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1. Introduction  

Over the last thirty years, accelerating economic growth has dramatically transformed the 
Chinese urban landscape through rapid urban expansion, housing development, and 
massive new infrastructure projects. These changes are greatly altering people’s life style 
in terms of increasing reliance on cars, air conditioners, electric appliances, and elevators, 
among many factors, inducing cities to consume ever more energy. Producing this energy 
largely from fossil fuels, China has now become the largest carbon emitter in the world, 
and it is projected to have even more massive carbon emissions over the next few 
decades.  
 
Urban development is regarded as the most important driver in the emissions scenario. 
Energy consumption that can be attributed to the built environment and the life of people 
within it -- has exceeded 46% of the total energy consumed in China, and this proportion 
will continue to go up1. To mitigate the impact of CO2 emissions on climate and the 
rising costs of fossil fuels, and to insure future economic growth at the same time, 
research is needed to better understand the relationship between urban form and energy 
and to devise models for clean energy city design.  
 
There are many existing studies on the effects of rapid urbanization in China on the 
environment, however, almost all of these studies have been conducted at the regional, or 
even national scales. While such studies may illuminate the problem, they provide no 
guidance on how to shape the process of urbanization at the scale at which cities are 
actually being built – the scale of the real estate development -- one neighborhood at a 
time. Studies also tend to focus on measuring negative externalities such as carbon 
footprint – the greenhouse gas emissions generated by a project -- without addressing 
ways to improve the situation.  
 
In China as elsewhere, the very general notion of compact urban form has been regarded 
as means to greater sustainability. But with almost no studies existing on the relationship 
between urban form, design and energy consumption, and even fewer that have 
considered urban development in China, questions such as: How compact does an urban 
form need to be to achieve meaningful energy efficiency? What kind of form? Are all 
forms equal in their energy efficiency or is there a difference among them? What is the 
source of the differences? -- have yet to be answered. Even more significantly: How can 
designers and developers choose among a vast array of variables to design more energy 
efficient scenarios in particular circumstances? How can they assess the energy 
consumption of their project or alternatives? And finally, how can they do this in a way 
                                                 
1 The Building-relative Energy Consumption Has Accounted for Over 46% in total. (2007). From 
http://news.sina.com.cn/c/2007-10-29/001514181433.shtml 
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that is comparable to other projects to provide a basis for some kind of energy policy 
about the built environment? As China’s urbanization continues over the next decades, 
building hundreds of millions of new homes, answers to these questions, and scenarios 
for clean energy neighborhood development will become increasingly critical. .  
 
“Making the Clean Energy City in China” is a research project being undertaking to 
answer the above questions. MIT and Tsinghua University seek not only a better 
understanding of the relationship between urban form and energy consumption, but also 
practical tools for affecting the design of real estate development projects in the field to 
attain low carbon performance. Low-carbon performance is achieved by integrating the 
energy-saving and renewable energy strategies into design, reducing the consumption of 
fossil fuels. Our focus is achieving clean energy development within the urban context of 
China, and the city of Jinan has been chosen as a test case. However, the research also 
considers the global experience of producing clean energy neighborhoods, and its results 
may have implications beyond Jinan and China.  
 
To address urban energy issues more effectively, “Making the Clean Energy City” 
research ultimately aims to achieve several interconnected objectives: 

1. To identify prototypical high quality examples of clean energy urban form, 
drawing on the expanding global experience with developing and assessing clean 
energy neighborhoods. The prototypes -- distilled into a “pattern book” -- will 
provide for the first time: a) a common language of clean energy development, b) 
examples and inspiration as a starting point for designers; and c) a comparable 
database on the energy performance of different design approaches. Hopefully, in 
the long run, these prototypes plus new ones will replace existing typologies of 
neighborhood design that evolved with no consideration of energy consumption. 

2. To understand the relationship between energy consumption and urban form 
in the Chinese context. While existing neighborhood form typologies in China 
have evolved with no consideration of energy consumption, nevertheless, we 
hypothesize that there is a relationship between them: i.e., some urban forms are 
inherently more energy efficient than others.  To test this hypothesis extensive 
studies were undertaken of prototypical neighborhoods in Jinan. Energy 
consumption was assessed using various sources of data in three key areas: a) 
transportation and mobility:  How do the neighborhood forms affect the amount 
and type of transportation used and therefore energy consumed by households in 
these neighborhoods? b) operational energy:  How much energy is consumed by 
heating, cooling, elevators, distribution, and lighting in different neighborhood 
forms, and how much can these demands be reduced by taking advantage of 
passive solar radiation, wind, and natural ventilation? c) How much energy is 
embodied in the construction and life cycle of the buildings and site? 
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3. To create a commonly accepted tool or protocol for assessment of energy 
performance at the neighborhood scale.  The lack of such a tool and related 
terms and measures is hindering research and development of more energy 
efficient cities. On the development side, designers need practical tools to 
provide feedback on the performance of alternative development schemes, 
enabling them to make optimal choices among a huge set of design variables 
affecting energy use. On the research side, tools are needed for policymakers, 
who with a commonly accepted protocol and unit for measuring energy at the 
neighborhood scale can understand norms across many projects and set targets 
without prescribing solutions. The role of the assessment tool we envision 
parallels the universally accepted role of a financial proforma in real estate 
development. The financial proforma collapses a wide array of factors – market 
demand, construction systems, costs, sources of capital, mix of activities, and 
effects over time – into a single number: the net present value or rate of return on 
the project. Similarly, the energy proforma will collapse transport, operational, 
and embodied energy use of a neighborhood, along with its potential for energy 
production over time, to a single number: its net present energy value. 

If such a tool can be successfully applied in China, we believe it will have wide 
applicability. The aim is to produce a Chinese model for assessing and 
encouraging clean energy urban form that can become the common practice for 
development worldwide. 
 

A fourth objective to develop tools to assess the energy performance of regional form was 
articulated in our proposal, but we have decided it is a secondary priority and in any case 
too ambitious for the current research. Instead, we have focused on understanding how 
current regional development policies shape form at the neighborhood scale, and will 
suggest policy changes to encourage clean energy development as one outcome of our 
work. 
 
This report covers progress in the first year of what is anticipated to be a two, or three- 
year effort. In general, we have made substantial progress on the three objectives above 
and tasks outlined in our research program. Contents of the report and key outcomes are 
as follows: 
 

1. Introduction – outlines the objectives of the research and results to date. 

2. The Clean Energy Challenge in China -- reviews the state of energy policy in 
China, and its relationship to our objective of producing more energy efficient 
cities that are less dependent on fossil fuels.  The chapter concludes that despite 
China’s ambitious goals to reduce greenhouse gas emissions, and the fact that 

Cressica
Highlight
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urbanization is the major driver of energy use in China, there is a wide gap in 
energy policy related to the performance of development at the neighborhood scale. 

3. Clean Energy Standards, Art and Practice – examines the relationship between 
neighborhood form, design and energy consumption as demonstrated by current 
best practice. First, we review sustainable development rating systems such as 
LEED-ND for their value in assessing energy performance. Because these ratings 
are neither based in research nor measurable in terms of energy consumption, we 
conclude they are of limited value in moving towards broad based clean energy 
design and policy in China. Second, we analyze the global experience with 
neighborhood scale development projects that aim to be energy efficient. Among 
the most innovative and best performing cases, we deduced six different prototypes, 
demonstrating there are many avenues to clean energy urban form. We are now 
using these prototypes as the basis for a pattern book to inform and inspire design. 

4. The Regional and Local Reality in Jinan examines the forces driving 
development patterns in our test city of Jinan, spanning from the metropolitan 
down to neighborhood scales. We conclude that four principal neighborhood 
design types have been used to develop the entire city, reflecting successive 
national policies towards urbanization. These have become the basis for 
comparative energy use studies described in the next chapter. The major driving 
force for urbanization in the future will be the new high speed rail station nearing 
completion on the west side of town. This provides an ideal opportunity for 
exploring new forms of clean energy neighborhoods, which will occur in summer, 
2010, in a joint MIT-Tsinghua University studio. 

5. Relationships between Urban Form and Energy Use in Jinan documents the 
findings of our research on energy use in the prototypical neighborhoods of Jinan. 
Studies were conducted on the three key components of consumption, including 
transport, operational and embodied energy. A key finding is that the type of urban 
form does significantly affect energy consumption. The studies help us to 
understand why and by how much in Jinan. They also point to design approaches 
that could enhance clean energy performance in future development. Research on 
empirical studies in Jinan was conducted in cooperation with Shandong and 
Beijing Normal Universities. 

6. Tools of clean energy design takes the first step in integrating findings from the 
research into key tools to influence clean energy neighborhood design and 
development. First, prototypical clean energy development patterns are presented 
in a consistent scale and format with data enabling comparison. Second, an initial 
synthesis of the development proforma is presented.  While the proforma is not 
fully operational at this point – the effects of sun and wind are not yet included for 
example – it can estimate the key components of transport, operational, and 
embodied energy of a project to give a comparative measure. The viability of the 
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proforma as a design tool will be tested in the joint MIT-Tsinghua Studio on Jinan 
in summer, 2010.  
 
We intend to apply the proforma to the development patterns to provide 
comparable data on their energy consumption (and to beta-test the proforma) prior 
to the workshop if possible, as a first step in year 2 of the project. 
 

Appendices to the report include more detailed data related to the above chapters. In 
addition, there are several Companion volumes to the report:  

 Clean Energy Neighborhoods (MIT and Tsinghua University) -- presents eleven 
international cases of best practice analyzed during the research, along with the 
four Jinan neighborhoods studied, in a common format.  

 Clean Energy Development Patterns (MIT) – includes comparable studies and 
data on prototypical clean energy urban forms drawn from the cases. 

 Low Carbon and Eco-Cities in China (Tsinghua University) -- provides more 
detail on the Chinese experience with sustainable development projects. 

 Neighborhood Form Analysis (Tsinghua University) – presents information on the 
history of Jinan, its urban development and studies of four prototypical 
neighborhoods. 
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2. The Energy Policy Challenge in China 

This chapter reviews the state of energy policy in China, and its relationship to our 
objective of producing a Clean Energy City. Clean energy requires not only efficient use 
of energy by the city, but also reducing dependence on fossil fuels. Since the beginning of 
the industrial revolution, the by products of burning fossil fuels to produce energy -- 
greenhouse gases -- have been accumulating in the atmosphere and are now known to be 
affecting the world’s climate. With its fast social and economic transition, China has now 
become the world’s greatest emitter of greenhouse gases, and its projected growth almost 
guarantees that China will become an even bigger contributor to emissions in the future. 
In response, the Chinese government has gradually built up an energy policy system in 
recent years designed to mitigate demand as well as fossil fuel dependence, however it is 
not focused on urban development. This section reviews the strengths and weaknesses of 
the current system as they relate to the goal of a clean energy city. 
 
Although urban development is regarded as the key driver in China’s total energy use 
(e.g., McKinsey, 2009), urban form does not receive much attention in the current policy 
structure. Rather, the major focus of energy planning in China is now concentrated on the 
industrial sector. Furthermore, here is no systematic energy regulation covering various 
scales of urban development, which would encourage low-carbon lifestyles. Existing 
regulations are focused almost exclusively on building scale energy issues, leaving the 
neighborhood and regional scales unconsidered. As our research will show, this leaves a 
huge gap in the potential for environmental energy savings as China urbanizes in the 
coming years. 

2.1 China’s Climate Challenge and Urban Development 

2.1.1 Global Climate Issues 
To avoid anthropogenic disasters from climate change, there is a widely accepted 
consensus that the increase in global temperature increase must be contained to within 
two degrees Celsius of pre-industrial levels. A recent study has shown that to achieve this 
goal, green house gas emissions will need to be cut by more than 50% worldwide over 
the next 40 years (Meinshausen et al, 2009). Acknowledging this, as the world’s most 
populous developing country, China promised at the recent World Climate Summit in 
Copenhagen to reduce its carbon intensity (emissions per GDP unit) by up to 45% over 
the next 10 years. To achieve this goal, if it is even possible, will require significant 
efforts in all possible areas, making the institution of clean energy development strategies 
all the more urgent.  
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Energy intensity, development, and economic growth are intertwined. Since late 1970s, 
China’s economic growth has been accelerating rapidly, reaching an annual growth rate 
of over 9% by 2008, a ten-fold increase since the 1980’s. In parallel, China’s energy 
consumption has increased 4.3 times over the same period, an average annual growth rate 
of 5.7%. This far exceeds the global average annual growth rate in energy demand which 
grew only 1.4 times since the 1980’s, and annual increase of only 1.6% (RCSD, 2007).  
Today, China contributes about 20.2% of world total greenhouse gas emissions, more 
than any other nation, having surpassed the USA in 2006 (see Figure 2-1) (CDIAC – 
need full citation). China is also projected to have the highest annual emissions growth 
rate of 2.8% over the next 20 years (IEA, 2009). 

Figure 2-1. The CO2 Emission Increase of China and USA 

Source: US Energy Information Administration (need full citation) 

2.1.2 Urban Development  
Urban development is regarded as a major and growing determinant of the total energy 
consumption in China (McKinsey, 2009). What and how we build not only consumes 
energy today, but also will affect people’s behavior and use of energy in their daily lives 
decades, even centuries into the future. Once built the physical form of a city is almost 
impossible to change.   
  
The energy consumption attributable to urban development involves interaction among a 
complex set of factors. These may be divided into three categories: 1) embodied energy: 
energy embodied in producing building materials and constructing, maintaining and 
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eventually demolishing buildings and sites; 2) Operational energy: energy consumed in 
the operation of buildings and sites by their occupants, such as the energy use in heating 
and cooling of the buildings; 3) Transportation Energy: energy that must be expended by 
people traveling from place to place to accomplish daily activities of life.  General 
conditions in China affecting each of these are discussed below. While these factors apply 
to all of the urban environment including residential, commercial or industrial sites, for 
the purpose of this research, we will focus primarily on energy consumed in urban 
residential neighborhoods, since neighborhoods are fundamental unit of urban form and 
encompass a large percentage of any city, and because residential developments are the 
drivers of urbanization. 

2.2 Urbanization and Embodied Energy Consumption 
In the last two decades, China’s level of urbanization has increased rapidly. Over this 
period, the percentage of the population living in cities has grown from 26% to 47%, and 
this growth is projected to continue by at least 1% per year over the next twenty years 
(McKinsey, 2009) (see Figure 2-2). Accelerated urbanization ignited the largest 
infrastructure and building construction movement in human history. To illustrate the 
dimensions of this change, by the end of 2007, the urban road area per capita and the 
urban residential area per capita reached 11 square meters and 28 square meters 
respectively, which is 3 times and 4 times of the levels in 1980 (RCSD, 2007).  

Figure 2-2. China Urbanization Rate and Building Area Increase  

Source: China Statistic Yearbook 2009. 

In parallel, construction energy consumption has been growing much faster than other 
sectors. From 1998 to 2007, construction energy consumption increased from 16.12 
million to 40.31million tons SCE (Standard Coal Equivalent), with an annual growth rate 
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of 11.93%, 5% greater than the total energy growth rate in other sectors of the economy.  
This does not take into account the vast amounts of energy needed to mine, process, and 
make the construction materials utilized.   

The activities such as manufacturing and transporting construction materials are highly 
energy intensive (Huang and Hsu, 2003 – note, not in reference list). As an example, 
cement is the most widely-used building material in China. Its production is highly 
energy intensive because clinker, an important component, is made in kilns heated to 
1450 degrees C. China is the world's largest producer of cement with production of 1,330 
million metric tons (Mt) in 2007 (LBL-CEG, 2010). Compared with developed countries, 
China’s construction is more resource-intensive, consuming 80 kilogram more cement 
per cubic concrete (Deqi, 2010). In total, the energy consumption for producing building 
material accounts for over 16% of the total energy consumption.  
 
However, this is just the beginning. By 2030, the urban population in China is projected 
by McKinsey to reach One billion, two thirds of the global population. To cope with such 
a massive increase in urban population, China will need to construct 1.6 to 2 billion sm of 
buildings per year, so that the total increase of new construction over the next ten years 
will reach 20 billion sm (Deqi, 2010), and the building energy consumption will pass one 
billion tons SCE  In addition to new buildings there will also be thousands of miles of 
new roads and up to 170 new mass-transit systems (Europe currently has just 70) 
(McKinsey, 2009). As urbanization progresses, carbon-related demand will keep rising.   

2.2.1 Residential operational energy consumption 
Energy consumed in the operation, heating, and cooling of buildings and neighborhoods, 
including families in their apartments, has been rising dramatically in China, along with 
the improvement of people’s living standard.  The residential sector has become the 
second largest energy-consuming sector following industry, contributing over 11% of the 
total energy consumption in 2006, and rising by 4.1% (RCSD, 2007). 

Figure 2-3

                                                 
2 The economy of China is divided into three industries in statistic record, which are: agriculture, industry and tertiary 
sector. Industry, includes: mining and quarrying, manufacturing, electricity power generation and construction.   
3 The Building-relative Energy Consumption Has Accounted for Over 46% in total. (2007). From 
http://news.sina.com.cn/c/2007-10-29/001514181433.shtml 
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Figure 2-3. Energy Consumption Across China’s Regions (2006) 

Source: RCSD, 2007 

2.2.2 Transportation Energy Consumption 

Figure 2-4

Figure 2-5
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Figure 2-4. Increase in Private Cars in China: 1990 – 2007 

Source: China Statistic Yearbook 2009 

Figure 2-5 Vehicle ownership as a function of per capita income 

Source: IPCC Fourth Assessment Report: Climate Change 2007  

2.2.3 The Importance of new design strategies at urban development scale  
Advancing urban development, increasing residential energy consumption and increasing 
private car usage are the key drivers in China’s carbon emission scenario. As shown in 
Figure 2-6, the “building and appliances sector” and the “transportation sector” are 
projected to have the fastest carbon emission growth in the next twenty years: the carbon 
emission in building and transportation sector will quadruple by 2030, while the total 
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emissions will only double. Clean energy urban development for China turns out to be 
extremely critical for dealing with the climate change challenge and national goals. 

Figure 2-6. Baseline Emission Split by Sector in 2005 and 2030 

 
Source: McKinsey, 2009. 

2.3 China’s Energy Policy  
Even though China has an energy policy structure, current laws and regulations are 
mostly concentrated on the production and distribution of energy, especially on the 
electric power generation industry, rather than energy consumption. It is in cities where 
most of the energy is consumed. In this context, building regulations and sustainable 
neighborhood development codes are critical, but insufficient to meet national goals of 
reduced energy use.  This section reviews the overall energy policy structure in China 
and how urban development may fit into the equation.   

2.3.1 Energy Policy Structure 

Figure 2-7
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Figure 2-7. China’s Energy Policy Structure 

 

2.3.2 Fundamental Policies: National Energy Laws 

Energy Conservation law

China Energy Conservation Law – need full reference)

                                                 
4 The regulations include that 
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renewable energy law

2.3.3 Implemental Guidelines: National Energy Plans 

China National Climate Change Program
The 11th Five year Energy Development Plan (2006 2010), the Median

and Long term Renewable Energy Plan

Figure 2-8

                                                 
5 

 
6 The regulation
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Figure 2-8. Reduction Goals for Different Provinces in China in 11th Year Plan 

 

2.3.4 Regulations affecting Urban Development  

n the urban development sector, energy 
regulations do not address urban form at the neighborhood or real estate development 
scale. There are no systematic regulations or design codes that link clean energy targets 
with urban form and low-carbon behavior of residents, or cover all scales of urban 
development that affect energy consumption.  
 
Figure 2-9 illustrates the gap among various laws and regulations related to energy and 
the built environment. Among the four elements of a clean energy city, discussed above, 
only partial aspects of embodied energy, operational energy and energy production are 
addressed in scattered sections of green building codes and renewable energy laws. 
 
If we examine these regulations closely in terms of scale as shown in Figure 2-10, it is 
remarkable that they concentrate almost exclusively on buildings, and there is virtually 
no consideration at the neighborhood design or city planning levels. In following 
subsections, we will review the specific urban development regulations in various scales. 
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Figure 2-9. Policies relating to energy and urban form 

Figure 2-10. Policies at Building / Neighborhood / Regional Scale 
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Building Energy Codes 

Energy Conservation Design Standards for
Residential Buildings in the Heating Zone

National Building
Energy Design Standard for Public Buildings

Green Building Rating System in China

Neighborhood Design

 

                                                 
7 According to the China Building energy-saving research report 2007 (need citation), the electricity energy 
consumption in public building is 70~300KWH/(m2·year)᧨which is 5 to 15 times of the residential energy consumption. 
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 The mobility planning and neighborhood design in China is car-oriented, taken 
for granted in the standards.  This ignores the importance of pedestrian street life 
and encourages the use of private cars. For example, road intersection design 
guidelines serve primarily the automobile, lacking support for bikers and walkers. 
Weaving walkability considerations into urban development will not only save 
energy, but also improve the livability of the urban environment.

City / Regional Scale Planning 

                                                 
8 Residential Neighborhood Planning and Design Code  - need full reference. 
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2.3.5 Comparison with other world regions 
China’s energy policy regime stands in contrast with other areas of the world where 
implementation is more decentralized. In the US, the federal government cannot 
effectively implement national energy policies, particularly involving land use and 
development, without market instruments and economic incentives. In Europe, carbon 
reduction goals are processed by the individual countries through very different 
strategies.   

United States 

United States is the biggest energy consumer in the world, but its national energy policies 
are relatively weak compared with China. Despite several Nation Action Plans setting 
reduction goals since 1990s9, the total emissions and energy consumption have continued 
to grow. The failure of these national programs is linked to the political and social 
structure of United States. As a country comprised of states with their own laws and tax 
policies and a strong private sector with many companies dependent on fossil fuels, its 
hard to implement “national energy goals” on paper. The current administration proposes 
to cut U.S. emissions 14% below 2005 levels by 2020 and 83% below by 2050 using a 
“cap and trade” system, or carbon emissions tax. The rights to emit greenhouse gases 
would auctioned, and could be traded, putting a price on carbon emissions10. In a similar 
vein, US government uses tax policy to encourage energy-efficient building construction. 
For example, housing that is 30% more energy efficient than the IECC (International 
Energy Conservation Code) standard, can enjoy a tax credit, as can retrofits to install 
energy efficient windows and equipment.  
 
At the urban scale, energy policies differ from state to state and city to city. Some cities 
such as Portland have implemented “smart growth” planning for years, successfully 
controlling urban sprawl, resulting in a denser, transit oriented, low-carbon city. Chicago, 
too, has prepared a comprehensive a long-term plan to reduce the carbon emissions11. But 
most cities do not have concrete energy planning programs or actions, with the 
consequence being continuous uncontrolled low-density growth and increasing energy 
consumption due to the urban form.  
 
At the neighborhood scale, development patterns are shaped by local zoning and 
subdivision codes that vary dramatically as well. Despite advances, most codes still do 
not include strong sustainability requirements, although state laws and federal incentives 

                                                 
9 In 1992, Clinton set a goal to cut the carbon intensity in 2000 to the 1990 level, ending in failure for the booming 
economy at that time needed more energy. In the 2002 National Action Plan, President Bush set a carbon reduction goal 
by unit of carbon emission per GDP, trying to accomplish both economic growth and energy reduction. 
10 Obama's Cap-and-Trade Plan. From http://www.businessweek.com/magazine/content/09_11/b4123022554346.htm 
11 http://www.chicagoclimateaction.org/ 
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are changing this. Scholars such as James van Hemert12 have proposed the “sustainable 
zoning” and “green land-use planning”, but physically affecting the design of projects is 
the same challenging process in US as in China.  The big difference in China, however, 
is that national policies can be directly implemented at the development scale, offering 
the potential for more quickly affecting patters of growth on a large scale.  

Europe 

 member states have agreed on how to divide up their 
share of emissions. V Action Plan for Energy
Efficiency (2007 12) 13  to reduce 
energy consumption in residential and commercial buildings, where up to 30% savings 
could be realized, a larger potential than any other sector.  Other EU strategies include 

the Covenant of Mayors to reduce carbon emissions14, 
however, with poor enforcement power, any real carbon reduction rests with the member 
countries.  
 
National policies vary widely. Germany has focused on saving the land, energy and 
material in new construction. Its strict energy saving law EnEG was first enacted in 1976, 
setting up criteria for building ventilation, heating and water usage, and has since been 
updated to even higher standards, requiring developers to achieve a certificate of 
compliance (Xiao, et al, 2009). France has focused on renewable production as part of its 
national energy strategy and has established regional wind power development zones, 
providing subsidies for producers and users of wind energy. Britain is putting more effort 
into the building environment, promoting the zero carbon home15. The government's 
Building A Greener Future: Policy Statement declared that all new homes must be zero 
carbon after 2016. This is backed up by a host of regulations, programs and education to 
guide sustainable development, such as “Community Energy-Urban Planning For A Low 
Carbon Future”16, and the new “Zero Carbon Homes Impact Assessment.”17. It also 
supported zero-carbon demonstration neighborhood developments such as BedZED and 
Greenwich Millennium Village. Lastly, Denmark has more centralized energy policies 
similar to China, with nationally promulgated laws and regulations, but Denmark is more 

                                                 
12 Sustainable zoning,: a new imperative. 
http://www.newwest.net/index.php/topic/article/sustainable_zoning_a_new_imperative/C35/L35/ 
13 http://europa.eu/legislation_summaries/energy/energy_efficiency/l27064_en.htm 
14 More policies can be found here: http://europa.eu/legislation_summaries/energy/index_en.htm 
15 More information can be found from http://www.communities.gov.uk/newsroom/ 
16 Community Energy- Urban Planning For A Low Carbon Future . From 
http://www.chpa.co.uk/news/reports_pubs/Community%20Energy-%20Urban%20Planning%20For%20A%20Low%2
0Carbon%20Future.pdf 
17 http://www.communities.gov.uk/documents/planningandbuilding/pdf/1418640.pdf 



 

 21

effective in combining regulation with market tools to leverage energy supply and 
consumption.  
 

