislation comes to an end, advanced study is heralding a new 
cycle. 

Figure 6-1 Roles of three sets of methods to develop energy-efficient buildings. 

A city is a complex system. The energy efficiency of a city depends not only on sub-system energy 
efficiency, but also on interactions between sub-systems. The energy efficiency of a city is also a game 
between different stakeholders. To promote the energy efficiency of a city, there is a need for an 
entry point and a mechanism. Urban planning is a suitable entry point and mechanism that can 
optimise the relationship between sub-systems and improve the energy performance of the game. 

Increasing intensity of land development, enhancing the use of sunlight and natural ventilation, and 
optimising green space can reduce the energy consumption of buildings. Reducing the road area, 
enhancing mixed land use, and planning public space matching public transportation can reduce the 
energy consumption of transportation. 

Concepts research Making demonstrations Expand to whole society 

Technical methods Building Environmental Assessment Laws and policies 
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The solution for an energy efficient city should include technical support by professionals and 
political coordination. Urban planning as a basic method should play a leadership role. The practice 
in Nanjing tried to explore an integrated solution and transfer the plan into reality, which could be 
an example for new urban construction in a rapidly urbanising China. 

6.2 Conclusions for China’s conditions 

The key point for developing energy-efficient cities is to make the stakeholders cooperate. All 
approaches are important to certain players, but the more important issue is making other players 
understand and recognise them. Only when all players are convinced of the values of those 
approaches will they be implemented. However, this cooperation is impossible without an agreed 
framework and defined goals. The municipality or state has to set demanding targets. 

Urban planning is a kind of administrative measure, which will be influenced by many stakeholders 
in the ‘game’. In relative terms, economic approaches are easily extended. Pure administrative 
planning without matched economic consideration is difficult to carry out. The Chinese government 
must accept its responsibilities for policy making, demonstration projects, energy data collection, 
standardisation and legislation, and public education. 

Under China’s planning system, in order to make a subjective plan for energy efficiency, land use 
planning with energy efficiency considerations is necessary. An effective detailed plan for urban 
energy efficiency should be based on compact and intensive land use and should be included in 
concrete guidelines for any construction project. 

The Passive House and Low Exergy Systems in buildings represent two possibilities for energy-
efficient buildings in the future. In terms of energy efficiency issues, the Passive House represents a 
quantitative change and LowEx a qualitative change, although their goals are the same. However, the 
Passive Houses and LowEx systems are not incompatible and when combined they can achieve high 
energy efficiency, although at a higher cost. In general, the Passive House and LowEx systems are 
good solutions for energy efficiency in buildings. However, for the Chinese situation, the chosen 
criteria should not only be technical but also economic and take into account the developers and 
consumers’ capabilities. 

BEA methods are currently shifting from ecological, indicator-based scientific systems to more 
integrated systems covering ecological, social and economic categories. The BEA methodology aims 
to influence sustainable design and then influence the entire building life cycle, which is a type of 
soft systems thinking. There are several obvious ways to enhance BEA methods in the future: 
expanding the scope from the design level to the whole life-cycle level of construction; paying more 
attention to non-ecological indicators and different stakeholders’ interests; enhancing international 
cooperation; accelerating legislation and standardisation; and developing user-orientated assessment 
systems. 

All cities in China want to become leading examples of sustainable development. They want to 
become Eco-Cities or adopt other similar concepts; they want to build more industrial parks to attract 
new business; they want to expand tertiary industries; they want to attract tourists. However, most 
of the time, the rhetoric of development policy has replaced sustainability-driven development. An 
integrated solution should reserve enough time at the beginning of projects for setting goals and 
clarifying the way forward. 

China is a developing country and cannot afford to employ high levels of technical methods in every 
aspect of the economy, particularly in the large field of construction. In addition, Chinese culture 
does not encourage the pursuit of maximum energy efficiency. Urban planning is what China needs 
for developing energy-efficient cities, and architects and urban planners should play key roles in the 
process. 
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