 

2.4 Conclusion
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3. Clean Energy Standards, Art and Practice

This chapter examines the relationship between neighborhood form, design, and energy 
consumption as demonstrated by current best practice.  First, the chapter reviews 
existing sustainable development rating systems for their value in assessing energy 
performance.  Second, it analyzes the global experience with neighborhood scale 
development projects that aim to be energy efficient and identifies lessons from this 
experience for making clean energy urban form. Existing standards and best practices 
provide a benchmark for the research, while their limitations demonstrate the need for a 
more comprehensive approach.   

3.1 Existing Assessment Systems for Energy-Efficient Development  

3.1.1 The Importance of Standards and Our Focus 

Existing assessment and rating systems are a bridge between the theory and practice of 
clean energy design.  The most well known systems, which we review below, began as 
voluntary rating systems focused on building sustainability developed by national interest 
groups in the US and Britain.  The ratings have been developed and promoted by public 
interest groups drawing on common knowledge and experience, rather than systemmatic 
research, and are not specifically focused on energy.  Nevertheless, these systems have 
gained in popularity -- minimum ratings have been adopted as standards by cities and 
towns -- and their scope has expanded in recent years from buildings to neighborhood 
scale development.   
 
These systems are significant to our research for several reasons.  First, they are 
expanding awareness and motivate trends in practice.  Although not mandatory like 
building and zoning codes, achieving a LEED certification (US Green Building Council), 
for example, is seen as an acknowledgement by experts that a project is of high quality, 
which can increase its marketability.  Beyond this, several state and local governments 
have created tax and grant incentive programs to encourage certified development, as 
evidenced by a minimum LEED or other ratings. Second, rating systems, to some extent, 
reflect a consensus among experts and practitioners about the characteristics of 
sustainable design.  Standards have been developed by culling information across a vast 
range of topics and studies, and drawing on the experience of industry, practitioners and 
experts, tempered by what is acceptable to the market and the real estate industry.  For 
our research, the rating systems represent a baseline, summarizing the state-of-the-art in 
the field.   The limitations of such systems to achieving broad scale clean energy 
development in China, discussed below, define the challenge we are seeking to 
overcome.  
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Given the focus of our study, the review of the rating systems focused attention 
specifically on aspects related to 1) the issue of energy, and 2) relationships between 
energy consumption and urban form.  Aspects of the rating systems concerned with 
ecology or buildings which do not affect urban form were not considered.  We looked 
first to understand the detailed energy concerns and strategies embedded in the standards 
in our four areas of concern: energy consumed by transport, building and site operations, 
the lifecycle of materials and construction, and renewable energy production.  Second, 
we examined the design implications of these strategies, either directly targeted at energy 
or indirectly related.  Finally we considered what is missing from the rating systems and 
their applicability to our goal of clean energy cities in China.  

3.1.2 Overview of Major Rating Systems  

The Context of Energy Efficient Standards on the Neighborhood Level 

Awareness of residential energy consumption and the need for standards to guide practice 
arose with the demand for “greener” buildings. Since the early 1990s, various rating 
systems, standards, and assessment methodologies have emerged to encourage more 
sustainable buildings, summarized in Figure 3-1. These standards are all based on the 
building scale but some touch to a greater or lesser degree on neighborhood issues.  

Figure 3-1. Emerging Standards and their Sponsors 

Source:http://www.slideshare.net/EEPaul/green-building-be2-camp-pecha-kucha-2008-presentation? 
from=ss_embed 
 
Among the various standards based on the building level, LEED (Leadership in Energy 
and Environmental Design) in the US and Canada, and BREEAM (Building Research 
Establishment Environmental Assessment Method) in the UK are the most influential in 
terms of their geographic scope and the number of certified projects. Both have separate 
rating systems for residential uses: LEED for Homes and BREEAM Multi-residential and 
Code for Sustainable Homes. As building-based standards, they focus mainly on details 
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such as materials, insulation, appliances, etc. Although some broader scale issues such as 
project location, density, transit, local heat island effect, etc. may be incldued, they 
contribute only a very small portion to the overall credits.  �
 
Neighborhood level assessment efforts are relatively new compared to building 
assessment systems. LEED-ND (Leadership in Energy and Environmental Design for 
Neighborhood Design) by U.S. Green Building Council was launched on a pilot basis in 
2007, followed by BREEAM Communities in 2009. Neither of these systems are energy 
focused, but promote the more general idea of sustainability. The former is based on 
smart growth, while the later covers additional issues such as local economic 
development and social equity. BREEAM Communities has a specific section regarding 
energy: Climate Change and Energy and other chapters that have energy implications 
including Transportation and Movement, Place Making, and Buildings. LEED-ND has no 
individual chapter on energy, but integrates this concern into all its five sections.  �
 
Neighborhood-level standards operate quite differently from building-level standards, 
although derived from the latter. Building-level standards are usually paired with 
simulation software that gives a concrete number of simulated levels of energy 
consumption/CO2 emission/water usage, etc. The number is then weighted and compared 
to the benchmark case of the region, based on which a score is generated for rating. A 
typical example is Code for Sustainable Homes in U.K., in which the rating is decided 
upon the percentage improvement against the base case. These supplementary simulation 
tools provide feedback for designers to understand the energy consequences during the 
design process, although limited mainly within the building envelop.   
 
However, for neighborhood level rating systems, no actual energy/ CO2 emission/water 
usage or other data is calculated as a basis for credits. Instead, subjective design 
guidelines with occasional quantitative measures are provided to evaluate the project, an 
approach that is based more on assessing the design itself than on the outcome of the 
design. This result from the fact that neighborhood level rating systems are generally 
more comprehensive with a broader concerns about environmental, social and economic 
sustainability, which can hardly be quantified easily as building-level concerns. 
Furthermore, with regard to energy, no integrated tool exists to assess the energy 
consumption of a neighborhood or development scale project. Therefore, with the 
exception of rare developers who are willing to fund highly specialized studies, both 
designers and raters are in the dark when it comes to predicting or assessing the energy 
consumption of a project before it is built.    
 
In China, no rating system exists targeted specifically towards neighborhoods or 
communities.  Building level standards do exist, the Evaluation Standards for Green 
Building (ESGB), which includes sustainability guidelines for the residential sector, 
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intended as a complement to building codes mentioned in the first chapter. ESGB 
addresses community-level issues such as neighborhood layout, density, and site design. 
In addition, all of its certified residential projects are at the neighborhood scale. A 
comparison of ESGB with the other major standards is made below.  

Overview of Key Rating Systems 

LEED-ND is currently the most influential neighborhood-based rating system in the 
world and 68 certified projects and 239 under consideration. (LEED Docs3546 2010).  
Six Chinese projects are registered and three certified as “Gold”.  LEED-ND combines 
the idea of “smart growth”, “new urbanism” and “green building”, reflected in its three 
sections:  “Smart Location and Linkage”, “Neighborhood Pattern and Design”, and 
“Green Infrastructure and Buildings”.  There are four certification levels: Certified, 
Silver, Gold, and Platinum based on total points earned (out of a maximum of 110 
possible points) and the fulfillment of prerequisite items.  
 
BREEAM Communities targets the planning stage of both residential and mixed-use 
projects. It is comprised of two elements: 1) A Regional Sustainability Checklist for 
Developers (http://southeast.sustainability-checklist.co.uk/), an online tool for decision 
making during preliminary planning stages, and 2) BREEAM Communities Assessment to 
evaluate detailed final plans. (breglobal 2009 – Certification Scheme for BREEAM, 
SD5065A).  There are plans to also include post-construction and post-occupancy 
evaluations in the future. (http://www.skmconsulting.com/Knowledge-and-Insights/ 
Achieve-Articles/2009/Designing-Sustainable-Communities.aspx). BREEAM Commun- 
ities has five certification levels: Pass, Good, Very Good, Excellent and Outstanding 
based on the total credits earned (out of a maximum of 100). Credits for each section are 
regionally weighted allowing for geographic variations.  In addition, there are a set of 
“mandatory requirements” which must be met to qualify for certification. The rating 
system is now in the pilot stage of development with test cases including Athlete Village 
in London and MediaCity:UK in Manchester.  
 
Evaluation Standards for Green Building (ESGB), in China, is a non-mandatory rating 
system drafted and issued by the Ministery of Housing and Urban-Rural Development  
( ⃰ㆉ幍捷) targeted at homes and public buildings respectively with no reference to 
mixed-use projects. The standards were initially drafted in 2006, supplemented by 
Evaluation Standards for Green Buildings Technical Details – Pilot Version (冎唁ㆉ䷠幓ↆ㔏�
㦾兕⒨᧤幤嫛᧥᧥in Aug 2007 and Additional Specifications – Planning Section (冎唁ㆉ䷠幓 㦾兕

⒨嫴⏔広㢝� in June 2008. ESGB has three certification levels denoted by stars with three 
stars the highest. For each level, corresponding benchmarks need to be met across eight 
categories. Since the first round of evaluation in 2008, 13 projects have been certified as 
“Green Building”, including four residential projects, all at the neighborhood scale. 
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Table 3-1. Comparison of Three Rating Systems 

 

3.1.3 Energy Strategies 
To compare the three rating systems, we extracted those items related to the issue of 
energy and those items that might impact or be impacted by urban form. This was 
necessary since the three systems are meant to address broader concerns of sustainability 
and are not targeted specifically to energy.  This was a somewhat subjective exercise, 
since it could be argued that virtually any aspect of the built environment affects energy 
consumption.  Nevertheless, we found that energy related items in the ratings could be 
fairly easily separated out using common sense judgments.  Appendix A includes as an 
example those items in the LEED-ND system that we considered to relate most clearly to 
energy.   
 
Table 3-2 compares key energy related strategies of the three rating systems. The Table 
organized into the four categories of neighborhood scale energy use and production 
indentified in Chapter 2 and elaborated below:  

 Transport -- is energy consumed during travel.  Automobile use is the major 
factor in transport energy use, so principle strategies are to 1) encouraging public 
transit, walking and cycling for day to day needs, and 2) reducing long distance 
auto commutes by spatially bringing homes and jobs close to each other.  

 Operational energy use -- refers to energy consumed both by households in their 
apartments for heating and appliances, and outside the individual units in 
buildings and neighborhood common areas, which would include elevators at site 

 
 LEED-ND BREEAM Community ESGB (building-level)

Date Feb 2009 (pilot in 2007) 2009 (pilot unknown) 2008 

Basis  New Urbanism, Smart Growth & 
Green Building Not Specified Not Specified 

Sustainability Focus  Social, Environmental Social, Economic, Environmental Environmental (Resources) 

Sections 

 Smart Location & Linkage  
 Neighborhood Pattern and 
Design                              

 Green Infrastructure and 
Buildings 

 Climate Change and Energy  
 Community 
 Place Making 
 Buildings 
 Transport and Movement 
 Ecology 
 Resources 
 Business 

 Compact Development and 
the Outdoor Environment  

 Energy Efficiency and 
Renewable Energy 

 Water Efficiency 
 Material Efficiency 
 Indoor Environment Quality 
 Management 

Credit Levels Certified < Silver < Gold < 
Platinum 

Pass < Good < Very Good < 
Excellent < Outstanding  <  <  

Certified Projects  239 registered, 69 certified for 
pilot program 

Number unknown, including: 
Athlete Village (London) 
Media City UK (Manchester) 

4 (Residential)  

Distribution US, CA, CH, MX, KR UK CH 
Regional Adjustment yes 
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lighting, for example. As heating and cooling are most energy intensive, common 
energy-saving strategies target 1) reducing heating loads through increased solar 
gain and decreased heating loss; and 2) reducing cooling loads through 
appropriate shading and natural ventilation.  

 Embodied energy – is embedded in the materials, construction and eventual 
demolition of buildings, infrastructure, and landscape that make up a 
neighborhood. Re-using existing buildings and infrastructure, or making 
development more compact to reduce need for roads, or locating a project close to 
existing development rather than in the countryside, for example, can all reduced 
the need for new construction and energy and are promoted in the systems.  
Finally, use of local materials also reduces energy consumed by transport.  

 Energy production refers to on-site clean energy production from as solar, wind, 
or geothermal sources, rather than fossil fuels.  On-site energy production 
significantly reduces the need for external energy supply, mainly from traditional 
sources that consume nonrenewable resources and emit CO2.  

Comparison of the Rating Systems 

As shown in Table 3-2, the three systems each have distinct foci. LEED-ND is the most 
comprehensive, covering all four aspects of clean energy. A further reading through the 
items reveals its special emphasis on “walkability”, a separate item that defines the 
design elements that shape a pleasant walking environment. Similar design elements can 
be found in BREEAM-C, under the section of “Place Making”. In the operational part, 
LEED-ND gives special attention to solar gain (winter) and shading (summer) with 
images illustrating design strategies. Heat island effect is also emphasized, with detailed 
design solutions mainly focused on shading, paving and plantation. However, no 
understanding is shown regarding the impact that wind/natural ventilation has on 
reducing energy consumption and heat island effect.  For lifecycle energy strategies, 
LEED-ND is limited to brownfield redevelopment with little if any concern related to 
local material or material reduction.  Finally, no requirement on energy production is 
mentioned in LEED-ND, although it might be relevant in the section of “Certified Green 
Building”, which is not specified in the rating system itself. Figure 3-2 summarizes the 
key energy-saving prescriptions contained in the LEED-ND standards, as an example. 
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Table 3-2. Energy Strategies in the Three Rating Systems 

 

LEED ND BREEAM C ESGB

Transportation Energy Saving Strategies
Reduce commute reliance on automobile

o Mixed use strategywithin walking distance NPD C 2/SLL C 6 7 TRA4
o Inclusive Housing (affordable housing) NPD C 4 PS8
o Green Space within walking distance No PS6
o Public transit withinwalking distance SLL C 4.1 TRA1/TRA2 4.1.15
o Car share program SLL C 4.3 TRA7

Improve walking/Biking environment
o Safe walking/biking environment

Continuous sidewalk NPD C 7.1c
Bike path SLL C 5 TRA5
Reduce automobile speed/traffic lights NPD C 2/C 7.1d TRA10

o Streetscape PS5
Mixed use
Diverse housing types NPD C 3
Building height/street width proportion NPD C 7.1b
Building entrance facing public space NPD C 7.1a PS10
Active Frontage (for secure space) NPD C 7.1e PS5/PS10

o Connectivity
Street grid density (higher the better) NPD C 8/SLL C 3
Open community (non gated) NPD P 1

Discourage automobile use
o Reduced/Restricted parking NPD C 6 TRA8/ TRA9
o High priced parking spaces

Compact Development (Transit Support) NPD P 2/C 1 4.1.3
Local Food Production NPD C16
Operational Energy Saving Strategies
Reduce heating load inwinter

o Increase solar gain �– Solar Orientation GIB C 10 CE4 5 4.1.4/4.2.4/4.5.1
o Wind Blockage to reduce heating loss 4.1.13
o Compact buildings to reduce heating loss NPD P 2/C 1 4.1.3

Reduce cooling load in summer
o Natural ventilation (indoor & outdoor) CE4 4.1.4,13/4.2.4/4.5.4
o Shading GIB C 9 CE4 4.1.16/4.2.4/4.5.10
o Green Roofs/Footprint, urban agriculture GIB C 9 CE4/PS6 4.1.6/4.1.16
o Cluster buildings into sub groups CE4

Natural Lighting 4.1.4/4.5.2
Efficient heating/cooling system

o District heating and cooling GIB C 12
o Energy saving HVAC system GIB P 2 BLD1/CE5 4.2.1 3

Management tools / Energy saving incentives
o Energy consumption feedback system
o Identity with visible energy features

Embodied Energy Saving Strategies
Make use of existing infrastructure system

o Brownfield SLL C 1/C 2 PS1 2
o Infill site SLL C 3.1
o Reuse of existing buildings GIB C 5 PS3 4.1.10

Local material RES2/3 4.4.3
Reduce material use (Minimal design) 4.4.2
Energy Production Strategies
Solar Energy GIB C 11 CE5 4.2.9
Wind power/wind turbine GIB C 11 CE5 4.2.9
Geothermal GIB C 11 CE5 4.2.9
*LEED ND: NPD C 1 (Section Name �– Credit/Prerequisite Item#) BREEAM C: PS6 (Section Name �– Item#)
* For corresponding items in the standards, please refer to Appendix
* Items on the issue with quantifiable measures Items on the issue with NO quantifiable measures
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Figure 3-2. Key energy saving criteria in LEED-ND 
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BREEAM Communities echoes most of LEED-ND. With a separate section, it places 
greater emphasis on transportation covering issues ranging from public transit, cycling 
facilities, to car-share and parking. BREEAM advances the concept of a “home zone” 
including safe walking space, streetscape and connectivity, however, it misses the 
importance of a pleasant and convenient walking environment to save energy. In fact, 
BREEAM Communities is the least explicitly energy conscious among the three systems.  
For example, BREEAM’s consideration of operational energy consumption is limited to 
reduction in heating with no concern for cooling needs in summer, although admittedly 
the UK is not a particularly warm climate. Both passive solar and wind/natural ventilation 
is highly valued, a step-forward from LEED-ND. Finally, compared to LEED-ND, 
BREEAM Communities puts slightly more emphasis on renewable energies. item.  
 
The nature of ESGB as a building level standard is clearly demonstrated in Table 3-2. 
The whole section of “transportation energy strategies” is left blank except for “public 
transit” and “compact development”, which, called “唑⦿ ” in Chinese, has been 
consistently emphasized in China’s planning regime long before smart growth prevailed 
in US and Europe. Natural lighting, ventilation and solar gain, achieved through 
prescribed arrangements of buildings, are emphasized significantly more in ESGB than 
the other two standards, reoccurring in various items. “Heat island” is listed, however no 
strategy towards reduction is provided. ESGB’s deep concern for lifecycle energy 
efficiency is another distinct feature, which is reflected in its emphasis on use of local 
materials and reduced consumption in building structure and decoration. Clean energy is 
encouraged but not prescribed in detail.  

Quantifiable and Non-Quantifiable Evaluation Methods 

The ways to evaluate whether a project fulfills a certain criteria can be summarized into 
two categories: quantifiable and non-quantifiable. For non-quantifiable methods, the 
criteria either involve a yes-no answer or require professional judgment. BREEAM 
Communities is mainly composed of criteria requiring some kind of professional 
judgement. One example is in CE4-Heat Island: “Design to enable air-flow through the 
development”. No definition is given nor any measurement or design instruction, 
although for the overall section a simulation of heat island effect is required, but without 
a benchmark denoting what it means to qualify.  
 
Quantifiable methods come in two types: performance measurement and design 
measurement. The former evaluates based on either the estimated or simulated 
performance of the project in terms of level of energy consumption, CO2 emission, heat 
island effect, the percentage of renewable energy, or vehicle miles traveled, for example. 
The latter measures the physical design against criteria that are regarded to fulfill the 
overall goal of the standards. LEED-ND criteria are typical examples of the latter, e.g. “at 
least 50% of dwelling units and nonresidential building entrances (inclusive of existing 
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buildings) are within a 1/4-mile walking distance of bus or streetcar stops”(SLL-C-3). 
Some criteria give even more direct instructions and measurements, such as in GIB-C-10, 
“Solar Orientation” is defined as “one axis within plus or minus 15 degrees of 
geographical east-west” with and accompanying illustration.  
 
Comparing the three standards, LEED-ND has the most clearly defined criteria and 
measurements, both quantifiable and non-quantifiable. It interprets abstract principles and 
goals such as walkability and heat-island-reduction into measurable quantities.  
However, it must be noted that a number of these quantities – such as the example given 
above about building entrances and bus stops – are not derived from research; they are a 
judgment of good practice by the raters.  In comparison, goals in BREEAM 
Communities fail to go beyond principles and the criteria rely heavily on the judgment of 
certified assessors. The evaluation process is therefore a black box for the general public 
as well as designers. ESGB tries to quantify most of its criteria; however, for some items, 
especially those design-related, it fails to interpret them into measurable units; examples 
include “simple design”, “smart arrangement of building orientation”, etc.     
 
One critical issue with rating systems in general is the disconnectedness between goals 
and criteria to achieve these goals. When abstract goals and principles are interpreted into 
quantifiable design measurements, no causality or correlation is discussed. For example, 
LEED-ND claims that “compact development” can “reduce vehicle miles traveled 
(VMT)” and therefore credits can be earned according to the density of the project. 
However, information regarding “by what extent does one unit increase in density 
contribute to the reduction in VMT” is not provided anywhere in the criteria. The 
consequence is that the rating only reveals the project’s performance against the rating 
system itself, but does not provide much information based on measurement regarding 
the project’s (energy) performance in the real world.  

From Ratings to Design Guidance  

Since the importance of standards lies in their influence on future developments, the 
ability of them to instruct design should be a major consideration. As mentioned above, 
quantifiable design measurement provides the most direct guidance, although some 
criteria are less instructive than others. Performance measurement relies on simulation 
tools and designers receive no instructions and have to either use superior knowledge or 
succeed through trial and error, even if they have full access to all the various simulation 
tools. Non-quantifiable, professional judgment ratings prove to be the worst case, where, 
despite the provision of design principles, the benchmark itself does not even exist.  
 
Even given the best criteria, however, the synthesis of clean energy development projects 
is highly complicated and the delicate interrelationships among criteria, embodied in 
tradeoffs such as solar gain in winter verses shading in summer, cannot be addressed in 
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the rating systems.  Even for quantifiable design measurements, confusions arise when 
the designer tries to fulfill several criteria simultaneously. Adding to the difficulties of 
synthesis is the lack of comprehensive feedback system. Unlike building-level ratings, 
which are often supplemented by accepted tools either to check compatibility with the 
standard, itself, or simulate performance, designers following LEED-ND or BREEAM  
have no feedback system to quantify or visualize the energy consequences of their 
decisions during the design process, or trade-offs with other considerations.  

3.1.4 Limitations and the Need for New Tools 
Our analysis illustrates some limitations of the rating systems to achieving a clean energy 
city in China.  As a general comment, the rating systems are employed mainly by of 
developers or building agents interested in obtaining the rating, or taking advantage of 
incentives to do so.  This is a self selected group.  Even with much publicity, the 
number of developments that have been rated to date by all the systems combined is tiny, 
and they tend to be high profile, expensive projects rather than common developments 
which make up the fabric of the city and where the energy is being expended. To make a 
broad based impact on energy consumption, a different approach is needed.   
 
More specific limitations fall into several categories, summarized below: 

The general content of the rating systems 
 From an energy perspective, none of the rating systems is primarily targeted at 

clean energy, nor are they fully conscious of the energy consequences of their 
criteria.  

 None of the three systems is comprehensive enough to cover all of the key aspects 
and strategies of clean energy design.  Some of them overlook entire sections of 
important issues, e.g. the absence of transportation in ESGB. 

Nature of criteria  
 Standards often include criteria expressed in abstract principles that do not 

involve measurement or do not have a clear benchmark to evaluate against, e.g. 
“Design to enable air-flow through the development”, “smart arrangement of 
building orientation”, etc.  

 For criteria involving design, disconnectedness exists between design instructions 
and project (energy) performance. In those design requirements, no quantitative 
information is provided to indicate what achieving the requirements means to the 
overall energy performance of the project under assessment.   
  

How the standards guide design 
 Standards often include criteria that do not provide design guidance. Therefore, 

designers aiming at high ratings can only use those criteria for score-checking 
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purposes after completion of the design rather than guidance during the 
decision-making process. 

 Design instructions are based on individual criteria, ignorant of overarching 
strategies that coordinate the relationships/tradeoffs between criteria. In other 
words, people either use the rating systems to rate the final product as a whole or 
rate against individual criteria, and they might overlook the fact that earning 
credits in one area might result in a loss (or increase) of credits in another.   

 No feedback system assists designers to modify their design according to the 
standards on the neighborhood level. 

 
These limitations suggest a need for new tools that 1) focus more on the comprehensive 
issues of clean energy at the neighborhood scale; 2) involve more concrete evaluation 
methods and subsequent design instructions; 3) provide feedback for designers to 
quantify and visualize the design’s energy consequence during the design process, and 4) 
have broad based practical applicability to common projects. Finally, more research is 
needed to explore the quantifiable relationship between urban form and energy 
consumption as the basis for new tools.  

3.2 Clean Energy Development Projects Worldwide  
If rating systems reflect the state of the art in clean energy design, development projects 
reveal the state of practice. Over the past two decades, a growing number of projects 
claiming to be sustainable and energy efficient have been built. Many are model projects 
sponsored by governments or developers truly interested in innovation. Others are simply 
schemes to attract attention or sales. What are the most successful cases? How can we 
compare them? What lessons do they hold for designing clean energy cities in China? 
This section reviews the many “sustainable” development projects worldwide to help 
understand whether and how they are energy efficient and to select and organize cases of 
best practice. We aim to provide the basis for developing clean energy neighborhood 
design prototypes, and a pattern book that will be useful to designers in future stages of 
the research.  
 
The section is divided into three parts. The first part reviews our worldwide scan of clean 
energy projects and the process of narrowing them to define a shortlist of key cases. Next 
we discuss our approach to categorizing the cases into prototypical urban forms and the 
characteristics of those forms. Finally, we reexamine these projects from an energy 
perspective. Appendix A includes the complete list of cases considered in the research.  
In addition, a companion document to this section, Clean Energy Neighborhoods, 
provides detailed information about key prototypical projects.  
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Similar to our review of rating systems, we focus our review of practice on cases that 1)  
relate mainly to energy consumption and production rather than sustainability, in general, 
and 2) illustrate different approaches to urban form that also achieve a high quality of 
life.   

3.2.1 Projects and Prototypes 

A World Scan 

To identify the scope of current practice, we began with a world-wide scan of hundreds of 
projects which lay some claim to being energy efficient. These were identified through 
the burgeoning literature on sustainable development and their presence on the Internet.  
A long list of 70 projects emerged as candidates for best practice.   
 
In identifying these projects we followed several criteria. First, the projects should 
operate at the neighborhood scale, where complex buildings and sites interact with each 
other in terms of energy consumption or production. Second, the projects should have a 
specified goal of saving energy with some record of deliberate decisions and performance.  
We tended to focus on recent projects, rather than traditional vernacular architecture, 
although it must be acknowledged that there are many lessons for energy conservation in 
traditional design. Finally, we looked for projects in the urban context, given the goals of 
our study. 
 
A quick scan of the cases reveals a preponderance of projects from Europe, then North 
America, followed by a few examples in the Middle East and Asia. In general, Europe 
leads the game in energy-saving, sustainable development with many model projects 
sponsored by governments or undertaken by enlightened developers, beginning as far 
back as the early 1990s. A number of these projects have clear goals for reduced energy 
consumption involving comprehensive strategies that quantitatively estimate energy 
consumption before construction and are monitored afterwards. North American projects 
have appeared more recently partly in response to the LEED-ND rating system, strongly 
influenced by new urbanism and smart growth. In the North American projects, reduced 
energy consumption is, in most cases, only a subsidiary objective to the broader goal of 
achieving sustainable development. In consequence, qualitative descriptions of energy 
strategies are common, while quantitative measurement of actual energy-savings is rare. 
Few projects outside of Europe and North America are included, reflecting the fact that 
they are less common in practice. However, we can see ambitious plans in projects such 
as Masdar in Abu Dhabi and Dongtan in China.  
 
As a second step in the process, the projects were examined and narrowed to a list of 25 
cases that represented best practices most relevant to our study. Most of these projects 
have been widely acknowledged as representative of “sustainable” if not explicitly clean 
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energy development in the literature and on websites devoted to the subject. They 
incorporate strategies that directly or indirectly affect neighborhood form. And finally, 
they had sufficient information available for further analysis. More intensive research on 
the 25 projects collected information regarding project program, site plans, architectural 
quality, energy strategy, performance, and livability. Both the initial list of 70 projects, 
and the short list of 25 examples of best practice appear in Appendix A. 

Prototypes of Urban Form 

From the study of 25 examples of best practice, we recognized several repetitive formal 
patterns across the projects, which allowed them to be grouped into prototypical 
approaches. The prototypes represent very basic ideas about urban form including 
relationships among buildings, sites, routes of access, and the surrounding city. They 
capture the essence not only of physical form, but also activities and patterns of behavior 
engendered by the form, and finally, strategies for saving and producing energy. In all, 
six prototypes with several variations on each were identified. 
 
Projects that were most representative of each prototype were selected for analysis in 
greater detail to provide a foundation for the pattern book to be developed later in the 
research. Collectively these projects stand out for their comprehensive energy goals 
and/or performance, although the degree of documentation varies (an issue we will 
discuss later). They also represent a range of scales and types of development; the aim 
was to highlight projects that were relatively successful within their prototype category. 
Finally, the projects stand out as examples of livable, high quality design.  
 
The livability aspect was based on the success of the development in attracting residents 
and providing a good place to live – facilitating their day to day activities and well-being 
– as evidenced in literature about the projects and prior studies of them. Design quality is 
to some degree a subjective judgment, however, unless energy efficient neighborhoods 
are also highly livable they will be less acceptable to the public, in the long run defeating 
the broader goal. Furthermore, our review of cases indicated that successful clean energy 
projects foster strong communities that are well liked by their residents who in turn 
modify their behavior towards the goal of energy efficiency. And so, we regard successful 
design strategies as those that not only address energy concerns, but also enhance project 
livability as well.    
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Table 3-3. Prototypical Forms of Clean Energy Neighborhoods 

 
The prototypes, variations on each, and key representative projects are presented in Table 
3-3 and Figure 3-3 and summarized below: 
 
1. Small perimeter block – A number of the projects consist of small scale connected 

buildings of 3-4 stories arranged around a central shared space, a quadrangle. The 
quadrangle allows sun to penetrate to all units, retains heat in the winter, and can 
mitigate the effects of wind in cold climates. It also allows for individual front doors 
on the perimeter and semiprivate space inside, a highly livable arrangement.  Such 
schemes can accommodate great diversity within their simple morphology. 

a. Simple – forms group together many single quadrangles within a largely 
pedestrian environment, such as at Bo01, Malmo Sweden; 

b. Complex – forms are characterized by a series of interlocking enclosed and 
semi-enclosed spaces all oriented to the sun and connected by small access roads, 
as seen in Ecolonia in the Netherlands. 

 
2.  High density perimeter blocks – These projects have many of the advantages of their 

smaller cousins but they are larger in scale and density.  Typical projects may 
include 8-10 story or even taller buildings grouped around the edges of an urban scale 
block leaving a space in the middle.  Building entrances, local shops and services 

Prototypes Representative
and variations project Location

1. SMALL PERIMETER BLOCK
A. Simple Bo01 Malmo, Sweden
B. Complex Ecolonia Alphin, Netherlands

2. HIGH DENSITY PERIMETER BLOCK
A. Simple Greenwich London, UK
B. With towers Symphony Park Las Vegas, NV, USA

3. LOW RISE SLABS
A. Aligned BedZed Wallington, UK
B. Staggered Geos Denver, CO, USA

4. GRID
A. Regular Kronsberg Hanover, Germany
B. New Urbanist Civano Tuscon, AZ USA

5. LOW RISE SUPERBLOCK
A. Pedestrian clusters Vauban Freiburg, Germany
B. Pedestrian Matrix Masdar Abu Dhabi, UAE

6. HIGH RISE SUPERBLOCK
A. Linked towers Linked Hybrid Beijing, China
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face public streets and sidewalks surrounding the blocks creating a highly walkable 
environment, while interior spaces may be developed for a variety of uses.  

a. Simple – low- to mid-rise forms repeat variations on the basic block structure, as 
in Millenium Village in Greenwich, UK, where taller buildings are located to the 
north to allow sun penetration and to deflect wind off the Thames. 

b. With towers – include high-rise buildings among perimeter structures. At 
Symphony Park, 30 story buildings are located to shade streets and courtyards.   

 
3.  Low-rise slabs – These forms consist of stacked flats arranged in linear 4-6 story 

buildings grouped into more or less private enclaves surrounded by city streets lined 
with shops and services. Spaces between buildings are used for auto access and 
parking alternating with “backyard” common space for the residents. These forms are 
typical in many clean energy projects because they are cheap to build and when 
aligned east-west, can maximize solar gain. 

a. Aligned – forms follow a rigorous east-west arrangement with no variation for 
local conditions or community space, as found at the iconic clean energy project 
of Bedzed outside London. 

b. Staggered – the linear structures are staggered and arranged to create more 
livable community and semi-private spaces. Geos in Denver, Colorado arranges 
linear buildings to make space for greenways and geothermal wells.  

 
4. Grid – These forms represent a return to the traditional 19th century urban pattern of 

rectilinear public streets and private blocks. A wide variety of low and higher density 
housing types may be built within the blocks, with shops and services along principal 
routes of movement, all unified by the system of streets. This allows for high 
accessibility and walkability within a mixed use, livable environment.   

a. Regular – forms are strictly rectilinear, such as Kronsberg in Hanover, Germany, 
where density increases toward the main street, which contains a tram line, shops 
and services. 

b. New Urbanist – projects use more organic grids with mid-block alleys and small 
lots to encourage high-density and walking. More popular in the US, Civano is a 
good example, where the grid focuses on a town center with shops and services. 
 

5.  Low-rise superblocks – This pattern of development is in many ways the opposite of 
the grid. Superblocks encompass large, sometimes gated areas with no public streets.  
They are largely accessed by pedestrian movement or alternative forms of 
transportation. Freed from the car, more of the surface environment is turned over for 
social, family and community use and buildings may be more densely arrayed with a 
finer grain of mixed uses. 
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a. Pedestrian clusters – group buildings in various ways around pedestrian 
movement systems. Vauban in Freiberg, Germany clusters units in different ways, 
an environment where private cars are largely forbidden, people move by tram or 
foot power, and shops and services are closely integrated. 

b. Pedestrian matrix – represents a return to preindustrial urban forms which were 
tightly integrated and public pedestrian spaces were interwoven with the buildings.  
Masdar, Abu Dhabi, will have no cars. Tightly spaced buildings will shield 
pedestrians from the sun, while wind towers provide natural ventilation. 

 
6.  High-rise superblocks – Significantly, none of the clean energy projects we surveyed 

included the traditional “tower in the park” modernist urban form. Such forms are 
typically single use, highly oriented to the car, dependent on elevators, and not very 
energy efficient. Nevertheless, we did find examples of innovative tower forms that 
were striving also to be pedestrian oriented, mixed use, low energy environments. 

a. Linked towers – connect high-rise structures at an upper level to create an 
interior public realm with shops and services, potentially reducing elevator 
traffic. This emerging form is best illustrated by Linked Hybrid in Beijing, 
which is also heated and cooled by geothermal energy. 
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Figure 3-3. Prototypes and International Cases 
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Figure 3-3. Prototypes and International Cases (continued) 
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Figure 3-3. Prototypes and International Cases (continued)
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3.2.2 The Qualities of Clean Energy Neighborhoods 

Each of the representative clean energy neighborhoods represents the resolution of a 
complex set of factors within their context, climate and culture.  While individually they 
may be more or less applicable in China, we felt that the collection held important lessons 
for the design of clean energy neighborhoods everywhere.  Detailed, comparative 
analyses of the representative cases are presented in a separate document, entitled Clean 
Energy Neighborhoods; this, in turn, will provide a foundation for the pattern book to be 
developed later in the research. The document also includes representative neighborhoods 
from our studies in Jinan, analyzed in the same format.  The aim is to facilitate 
comparisons, even though the Jinan neighborhoods were not designed to be energy 
efficient.  An excerpt of one representative project analysis is presented in Figure 3-4.  

General Conclusions 

Looking across the international projects and prototypes, general conclusions emerge.  
One key finding is that there is no ideal approach to achieve clean energy development.  
This is important in the context of China, where as we have seen in Chapter 2, simple 
idealized policies can result in reproduction of one form of urban development across the 
national landscape.  The energy-form relationship is so complex that performance can 
be improved on balance using different strategies.  This is a plus for creating livable 
communities which demand diversity and some level of individuality and innovation.   
 
Another important finding is that while the projects vary in scale and density, as a rule 
they are relatively more compact than their context.  This fits well with the Chinese idea 
of encouraging more compact growth in general, although as we will see later, the quality 
of the compactness matters a great deal with regard to energy consumption.   
 
While it is difficult to compare across the representative projects, since they use different 
measures and strategies, they have all produced energy savings within their context and 
prototype.  Thus, while high-rise superblock neighborhoods can be highly energy 
consumptive (as shown by our studies in Jinan) the Linked Hybrid model provides an 
approach that is more efficient than other tower forms. At the other end of the density 
scale, where suburban sprawl can be equally consumptive, projects like Ecolonia and 
Civano illustrate the viability of more compact, energy saving forms.    
 
We found it interesting that some strategies traditionally regarded as non-form related 
actually influence the neighborhood form in significant ways. For example, a carpool 
program that reduces vehicle miles traveled through shared ridership is usually regarded 
as a management strategy; however, it can significantly change the neighborhood 
landscape by reduced parking surfaces.  In a similar way, small scale energy saving 
features at the building level can add up to influence the form of a whole neighborhood.



 

 44

Figure 3-4. Example Analysis of Representative Project (contd. on following page)  
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Excerpt from Clean Energy Neighborhoods. MIT and Tsinghua University, January 2010. 
 
For example, day-lighting requirements can affect the spacing between buildings rippling 
through the design of the site.  Finally, on-site energy production can have profound 
urban form consequences, for example by affecting the pitch of roofs or building 
orientation for solar collection, or the location and shape of open spaces to accommodate 
geothermal wells.  In sum, we have come to see the concept of clean energy 
neighborhood form as broader and more intricately intertwined with other scales and 
factors than we originally imagined, and need to incorporate these subtleties into our 
proposed design tools.  
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Design Qualities 

Table 3-4 presents a more detailed review of design features compared across the 
representative projects. The table categories provide a first cut at organizing the 
information, intended to communicate the issues and options to designers and developers.  
Below we describe the categories and findings that may be derived from the Table: 
 
1. Location: Conserve Infrastructure – This category refers to the position of the 

development to take advantage of existing infrastructure, reducing the need for new 
construction such as roads to service the neighborhood. All of the urban projects 
re-use existing sites, including former industrial sites. The suburban projects are 
located at the edges of urban areas intended to more or less solidify a higher density 
edge to urban expansion. Kronsberg is particularly interesting in this regard. 
 

2. Mobility: Reduce car travel – Since auto use is one of the single largest consumers 
of energy, this category groups different ways developments either encourage 
alternative modes or discourage the use of cars in their design. All of the projects are 
designed to encourage walking and biking with well developed pathways and 
pedestrian pedestrian environments. Many of the projects also strive to integrate 
shopping, services and employment on-site or nearby to increase convenience and 
reduce travel.  
 
More than half the projects may be considered “transit oriented,” built to 
accommodate local trams or subway stops on-site or within walking distance.  
Finally, these same projects take active steps to limit the use of cars on-site, such as 
Vauban which has no parking and forbids access by private cars (except in 
emergencies) within the neighborhood. We found this remarkable in a world where 
car travel predominates.  

 
3. Make use of sun – This category encourages designers to think about the sun 

comprehensively as a resource and design determinant, combining both passive and 
active measures, since from a design point of view they require the same kinds of 
considerations. All of the projects take advantage of the sun in some way. We were 
surprised that only about half of the projects take advantage of solar orientation to 
provide heat gain in the winter and shade in the summer; an area for improvement.  
However, most of the projects included active measures, generating electricity though 
PV panels, or hot water by solar collection, or both. Relatively few projects took 
advantage of vegetation to moderate solar heat gain or loss. Geos and Masdar stand 
out as taking advantage of all these approaches. 
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Table 3-4. Design Qualities of Clean Energy Neighborhoods 

4. Make use of wind – In a similar vein, this category encourages designers to think 
comprehensively about the wind and how project design can maximize its beneficial 
effects, and reduce liabilities.  Wind receives much less attention than the sun, 
perhaps because its effects are highly localized and difficult to model.  Only two of 
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the projects were designed to actively induce natural ventilation through the use of 
wind towers or cowls, and only two produce electricity by wind power.  Wind 
strongly shaped the design of Bo01 in Sweden and Greenwich in the UK, projects 
located in colder climates, where taller structures were placed to block cold winter 
winds coming off the water. 

 
5. Make use of earth – Following on the natural forces of sun and wind, this category 

encourages designers to think comprehensively about the earth as part of an energy 
form system.  Four of the projects have site plans designed to accommodate 
geothermal thermal wells to mitigate heating and cooling loads.  Most notably, green 
spaces and ways in Bo01, Geos, and Linked Hybrid have been arranged to 
accommodate the wells and distribution lines.  Almost all of the projects make use 
of green land and roofs to reduce heat absorption and heat island effects. 
 

6. Compact height and density – These qualities refer to the relative compactness of 
the prototypical projects within their context, one of the most basic characteristics of 
clean energy urban form. All of the projects consist of connected multifamily 
buildings as opposed to single family homes. Higher density, multifamily construc- 
tion can reduce heat loss, land consumption, construction materials, and in some 
cases, travel required by the residents. Almost all the projects cluster buildings into 
sub-units, creating semi-private space and a hierarchical site organization. This 
enhances livability and can moderate climatic effects in the winter and summer.   

 
7.  Community focused structure -- One of the surprising findings of the analysis was 

the degree to which clean energy neighborhoods focused on creating a sense of 
community in their form. Almost all of the projects created town squares, main 
streets, or civic centers with important institutions, shops and services as the focus of 
the design. These are complimented by networks of public green spaces and paths.  
As revealed in the literature, such design gestures are aimed at building community 
and public support for the sustainable goals of the project. Community oriented urban 
forms are complemented in many cases by architecture that highlights energy saving 
or producing features of the project, giving it a distinctive identity valued by the 
residents. Finally, almost half of the projects include feedback mechanisms or 
programs that engage occupants directly in the energy-saving effort. For example, 
Masdar is incorporating public displays and lighting to signal the energy performance 
of the development. All of these approaches aim at raising awareness and affecting 
behavior related to energy use, and in turn affect the urban form. 
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Energy Strategies 

The case studies provide a road map of commonly used energy strategies in some of the 
world’s strongest examples of clean energy neighborhoods. These strategies are discussed 
below, across the four categories of energy interest introduced in Chapter 2: 
transportation, operational, embedded/life-cycle, and energy production. Building- level 
energy strategies are not discussed, as our focus is on urban form. Table 3-5 compares the 
strategies across the form prototypes and representative projects, presenting a different 
viewpoint on some of the design issues discussed in the previous section.  

Table 3-5. Energy Strategies in Clean Energy Neighborhoods 
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As a general finding, transportation energy-saving strategies that focus on reduced 
automobile usage and on-site energy production are the two most common strategies for 
clean energy. Embodied energy consumed by construction and in materials is a less 
considered strategy, limited mainly to locating projects on urban infill sites. In terms of 
saving operational energy, use of passive solar measures are quite popular, however, with 
geothermal and wind energy less commonly used.  
 
Key energy strategies are reviewed below: 
 
1. Transportation – The most common energy-saving strategy of virtually all the 

representative projects is that they are transit-oriented, compact, mixed-use 
developments with good pedestrian networks. All of the projects are served by rail, 
tram or bus rapid transit within a walking distance of 800 m, or 10-15 minutes (with 
the exception of Civano, which is located in the suburbs). Most have basic services, 
shops, and schools within walking distance as well. 

 
Six of the projects go further, by restricting car access and four have active car-share 
programs. Bedzed, for example, has a fleet of shared electric vehicles recharged 
through photovoltaic cells. Of all the projects, Bedzed, Kronsberg, and Vauban stand 
out using virtually all available strategies to reduce private car use by as much as 
65-70% from the average in their regions (Dawson, DATE?; Rosenthal, 2009). 

 
2. Operations – In terms of reducing heating, cooling, and other operational energy the 

most common strategies are to use compact buildings, to reduce surface area and heat 
loss, clustered in various ways to moderate microclimates. Beyond this, most of the 
projects make a serious attempt to maximize passive solar heat gain in cool months 
through building orientation and fenestration. In the best cases, such as Vauban 
passive houses, an 80% heating energy savings has been achieved over conventional 
homes. Less advantage is taken of natural ventilation and shading systems to cool 
homes in summer. Masdar, Bedzed and Greenwich stand out for using all these 
strategies to achieve operational energy savings. 

   
3. Embedded/lifecycle – Beyond locating on brownfield or urban sites, the projects do 

little to address the issue of embedded energy over the lifecycle of the neighborhood. 
The exceptions are Greenwich and Bedzed, which use locally sourced (within 35 
miles) and recycled materials (within 35 miles), but there are no estimates of the 
energy savings achieved. 
 

4. Energy production – The most popular form of renewable energy production is the 
use of photovoltaic panels to produce electricity, incorporated into all but two of the 
projects. Installed on roofs, facades, or a central location, the orientation, form, and 
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clustering of buildings is critical to maximize sun exposure and reduce shading which 
can dramatically affect electricity output. The efficiency and high price of PV’s has 
been an obstacle to widespread use in the past; however, the cases demonstrate its 
viability to provide, in the case of Masdar for example, up to 52% of the energy needs 
of a large project. Solar collectors for hot water and heating are often used in parallel 
with PV’s since they require similar geometries to maximize output and are relatively 
simple to incorporate. Solar collectors cover 40% of heating needs in Vauban, and 
30% of the heating and hot water needs in Kronsberg, as part of a district system 
where the heat is stored in large underground tanks (Fisch, 2008).     

 
Wind power as part of a district electricity system is a less common source of power 
but can be highly effective. Because of their large size and noise, and to maximize 
wind efficiency without the interference of buildings, turbines are typically placed 
off-site. Just two turbines cover the electricity needs of 3000 homes in Vauban and a 
single off-site turbine supplies the electricity needs of 1000 homes in Bo01. 
 
Finally, several projects used geothermal energy extracted from wells to heat or cool 
buildings. Wells are best placed in open ground for access and district systems must 
be fairly compact because of the energy required to pump and heat loss over long 
transmission distances. These limitations can shape the form of a neighborhood as 
they do in Bo01, Geos, and Linked Hybrid, where well fields lie beneath public open 
spaces closely integrated with the housing. A field of 550 wells, 100 meters deep, 
serves much of the heating and cooling needs of Linked Hybrid, making it one of the 
most extensive geothermal systems in the world.  

Energy Performance 

This section focuses on what we actually know about the representative  projects in 
terms of their reported energy performance. Among the eleven projects under study, 
seven of them – Bo01, Ecolonia, BedZED, Greenwich Millennium Village, Kronsberg, 
Civano and Vauban – have been systematically measured on their realized energy 
performance. The others are recently completed or under construction and have not yet 
been systematically measured although their potential energy consumption has been 
meticulously planned and studied. Table 3-6 provides a summary of available data on 
energy consumption measured or predicted for all the eleven projects as well as their 
comparison with the average local energy consumption, where available. 
 
As can be seen from the Table, all of the projects have achieved, or promise to achieve 
significant energy saving as compared to the local context. The breakdown shows that 
total energy savings come from different combinations of factors: strategies to reduce 
heating, hot water, or power consumption; measures to reduce vehicle miles traveled; and 
various methods of producing renewable energy on-site. There are also significant gaps in 
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data about selected projects that is either unknown or not being made available by the 
project developer. Other data is not very useful. Symphony Park, for example, is a 
LEED-ND Gold pilot project advertised to reduce car travel by 33% and “conserve 
enough energy and gas to power 2100 homes”18, yet there are no figures available to 
assess the validity or meaning of these claims. 

Table 3-6. Energy Consumption Measurement 

Sources: The Kronsberg Handbook 2003, “BedZED Monitoring Summary 2003-2007”, Kildsgaard et al, 
2008, Rosenthal 2009, “Vauban Benchmark Study”, REX 2008, “Masdar City Project Development 
Overview”, “Sustainable Development Case Study: Civano”, Al Nicholas Engineering, Inc 2002, 2009, 
CBE and Hodkinson 2009), ㆯ忪㯯, (Lazarus 2009) 
 
Table 3-6 provides a window on both the extreme importance and great difficulties of 
assessing and comparing clean energy development projects at the present time. There is 
simply no common basis of comparison. Some observations and findings include:  
 

 Energy measurement – The most common unit reported by the projects is 
kwh/m2/yr, although it may refer to different things in different projects: from 
selected sources such as electricity use, alone, to heat and hot water, to total 
energy use.   In some cases different energy measures and units are used for 
different sources, even within the same projects, and some are left out entirely.  
One suspects that the projects tailor the measurements and units reported to 
highlight their particular strengths.  Nevertheless, the presence of any 
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comparative units of data is valuable.  For example, Bedzed and Vauban stand 
out as having the lowest total kwh/m2/yr consumption and worth a closer look. 
    
For the purposes of our research, kwh/m2/yr is less useful since it says little about 
the source of energy used and its contribution to GHG emissions.  The unit of 
equivalent CO2 emissions in kg/m2/yr includes such considerations, and will be 
the preferred unit of comparison for our future work. 
 

 Energy reporting -- The variation in what is reported, and how, is an impediment 
to understanding the relationship between energy and urban form.  Some 
projects, only report heating, hot water and electricity consumption, leaving out 
cooling or vehicle miles traveled, for example, since these elements (natural 
ventilation, car restrictions) do not play an important role in their design.  At the 
extreme, almost none of the projects reported embedded energy use, since it 
played a key role in the design of just two of the projects; Greenwich Millennium 
Village was the only one to report it.  Beyond this, certain items are combined in 
some projects but separated in others. For example, heating, hot water and even 
cooking energy use maybe combined because measurements are taken from gas 
bills. The complexities of design and development create difficulties in attributing 
realized energy saving to specific design strategies. For example, it is to tell to tell 
whether reduced heating loads are a consequence of solar gain or improved 
building insulation. Finally, on-site energy production is dealt with in different 
ways.  Some report only energy consumed from traditional sources (implicitly 
deducting on-site production), others report on-site production in great detail 
allowing a better understanding of the total energy picture. 
  
If clean energy development is to advance in practice, then a common, more or 
less universal format for reporting development energy use and production is 
essential.  This will allow comparison and learning across projects and research 
leading to more effective methods and designs.  To propose a common format 
and procedure for assessing the various complex factors within clean energy 
development – an energy “pro-forma” -- is an important goal of this project.  

 
 Climate considerations – Since the projects are in different locations their energy 

performance cannot readily be compared using absolute numbers. It is obvious 
that a project located in a cool northern climate will have different energy 
requirements than one in a temperate zone, where neither much heating nor 
cooling is required. How do we compare their designs and their success?  One 
approach is to compare a project’s energy consumption with that of its 
surrounding development context.  From this perspective, referring to the table, 
BedZED, Masdar and Greenwich stand out, and Civano is interesting (even 
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though its absolute energy consumption is rather high compared to the others.)  
 
The Civano cases point out that there are also cultural differences. A project in the 
southwestern US, which saved much energy compared to its neighbors, might be 
regarded as energy wasteful in New England or Europe. To partially deal with this, 
rating systems like LEED-ND assign different weights to the same energy 
efficiency moves in different locations. This approach is complicated and in our 
view masks the cultural differences in energy consumption that need to be faced.  
 
Regardless of the approach, relative or absolute, climate adjustment is an issue 
for further deliberation when comparing energy performance across projects.  

  
While we can safely conclude that all the projects represent models that advance the 
practice of clean energy development, it’s worth noting the discrepancy between energy 
goals and consumption actually realized in most of the projects that were measured (with 
the exception of BedZED, which exceeded its goals and Vauban which has met them).  
In part, we suspect, this reflects the desire to set and attain very high standards in all of 
these projects.  But it may also reflect the limitations of engineering calculations to 
predict energy performance in a living environment, where human behavior plays a 
critical role.  In this context, the potential of urban design to create a community that 
sustains the values of clean energy living, and encourages all residents to become 
engaged in the goal, may be as or more important than technical solutions. 

3.3 Low Carbon and Eco-Cities in China 
The starting point of low-carbon and eco-city initiatives in China can be traced to the 
1994 policy document 21st Century Agenda of China (21 儹帽䲚), which focused on the 
need for ecological sensitivity, sustainable development and environmental protection.   
 
Thereafter, a series of nationwide programs have been launched to encourage the 
development of low-carbon and eco-cities. Among these was the “Construction of Model 
Eco-City/Regions ( ㊐䯉喒◉ㆉ幍 )”, which was originally proposed in 1995 by State 
Environmental Protection Administration 䘾≬㋊⻏  and had enlisted 166 projects up 
to 2004, and “The National Program for Ecological Environment Protection ( ㊐䘾⬒≬

㔳允尐) by the General Office of the State Council of the People's Republic of China ( ┰

棱), which was supplemented with detailed standards by State Environmental Protection 
Administration in 2003.  
 
In academia, three key professors have led research on eco-cities in China: Shijun Ma 
Rusong Wang, and Guangyu Huang. The first two jointly developed the idea of cities as a 
complex ecological system composed of social, economic and natural sub-systems in 
1987, with Wang further advancing “the integrity of nature and city” as the basis of 
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eco-city development in 1994. Huang, suggested that livability, economic efficiency, and 
ecological sustainability should be the three primary goals of eco-cities, achieved through 
the comprehensive study of the three systems. 
 
Pioneered by Yichun in Jiangxi Province, which aspired to develop into an eco-city as 
early as 1986, many cities in China have since announced their intensions to become 
eco-cities. This widespread awareness might have resulted both from the pressure of 
deteriorating environmental conditions accompanying the economic boom and the idea of 
developing eco-related industry as a new economic pillar.  The eco-cities are not aimed 
primarily at reducing energy, but achieving a balance of sustainable approaches. 
 
Within this context, three representative plans for eco-cities were announced in 2007: 
Tianjin Eco-City, Dongtan Eco-City, and Caofeidian International Eco-City, summarized 
below.  A companion document to this report, Low-Carbon and Eco-Cities in China 
discusses the Chinese experience with low energy design. 

Figure 3-5. Proposed Eco-Cities in China 

(Source: 㒠⦌䞮㊐⩝ゑ㨓ㆉ♙␅㈀❜⥯侯䤓⒬㷴⒕㨟) 
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3.3.1 Tianjin Eco-City 
Located in the north end of Tianjin Binhai New Area, Tianjin Eco-City has a planned area 
of 32.1 km2 with a projected population of 350,000 by 2020. The project bears an overall 
goal of establishing a replicable model eco-city that is resource-saving, environmentally 
friendly, socially harmonious and economically feasible. In addition, smart location was 
considered to minimize the project’s impact on water bodies and farmland as well as the 
idea of compact development that restricted land use per capita under 60m2, far below the 
local average.  Three levels of residential clusters are included from the smallest basic 
residential clusters to neighborhood-level clusters, and finally district-level clusters. 
 
Tianjin Eco-City is projected to reduce CO2 emission by 80% compared to its region.  
45% of the reduction will come from renewable energy sources, which should reduce 
coal consumption by 366,200t per year; and another 25% from green transportation 
schemes. In addition, all buildings will be built according to green building standards.  

Figure 3-6. Concepts of Ecological Community and Levels of Green Transport 

Source: www.eco-city.gov.cn 



 

 57

Figure 3-7. Master Plan of Tianjin Ecological Town 

Source: www.eco-city.gov.cn 
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3.3.2 Dongtan Eco-City 
Located 40 km away from downtown Shanghai at the intersection where Yangzi River 
meets East China Sea, Dongtan Eco-City has a planned area of 12.5km2 and projected 
population of 80,000 for its first phase to be completed in 2020, although the project has 
now been placed on hold. The project will finally expand into a 30km2 city with a 
population of half a million in 2050. The whole city is zoned into three areas with the 
southern part planned for an eco-town, the northern for modern agriculture and the 
eastern part for wetland. 

Figure 3-8. District diagram of Dontan Ecological Town 

 
Dongtan Eco-City aims to reduce CO2 emission by 400,000t per year and finally achieve 
carbon-neutral. The projected energy consumption will be 66% lower than comparable 
cities in the region. Renewable energy will comprise 60% of the total energy consumed, 
and water consumption will decrease by 43%. To achieve energy savings, the city is 
oriented to maximize natural ventilation and natural wetland is utilized to modify 
microclimate. In terms of transportation, pedestrian, cycling and public transit with clean 
energy sources are prioritized for daily commute. In addition,  mixed-use strategies are 
adopted to minimize commute distance. 
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3.3.3 Caofeidian International Eco-City 
Located 18km away from downtown Tanghai, a subsidiary county of Tangshan, 
Caofeidian International Eco-City has a planned area of 12km2 with a population of 
160,000 for the startup phase and an area of 30km2 with a population of 500,000 for the 
first phase. With reference to Sweden cities, Caofeidian aims to develop into a 
world-class sustainable city that integrates ecological, social and economic aspects.  
 
To achieve the goal of reduced CO2 emission, the city adopted the ideas of compact 
development and elaborated on its transportation system. A street grid of 220m*220m is 
used with secondary streets further dividing the blocks to facilitate pedestrian and 
cycling.  
 
Separate bicycle lanes will be used on both sides of all streets and bus rapid transit (BRT) 
will be the primary means of daily commute. In addition, proximity between jobs and 
homes is another important strategy to reduce commute distance and therefore reduce 
energy consumed in transportation.  

Figure 3-9. Plan for Caofeidian International Eco-City 
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3.3.4 Comparison across Three Projects 
Table 3-7 compares the three projects and some general conclusions are summarized 
below: 

 There is no standard “formula” for Chinese eco-cities. All three cites referred to 
different projects in different countries for guidance.  

 Different strategies and technologies are employed in the three cities according to 
geographic and climate conditions, indicating that optimal solutions to eco-cities 
lie in the smart response to the context rather than an absolute/standard approach. 
This is consistent with our finding in clean energy projects world wide: there is no 
single ideal approach to clean energy development. 

 All the three eco-cities aimed at reducing CO2 emission, echoing the central 
government’s emphasis on clean energy for a better environment. In response, our 
research should use CO2 emission (kg/m2/year for operational energy 
consumption and kg/m2 for embodied energy consumption) as a uniform 
measurement unit in parallel with kwh/m2/year as recommended in the previous 
section.  

Table 3-7. Comparison across Eco-Cities in China 
 Tianjin Ecological town Dongtan  Caofeidian  
Size 22.6km2  6.5km2 (2020)  

30km2 (2050)  
12km2 (1st)  
30km2(2nd )  

Planned population 350,000(2020)  80,000(2020)

500,000(2050)  
160,000(1st)  
4 500,000(2nd)  

Natural eco resources Wetland , river  Wetland, rivers,

special plant and

animals  

Deep bay, originality

of eco environment  

Goals  Model of ecocity

planning  
Searching new energy

in new way  
Balancing eco, social,

econ benefits in diff.

perspectives  
Similarities  Green transport, new energy, energy saving buildings, indicator sys,

efficient land use  
Characteristics  Ecological

neighborhood,

Classification planning

method  

Mixed land use,

Combination of urban

and rural resources  

Close loop economy,

eco cycle of energy,

water, waste  

Foreign experience  Singapore  British ARUP  Swedish SWECO  
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4 Urban Development of Jinan 
Jinan is the capital of Shandong Province, China, famous for its culture and history of 
more than 3000 years. The GDP of the city is 301.7 billion RMB in total (44 billion 
USD) and 46,000 RMB per capita (6,700 USD), and the total population is 6.6 million, 
among which 3.4 million are registered urban population (China National Bureau of 
Statistics, 2009).  
 

Figure 4-1. Location of Jinan, Shandong Province 

 

Jinan has a humid subtropical climate with four well-defined seasons (see Table 4-1). The 
summer is hot and rainy, with the average high temperature reaching 85°F through June 
to August. The winter is cold and dry, although it is slightly less harsh compared with 
other cities in the North of China, owing to the city’s proximity to the Bo Sea. 

Table 4-1. Climate Data of Jinan 
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

Average 
high °C (°F) 

3.9 
(39) 

6.9 
(44) 

13.3 
(56) 

21.6
(71) 

27.1
(81) 

31.6
(89) 

31.9
(89) 

30.6
(87) 

26.9
(80) 

21.2
(70) 

13.0 
(55) 

6.0 
(43) 

19.5
(67) 

Average low 
°C (°F) 

-3.9 
(25) 

-1.6 
(29) 

3.9 
(39) 

11.3
(52) 

16.8
(62) 

21.6
(71) 

23.6
(74) 

22.5
(73) 

17.7
(64) 

11.8
(53) 

4.5 
(40) 

-1.7 
(29) 

10.6
(51) 

Precipitation 
mm (inches) 

5.7 
(0.22)

8.5 
(0.33) 

15.3 
(0.6) 

27.4
(1.08)

46.6
(1.83)

78.3
(3.08)

201.3
(7.93)

170.3
(6.7)

58.5
(2.3)

36.5
(1.44) 

16.2 
(0.64) 

8.2 
(0.32) 

672.7
(26.48)

Sunshine hours 170.9 172.4 212.8 242.9 275.2 258.2 214.5 219.0 221.1 215.1 177.1 167.6 2,546.8
% Humidity 53 50 47 46 50 55 72 75 64 58 56 55 57 

Jinan is the capital of Shandong Province, located in the Beijing-Shanghai Railway and 
Jinan-Qingdao railway intersection, and the Beijing-Shanghai Expressway, Jinan-
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Qingdao Expressway, Beijing-Shanghai Railway, Jinan-Qingdao railway as well as the 
planned Beijing-Shanghai high speed railway are all through here. It is an important land 
transport hub in the north of China. 
 
Compared to other Chinese cities, Jinan is a typical medium-sized city with a much 
smaller urban population and a much lower GDP than Beijing, Guangzhou, and 
Shanghai, while it is similar to medium cities such as Wuhan, Xi’an, Nanchang, 
Zhengzhou, etc. The urban density in Jinan is also much lower than that of all tier 1 cities 
and even some tier 2 cities (see Figure 4-2).  

Figure 4-2 Population and Economic Trends in Chinese Cities 

 

 
Source: Darido, et al. (2009), p. 4 

4.1 Growth History of Jinan city 

4.1.1 Prior 1904 
In ancient China, the present riverway of Yellow River belongs to Ji Water. Jinan old city 
is at the south of Ji Water, and that’s why is called Jinan, which means south of Ji in 
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Chinese. The history of Jinan is more than 2,000 years. In its long history, Jinan old city 
expanded very slowly, its area was only increasing from 0.64km2 to near 2.4km2 in the 
2,000 years before Qing Dynasty.  

1904-1948 
Since Jinan was colonized by western countries and Japan from 1904 to 1948, this period 
is a particular stage in its long development history. There are three important city plan 
promoting the development and expansion of Jinan. The most important one of them is 
the establishment of a commercial port area, named as Early Modern City, which 
developed fast and consequently formed a new town in the western of the old city in a 
short time. 

1949-1977 
Since the foundation of the P. R. China, Jinan has gotten large development from 1949 to 
1977. Three characteristics are shown in the pattern of city form in this period:  
1. Residential development is slow and mainly built as corollary in industrial areas.  
2. Old city and early modern city area are connected to develop and continue to expand.  
3. Industrial areas and satellite towns developed in suburban and outer suburb. 

Figure 4-3. The Structure of Jinan Land Use in 1948 and 1977 

Source: based on 2006-2020 Jinan Central City Master Plan; based on 1977 Jinan Central City Land Status 
Map (Xibo Wang, 2003) 

1978-1995 
Starting from the Reforming and Opening of China in 1978, Jinan developed in a much 
higher speed with an urban sprawling never happened. Three characteristics are shown in 
urban development and constructions:  
1. Since the lack of investment in transportation facilities, new constructions are mainly 

around the original old city.  
2. Government paid more attention to Housing constructions, and a lot of neighborhoods 

were planned and built at the east and south of the city.(Master and Strategy planning of 
Jinan 2002, 2002.08) By this time, the whole city had formed five groups, which lay in 
central, eastern, western, southern and northern area of the city respectively. 
(Specifications on Master planning of Jinan (1996-2010), 1997.5~2) 
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3. A new high-tech development zone was planned and constructed in the eastern edge 
of the city construction area, and two industrial satellite towns continued to expand. 

1995-2005 
In the last ten years of the 20th century and the start of the new century, China's housing 
system reform and commercial housing market had developed fast which drive the fast 
development in Jinan. Until 2004, the built-up area in Jinan city reached 199.93 km2 in 
total which is the 2.08 times of the area in 1979. 1 (Fengyun Mu, et al, 2008) In this new 
era, Jinan city development mainly has the following characteristics:  
1. The central construction area sprawled fast, lots of suburb agricultural land was 

transformed to urban land.  
2. Large-scale urban renewal projects were carried out in the central Old City Area.  
3. As large-scale settlements and development zones were constructed in the eastern 

edge of the city, the city mainly expanded in eastern direction. Finally the eastern 
satellite town was connected with the main urban areas.  

4. In the southern area, urban construction was expanding from the region near the 
mountain into the mountains by the development.  

5. The construction of new development zone usually used wide road and super block. 

Figure 4-4. The ranges of built-up area in Jinan City in different periods 

 
Source: Refer to Land use map of Jinan City in 1977, 1995, 2001 and Google earth 

map of Jinan City in 2010 

From above, some regularity features could be found in the growth of urban area in Jinan 
city: 
1. Jinan city has gone through the process: ‘jumping development  Inter-cluster 

sprawling  merging’ many times in history; 

                                                 
1 The main built-up area of Jinan City in 1979 is about 96.32 km2, which is the earliest remote sensing data 
about the spatial status of Jinan City. Until 2004, the built-up area has a very significant expansion. The 
city area reached 199.93 km2 in total which is the 2.08 times of the area in 1979. (Fengyun Mu, Zengxiang 
Zhang, Bin Lu, Changyou Wang, 2008) 
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2. The appearance of jumping development and exclave always relates to the willing 
and interventions from the central government, and the sprawling pattern have 
relations with the transportation network;  

3. The main axis of urban form and the main direction of urban growth in Jinan are 
both on northeast-southwest and are changing to be due west-due east right now. 

4.1.2 Phases of Development 
To conclude, in Table 4-2, we listed the spatial structures, developing directions of Jinan 
City in different periods to show the growth process. 

Table 4-2. Main Clusters and Spatial Structures of Jinan City in different phases 
Period The Main Clusters Spatial Structure Main Direction 

of Growth 
Big Events 

Related 
~1900s The Old city Single center   
1900s~ 1948 Old city + Early 

Modern City 
Double center Jumping out; 

Northeast—
Southwest: 
Between the two 
centers 

1904: Jiaoji 
Railway was 
built up; Central 
Government set 
up CPA 

1949~ 1977 City Central (including 
Old city + CPA) , 2 
industrial clusters ( 
Wang Sheren, Dang 
Jiazhuang) 

Double center  Single 
Center;  
+ satellite clusters 

Full range; 
Jumping out; 
 
 

1958: Wang 
sheren industrial 
cluster was built 
up 

1978~1995 City Central (including 
Old city + CPA) , 2 
industrial clusters  

Single center and 2 
Satellite clusters 
(Extending) 

Full range Main Street 
Network was 
built up  

1995~2001 City Central (including 
Old city + CPA) , 2 
industrial clusters 

A big sprawling built-up 
area ( single center + 
East satellite cluster ) 
and West satellite cluster 

Southwest-
Northeast: 
city center to 
East satellite 

 

2002~2010 City Central (including 
Old city + CPA) , 3 
industrial clusters 
(Wang Sheren, Dang 
Jiazhuang, Suncun) 

A big sprawling built-up 
area (single center + two 
former satellite clusters) 
and  
New East satellite 
cluster. 

West-East: 
Sprawling From 
the center 

New city 
Planning; 
High speed 
railway passed 
Jinan in the west 

4.1.3 Dynamic mechanism behind 
To learn from the history, there are several important influencing elements in the 
evolution of urban form in Jinan City: 
 

 Physical geography: Restriction on Range 

For Jinan city, the Yellow Rive in the north and the mountain in the southeast are mainly 
natural restrictions on the urban growth range. This could explain the weak growth in the 
southeast direction and the slowdown in the north in the vector pattern of Jinan city.  
 

 Government intervention: External Force bringing jumping developments 

As mentioned above, the appearance of any jumping development and exclave always 
relates to the willing and interventions from the central government, such as the set-up of 



 

 68

the Early Modern City (in 1904), the Wang Sheren industrial cluster (in 1950s), and the 
Dang Jiazhuang industrial cluster (in 1960s). 
 

 Transportation: Frame of Axes guiding the growth 

The relation between transportation and urban form is very tight but complicated, which 
will be discussed more in Section 4.1.4. Generally speaking, in the urban growth, 
transportation network supports the connection between clusters and transit lines as axes 
guiding the expansion.  
 

 Industries: Economic Engines activating clusters and attracting expansion 

Industries are the real economic engine entities in a city, especially in some clusters 
supported by corresponding industrial zones. Studying the location and set-up time of 
industrial zones in Jinan, we could find that: Industrial zones were mostly located or set 
up besides but out of the range of the city at that time. However, with an internal 
centripetal attraction of activities, they would guide the direction of urban growth tend to 
their own. Therefore, they would normally be included into the city area in the next stage. 

Figure 4-5. Industrial zones appearing in different periods 

 
Source: Refer to Jianqiang Wang, 2004 

Figure 4-6. The relation between appearances of industrial zones and the growth of 
urban form 

 
 

 Developers: Initiative and dynamic subject filling up the blank 
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Only with the frame and the engine, the city could not form into an active and dynamic 
organism. The aggregation of every single choice in individual developer’s activities has 
also essential significance to build up an abundant city area by filling up the blank 
between the frame and engines. 

4.1.4 Interactions between urban form and transportation 

Transportation development and urban spatial expansion 
In the past century, the domain transportation mode in Jinan has generally transferred 
from railway to road network. After the Reform and Opening (1978), especially since 
1990s, a rapid development in transportation infrastructure has brought Jinan a more 
complete and integrated transport frame as a hub in North China. (Gefang Wang, et al, 
2009).  

Figure 4-7. Car Ownership (Cars per 100 Households) Across Cities in China (2006) 

 
 

Source: Li, et al. (2010), p. 8\ 
 
Automobile ownership in Jinan is lower than that in the largest Chinese cities (e.g., 
Beijing, Chongqing, etc.) (see Figure 4-7), but Jinan already suffers from congestion due 
to growing travel demand. Between 2005 and 2008, the average annual increase in the 
vehicle fleet in Jinan was about 16% (SDUTC, 2010). The local government’s steady 
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efforts in expanding the urban road infrastructure (mainly highways) in the past have 
failed to catch up with the even more rapidly expanding automobile population (see 
Figure 4-8) and increase use in automobile share of trips (Figure 4-9). Today, the average 
speed of vehicles operating on arterials in Jinan central areas is as low as 24.5 km/hr 
during peak-hours (SDUTC, 2010). 

Figure 4-8. Private Car Population and Urban Road Length Trends in Jinan (2003-
2008) 

 
Source: (Jinan Statistics Bureau, 2009); urban road length in 2007 adjusted 

 

Figure 4-9. Jinan Measured and Forecasted Mode Shares 1995-2020 

 
Source: Adapted from Montgomery, B. (2008), p.3 
 
With an enhancement in traffic radiation, the agglomeration of industries and population 
has been accelerated, so that the built-up area has been increasing every year. In the 
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expansion process of Jinan city, the interrelation between transportation and urban 
growth could be obviously illustrated by history: 
 

 Before 1978, as mentioned, the urban growth in Jinan was based on railway 
transport. The evolution in urban form basically followed the directions of railway 
lines: Jiaoji line connects Jinan and Qingdao, which is the main transit corridor in 
Jinan at that time; Jinpu line directs to Tianjin in the north and Jiangsu Province in 
the south, which is a main inland line. Also, the appearance dual-center in 
commercial port area was substantially interrelated with the set-up of Jinan Station 
on Jiaoji Line. It is a typical Station Economy2. 

 
 After 1978, the road construction in Jinan City has been promoted. Until 1995, the 

main frame of the road system had been built up. Correspondingly, in this period, the 
urban growth was dramatically activated. Except in the southeast direction (which is 
caused by the restrictions of the mountain), the growth on every direction was very 
remarkable. The expansion of the city was full-range because of a better circulation 
on all sides. 

 
 From 1995 to 2000, though some province and city highways were built, they mainly 

surround instead of run through the city, which helps less for the circulation inside. 
In the city area, the main new constructions of main roads were mostly concentrated 
between the city central and the two industrial clusters, which are in the east and in 
the southwest. That is a good reason to explain the stronger growth in the east and in 
the southwest in the vector pattern of the city in this period. 

 
 From 2000 to 2010, with a comprehensive completing and upgrading in city highway 

and road system, the urban expansion has been accelerated again. With a broader 
circulative area in the east-west direction by transport system, the urban form has 
become a longer but thinner ellipse with an axis in a more due east-west direction. 

Figure 4-10. Spatial Division and Vector Pattern of Jinan City (1979~ 2005) 

Source: Honggang Kang & Xihua Sun, 2009 

                                                 
2 Station Economy could be defined as an economic development in front of or surrounding a station, 
which is affected by the advantages from the transport terminal in interchanging and transferring multiple 
flows. 
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Figure 4-11. The developments in transportation and urban form in the period  

      

Transportation and Residential area 
The main influences in the development of residential space are three new factors: the 
attractiveness of the natural landscape, the radiation of transportation corridors and 
centripetal force of the existing city center. (Zhaohua Yuan, 2008) Therefore, the advance 
in urban transport system could promote the development of residential area, though they 
are competing in land use.  
 
According to the data on residential real estate projects in Jinan City in 2007, with a total 
sample of 167 properties, the commercial housings in sale mainly locate in suburban 
outside the central area in Jinan City. (Zhaohua Yuan, 2008) The rare and expensive land 
resource in the central area is a part of the reasons. However, the upgrading in 
transportation system since 2000 strengthening the connections between city center and 
suburban areas also contribute to the trend of suburbanization. For example, in 2002, 
before the reconstruction of the Second Ring Road, there were 68 new commercial 
housing projects along the ring; after the reconstruction, the number increased into 113. 
The increasing ratio is 66%. (Zhaohua Yuan, 2008) 
 
Both by the effects from economic force and transportation development, the current 
residential centers in Jinan City are gradually moving to the suburbs, the surrounding of 
transport links and the ecologic area with better view and landscape. The new corridors 
of residential space in Jinan appeared by the sides of some main roads with a distance to 
the city center.  
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Figure 4-12. The old and new residential corridors in Jinan City 

    
Source: Zhaohua Yuan, 2008. 

4.2 Housing Construction of Jinan 

4.2.1 Housing History of Jinan city 

Prior 1904 
In this period, Jinan residential buildings are in traditional form at all, which have three 
main features:  

1. Jinan located in northern China, so the typical residential building is northern 
courtyard house just as Beijing. However, different from Beijing, most of the 
courtyard houses only have one courtyard since the residents are common 
citizens.  

2. In many commercial streets in the inner city, the gates of the courtyard houses are 
built as a building for commercial use.  

3. The water supply of residential is mainly supported by the rich spring water. So in 
the residential area in old city, springs and wells could almost be found in each 
courtyard. 

Figure 4-13. Chinese Courtyard Figure 4-14. Western-style Building 

Source: photos by the authors  Source: photos by the authors 
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1904-1948 
In this period, since the west influence, western-style and hybrid-style buildings appeared 
in Jinan, especially in the early modern city. 
Western-style buildings are usually foreign firms, consulate and residential buildings for 
bankers, officials, merchants and missionaries. They are often villas in rectangular form 
and their greening and living condition is better with larger land occupied. Besides the 
Western-style buildings, there were also hybrid style buildings under crossover effects of 
western and traditional Chinese style. 

1949-1977 
In this period, the government paid its mainly attention to the industrial construction, and 
the development of housing construction is relatively slow. The housing construction is 
mainly in three conditions:  

1. Some residential buildings were built in the blank land in the city construction 
area.  

2. Lots of decrepit houses along the railways and main roads were rebuilt.  
3. For the pressure of scarcity of worker house, some residential buildings are built 

along with the foundation of factories. 
 
At the same time, the residential buildings design has four features:  

1. Based on residential planning experiences from Soviet Union, the buildings were 
usually designed along the block road.  

2. Residential buildings were mainly corridor apartment, with 3 or 4 floors.  
3. Most households didn’t have their own bathrooms and kitchens.  
4. Kindergarten, elementary schools, middle schools and commercial servicing 

facilities were built in the residential districts. 

Figure 4-15. Typical Building Plan Figure 4-16. Typical Building Photo 

Source: Urban Housing in China 1840-2000 Source: photo by the authors 

1978-1995 
From 1978 to 1995, the housing construction of Jinan mainly has four characteristics:  
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1. In this period, integrated development and real estate development were the main 
type for the renewal of the old city area.  

2. For solved housing problem of low-income residents as well as improved living 
conditions for common citizens, residential constructions are mainly coordinated 
with renewal of central old city.  

3. The residential areas in countryside had increased, especially the southern 
mountain area and the eastern development zone.  

4. After housing system reform in 1990s, the housing constructions were generally 
divided into Commercial Housing which is mainly used to upgrade living 
standards of common citizens, and Affordable Housing which is supposed to 
solve the housing problem for low-income residents.  

Figure 4-17. Typical Building Plan Figure 4-18. Typical Building 

Source: Urban Housing in China 1840-2000 Source: photo by the authors 

The characteristics of this period housing design are mainly as below:  
1. Residential buildings are mainly 6-floors with height and depth increased as the 

demand of the efficiency of land development and the increase of citizens. 
2. Residential buildings are mainly “unit-type” which is one stairs with few 

households, and the design of households became diversified.  
3. Some residential pilot projects, such as Foshanyuan, were built, which had 

independent restroom, kitchen and centralized heating system. 

1995-2005 
After 1995, the urban renewal project carried out rapidly, the manufactories in city center 
were moved out to the exurb of Jinan, and their original sites were gradually shifted to 
large residential neighborhoods. In the late 1990s, the southern residential region close to 
the mountains had developed into the mountains, and most of the new residential houses 
were designed as villa or townhouse. As the rapid eastward expansion of the main city, a 
large number of residential neighborhoods were developed in the eastern suburb district. 
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Figure 4-19. Typical Building Plan Figure 4-20. Typical Buildings 

 

Source: Urban Housing in China 1840-2000 Source: photo by the authors 

And the characteristics of housing design are mainly 5 aspects: 
1. The houses are mainly 9 floors – 12 floors, most of them have a lift up and down.  
2. The residential neighborhoods made more use of closed-end management.  
3. The bottom of buildings around urban roads are usually designed as commercial 

function. 
4. The new residential have considered the demand for automobile parking, most 

have underground parking. 
5. The large-scale residential often have supporting constructions, for example, 

commercial, educational and residential facilities. They were all developed by the 
same developer as the residential buildings. 

4.3 New Forces of Urban Growth and Housing Evolution 

4.3.1 The New High-Speed Rail (HSR) Network 
The first new growth force for Jinan is the construction of a high-speed rail network in 
the surrounding region. In particular, the JingHu High-Speed Railway3 , which will pass 
through the city, is currently in construction and will operate from the latter half of 2010. 
JingHu line will be one of the longest high-speed transit railways in China, and also one 
of the most important north-south transportation accesses which links Beijing and 
Shanghai together.  
 
With the new HSR line, Jinan will become the transfer hub at the cross between it and the 
Ji-Qing HSR4, so that the status of Jinan in the region will likely dramatically rise. 
Furthermore, for Jinan City, with this new line passing through on the west side, transit-
oriented development (TOD) and station economy could be stimulated again, similar to 

                                                 
3 Jinghu HSR starts from Beijing and ends at Shanghai, passing Tianjin city, and Hebei, Shandong, Anhui 
and Jiangsu provinces. The construction of Jing Hu HSR started from April, 18th, 2008, and it is estimated 
to finish before June, 2011. The target speed of JingHu HSR is 350 km per hour. The total mileage is 1318 
km, and general investment involved is about 220940 million Yuan, which is about 31563 million dollars. 
4 The speed of Jiaoji rail line was upgraded to 250 km/ hour in September of 2009, which reached the 
standard for HSR, and the high-speed commuting line is usually named as Ji Qing HSR, for connecting 
Jinan and Qingdao. The total line is about 500 km and the commuting time between is about 2 hours. 
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the process in 1900s for the built-up of Jiaoji Rail. This will bring changes in urban form 
and growth mode to Jinan City.  

Figure 4-21. The Lines and 
Stations of Jing Hu HSR 
and JiQing HSR 

Figure 4-22. Transportation network in Jinan after 
the operation of JingHu HSR 

Ssource: Master and Strategy 
planning of Jinan, 2002 

Notice: JingHu HSR will be operated in 2011, and the city light rail 
system is still in plan; Source: Master and Strategy planning of 
Jinan, 2002 

Economic Growth and Spatial Reform: The Rise of Jinan West 
The station of JingHu HSR has been planned at Jinan West Station. Since JingHu HSR 
will be a vital line of Jinan area in the near future, its station will become a key node for 
traffic. The mobile population and traffic flows from the node could bring the 
surrounding area more commercial activities and economic vitality. Then the station-
front area will become a growth pole driving the economic prosperity in Jinan West.  
 
For Jinan East, though the main terminal of Ji Qing HSR will remain at Jinan Railway 
Station, the Jinan East station now is an alternative stop to afford some of the high-speed 
commuting tours between Jinan and Qingdao. According to the different radiations of the 
transport lines and terminals, Jinan East station could hardly compare to Jinan station and 
Jinan West station, so the TOD process will be not as strong as in the west, but urban 
growth in the east will also be somehow accelerated because of the better circulation. 
 
The rise of Jinan West and Jinan East means two new expansions of the city. Until now, 
the Jing Hu HSR has not been operating, but the expansion of Jinan City has already 
started to turn to the west and east. 
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Figure 4-23. The locations of the growing areas between 2001 and 2010 

 

Return in Orienting Transport: From Road-dominant Back to Rail-dominant?  
At the start of 1900, after the operation of Jiaoji Line, railway had been the main 
development-orienting transportation mode in Jinan City. In the 20th century, the 
dominant mode has generally transferred from railway to road network with continuous 
construction of the road system. However, a trend-opposite change may well happen in 
because of the HSR, which will bring Jinan back to a rail-dominant age but with a totally 
different speed. The driving forces of the return include not only the national JingHu and 
JiQing high-speed railways, but also the city light rail frame in planning. With them both, 
a complete high-speed rail transport system could form, with both external and internal 
circulations. 
 
The new HSR network brings the city not only chances in urban growth, but also some 
challenges and concerns for the future on planning and energy use. 
 

 How to optimize the connections between stations? 

Though the split of rail lines and separation of stations in Jinan City are good for 
releasing the press on operating capacity and preventing jams, the distances between the 
three individual railway stations could cause barrier in circulation. For Jinan Station and 
Jinan West station especially, because of the key statuses of JingHu and JiQing HSRs, the 
instant and fluent circulation is very necessary. It not only means a lot to the city but also 
has a matchless significance in the integration of transportation in the whole region. 
According to the current transportation network in Jinan city, the fast connection between 
Jinan Station and Jinan West station has not been built up well. In the next step, this 
connection has to be completed and optimized. Otherwise, a lot of time and energy 
wasting will happen for the commuting between the stations.  
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4.3.2 Local Public Transportation Development in Jinan 
While HSR will play a backbone role in the regional transportation system and have clear 
local impacts on development, local transportation strategies will clearly influence 
residents’ behavior and, most likely, development patterns. To cope with the growth in 
urban travel demand, the local government has recognized the important role of urban 
public transport. Aiming at establishing a “safe, efficient, ecological and diverse” urban 
transportation network, the city government has set a goal that in 2020: more than 95% of 
Jinan residents will spend less than 45 minutes per trip; more than 60% will travel less 
than 30 minutes per trip; and the transit mode share for trips will increase to 45% 
(SDUTC, 2010).  
 
Towards this end, city officials aim to increase public transportation quality and supply. . 
Jinan has already embarked on a plan to build a comprehensive bus rapid transit (BRT) 
system. In 2005, the city began planning the system and the Chinese central government 
then named it a “BRT Demonstration City.” As of summer 2009, BRT lines on three 
corridors – the Jingshi Avenue, the Beiyuan Street, and the Lishan Road – were already 
in operation (see Figure 4-24). Plans indicate that by the end of 2015, Jinan will have a 
BRT network with a length over 120 kilometers (SDUTC, 2010). The BRT corridor 
development generates poses an interesting design challenge, to better understand the 
types of neighborhood forms that should be encouraged when integrating urban 
development with BRT system expansion. 

Figure 4-24. Jinan BRT Corridor Map (as of August, 2009) 

 
 

Source: Adapted from local BRT maps provided by Ms. Wu Min at the Jinan Bus Company in 2009. 
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Beyond the existing and proposed BRT, however, the city also has plans to develop rail-
based urban public transport – i.e., “light rail.”  The degree to which this development 
occurs, and ultimately replaces or complements the BRT system remains to be seen.  

4.3.3 Master Planning of New Spatial Structure and New Town 
Another motivating factor is the new town plan already issued by the planning bureau in 
the master planning of Jinan in 2002. According to the planning, New town will be set up 
in the western Jinan surrounding the Jinan West Station to take the benefits from the 
TOD mode. Besides, a new cluster, Chang Qing, will be included in the developing 
domain of Jinan City. 

Figure 4-25. The planned spatial structure of Jinan and New town (2002) 

 
 

Source: Master and Strategy planning of Jinan, 2002 

Figure 4-26. The planned Land Use and Transportation System New town (2002) 

    
Source: Master and Strategy planning of Jinan, 2002 

With the planned new town and new cluster, the main directions and keynotes in 
transportation may move west.  
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4.4 Energy Sources in the Residential Sector of Jinan 
The residential sector in Jinan currently consumes four types of energy: electricity, gas, 
coal, and municipal centralized heating, as discussed below. 

4.4.1 Electricity 
The electricity coverage of Jinan urban area reached 100% in the 1990s. Jinan Electricity 
Supply Company (JESC), a state-owned enterprise, is the city’s only electricity provider, 
offering identical electricity price for residential users city-wide. Residential electricity 
consumption in Jinan peaks during the summer season due to cooling loads, but in recent 
years the winter consumption has increased significantly, reflecting the trend towards 
increased household ownership of electric heating appliances as a complement (or 
substitute) to traditional heating approaches (JESC, 2010).  
 
With regard to both electricity generation (287,000 GWH) and installed generating 
capacity (61 million KW), Shandong Province ranks second among all provinces in 
China. Coal is the dominant energy source for electricity generation in Shandong – 99% 
of electricity is generated by coal power plants (JESC, 2010).  

4.4.2 Gas 
Gas in Jinan is mainly consumed for cooking, water heating and a very limited proportion 
of space heating. Three types of gas, namely natural gas, liquefied petroleum gas and coal 
gas, are consumed in the residential sector, covering 97.8% of urban households (Jinan 
Government Annual Work Report, 2010). Residential neighborhoods constructed after 
1995 normally have gas pipelines installed, through which either natural gas or coal gas 
can be directly transferred to households. Steel-bottled liquefied petroleum gas is 
available for households which cannot access piped gas.  

4.4.3 Coal 
Coal has been used in Jinan’s urban households for decades, serving space heating, water 
heating and cooking purposes, but its use is fading rapidly due to the expansion of gas 
and centralized heating coverage, which offer increased safety, convenience, and 
cleanliness. New residential neighborhoods in Jinan normally have access to municipal 
centralized heating, so coal is only consumed in older neighborhoods and the “urban 
villages”, which have been enfolded into the city through rapid urbanization. Coal for 
household use takes the form of honeycomb briquettes, the purity, heat value and smoke 
impact of which vary according to the quality. Households use coal stoves with chimneys 
to burn coal for space heating. For cooking purpose, small movable stoves are also used.  

4.4.4 Centralized Heating 
The household centralized heating coverage in Jinan has reached 49% (Jinan Government 
Annual Work Report 2010), and the renewal of old residential neighborhoods to install 
centralized heating pipelines has been taking place city wide. Centralized heating 
delivery takes the form of hot water or steam, with coal as the primary energy source for 
generation. The centralized heating system does not meter individual household heating 
consumption; instead, the heating fee is calculated based on the constructed area of the 
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home. Households cannot adjust the in-home temperature. The heating period lasts from 
Nov. 5 to March 15, 140 days in total. 

4.5 Case studies on neighborhoods in Jinan 
At the neighborhood development scale, the city of Jinan – with a long history of 
evolution – presents a variety of urban forms. We have identified four main 
neighborhood typologies: Traditional, Grid, Enclave, and “superblock.” Respectively, 
they represent characteristics of the local city development during different historic 
periods in a rough time sequence. A summary of the form features associated with each 
typology is shown in Table 4-3. 

Table 4-3 Summary of Form Features across 4 Main Neighborhood Typologies 
Typology  Building/Street/Function   Access/Parking  

Traditional 
 

1-3 story courtyards; fractal /dendritic fabric off a main 
shopping street, on-site employment  

 no cars  

Grid 
(1920s)  
 

Block structure with different building forms contained 
within each block, retail on connecting streets 

 Easy access; cars on-street; some 
parking lots  

Enclave  
(1980-1990s) 
 

Linear mid-rise walk-ups; housing integrated with 
communal facilities (kindergartens, clinic, restaurants, 
convenience shops, sports facilities, etc.)  

 Moderately gated (walls, fences and 
sometimes security guards at entries);  
Scarce on-courts parking lots  

Superblocks 
(-2000s)  
 

Towers in park with homogeneous residential use   Completely gated; sufficient parking 
lots (underground, surface, etc.)  

 

Table 4-4. Neighborhoods by Typology and Location with Population Estimates  
Typology Neighborhood Case On BRT 

Corridor 
Distance to City 
Center 

Population  
Estimate 

Traditional 1. Zhang-Village Yes 3.0km 11,100 

Grid 2. Old Commercial District No 3.6km 11,700 

Enclave 

 

 

3. Wuying-Tan Yes 4.6 km 16,100 

4. Yanzi-Sshan No 3.5 km 21,000 

5. Dong-Cang Yes 2.3 km 5,600 

6. Foshan-Yuan No 0.8 km 5,300 

Superblock 

 

7. Shanghai-Garden No 7.3 km 6,400 

8. Sunshine-100 No 4.8 km 19,000 

9. Lv-Jing Yes 2.8 km 2,500 

 
To further understand these neighborhoods, the characteristics of their residents and their 
residents’ behaviors, the research team – in a collaborative process involving faculty 
from Shandong University, Tsinghua University and MIT, as well as officials from the 
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Jinan Urban Planning Bureau – selected nine neighborhoods to examine in more detail. 
The purpose was to select a number of neighborhoods representative of the four 
neighborhood typologies, and with a variety of locational characteristics regarding their 
proximity to BRT corridors and the distance to the city center. As can be seen in Table 
4-4, beyond the typology differences, the selected neighborhoods also offer relevant 
locational variations (in terms of BRT and center city proximities). Error! Not a valid 
bookmark self-reference. illustrates the location of the 9 neighborhoods in Jinan. 

Figure 4-27 Neighborhood Case Locations 

 
4.5.1 The “Traditional” 

The majority of Traditional neighborhoods can be found in the inner city of Jinan. Some 
old villages of this type were also once developed at the edge of the inner city but now 
are surrounded by modern city development. This type of neighborhood is characterized 
by 1-3 story courtyards and narrow alleys. A main shopping street provides households 
with immediate access to local employment and service opportunities. Cars have little 
access into the neighborhood due to the narrow road space and complicated alley system. 
Almost no car parking spaces are provided. 

4.5.2 The “Grid” 

The Grid neighborhood typology was introduced in Jinan in the early 1920s. This 
typology shaped the old commercial district, which is located to the south of the Jinan 
railway station. The whole district is about 2 square kilometers with a length of 2.5 km 
and a width of 1km. The dimension of a typical block is about 160 meters by 160 meters. 
Originally, the blocks were composed of traditional courtyards, but they have since 
evolved into more diverse building forms. As an old commercial district, jobs and 
housing supply are highly balanced in this area today. Another main feature of the grid 
neighborhood is its openness: public streets running between small blocks make the 
whole district very accessible. Retail development and large trees along connecting 
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streets create a walking-friendly street space. Some on-surface parking lots exist in this 
district. 

4.5.3 The “Enclave” 

The Enclave neighborhood form in Jinan originated in a national experiment of urban 
residential developments in the mid-1980s with the goal of achieving “high standards 
with relatively low cost, high quality with relatively low space standards, complete 
functions in small areas, and a pleasant environment despite limited land coverage” (Lü, 
et al., 2001, p. 230). It is characterized by a north-south layout of buildings and an 
integration of housing units with communal facilities (e.g., kindergartens, clinics, 
restaurants, convenience shops, sports facilities, etc.). Internal local roads within the 
neighborhood provide a safe outdoor space for people. Sometimes, roads have bends and 
turns, similar to “traffic calming” measures used in the West. Dead-end roads are often 
found within building clusters, to exclude through traffic. In some cases there is even a 
separation between pedestrian flows and vehicle flows in the road network. In terms of 
parking facilities, while the Enclave provides plenty of bike storage space, very limited 
car parking spaces exist (Lü, et al., 2001). 

4.5.4 The “Superblock” 

As China entered the 1990s, a more formal housing market emerged and, at the same 
time, the Superblock neighborhoods started to dominate the country’s urban growth 
pattern (Cervero & Day, 2008; Monson, 2008). Jinan is no exception. Neighborhood of 
this type are usually entirely composed of housing units (i.e., with little mixed use) and 
completely enclosed by walls or fences, with only a few entrances. Such a physical 
setting combined with security and monitoring measures at access points, especially in 
the more affluent Superblock neighborhoods, often creates significant isolation between 
the neighborhood and its surrounding urban space (Bray, 2006; Wu, 2005). In addition, 
the Superblock is characterized by high-rise buildings, considerable landscaping, an auto-
oriented internal road network, and ample parking for private motor vehicles. 

4.6 Measures of Neighborhood Form 
A geographic information system (GIS) database of the nine neighborhoods was 
developed by a technical team from Beijing Normal University. The team first procured a 
high-resolution aerial photo of the Jinan urban area, used the aerial imagery to identify 
relevant 2-dimensional information (e.g., building profile, road, open space, trees, etc.) of 
the nine neighborhoods, and further geo-coded the information in a GIS platform. 
Second, in summer 2009 the team carried out a visual survey of all nine neighborhoods to 
validate existing data and to collect additional physical data (e.g., building height, 
parking spaces, building functions, land uses, gates, bus stops, catchment area5 land use, 
etc.) that could not be extracted from the aerial photo. Information obtained from the 
visual survey was then, again, geo-coded into GIS as well as an AutoCAD database, as 
shown in Figure 4-28 and Figure 4-29. 
 

                                                 
5 In general, catchment area refers to an area within walking distance from the neighborhood in the context 
of this research.   
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Figure 4-28 GIS Maps of the Selected Nine Neighborhoods in Jinan 

 
Produced using the dataset created by the School of Geography and Remote Sensing, Beijing Normal University 

Figure 4-29 Layout of Dong-Cang Neighborhood (the Enclave Type) 

 
Produced using the dataset created by the School of Geography and Remote Sensing, Beijing Normal University 

4.6.1 Density Elements 

Population density, household density, floor area ratio (F.A.R.) and building coverage 
constitute some of the more common density measures used in the western literature. 
Table 4-5 presents results of these indicators calculated for the main neighborhood 
typologies in Jinan using the GIS data. In terms of population density, the Superblock 
neighborhoods have the highest average density of 46,000 persons per square kilometer, 
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followed by the Enclave with a density of 43,500 persons per square kilometer. The 
Traditional has the lowest.  However, after accounting for potential household size 
effects, we can see that the density of the Superblock becomes relatively more modest. 
This shows that the Superblock tends to house larger families than the other 
neighborhood typologies. The comparison of floor area ratios (F.A.R) is generally 
consistent with our expectations, showing the higher values associated with the taller 
buildings in the “superblocks”; we can also see this in the building height metric, as the 
superblock’s average is much higher than the Enclave and Grid neighborhoods, where 5-
6 story buildings predominate.  The Traditional neighborhood has the lowest height on 
average, because most buildings inside are courtyard houses with 2-3 stories. These 
indicators, and the green space coverage, support the idea of Superblock representing a 
version of the “tower in the park” urban design mindset.  

Table 4-5 Density Measures in the Four Neighborhood Typologies 
 Traditional  Grid Enclave Superblock 
Population Density (persons/square km) 34,000 37,500 43,500 46,000 

Household Density (households/square km) 12,300 
 
  

13,300 14,300 14,300 

F.A.R.  1.2 1.7 1.8 2.0 

Building Coverage 54% 31% 34% 22% 

Average Building Heights (floors) 2.2 5.5 5.3 10.1 

4.6.2 Diversity Elements 

In terms of diversity measures, we calculated land use mix, building function mix, and 
the standard deviation of building height, as shown in Table 4-6. The Superblock, as 
expected, has almost homogenous residential use measured, by both land use mix and 
building function mix. The land and building use diversity levels of the Grid, Enclave and 
“traditional,” are higher than the Superblock, and quite similar to each other. However, 
measured by building form diversity 6  (i.e., building height standard deviation), 
Superblock becomes the most diverse. This suggests that the “superblock,” as a market 
oriented typology, introduces different types of building products (e.g., low-rise, high-
rise, etc.). The Grid neighborhood has the second most diverse building form, reflecting a 
complex physical nature deriving, perhaps, from the long history of urban evolution in 
the district. 

Table 4-6 Diversity Measures in the Four Neighborhood Typologies 
 Traditional  Grid Enclave Superblock 
Land Use Mix 0.21 0.30 0.36 0.09 
Land Use Mix (for built-up land only) 0.23 0.32 0.37 0.07 

Building Function Mix 0.33 0.34 0.38 0.04 

Building Height Standard Deviation 0.3 3.6 2.75 4.47 

                                                 
6 This is in fact more of a dimension from the urban design perspective, given that a variety of building 
forms could presumably create a more interesting street view, and further encourage walking. 
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4.6.3 Design Elements 

Table 4-7 presents a number of design-related indicators of the four neighborhood 
typologies. The most prominent distinction between the Superblock and other 
neighborhood typologies is the level of car-parking supply. While the Traditional has no 
parking space and the Grid and Enclave provide only a little due to space constraints, the 
Superblock provides parking lots for every 3 households, on average. In some recent 
Superblock housing projects (e.g., the extension project of the Sunshine-100), the 
“parking-housing unit” ratio has been set higher than 1.  
 
In addition, the Superblock has a much higher degree of enclosure/physical isolation than 
the other neighborhood typologies, as evidenced by the fewer number of gates and the 
longer distances between entrances. In other words, all else equal the Superblock makes 
it more inconvenient for walking because the limited number of entrances to the 
neighborhood require long detours just to get out. On the other hand, one advantage of 
the Superblock over the others is provision of green space, evidenced by a higher green 
coverage and more trees planted along roads, perhaps because developers value the 
image of the neighborhoods. However, good-looking green space does not necessarily 
lead to a walking-friendly environment. The Superblock tends to prioritize car use in its 
infrastructure and facilities; therefore, pedestrian facilities and street activities receive 
less attention, as evidenced by related indicators (e.g., percentage of roads with walking 
facilities, the percentage of residential buildings with street-level shops, etc.). 
 
Regarding the road network, the measured results of the cul-de-sacs percentage is 
intriguing, as the percentage is lowest in the Superblock and highest in the Enclave. In 
the western context, a higher share of cul-de-sacs tends to indicate more auto-dependent 
road systems. However in the Jinan context, this is not true. In fact, the high share of cul-
de-sacs is often due to the dead-end road network within building clusters; such road 
structures may help reduce car road connectivity and prevent through-traffic in local 
areas.  
 
Interesting observations can also be found by comparing the “average roadway width” 
across the 4 neighborhood typologies. The Grid neighborhood has relatively wide 
roadways because it allows urban arterials to cut through. On the contrary, the Traditional 
is characterized by very narrow lanes which almost completely prevent car use within the 
neighborhood. 
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Table 4-7 Design Measures across the Four Neighborhood Typologies 
 Traditional  Grid Enclave Superblock 
Parking (parking lots/100 households) 0 4 4 37 
Entry Interval Distance (m) 218 107 148 730 
Green Coverage 0% 12% 17% 31% 
Percentage of Roads with Trees 0% 42% 42% 85% 

Percentage of Residential Building with Street-level 
Shops 

21% 18% 24% 4% 

Percentage of Roads with Walking Facilities 98% 87% 51% 64% 

Road Density (km/square km) 37.4 29.6 25.6 36.0 

Intersection Density  
(# intersections / km) 

18 12 9 10 

Percentage of Cul-de-sac  22% 20% 42% 19% 

Average Roadway Width (m) 5 13 8 8 

Average Building Footprint Area (sq m) 114 316 573 635 
 

4.6.4 Basic Data on Four Neighborhoods 
We now examine, in more detail, 4 specific neighborhoods, one of each of the typologies 
introduced above and with different size, location and age. We calculate the typical urban 
form index, such as household density, FAR and so on. In particular, we also attempt to 
develop measures of sun and wind exposure, as these elements may be important in 
influencing energy consumption. 

Figure 4-30. The Neighbourhood Locations  
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Figure 4-31. The Site Plan of the Four Neighborhoods 

 

 

Table 4-8. The urban form index of 4 neighbourhood 
Neighborhoods Dongcang Sunshine 100 The Grid Zhangjiacun 

Straight-line distance to spring square (km) 2.4 4.5 3.5 3 
Size (ha) 17.83 33.9 44.7 33 

household 20522 5824 6879 1200 
Building area (m2) 323000 715000 1081000 452122 

Residential building area (m2) 268000 699000 648500 366231 
FAR 1.81 2.11 2.42 1.37 

Building coverage (%) 34.77 15 58.30 60.60 
Average floor 5.34 14.1 4 2.3 

Parking ratio (%)` 0.5 27 1 2.5 
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Table 4-9. Energy Strategies 
1.  North-south orientation 
2.  High density 
3.  Big windows on the south side 
4.  Mixed land use 
5.  Central treatment system for polluted water.  
6.  Car limited,public transport 
7.  High-rise buildings surround open spaces to reduce the wind’s effects. 
8.  Double insulating window with steel framework to enhance heating 
9.  Coating and patching for heat preservation 
10.  Heating switch controlled individually 
11.  Small walkable blocks  
12.  Local work 
13.  Solar collectors for hot water  
14.  EIFS (Standard Terminology for Exterior Insulation and Finish Systems) 

used in some buildings 
15.  Biogas used in some buildings 

Dongcang 

1. 3 .4. 6 .13.14  

Sunshine100 

1.2.3.4.5.6.7.8.9.10.14 

The Grid 

1.2.3.4.11.12.13.14 

Zhangjiacun 

2.3.4.6.13.14.15 

 

Sunshine Environment Analysis 
By using Ecotect software to conduct sunlight analysis, we got the cumulative sunshine 
time from 8am to 4pm on Severe Cold day (January 20th). For Dongcang as an example, 
the sunshine duration for most of the land space between the two buildings is less than 
one hour long and there is even no direct sunshine, the condition isn’t good for residents’ 
outdoor activities in winter. In Sunshine100, the south facade of the buildings can obtain 
more than three hours sun radiation in severe cold day. The good sun radiation condition 
of this type residence is benefit to both improving the indoor thermal comfort effect and 
the outdoor. In The Grid, the sun radiations of south façade as well as between buildings 
are less than one hour, which is not good for the indoor thermal comfort effect, outdoor 
activities and environmental sanitation. In Zhangjiacun, most parts only gain less than 
one hour cumulative sunshine in the simulation, only a small part of one-floor residential 
courtyards and public areas may enjoy 2-4 hours of cumulative sunshine. 

Wind Environment Analysis 
We also simulate wind environment of the typical housing cluster by CFD software 
Phoenics, as the dominate wind direction is 45°South-West with the speed of 5.5m/s. In 
Dongcang, simulation result shows that when the wind speed is between 0.06 and 
0.07m/s, the wind speed of the back wind of the southern building is the lowest and the 
west wind speed is the highest. It’s also indicated that the difference air-pressure between 
front and back of a building is near 1-3pa, which is in according with the energy-saving 
requirement of China ecological residential technology assessment manual. In 
Sunshine100, the airflow in the east liner-style building cluster is small, almost less than 
4m/s, which is good for outdoor activities. While the airflow of in west high-rise building 
one is rather more than 6-7m/s, which suggests that we should use some plant and eco 
technique to avoid the high wind blow. An obvious positive-pressure area has been 
formed in front of the west high-rise liner building cluster, while the negative-pressure 
area occurred at the back. The pressure disparity is 20pa, as a result, there will form a 
strong penetrating cold wind with an extra cost of building heater, which is not effective 
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for energy saving. In The Grid, the airflow are all very small in every place except the 
west area, with a speed of moreover 6m/s. And because of the shelter of the courtyard 
buildings, the air flow in the north middle part is very soft, almost less than 1m/s. An 
obvious positive-pressure area has been formed in front of the west high-rise liner 
buildings, while a negative-pressure area occurred at the back. The wind pressure of east 
part are equilibratory, especially the wind pressure between the east multi-storey 
residential buildings is near zero, this condition are not good for the balance of indoor air 
flow in summer. In Zhangjiacun, internal air flow more uniformly with small wind. The 
maximum wind speed is in the village main street, about 2-4m/s. It is not conducive for 
building radiating, leading to more air conditioning energy consumption. The wind 
pressure distributes uniformly in the cluster because of the low rise building and small 
rubbing effect. Wind pressure in the main street is mostly higher than in the courtyard. 
 
The following Chapter will explore in some detail the characteristics of the residents of 
the neighborhoods observed and present results of analyses of these characteristics and 
the urban form characteristics on different dimensions of energy use. 
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5 Neighborhoods and Energy: Evidence from Jinan  

5.1 Introduction 

5.1.1 How does a residential neighborhood consume energy? 
in

out of

embodied energy use  in manufacturing construction materials, 
transporting them to the site and processing the materials at the site; operational
energy use maintain the operations and daily-life-supporting 
functions of the neighborhood; and 3) transportation energy use, which refers to energy 
consumed in travel movements by households in the neighborhood to meet their daily 
demand (Figure 5-1). In rigor, a complete neighborhood LCA should include all 
up-stream and downstream energy implied, such as that of fuel extraction, processing and 
delivery, vehicle and appliance manufacture and disposal, and building maintenance and 
demolition – sometimes referred to as a “cradle-to-grave” approach. 
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Figure 5-1. Life Cycle Analysis of a Neighborhood 

 

5.1.2 Why might neighborhood form matter? 
We can imagine that neighborhood form and orientation might influence all three 
dimensions of residential energy use and GHG emissions, as represented conceptually in 
Figure 5-2. For embodied energy use, neighborhood form partly determines the quantities 
and types of construction materials used for development, as well as the structural 
designs of the buildings. For example, developing a neighborhood dominated by high rise 
residential buildings will require a large amount of energy-intensive materials such as 
steel. For operational energy use, neighborhood form and orientation might affect 
household energy demand to provide in-home and common area “services” such as 
climate control (via heating, ventilation and air conditioning or HVAC), lighting and 
vertical movement. For example, certain neighborhood forms might be more conducive 
to natural lighting or ventilation, thereby decreasing household energy demand for 
in-home lighting or HVAC equipment and use. In this sense, the neighborhood form 
might affect two, jointly related, choices: the choice of type and number of relevant 
equipment (e.g., an air conditioner) and the choice of how often and how intensively to 
use that equipment to provide a service (e.g., cool air). The neighborhood 
form/orientation could similarly affect fuel choice (in some cases) and common area 
device requirements (such as elevators). Finally, for transportation energy use, 
neighborhood form and design exerts influences basically by potentially affecting two 
relevant aspects of the household decision-making process: the relative real (e.g., 
out-of-pocket) and perceived (e.g., safety) costs of different modes, as, for example, 
certain street layouts might favor bicycle use vis-à-vis auto use; and, the relative benefit 
of different possible destinations, due to effects on distribution of, for example, shops or 
recreational opportunities. In other words, neighborhood form can influence both travel 
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costs (“disutility”) and potential activity realization benefits (“utility) (Maat, et al., 2005). 
Such “net” effects on travel behavior will also impact longer term decisions, such as the 
number and type of vehicles, such as bicycles or cars, which a household will acquire. 
 
We must keep in mind that the relationship between the neighborhood and its respective 
energy consumption is not deterministic. We cannot know, with certainty, what the 
ultimate effects might be because most of the effects depend on the behavior of 
individuals and households. For example, we may design a neighborhood to promote 
more walking among its residents by, say, reducing travel distances (e.g., via increased 
density and land use mix). In such a neighborhood, residents may indeed walk more, but 
we can’t know whether they will drive more or less; the net result depends, in part, on 
what people do with the saved time and money. Total travel demand (and, likely, energy 
consumption) would increase, for example, if individuals use the saved time/money to 
travel to more distant destinations and/or “do more things.” We could imagine similar 
possibilities in the case of, say, housing with improved insulation. Residents in such 
housing may consume less energy for heating; or, they may decide to enjoy a warmer 
ambience. These possibilities relate to the role of individual preferences and attitudes in 
the ultimate outcome. People with a strong “environmental conscious” may choose to 
consume less energy, irrespective of the neighborhood they live in. At the same time, 
people’s attitudes and preferences may be influenced by their neighborhood: for example, 
a neighborhood marketed as “green” may induce more “green” behavior by changing 
residents’ perceptions of relevant issues. In the end, in attempting to understand and 
predict the impacts of neighborhood form on energy consumption, we are analyzing a 
complex and dynamic socio-technical behavioral system, with both theoretical and 
empirical ambiguities. 
 



 

 98

Figure 5-2. The Conceptual Framework: Neighborhood Form and Energy 
Consumption 

5.1.3 How do we research the neighborhood form impacts? 
We attempt to shed light on the complex relationship between neighborhood form and 
energy consumption using the nine neighborhoods in Jinan, which Chapter 4 described in 
detail. We base our analysis on a survey of approximately 300 households in each 
neighborhood. The survey collected information on household weekly travel activities, 
in-home energy expenses, fuel choices, vehicle and appliance ownership, individual 
attitudes, income, and other socio-demographic factors.1 Table 5-1 presents some basic 
summary statistics derived from the survey. 
 
For embodied energy use, we based our calculations on the quantities of materials in each 
neighborhood, estimated using GIS data2 and the Chinese building code (MOC, 2005). 
We account for f

                                                 
1 The survey was carried out by faculty and students at Shandong University. We thank, in particular, Prof. 
Zhang Ruhua and Ms. Zuo Weiwei in Jinan for guiding the household survey and data entering. Appendix B provides a 
brief description of the survey methodology and an example of the survey content.  
2 The neighborhood GIS database was developed by Beijing Normal University; we thank, in particular, Prof Zhang 
Lixin and Mr. Zhang Tao in Beijing for leading the efforts on the building the GIS database. 



 

 99

truction materials from an extensive review of existing 
literature and multiplying these factors by the quantities of materials used in each 
neighborhood. 4  For operational energy use, we estimated: 

For household transportation energy use, we based our estimates on weekly travel 
patterns (distances by mode) reported by each surveyed household and estimated energy 
intensity factors for each mode.  Appendices C, D, and E present the methodologies 
used to calculate the embodied, operational, and transportation energy consumption, 
respectively. 

Table 5-1. Relevant Descriptive Statistics in the Four Neighborhood Typologies 
Mean Traditional Grid Enclave Superblock 

Household size (persons) 2.8 2.8 3.0 3.2 

Household employment (workers) 1.5 1.6 1.7 1.9 

Household income ($/month) 759 1,326 1,341 2,157 

Household home area (sq. m)     

     

     

Car ownership (vehicles/ 100 HH) 12 16 21 68 

Motorcycle ownership (vehicles/ 100 HH) 25 11 11 6 

E-bike ownership (vehicles/ 100 HH) 59 36 39 41 

Bike ownership (vehicles/ 100 HH) 86 93 86 70 

     

Car pride (%) 28 28 27 17 

Transit fan (%) 63 69 74 56 

Bike fan (%) 60 59 53 51 

High value of time (%) 34 33 35 53 

 
we compare the energy consumption and GHG emission 

patterns across neighborhoods, form typologies and income groups. In addition, we 
attempt to statistically test the relationship between neighborhood form and household 
                                                 
3 

 
4 Energy used in transporting and processing construction materials was not included in this estimation. Details on the 
current approach to estimating embodied energy can be found in Appendix C. 
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energy use (travel and in-home) utilizing multivariate regression techniques, to control 
for other

5.2 The big picture: Neighborhood energy consumption and GHG emissions 
Figure 5-3 shows both the total and the per dimension (i.e., transportation, operational, 
embodied) energy consumption per household of each neighborhood and neighborhood 
typology. The graph confirms that operational consumption (in-home and common area) 
accounts for the largest estimated share – approximately 71-79% of estimated household 
total energy consumption (including embodied) in each case. Considering just the 
operational and transportation energy use dimensions, operational energy use accounts 
for an estimated 80-90% of energy use. 
 
Figure 5-3. Per Household Energy Consumption by Neighborhood  

 

For comparison, by one estimate for Canadian neighborhoods, transportation energy use 
accounted for anywhere from 40-70% of total household in-home and transportation 
energy use (counting only energy used by household private motor vehicles) (NRC, 
2009). This result suggests that as China becomes richer, transportation will account for 
an increasing share of residential sector energy consumption. Comparing across 
neighborhood typologies, we can see that households in the Superblock typology 
consume much more energy than the others – up to twice as much. Among the 
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non-Superblock neighborhoods, Dongcang in the Enclave typology and the traditional 
(Zhang Village) typology have the lowest per household energy consumption, although 
the variation among all the non-Superblocks is relatively modest. Carbon dioxide (CO2) 
emissions roughly follow a similar pattern (Figure 5-4). 
 
Figure 5-4. Per Household CO2 Emissions by Neighborhood  

 

5.3 Embodied Energy Use 
Looking more closely now at neighborhood embodied energy consumption and GHG 
emissions per household, we can see, first, that the Enclave neighborhoods have 
relatively low embodied energy consumption per household (Foshan-Yuan being the 
exception) (Figure 5). Shanghai Garden, a Superblock, has the highest embodied energy 
per household. 
 
The great bulk of embodied energy per household comes from the residential space 
constructed in each neighborhood (Figure 5-5). On average, the residential built space 
accounts for nearly 84% of the total embodied energy consumption of each neighborhood. 
Comparing across neighborhoods, it accounts for a high of nearly 12,000 
MJ/household/year in Shanghai Garden and a low of less than 6,000 MJ/household/year 
in the Enclave of Dong-cang. Interestingly, the traditional typology, Zhang Village, with 
low rise buildings prevailing, has relatively high embodied energy per household (10,400 
MJ/household/year). This might be due to characteristics such as the high building 
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coverage (54%, the highest among all 9 neighborhoods) and the relatively low household 
density.  
 
Examining the estimated energy embodied in road construction, we can see slightly 
different patterns than those for amount of constructed residential buildings (Figure 5-5). 
The Superblocks Lv-jing and Shanghai Garden, the Enclaves Foshan-Yuan and 
Wuying-Tan and the Grid neighborhood (Commercial District) each have a relatively 
high share of energy embodied in roadways. While they may have very different road 
patterns, these neighborhoods have a similar amount of relative roadway (per resident). 
Nonetheless, keep in mind that, overall, the energy embodied in the neighborhoods’ roads 
never accounts for more than one-third of the per household energy embodied in the 
neighborhoods, and thus never more than about 5% of total annualized per household 
neighborhood energy consumption.  

Figure 5-5. Per Household Embodied Energy Consumption by Neighborhood  

 
Embodied CO2 emissions per household display a similar overall pattern to total 
embodied energy across the different neighborhoods (Figure 5-6). Based on our 
calculations, the quantity of reinforced concrete is the primary driver of embodied CO2 
emissions.  Comparing across neighborhoods, Shanghai Garden and Zhang Village 
again show the highest annual GHG emission level per household (470kg/year and 
398kg/year, respectively). Again, the bulk of embodied CO2 emissions come from the 
construction of residential space. On average, the residential built space accounts for 
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approximately 96% of embodied CO2, while the construction of roadways accounts for 
only 4% of the total annual embodied CO2 emissions (per resident) in each neighborhood.  

Figure 5-6. Per Household Embodied GHG Emissions by Neighborhood   

 
Figure 5-7 shows the composition of estimated neighborhood embodied energy 
consumption by different construction materials that we account for in the neighborhoods. 
We can see the total annualized embodied energy per household depends on the range of 
relevant materials used in the buildings. Particularly, concrete accounts for a large 
percentage of embodied energy per household (71.5%, on average across neighborhoods). 
For example, while the Superblock Sunshine 100 likely5 uses large amount of steel (15 
MJ/Kg) which is much more energy intensive than concrete (1.1 MJ/Kg), Sunshine 100’s 
residential building embodied energy per household is lower than the Shanghai Garden 
Superblock and the Traditional Zhang Village. In contrast, while Zhang Village likely 
uses only a small amount of steel in its residential building construction, its embodied 
energy content is still high due to high levels of reinforced concrete usage. By our 
estimates of embodied CO2, reinforced concrete’s share increases relative to embodied 
energy.6    

                                                 
5 We say, “likely” due to the indirect method of calculating the materials within each building; again, please refer to 
Appendix C for details. 
6 Note, however, that our estimates for materials that are shipped longer distances (e.g., steel) are underestimates since 
we do not currently account for transportation energy (due to shipping) in our calculations, due to the uncertainties 
regarding origins (see Appendix C.).   
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Figure 5-7. The Composition of Per Household Embodied Energy by Material Types

 

Figure 5-8. The Composition of Per Household Embodied CO2 by Material Types 
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5.3.1 Observations: Urban form and embodied energy 
Neighborhood form characteristics certainly influence the quantity of building materials 
used. Intuitively, one might imagine that building heights and/or building coverage play a 
crucial role here. However, our results suggest a more nuanced relationship (Figure 5-9 
and Figure 5-10). First, examining the patterns of residential embodied energy per 
household and neighborhood form characteristics by neighborhoods, we find that no single 
neighborhood characteristic alone determines embodied energy use (Figure 5-9). The 
Superblock Shanghai Garden and the Traditional Zhang Village both have relatively high 
embodied energy with very different neighborhood form characteristics. Shanghai Garden 
has a low building coverage, but a relatively large building perimeter (i.e., footprint) and 
high average building heights; Zhang Village has the highest building coverage but low 
average building heights and building perimeter. Such variation indicates that we cannot 
easily associate the energy embodied in a neighborhood with a single form characteristic; 
we must, instead, examine the “combined effects.”  

Figure 5-9. Per Household Residential Embodied Energy and Neighborhood Form 
Characteristics   

 
Examining the estimated share of embodied energy of each material and the 
neighborhood form characteristics, we see that the share of embodied energy from 
concrete, not surprisingly, varies with the building coverage across neighborhoods 
(Figure 5-10). The embodied energy due to neighborhood steel content, also not 
surprisingly, varies with the neighborhood’s average building heights. For example, 
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Sunshine 100 has the largest amount of per household embodied energy from steel, due 
to the structural design of high rise buildings in the neighborhood. 

Figure 5-10. Per Household Embodied Energy by Material Types and Neighborhood 
Form Characteristics 

 
Similarly, the patterns of embodied energy per household from road construction do not 
vary consistently with neighborhood road characteristics such as average road width and 
road density (Figure 5-11). Rather, they relate more directly with road area per household, 
which varies considerably within and across neighborhood typologies. The Superblock 
Sunshine 100 has wide roads and a relatively high road density (per km/Sq. Km), but, in 
fact, relatively low road area per household and thus low embodied road energy per 
household. The Grid Commercial District, has fairly average road widths and road 
density, but high embodied road energy per household – the Grid has lower residential 
density and the road system clearly serves a large number of non-residential users. Of the 
three neighborhoods with the highest roadway embodied energy per household, one is a 
Superblock (Shanghai Garden), one is an Enclave (Foshan-Yuan) and one is the Grid 
(Commercial District). The three neighborhoods with the lowest roadway embodied 
energy per household include two Enclaves – which have the lowest road density (Km/sq. 
Km) – and the Traditional – which has an extensive network (Km/Sq. Km) of narrow 
roads. 
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Figure 5-11. Per Household Embodied Energy Consumption in Road Construction 
and Neighborhood Road Characteristics 

 

Building heights versus building footprints: low-rise and wide-spread or high-rise 
and compact? 

The results of our analysis do not provide clear indication of a particular pattern 
regarding neighborhood typology and embodied energy, at least when measured on a per 
household basis. We can see in Figure 5-5 that relatively high values of embodied energy 
can be found in Superblock, Enclave, Grid and Traditional neighborhoods – an 
interesting finding considering that most buildings in the Traditional Zhang Village are 
low rise. The influence of different neighborhood form characteristics on per household 
embodied energy may be counteracting each other. As a result, neighborhoods that have a 
somewhat “balanced combination” of form features (e.g. mid-rise buildings with 
moderately dense building footprints; high-rise buildings with small building footprints) 
turn out to be relatively efficient in terms of embodied energy. Keep in mind, however, 
that in neighborhoods with a high share of non-residential uses – all but the Superblock 
neighborhoods – we are over-attributing the embodied energy to households, since up to 
one-third of this embodied energy may be “consumed” by non-residential uses.7  

 

                                                 
7 In addition, as mentioned in footnote 4, since we currently do not include energy use in the transportation of the 
materials to the neighborhood, we are underestimating the energy used for materials, especially those with high 
transport energy intensity. 
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Aggregated effects of embodied energy: Building versus neighborhood scales 

Naturally, the shape of individual buildings, including the structural design and building 
perimeters, figure importantly in embodied energy consumption. However, from our 
analysis it seems reasonable to suggest that the embodied energy characteristics of a 
single building do not automatically yield low levels of embodied energy at a 
neighborhood scale. Neighborhoods consist of various buildings with different 
characteristics including the design, structures and types of materials used. As a result, 
the total embodied energy and the embodied energy per household of a given 
neighborhood might produce very different indications for neighborhood design vis-à-vis 
the embodied energy analysis of a single building located in that same neighborhood. In 
this regard, the neighborhood scale analysis of embodied energy use should help us 
generate thoughts about how to build an energy-efficient neighborhood while ensuring 
the diversity of design elements.   

5.4 Operational Energy Use 
As discussed above, operational energy use – in-home and common area – accounts for 
by far the largest estimated share of annualized neighborhood energy use. 

Figure 5-13)
 China 

uses more coal. 
 
 
 
 
 
 
 

                                                 
8 These are neither primary energy, per se, nor end-use energy, as we do not have the data necessary to estimate either.  
Electricity comes entirely from coal as of 2009 and can be used for typical end-uses, including heating and hot water; 
coal, in the Figure, refers to in-home coal use which can be used for cooking and heating; gas can be used for cooking, 
heating and hot water; centralized heating refers to heating services provided by the building.     
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Figure 5-12. Average Household Operational Energy Consumption by 
Neighborhood (MJ) 

 

Figure 5-13. Annual Average Household Energy Use (MJ): Jinan, USA, Canada

 
Sources: US EIA, 2005; NRC, 2007. 
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Figure 5-14. Composition of CO2 Emissions by Energy Type

 
 
Finally, examining variation by household income ( ), we can see, as 
expected, 

Figure 5-15. Household Energy Expenditure versus Income
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5.4.1 Appliances, devices, and comfort: a role for neighborhood form? 
Naturally, an important share of household energy consumption comes from the 
appliances the household owns. 

 

Figure 5-16. Household Energy Consumption versus Appliance Ownership

 

Hot and cool neighborhoods?  
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Figure 5-16

indirect

direct

Solar friendly neighborhoods? The on-site renewable energy option 

An aspect of neighborhood form which also has an indirect influence on household 
energy use, relates to the use of solar hot water heaters – the only common on-site 
renewable energy technology currently used in Jinan. W

Solar water heaters can only be installed on building rooftops, 
reducing the likelihood that households in high-rise buildings will install the device given 
limited relative roof area and limited access to it, as in the case of Superblocks. In 
comparison, their predominantly mid-rise buildings and well organized building layout 
with moderate building-to-building distance make the Enclaves “solar friendly.” All else 
equal, households with solar hot water heaters consume about 8% less energy annually. 

                                                 
9 See the AC ownership models in Appendix D. Income, home tenure status, and dwelling unit size dominate the 
decision to own one AC; these also dominate the decision to one 2+ ACs. After controlling for these and other factors, 
however, the Traditional neighborhood has a lower propensity to own 1 AC and all the non-Superblocks have a lower 
propensity to own 2+ ACs.  
10 See Appendix D. Other electricity-consuming devices (fridge, TVs, desktop computer) are also associated with 
higher in-home energy use, but neighborhood type does not reflect a statistically significant relationship with 
ownership of these devices.  
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Low-cost versus clean and safe: neighborhood form and household coal use 

What role tradition?

electricity

directly total

5.4.2 A tradeoff: High-rise, “compact” development and common area energy use 
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5.4.3 In Summary 
In general, we find socioeconomics and demographics, household attitudes (i.e., 
agreement with statement “I care about saving energy”) and home physical attributes 
significantly influence household energy source choice, appliance ownership choices, and 
overall energy usage. In terms of neighborhood form, Table 5-2

Table 5-2. Qualitative Effects of Neighborhood Form on Fuel Choices, Appliance 
Ownership and Energy Use

Superblock Enclave Grid Traditional 
Fuel Choice 
Coal Use n/a ref. ns + 
Appliance Ownership 
AC  ref. - - - 
Solar water heater ref. + + + 
Other appliances ns ns ns ns 
In-home Energy Consumption 
(direct effects only)    
Electricity energy ref. - - + 
Coal energy n/a ref. ns + 
Gas energy ref. ns ns ns 
Total energy and CO2 ns ns ns ns 
Common Area Consumption 
Elevator ref. - - - 
Pump ref. - - - 
Lighting ref. ns - ns 
Others ref. ns ns ns 

Note: qualitative assessment based on the models estimated in Appendix D. n/a: not available; ns: not 
significant; ref: the reference case, meaning that the effects shown are relative to that case. 
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We

direct

 

5.5 Transportation Energy Use 
We now turn to energy used by households for travel. A first comparison of household 
transport energy use across neighborhood types seems to suggest a strong connection 
between the two. Households in Jinan’s Superblocks consume on average 2-3 times more 
energy than those in other neighborhood types, while only modest differences exist 
among the non-Superblock neighborhood types Figure 5-17. Superblock households’ use 
of the automobile largely accounts for the much higher travel energy use. 

Figure 5-17. Average Household Transport Energy Uses by Neighborhood 
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In terms of GHG emissions, we see very similar results as for energy consumption, as 
shown in Figure 5-18. The only real difference between the energy use and GHG 
emissions profiles comes from the contribution of E-bike: the E-bike share of total 
household CO2 emissions exceeds its share of total energy consumption, due to the 
relative carbon-intensity of coal-fueled electricity as a transport fuel in Jinan.11 Overall, 
the Superblock households more than double the household emissions profiles of those in 
other neighborhoods, emitting on average 1500-1600 kg CO2 per year, about 1000 kg 
more than the amount emitted by households in the other neighborhood types. 

Figure 5-18. Average Household Transport CO2 Emissions by Neighborhood 

 
To put the estimated travel energy consumption estimates for Jinan into a broader 
context, Figure 5-19 compares the calculated personal annual travel energy use in Jinan 
with similar figures for urban areas in other countries/regions. Although Chinese urban 
households still consume a relatively low level of transport energy compared to those in 
the developed countries of the West, energy consumption levels in Superblock 
households already approach those in affluent Asian cities. 
 
 
 

                                                 
11 Note, however, that our calculations somewhat penalize electric-fueled transport since we use the power plant 
“tailpipe” emissions, which include generation and transmission and distribution losses; a fully “level-playing-field” 
comparison would require a “well-to-tank” calculation for liquid-based transport fuels.    
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Figure 5-19. International Context: Yearly per Capita Urban Travel Energy Use 

 
Notes: Data for international cities extracted from Kenworthy (2008), p. 215-220. 
USA- US cities, ANZ- Australia/New Zealand cities, CAN- Canadian cities, WEU- Western European 
cities, HIA- High income Asian cities, EEU- Eastern European cities, MEA- Middle Eastern cities, LAM- 
Latin American cities, ARF- African cities, LIA- Low income Asian cities, CHN- Chinese cities. 

5.5.1 The relative role of household characteristics  
While the Superblock households clearly seem to have higher levels of travel energy use, 
we must recall that these households on average tend to be richer. Obviously, richer 
households have higher travel demand and thus consume more energy and emit more 
GHG emissions. However, Figure 5-20 shows that even within similar income ranges, 
Superblock households apparently consume more energy and emit more CO2. This 
suggests a relationship between neighborhood typology and household transport energy 
use and emissions, even after controlling for income.  
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Figure 5-20. Household Weekly Transport Energy Use and CO2 Emissions by 
Household Monthly Income (US$) 

 

Household vehicle ownership across neighborhoods 

Household vehicle ownership, logically, plays an important role in vehicle use which, in 
turn, drives transportation energy use. While income is a major determinant of vehicle 
ownership, neighborhood characteristics have also been shown to be related (e.g., Zegras, 
2010), since a neighborhood location and design affects the relative attractiveness of 
owning different types and numbers of vehicles. 

Figure 5-21. Vehicle Ownership by Income and Neighborhood 
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As seen in Figure 5-21, higher incomes are associated with higher auto ownership rates 
across all neighborhood types. But, the neighborhood does display a relatively clear and 
interesting relationship with vehicle ownership tendencies. Across all income levels, the 
Superblock has much higher auto ownership – the lowest income Superblock households 
have ownership levels comparable to the highest income households living in Enclaves. 
High income Superblock households display a motorization rate (equivalent to an 
estimated 850 vehicles per 1,000 persons) roughly equal to the current level in the USA! 
On the other end, two-wheelers predominate in the Traditional neighborhood, quite likely 
a function of the street layout and space available for vehicle storage. Interestingly, when 
considering the sum of autos and motorcycles and autos, motorcycles and E-bikes, the 
Traditional and the Superblock neighborhoods have higher levels of motorized personal 
transportation than the Grid and Enclaves, an outcome worth studying in more detail. 

Controlling for relevant influences 

Our multivariate regression analysis (see Appendix E) identifies a number of 
socioeconomic and demographic factors influencing travel energy use, including: 

 Households with children and more workers increase both the likelihood of car 
ownership and household total travel energy use. 

 Bigger families use more energy for travel, but they may not own more cars in the 
Jinan context.  

 Household tenure and employment type matter for car ownership, but not directly 
for travel energy use (rather, the influence one energy use is indirect through 
vehicle ownership effects).  

 
Finally, several household attitudes as captured through the survey instrument (see 
Appendix B) also have a detectable effect on car ownership and travel energy use. In 
particular, regarding vehicle ownership, households agreeing with the statement that 
“public transportation is convenient” have a lower likelihood of owning a car, as do 
households that view car ownership as a sign of “prestige.” The latter, somewhat 
interesting, result may well reflect the dynamic of status in a rapidly motorizing society 
like Jinan: car owners themselves may already regard the car as a common travel means, 
while those outside of the car ownership “club” consider the good to be a sign of prestige. 
On the other hand, households that agreed with the statement that “travel is a waste of 
time” (which we might interpret as households having a high perceived value of time), 
have a higher likelihood of owning at least one car. When it comes to travel energy use, 
however, only the “automobile prestige” attitude has a detectable additional effect: those 
that consider car ownership to be prestigious have lower household travel energy use.  

5.5.2 Combined effects: The relative role of the neighborhood 
Using the multivariate models estimated in Appendix E, we calculate the marginal effects 
of neighborhood features on household transport energy use – that is, the effect on energy 
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use of a change in a particular variable of interest, holding all other significant variables 
(including socioeconomics/demographics) constant – as shown in Table 5-3. All 
neighborhood features have both a direct impact on transportation energy use and an 
indirect impact through the car ownership-to-vehicle use chain. As we can see in the 
Table, non-Superblock neighborhoods decrease both car ownership and vehicle use 
vis-à-vis the Superblock, resulting in 100-130 fewer MJ per household per week in travel 
energy use. Conversely, doubling the size of neighborhoods12 would increase both car 
ownership and vehicle use, resulting in a marginal increase in travel energy use of 24 MJ 
per household per week. Relative location characteristics have, interestingly, 
countervailing effects on car ownership and vehicle use. On the one hand, doubling the 
distance to city center13 and being close to BRT corridors make households less likely to 
own cars. On the other hand, each of these directly increases vehicle use, result in a net 
increase in travel energy use – with a magnitude comparable to the “doubling 
neighborhood size” effect. We found similar countervailing effects in the case of 
motorcycle ownership (see Appendix E). Overall, the impacts of motorized 2-wheeled 
vehicle ownership on travel energy use is smaller than that of non-“superblock” 
neighborhood typologies, yet greater than that in the neighborhood “changing location” 
and “doubling size” scenarios.  

Table 5-3. Effects of Neighborhood Features on Household Transportation Energy 
Use and Car Ownership 

Neighborhood Feature 

Effect on Car 

Owning 

Likelihood 

Effect on Travel Energy Use 

(MJ/Household/Week) Due to: 

Combined Effect on 

Travel Energy Use 

(MJ/Household/Week)Car Ownership All Vehicle Use 

Traditional (ref Superblock) -24% -75 -55 -130 

Grid (ref Superblock) -30% -86 -30 -116 

Enclave (ref Superblock) -31% -86 -21 -107 

2  Distance to City Center  -8% -18 +42 +23 

On BRT Corridor -4% -6 +29 +22 

Double Current Neighborhood Size +4% +8 +16 +24 

Note: based on the models presented in Appendix E. 

                                                 
12 In Jinan, neighborhood size is often determined by physical barriers (e.g., walls, fence, arterials, etc.), so we expect 
households living in those big neighborhoods will have poor connection to surrounding public transit (except for the 
“grid” which allows transit passing through the neighborhood); so in this sense, neighborhood size is a rough proxy for 
relative access to the rest of the city from within the neighborhood: the larger the neighborhood, the less accessible to 
the rest of the city, all else equal. Nonetheless, this variable should be interpreted with some caution as the size effects 
could be largely eliminated by increasing the service connectivity from a neighborhood to elsewhere.  
13 Theoretically, we would expect, all else equal, that increased distance to city center would increase the likelihood of 
household auto ownership; a finding typically encountered in the West, including in developing countries (e.g., Zegras, 
2010). However, our finding here is consistent with recent findings in Beijing (Chen and Zegras, 2010) and Chengdu, 
China (Li, et al., 2010). We speculate that we may find this effect in the Jinan case because 1) we have little variation in 
the distance to city center among the neighborhoods studied; and/or 2) the variable of distance to city center itself is not 
a good proxy for measuring regional accessibility given that Jinan has already evolved into more of a multi-center city 
structure.  
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In summary, Table 5-4 presents, qualitatively, the estimated effects of neighborhood 
features on household transportation energy consumption based on the models estimated 
in Appendix E, showing how the two impacts may operate in the same (e.g., form 
typology, size) or in opposite directions (e.g., location features).  

Table 5-4. Qualitative Effects of Different Neighborhood Features on Car 
Ownership, Travel Distance and Energy Use 

Notes: based on the models presented in Appendix E; ns- not statistically significant as estimated in the 
models. 
 
Finally, Figure 5-22 illustrates the expected effects of some hypothetical interventions to 
reduce household travel energy demand, based on the model results. If, for example, we 
were able to move all residents from the Superblock to the other neighborhood types, the 
models suggest we could reduce household travel energy use by 65-80%, all else equal. 
This impact dwarfs that of, say, moving households closer to the city center or onto the 
BRT corridor, while it is weaker than simply forcing people to drop their cars.  
  

 Neighborhood Features  
 Traditional  

(ref. 
Superblock) 

Grid 
 (ref. 
Superblock)

Enclave 
(ref. 
Superblock)

Neighborhood 
Size 

Location: 
Distance 
to CBD 

Location: 
On BRT 
corridor 

Vehicle Ownership  
Car  - - - + - - 
Motorcycle  + + + ns ns ns 
E-bike  + ns ns + ns + 
Bike  + + ns ns ns + 
 
Vehicle Use/ Travel Distance  
Car  - ns - ns ns + 
Transit - - ns + + ns 
Motorcycle ns ns ns ns ns ns 
E-bike ns ns ns ns ns ns 
Bike ns ns ns ns ns ns 
Walk - + + + - + 
Total 
Energy use  

- - - + + + 
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Figure 5-22. Expected Reductions in Household Travel Energy Use Due to 
Hypothetical Measures 

 
Note: calculated based on the models presented in Appendix E. 

5.6 Conclusions and Implications 

5.6.1 The connection between neighborhood features and household energy use 
Overall, in the Jinan context, we find, first, that operational (especially in-home) energy 
use currently accounts for the largest estimated share (some 70-80%) of household 
energy consumption, even after roughly accounting for the energy embodied in the 
neighborhoods and attributing this embodied share to the resident households. In most 
neighborhoods, household travel accounts for the next largest share of energy use, except 
for in the Grid, Traditional and one Enclave case (Foshan-Yu), which have particularly 
high estimated embodied energy content. 14  That said, by our current estimates, 
household transportation energy use in the Jinan case displays the most variation across 
the neighborhood forms observed, even after controlling for other influencing factors. 
This may carry particular importance for the altering the energy-urbanization link in 
China, as transportation will likely be the most rapidly increasing dimension of 
household energy use with future increases in income. For example, Superblock 
households in-home energy consumption currently reaches levels nearly 45% of those in 
Canada and the USA (Figure 5-13); on the other hand, urban transportation energy 

                                                 
14 We must, however, recognize the possibility of over-estimating the “residential” share of embodied energy in these 
calculations since these neighborhoods have a high share of non-residential buildings in their mix.    
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consumption in the Superblock households is only 13%-24% of the levels in Canada and 
USA, respectively. If Jinan households acquire relative energy use profiles similar to 
these two countries – where transportation energy use accounts for 35-46% of household 
energy use – then household transportation energy demand in Jinan will increase more 
rapidly than in-home energy demand.      
 
Our current estimates for embodied energy suggest a moderate link with both the 
neighborhood characteristics and the types of building materials used for construction. 
The Enclave form likely consumes relatively less embodied energy than other 
neighborhood forms, except for the case of Foshan-Yuan. This form appears to have 
mid-rise buildings with moderate building footprints. The Superblock does not show 
clear variations in terms of embodied energy use across different neighborhoods. The 
Traditional urban form, surprisingly, shows high embodied energy use per household 
despite its low-rise characteristics. This is presumably due to its relatively large building 
footprints, but may also represent: an over-“allocation” of embodied energy to 
households, since the neighborhood has an important share of non-residential uses; or a 
mischaracterization of the building materials used. 
 
Neighborhood features also have moderate impact on operational energy consumption, 
mainly through apparent effects on household fuel choice and appliance ownership. 
Traditional households are likely to consume more coal. Superblock households tend to 
own more air-conditioners and therefore consume more electricity. All non-Superblock 
households are more likely to own solar water heaters, resulting in lower energy use. 
From the perspective of common area energy use, the Superblocks consume much more 
than other types of neighborhood mainly due to the need for elevators and water pumps. 
 
Neighborhood features significantly affect household travel patterns and associated 
energy use. Specifically, households living in Traditional, Grid, and Enclave 
neighborhoods all consume less transportation energy than those in Superblock 
neighborhoods. Neighborhoods closer to BRT corridors or further away from the city 
center are apparently associated with an increase in household energy use, although these 
impacts are somewhat minor compared to the neighborhood typology factor and partially 
offset by lower levels of household car ownership. 

5.6.2 Implications for Policy Makers  
1. From coal to “clean energy”: A transition. Coal remains the overwhelming 

primary energy source used in the residential sector of Jinan, accounting for more 
than 70% of total residential energy consumption, primarily due to coal-fired 
electricity generation. The GHG impacts of this coal dependency cannot be 
ignored: coal’s GHG intensity is about 90-100 ton/GJ, compared to 70 ton/GJ for 
crude oil and 60 ton/GJ for natural gas (IPCC, 2006). From an on-site 
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consumption perspective, replacing in-home coal with another source, such as 
natural gas, seems a promising option if low-cost gas becomes available. Such a 
transition would not only improve safety and convenience, but also would reduce 
GHG emissions. From an electricity generation perspective, alternatives to 
traditional coal-fired power plants clearly need to be rapidly developed. 

 
2. �“Back to the future�”: Rethinking the Superblock. Comparing household 

energy use across the neighborhood typologies, even after controlling for 
socioeconomics and demographics, suggests that Superblock proliferation across 
the Chinese urban landscape will accelerate the nation’s energy demand. 
Superblock households consume more energy, not only because they are richer, 
with a higher living standard and possibly with a different overall lifestyle 
orientation, but also, apparently, at least in part due to the physical environment. 
This is especially true for travel energy. For non-travel energy, the Superblock 
displays modest effects: indirectly influencing in-home energy use by reducing 
solar water heater ownership and increasing AC ownership; increasing common 
area energy use, due to parking, elevators and water pumping. This raises 
important questions about the viability of the Superblock as an appropriate 
development typology for a "clean energy" city future for China.  
 
If not the Superblock, then what neighborhood typology should we consider for 
future China’s urban development? Instead of borrowing ideas from the West, 
China can, in fact, learn from her own history. Our analysis reveals that existing 
typologies from Jinan’s past (Traditional, Grid and Enclave) imply lower 
per-household energy use than the Superblock. All else equal, non-Superblock 
households tend to own fewer air-conditioners and more solar water heaters, and 
therefore consume less energy. What’s more, non-Superblocks are associated with 
65%-80% less travel energy use than the Superblock. Taking all relevant aspects 
into consideration, our analysis suggests that the Enclave has particular promise in 
offering “clean energy” urban design lessons for China, given its moderate 
compactness, mid-rise building heights, organized building layout, and diverse 
neighborhood function and land uses. Policy makers should revisit the principles 
underlying this neighborhood type in developing guidelines, regulations, and 
incentives for neighborhood development in future China. 

 
3. Location matters. Distance to the city center displays a positive overall 

correlation with travel energy consumption, indicating that reducing the 
expansionary tendencies of urbanization (e.g., via infill development) holds 
promise from a travel energy efficiency perspective. While fairly unsurprising, 
this result does offer empirical support for “compact” metropolitan form in the 
Chinese context, adding to other recent China-based research (e.g., Naess, 2010) 
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which finds similar results. Interestingly, building neighborhoods along BRT 
corridors does not necessarily achieve energy reductions based on our empirical 
data. Does it suggest we should not provide BRT-type services? Well, of course 
not. On the one hand, the increased energy use due to BRT corridor adjacency is 
evidence of greater accessibility – allowing people increased quality of life. On 
the other hand, we find that BRT corridor proximity reduces automobile 
ownership, thereby indirectly reducing travel energy use and, perhaps more 
importantly, introducing quality public transport as a viable alternative to the 
private car, at a still relatively early stage of motorization in China. The BRT 
challenge in China has more to do with adequate corridor design and station 
surroundings (e.g., Jiang et al., 2010) to increase the relative attractiveness of 
BRT and its complements (walking and biking) and also coming up with new 
neighborhood designs that can pioneer a BRT-oriented urban development. 

4. Size matters. Home construction area has a strong influence on household 
in-home energy consumption. Quite simply, and all else equal, households living 
in larger homes consume more energy. Of course, this poses a delicate policy 
position: demand for more home space comes naturally with expectations for a 
higher quality of life. Nonetheless, policymakers should explore relevant 
synergies among policy objectives and market interactions. For example, 
increasing the share of smaller housing units (90 or less) in the housing market 
could increase housing affordability and induce energy savings. And, considering 
the classic urban economic theory, under budget constraints, people are willing to 
trade-off smaller homes in exchange for location convenience – resulting in both 
in-home and travel energy reductions, a win-win. Smaller housing units would 
also be more attractive in neighborhoods with more out-of-home entertainment 
options, which may also reduce total travel energy demand. 

5. The ownership society: Vehicles and appliances. China’s rapidly growing 
income, combined with production prowess, produces a dual purchasing-power 
effect: richer households demand more products, the prices of which tend to be 
going down. China’s rapid motorization may be the most obvious example of this 
phenomenon. While people typically associate motorization with cars, China’s 
rapid motorization is also two-wheeled: the rise of motorcycle and E-bike 
ownership. Not surprisingly, car- and motorcycle-owning households in Jinan 
consume more transportation energy than non-vehicle households whereas 
households who own E-bikes consume less energy (although, more CO2, due to 
their coal-powered electricity). Perhaps E-bikes offer a viable and attractive 
lower-energy alternative worth policy promotion (without, of course, ignoring the 
traditional human-powered bicycle…); from a climate perspective, however, such 
policy must be matched with non-coal-powered electricity promotion and urban 
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design cannot be ignored here. Company cars in China, a relatively unique vehicle 
type, quasi-owned by households, have a strong effect on energy use at the 
household level – perhaps by increasing discretionary auto travel. Better 
monitoring and/or more restricted company car use rules may be helpful in 
reducing household travel energy consumption.  
 
In terms of appliances, Jinan’s climate results in high in-home demand for cool air 
in the summer and warm air in the winter. Our results which indicate an 
association between the Superblock and AC ownership warrant further analysis: 
what, if anything, about these neighborhoods and their buildings, drives the 
demand for ACs and how can the demand be reduced while comfort increased? 
The other interesting result, directly observable across Jinan’s urban landscape, 
has to do with ownership of solar hot water heaters and the link with building type 
and neighborhood typology: in short, it appears quite evident that the Superblock 
form severely diminishes the residential use of solar hot water heaters.  

6. Technology to the rescue? While the neighborhood matters, somewhat, in total 
residential energy use, we cannot ignore the necessary role of technology 
improvement. From the perspective of electricity or centralized heating generation, 
improving the energy conversion efficiencies brings about instant fuel savings. 
From the end-use perspective, enforcing appliance standards, incenting the 
purchase of more energy efficient appliances, and developing energy-smart 
devices and homes will be key. Similarly, targeting more energy efficient public 
transportation systems in Chinese cities could be both realistic and cost-effective.  
Public transport energy use in Jinan is currently comparable in total magnitude to 
private transport energy use and, indeed, accounts for the major share of 
household travel energy in non-Superblocks. Here, we have two levels of 
technological consideration. On the one hand, Jinan currently appears to be at a 
cross-roads – becoming a BRT-based city or a rail-transit-based city; more likely, 
some combination of the two. In a rail-based future, the carbon-efficiency of this 
technology depends crucially on alternatives to coal-based power generation. For 
the BRT future, strategically, the need arises to design the urban setting for 
BRT-oriented development. Operationally, road-based public transport requires 
cleaner fuels and/or better bus engine design and improved traffic management, 
operations, and user information (e.g., capitalizing on intelligent transportation 
systems and advanced communication technologies).  

7. Shaping attitudes, changing behaviors? In Jinan, household attitudes (e.g., 
travel mode preference, value of time, car prestige) have significant impacts on 
automobile ownership, a main driver of transportation energy use growth in 
China; measured attitudes also influence transportation energy use directly. Thus, 
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shaping traveler preferences presents an opportunity to improve transportation 
problems. On the other hand, such a policy window is shrinking; for example, our 
data also suggest that most attitudes do not affect vehicle use; therefore, once the 
majority of Chinese buy cars, then further preference shaping efforts may gain 
little in mitigating transportation energy use or GHG emissions. With regard to 
household in-home energy consumption, households considering saving energy as 
important do apparently consume less. The result suggests that increasing 
people’s awareness towards environmental problems and the energy challenge 
can discernibly help mitigate growth. The result also suggests a possibility to 
integrate the neighborhood and its design into the creation of an “energy 
consciousness” among its residents.    

5.6.3 Implications for Urban Developers and Designers 
1. Envision an energy efficient neighborhood. The relatively high – by 

Western standards – density of Chinese neighborhoods, regardless of typology, 
seems to already favorably situate the Chinese residential sector vis-à-vis energy 
use, presuming higher density improves energy efficiency. Nonetheless, our study 
shows that, despite comparable densities across the neighborhoods, neighborhood 
typology does make a difference in energy performance. With regard to embodied 
energy use, building heights and building footprints matter. When designing, 
these characteristics apparently need to be balanced. Regarding operational 
energy use, moderate compactness, mid-rise building heights, smaller housing 
units, organized building layout, and diverse neighborhood function and land uses 
appear to be features of lower energy use neighborhoods. Finally, in terms of 
travel energy use, the diversity of land uses, traffic-calming measures and 
restrictive parking provisions seem key to improving transportation energy 
efficiency through urban design. The challenge rests in finding the right balance 
among the design dimensions, the energy impact dimensions, and the quality of 
life dimension – the latter, ultimately, being the fundamental prerequisite, meeting 
the lifestyle expectations and goals of the residents. 

 
2. Know your market.

dentify a number of relevant effects of household socioeconomic and 
demographic characteristics on energy patterns. With regard to in-home energy 
use, household income, household size, presence of children, and home ownership 
are the primary determinants, among the factors that we were able to account for. 
With regard to travel energy use, young households with children and more 
workers increase both the likelihood of car ownership and total household travel 
energy use. Accordingly, when embarking on a “clean energy” neighborhood 
design effort, designers must understand the specific energy consumption pattern 
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associated with the target population group and how the two might influence each 
other. 

3. Details, details. We can consider the four neighborhood typologies to represent 
four different combinations of neighborhood characteristics. Although our 
empirical analysis reveals important impacts of these neighborhood form 
“portfolios,” designers should be no means be constrained to these composites. 
Designers can explore many more possibilities for realizing a clean energy urban 
future energy efficiency by changing the fine-grain neighborhood characteristics 
such as neighborhood orientation, building composition, neighborhood layout, 
and so forth. 

 
From the clean energy perspective, neighborhood design ultimately represents an 
interactive process aiming to find the right combination of neighborhood 
characteristics that will strike the proper balance among the cost, comfort, and 
energy use dimensions. Through “design experiments,” in part inspired by the 
good and bad lessons of existing neighborhood typologies, we expect new “clean 
energy” typologies, developed specifically for the Chinese urban context, to 
emerge.  
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6. Tools of Clean Energy Design: Pattern Book and Pro-forma  

This chapter presents work to date on the two principle tools envisioned as products of 
research into Making ‘Clean Energy Cities’ in China. The chapter builds on the work in 
previous sections. We propose both a conceptual approach to the Pattern Book and the 
Pro-forma, as well as beta tools to be tested this summer in Jinan, as part of the Joint 
MIT-Tsinghua Urban Design Studio, and developed further in future stages of the 
The chapter is divided in to three sections. First, we summarize what we have learned 
the analytical work to date that informs development of the tools. Second, we present the 
initial development of the Pattern Book of clean energy urban forms.  Finally, we 
the concept and present a preliminary version of the Energy Pro-forma tool.  

6.1 Lessons from the Analytical Work 

Two major streams of analytical work have informed progress on the clean energy design 
and development tools. First, analysis of existing energy rating systems and clean energy 
developments worldwide provided a benchmark on the state of practice. Second, 
analysis of existing prototypical neighborhoods in Jinan provided an understanding of the 
development context in China and relationships between urban form and energy 
consumption. Key findings related to the development of energy design tools are 
summarized below:     
 

1. There are many approaches to designing clean energy neighborhoods. In all we 
found six prototypical categories that have been developed internationally, with 
several variations in each.  And we expect that new prototypes will emerge in 
future. However, not all forms of neighborhood can be made to be energy 
It is striking that the high rise tower-in-park form was found to consume more 
energy in Jinan, and this form was also absent from the global scan of clean 
neighborhoods, as were low density townhouses, and single family home forms. 
The six neighborhood prototypes and their variations share some common design 
characteristics that contribute to their good energy performance, identified in 
Chapter 2. 
  

2. The need exists for a commonly accepted protocol and measure to assess the 
performance of clean energy design.  Without this, there is no way to effectively 
compare projects, or understand the factors which contribute to their success. This 
not only impedes advancements in practice, but also policy-making, since there is 
little basis on which to establish standards.   
 
The global cases, and our neighborhood studies in Jinan, illustrate the complexity 
of variables and strategies to achieving clean energy development – from using 
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alternative sources of power, to changing travel behavior, to construction systems 
that reduce embedded energy. So, there is the further need for a commonly 
accepted set of factors to consider in clean energy design that can be measured 
and reported.   
 
In reviewing the projects, several different measures were used, the most common 
being average kwh/m2/yr.  Given the focus of our study on clean energy, we 
concluded that a more appropriate measure may be average emissions of 
C02/m2/yr.  One concern is that this could imply a level of preciseness beyond 
the kinds of measurement one would be able to make conveniently in a design 
process, where the need is to deduce quickly the relative anticipated performance 
of a project over time, not its precise energy consumption.  In this case, an index 
– the “net present clean energy value” might be considered.  
 

3. Existing policies and rating systems do not fulfill the need. Despite the profound 
growth in energy consumption that can be contributed to urban development, 
there is little attention paid to it in China’s energy policy regime.  While building 
efficiency and renewable sources are promoted, there is a gap when it comes to 
understanding and policy related to urban form.    
 
Rating systems, such as LEED-ND can’t fill this gap in China.  They provide a 
guide to some of the factors to be considered in design, but suffer from the 
limitation of being rating systems not measurement systems.  Furthermore they 
mix energy with other environmental considerations, so that LEED-ND certified 
projects may, in fact, be relatively high energy consumers.  Finally LEED-ND 
projects are a self-selected group that find it in their interest to achieve the 
voluntary rating; this is a tiny fraction of the tens of thousands of neighborhoods 
planned and built each year.  
 
What is needed is a more precise way of understanding the relative contributions 
of the various factors to allow for trade-offs and encourage new solutions across 
all neighborhood development – not just those striving to be energy efficient, but 
the common projects as well.  A small increment of improvement across many 
common projects would be worth far more than a few highly publicized 
LEED-ND platinum projects (that in fact are not measureable in terms of their 
actual performance, only in terms of the rating system.) 
 

4. The empirical studies in Jinan begin to dimension the attributes of neighborhood 
form that affect energy consumption. The findings help to explain some of the 
strategies used in the international cases:  
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Operation -- heating, cooling, elevators, water and lighting account for the 
greatest amount of energy consumption. High rise town-in-park schemes consume 
significantly more energy per household than other types. Gridded blocks or 
enclaves with slabs, favored by many of the clean energy cases, consume the least 
energy.     
 
Travel – to work, school, shopping, friends, is the second most important factor in 
neighborhood energy consumption. Again, the tower typology generates the most 
travel and related energy use, since such projects include few services within 
walking distance and typically require a car for the daily activities of living. This 
plus the operational energy finding helps to explain why none of the clean energy 
cases were of this type. 
 
Embedded energy – in materials and construction practices are a rather small 
factor in the overall energy picture, and seem to vary less across neighborhood 
types in Jinan, perhaps because most construction in China is of reinforced 
concrete. More important to embedded energy may be the fact that some 
neighborhood forms are more prone to peripheral locations requiring extensive 
new infrastructure and land development, such as the tower-in-park, again.  
Traditional and grid forms are more adaptable to existing urban requiring little 
new infrastructure.  
 
Energy production -- Our work to date has not investigated the inherent potential 
of various forms of neighborhood for energy production, although this is equally 
important to achieving the goal as reducing energy consumption. The 
international cases give some directions in this regard: low rise, solar sensitive 
clusters are the most prevalent forms among the cases we studied involving 
renewable energy production. This remains an area to pursue next year. 

 
Taking into account the above findings, our approach is to create tools that will lead to 
forms of neighborhood development that require less and cleaner energy than those 
currently being built by the real estate industry in China.   
 
In general the objective is to enable designers and developers to understand the relative 
energy consumption of alternative approaches to their projects during the design process 
to encourage more energy efficient neighborhoods, which are -- equally importantly -- 
good places to live. Our aim is not to specify an ideal model, since at the neighborhood 
scale energy consumption is affected by a huge number of variables and efficiency may 
be achieved using different strategies.  
 
Furthermore as discussed in our review of policy, ideal standards in China can be 
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problematic, leading to standardized, repetitive neighborhood designs, in which the 
minimum requirement (or lowest common denominator) becomes the dominant rational 
for the form. This can be seen, for example, in regulations specifying distances between 
buildings to maximize direct sunlight, which has resulted in millions of slab buildings 
rigidly aligned in east-west rows. In such cases the minimum standard overwhelms other 
considerations of high quality neighborhood design. It also suppresses innovation in 
neighborhood and housing design, since the most expedient (or only) route to approval is 
to construct the standard form. 
 
This research is aimed at mapping a fundamentally different route to clean energy in 
China in which decisions among a huge number of options for saving or producing 
energy at the neighborhood scale is left to individual project designers and developers.  
The aim is not to develop the most ideal energy efficient form and repeat it endlessly, but 
to guide design and development decisions towards neighborhood designs that may be 
highly diverse but are relatively more energy efficient than what would otherwise be 
produced.  Even a small reduction in energy due to form produced in this way could 
have huge consequences across development of tens of thousands of neighborhoods, at 
virtually no additional cost – since the projects will be built, anyway. In fact, we have 
every reason to believe that substantial energy savings could be achieved by sensitivity to 
form, and furthermore that more energy efficient projects are also more livable.  
 
To understand how such a system would work requires an understanding of the 
fundamentals of design for real estate development as it is commonly practiced in China 
and internationally. The process is shaped by three elements: 
 

1. A more or less common language of acceptable product types: from townhouses, 
for example, to convenience shopping centers. The products may have regional 
variations -- slab housing is typically designed with double loaded corridors in the 
US and single loaded in Spain – but they are understood across the spectrum of 
developers, architects, regulators, financial institutions and the public. In China, 
and elsewhere, we need a new, more robust language of acceptable product types 
in which clean energy is a prime consideration. The Pattern Book will be a first 
step in this direction. 
 

2. A tool by which designers and developers can assess the performance of their 
individual development as it is being programmed and designed, enabling them to 
make tradeoffs among a huge number of variables to optimize value. This tool is 
the development financial pro-forma. The financial pro-forma collapses many 
complex variables – size, construction systems, costs, market demand (rents), 
time, value of money, design, liability – into a single measure: the net present 
value of the project. Everyone understand what this means, projects can be 
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compared, banks lend on it. We need a similar tool that calculates “net present 
energy value” of neighborhoods: an Energy Pro-forma. 
  

3. Public policies based on standards established using the same kind of tools, not 
an idealized model. This places decision-making about how the standards are to 
be met, and trade-offs to be made, in the hands of the developer, encouraging 
diversity and innovation. The Energy Pro-forma will enable the relative 
performance of projects to be understood, compared to each other, and standards 
established that are sensitive to local climate and culture.    

6.2 Clean Energy Development Patterns 

To begin developing a language of clean energy development patterns, we looked to the 
international cases of best practice and prototypes discussed in Chapter 3. We aimed to 
find a way of distilling the basic character of these forms in that could be easily 
understood and compared by designers and ultimately measured in a common way using 
the Energy Pro-forma we are developing. This would provide not only the basis for the 
Pattern Book, but also test the usability of the Pro-forma, since these were projects where 
we had some energy performance data. Our initial work is presented below and in an 
accompanying document, Clean Energy Development Patterns, and will continue in year 
two of the study. 

6.2.1 Clusters as a basic unit of urban form 

Very few, if any, places in the physical fabric of a city or neighborhood are unique. 
Rather, the form is composed of a collage of intersecting patterns. If there is an inherent 
relationship between clean energy and these patterns, what are the basic units that we can 
use to describe it? Clearly, key components of what we might call the “form-energy 
system” extend beyond the building. As we have seen in Jinan, and the international 
cases, the organization of buildings can profoundly affect operational consumption by 
casting shadows on one another or blocking wind, or reducing surface area. Building 
organization can also affect travel behavior, facilitating pedestrian movement or requiring 
elevators, or the car. And certain forms accommodate mixed uses, shopping and services, 
and others do not. 
 
To facilitate comparison and understanding of patterns we defined “cluster” as the basic 
unit of form-energy systems. Clusters are intended to capture a fundamental set of 
relationships between buildings, spaces, movement systems, and activities that underlie 
patterns of energy use in the urban environment (of course, they have profound social 
implications for the people living within them, as well). Ideally, clusters can be used as a 
unit of analysis and a starting point for design.  
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6.2.2 Cluster analysis of the cases         

Figure 6-1 presents an analysis of clusters that may be abstracted from the international 
cases of best practice. We have also included the four typical neighborhoods in Jinan for 
comparative purposes. We wanted to define clusters that were of equal size, or some 
simple multiple of the same area, and found a square of 180x180 meters or approximately 
1/3 hectare to be the most convenient. This seems to be the minimum size that would 
capture all of the key elements in most cases.   
 
Each cluster is based on a case but has been abstracted to bring out key defining features. 
All of the clusters have been modeled in CAD, enabling a variety of measurements across 
a consistent set of variables, which for the moment include:  
 

 site coverage of buildings by land use and surface type 
 built floor area by use (FAR) 
 density in units per cluster 
 sun exposure. 

 
Yet to be accomplished is an analysis of each of the clusters using the Energy-Proforma, 
which will provide benchmark readings on their potential energy consumption, a key task 
for year two of the research.   
 
The clusters will be used as a starting point for the design of demonstration clean energy 
neighborhoods in Jinan as part of the MIT-Tsinghua Joint Urban Design Studio in the 
summer of 2010. The aim is to jump-start and inspire designers to quickly understand the 
characteristics of clean energy clusters them move on to develop their own approaches 
and patterns. Urban designs are never ideal prototypes and often mix simple units with 
surprising results. Based on the studio experience and products, and the Pro-forma 
analysis, the cluster methodology will be refined to produce the design Pattern Book.
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Figure 6-1. Analysis of International “Best” Practice of Clean Energy Urban Designs 
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6.3 Energy Pro-forma  

6.3.1 What is the Energy Pro-forma1? 

Home to half the world’s population and growing rapidly, cities consume more than 
two-thirds of the world’s energy and account for approximately 70 percent of global CO2 
emissions. As a result, designers, developers and decision makers at national, state and 
city levels have become increasingly more aware about their roles in climate change 
mitigation (McGlade 2009).2 However, as shown in Chapter 2, there is a lack of 
systematic tools to evaluate energy consumption at the neighborhood scale, to make 
sound development decisions. 

The Energy Pro-forma is a decision support tool that aims to meet these practical needs. 
Specifically, it enables users (e.g. urban designers, developers, and policy makers) to 
explore and compare energy performance across existing or proposed development 
projects and patterns. Formatted as a spreadsheet, it helps users to estimate and forecast the 
potential energy consumption and CO2 emissions of urban development plans that have 
different project forms and physical typologies.  

The beta version of the tool has been developed based on the life cycle analysis of typical 
urban neighborhoods in Jinan, China, described in detail in Chapter 5. It contains three 
sub modules: 1) embodied energy use, 2) operational energy use, and 3) transportation 
energy use. Users can explore how much is the total energy consumption and GHG 
emission of each neighborhood, or cluster, they chose to analyze, as well as the share of 
different sources of energy consumption. A fourth component of the Energy Pro-forma, 
renewable energy production within a neighborhood will be added in future versions of the 
tool 

6.3.1.1 The usefulness of the tool  

The usefulness of Energy Pro-forma lies in its systematic approach. Using the LCA 
framework, it holistically considers and quantifies the consumption of resources, energy 
consumption and the environmental effects associated with development projects. It also 
enables designers to explore the comprehensive energy consumption of relatively 
large-scale, complex projects rather than being limited to the energy efficiency of 

                                                 
1 © MIT, 2010.  Requirements for the software: MS Excel 2002 or higher on MS Windows, or 
 MS Excel 2004 for Macintosh on Mac OS X (The Tool will not work with MS Excel 2008 for Macintosh) 
 
2 As C40Cities Climate Leadership Group notes, world major cities and states try to reduce GHG by: 
increasing the energy efficiency of their infrastructure such as buildings, outdoor lighting, and transportation 
systems; using energy intensive resources more effectively; and producing clean energy at the district-level 
as well as sourcing clean energy from large-scale suppliers. The State of Massachusetts, for example, has 
enacted Green Communities Act in 2008 which requires the improvement of energy efficiency in building 
construction sector and enhancing the renewable energy usage. 
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individual buildings.   

User-friendly function is another advantage of the tool. The input variables and 
calculations of energy consumption were developed not only based on the scientific 
methods but also through extensive communication among urban design researchers and 
energy modeling researchers. As a result, the input variables of Energy Pro-forma reflect 
the kind of data that would be readily produced by designers and developers in the process 
of conceiving their projects, similar to data produced for clusters in the preliminary Clean 
Energy Pattern Book, discussed above, and presented in Table 6-1. In addition, it directly 
speaks to the designers’ needs.  

6.3.1.2 How has been developed, To Date 

The Energy Pro-forma was developed at MIT with inputs from a number of researchers, 
designers and city government officials with different tasks. Contributors included: 
School of Architecture, Tsinghua University, Transportation Planning and Design 
Research Center of Shandong University, Beijing Normal University, School of 
Environmental Science, Tsinghua University, and Lawrence Berkeley National 
Laboratory. More importantly, urban designers (design studio students and faculties at 
MIT and Tsinghua University) who are potential users of this model have also 
participated as the “co-developers” so that their interests and design languages are 
directly incorporated into the integrative energy modeling tool.  

6.3.2 General concept and features  

6.3.2.1 The framework of the tool  

Figure 6-2 shows the conceptual framework of the tool. The tool includes three 
calculation steps. First, users insert the quantified values of variables listed in the input 
sheet. The listed variables are chosen from our empirical analysis and used to estimate 
embodied energy, operational energy, and transportation energy. Based on the values they 
represent, the input variables are grouped in two categories: neighborhood characteristics 
and socio-demographic characteristics. The variables that represent neighborhood 
characteristics are mostly related to the physical condition of a neighborhood whereas 
those that represent socio-demographic characteristics represent the human behavior and 
attitudes. The input variables in the first category represent the following: 1) land use 
characteristics, 2) Cluster/ neighborhood design characteristics, 3) Road characteristics 
and 4) Material characteristics.  
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Table 6-1. Project design data and Pro-forma variables   

 

Project design data
in Pattern Book (m2 )

Input variables
in Energy Pro forma

 Land use
 Green land area
 Vehicular roads
 Shared roads
 Pedestrian ways
 Residential land area
 Commercial land area
 Parking land area
 Public transport
 Water
 Civic land area
 # Residential floors
 # Commercial floors
 Building footprints
 Total built residential floor space
 Total built commercial floor space
 Total built civic floor space
 Total construction area
 Cluster dimensions
 Average household size
 Living Units ( households) per cluster
 Number of households per hectare
 Southern exposure measures

 Neighborhood size (cluster
dimension)

 Building coverage (%)
 Average home construction area

(residential area)
 Road construction area
 Land use mix
 Building function mix
 Green space coverage
 # of household (units)
 Parking space
 F.A.R.
 Average building heights (# of

floors)
 Floor area
 Surface volume ratio
 Residential building with

street level shops
 Percentage of wall surface

facing south
 Window to wall ratio
 Shading condition
 Building shade each other
 Tree shade for building in

summer
 Ventilation condition
 Wind buffer (Y/N)
 Courtyard to create

microclimate (Y/N)
 Wind channel (Y/N)
 Insulation condition
 Elevator intensity
 Water use intensity
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Figure 6-2. The conceptual framework of the Energy Pro-forma 

 
While some values (e.g. neighborhood size, residential floor area,) can be obtained from 
the design plans, other values (e.g. land use mix, surface-volume ratio) that are secondary 
and relatively complex may need some calculation based on the first order variables. The 
ways secondary variables should be calculated are listed in Appendix F. In addition to 
calculating the values for the secondary variables, users should also note that the units of 
each variable may be different from their own information. Most of input variables in 
Energy Pro-forma are either in meters or square meters and may need unit conversion. 
 
As for the second step, the input variables provided by users are calculated based on the 
coefficients and functions developed from our early empirical analysis of neighborhoods 
in Jinan. As such, the intermediate calculation includes three sub-categories: embodied 
energy use, operational energy use and transportation energy use. If users click each cell 
in each “intermediate calculation” sheet, they will be able to see the functions and follow 
the logic how the final output is driven. The calculations shown in each sheet however 
are provided not for deterministic purposes but more for illustrative purposes. As one of 
our goals is to enhance the transparency and legitimacy of the tool, we encourage users to 
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verify and modify calculations as they explore the energy performance of various urban 
designs.  
 
The final output is presented in the “output” sheet. First, the annual operational energy 
consumption per household which shows the largest share of the total energy 
consumption is presented. The first table presents the annual in-home operational energy 
consumption (per household) both by energy source and by use. The first diagram on the 
right shows the annual operational household energy consumption by use and is 
presented for the illustrative purpose. The second table presents the annual common area 
energy consumption per household. The second graph illustrates how the common area 
energy is used for different purposes. The third table presents the share of energy 
consumption by three sub sectors: embodied, operational, and transportation energy 
consumption. Along with the energy consumption per household, the values for the 
annual CO2 emissions per household for each sector are also presented. The third graph 
illustrates this final output.  
 
Figure 6-3 shows a partial glimpse of the current form of the input sheet for the Proforma 
and Figure 6-4 shows a partial glimpse of the current form of the output sheet.  

Figure 6-3. Screenshot of Part of the Energy Proforma Input Sheet 
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Figure 6-4. Screenshot of Part of the Energy Proforma Output Sheet 
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A. Clean Energy Standards, Arts and Practice

A.1 Standards List 
1. LEED-ND * Items in black are those most relevant to our studies 
Smart Location and Linkage (27 possible points) 

 SLL-P-1 Smart Location  
 SLL-P-2 Imperiled Species and Ecological Communities  
 SLL-P-3 Wetland and Water Body Conservation  
 SLL-P-4 Agricultural Land Conservation  
 SLL-P-5 Floodplain Avoidance  

 SLL-C-1 Preferred Locations (10 possible points) 
 SLL-C-2 Brownfield Redevelopment (2 possible points) 
 SLL-C-3 Locations with Reduced Automobile Dependence (7 possible points) 
 SLL-C-4 Bicycle Network and Storage (1 possible points) 
 SLL-C-5 Housing and Jobs Proximity (3 possible points) 

 SLL-C-6 Steep Slope Protection (1 possible points) 
 SLL-C-7 Site Design for Habitat or Wetland and Water Body Conservation (1 possible 

points) 
 SLL-C-8 Restoration of Habitat or Wetlands and Water Bodies (1 possible points) 
 SLL-C-9 Long-Term Conservation Management of Habitat or Wetlands and Water Bodies 

(1 possible points) 
Neighborhood Pattern and Design (44 possible points) 

 NPD-P-1 Walkable Streets  
 NPD-P-2 Compact Development  
 NPD-P-3 Connected and Open Community  
 NPD-C-1 Walkable Streets (12 possible points) 
 NPD-C-2 Compact Development (6 possible points) 
 NPD-C-3 Mixed-Use Neighborhood Centers (4 possible points) 
 NPD-C-4 Mixed-Income Diverse Communities (7 possible points) 
 NPD-C-5 Reduced Parking Footprint (1 possible points) 
 NPD-C-6 Street Network (2 possible points) 
 NPD-C-7 Transit Facilities (1 possible points) 
 NPD-C-8 Transportation Demand Management (2 possible points) 
 NPD-C-9 Access to Civic and Public Spaces (1 possible points) 
 NPD-C-10 Access to Recreation Facilities (1 possible points) 
 NPD-C-11 Visitability and Universal Design (1 possible points) 
 NPD-C-12 Community Outreach and Involvement (2 possible points) 
 NPD-C-13 Local Food Production (1 possible points) 
 NPD-C-14 Tree-Lined and Shaded Streets (2 possible points) 
 NPD-C-15 Neighborhood Schools (1 possible points) 

Green Infrastructure and Buildings (29 possible points) 
 GIB-P-1 Certified Green Building  

 GIB-P-2 Minimum Building Energy Efficiency  
 GIB-P-3 Minimum Building Water Efficiency  
 GIB-P-4 Construction Activity Pollution Prevention  
 GIB-C-1 Certified Green Buildings  (5 possible points) 

 GIB-C-2 Building Energy Efficiency (2 possible points) 
 GIB-C-3 Building Water Efficiency (1 possible points) 
 GIB-C-4 Water-Efficient Landscaping (1 possible points) 

 GIB-C-5 Existing Building Reuse (1 possible points) 
 GIB-C-6 Historic Resource Preservation and Adaptive Use (1 possible points) 

 GIB-C-7 Minimized Site Disturbance in Design and Construction (1 possible points) 
 GIB-C-8 Storm water Management (2 possible points) 
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 GIB-C-9 Heat Island Reduction (1 possible points) 
 GIB-C-10 Solar Orientation (1 possible points) 
 GIB-C-11 On-Site Renewable Energy Sources (3 possible points) 
 GIB-C-12 District Heating and Cooling (2 possible points) 

 GIB-C-13 Infrastructure Energy Efficiency (1 possible points) 
 GIB-C-14 Wastewater Management (2 possible points) 
 GIB-C-15 Recycled Content in Infrastructure (1 possible points) 
 GIB-C-16 Solid Waste Management Infrastructure (1 possible points) 
 GIB-C-17 Light Pollution Reduction (1 possible points) 

Innovation and Design Process (6 possible points) 
 IDP-C-1 Innovation and Exemplary Performance (1�–5 possible points) 
 IDP-C-2 LEED® Accredited Professional (1 possible points) 

Regional Priority Credit (4 possible points) 
 RPC-C-1 Regional Priority (1�–4 possible points) 

 
* Items in grey character are those less relevant to our studies 
 
2. BREEAM Communities * 
Climate and Energy 

 CE1 Flood Risk Assessment (Location) 
 CE2 Surface Water Run-Off 
 CE3 Rain �–SUDS 
 CE4 Heat Island 
 CE5 Energy Efficiency 
 CE6 Onsite Renewable(s) 
 CE7 Future Renewable(s) 
 CE8 Services 
 CE9 Water Consumption 

Community 
 COM1 Inclusive Design 
 COM2 Consultation 
 COM3 Development User Guide 
 COM4 Management and Operation 

Place Making 
 PS1 Sequential Approach 
 PS2 Land Reuse 
 PS3 Building Reuse 
 PS4 Landscaping 
 PS5 Design and Access 
 PS6 Green Areas 
 PS7 Local Demographics 
 PS8 Affordable Housing 
 PS9 Secure by Design 
 PS10 Active Frontages 
 PS11 Defensible Spaces 

Ecology and Biodiversity 
 ECO1 Ecological Survey 
 ECO2 Biodiversity Action 
 ECO3 Native Flora 

Transport and Movement 
 TRA1 Location/Capacity 
 TRA2 Availability/Frequency 
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 TRA3 Facilities �– General 
 TRA4 Local Amenities 
 TRA5 Network-Cycling 
 TRA6 Facilities-Cycling 
 TRA7 Car Clubs 
 TRA8 Flexible Parking 
 TRA9 Local Parking 
 TRA10 Home Zones 
 TRA11 Transport Assessment 

Resources 
 RES1 Low Impact 
 RES2 Locally Sources Materials 
 RES3 Road Construction 
 RES4 Composting 
 RES5 Master planning Strategy 
 RES6 Groundwater 

Business and Economy 
 BUS1 Business Priority Sectors 
 BUS2 Labor and Skills 
 BUS3 Employment 
 BUS4 New Business 
 BUS5 Investment 

Building 
 BLD1 Domestic 
 BLD2 Non Domestic 

 
3. ESGB * 
4.1 Compact Development and the Outdoor Environment 
Controlled items 
4.1.3 Compact Development (Density) �– <=43M2 / Person for low-rise; <=28M2 / Person for middle-rise; 
<=15M2 / Person for high-rise 
>=94 pp/acre (low-rise); >= 145 pp/acre (middle-rise); >=270 pp/acre (high-rise) 
>=233 pp/ha (low-rise); >= 357 pp/acre (middle-rise); >=667 pp/acre (high-rise) 
 
4.1.4 Lighting, ventilation, refer to GB 50180 (no more strict than average building code) 
4.1.6  Green footprint >=30% of the site area, Green footprint >=1M2 / person 
 
General Items 
4.1.10 Make use of existing buildings 
4.1.12 Heat Island intensity < = 1.5 degree for daily average 
4.1.13 Outdoor Wind environment suitable for outdoor activities in winter and ventilation in summer 
4.1.15 The entrance of the project should be within 500m of the transit stop.  
4.1.16 Pervious ground paving >= 45% of the site area, use plantation for shading.  
 
4.2 Energy Efficiency and Clean Energy 
General Items 
Other items mainly regard HVAC system. 
4.2.4 Smart arrangement of building orientation, distance between buildings, window/wall ratio for 
maximal solar gain, lighting, ventilation and shading in summer.  
4.2.9 Use local climate and natural resources for solar energy, geothermal, etc. Renewable energy 
comprise more than 5% of total energy consumption.  
 
Priority Items 
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4.2.11 Renewable energy comprise more than 10% of total energy consumption. 
 
4.4 Material Efficiency (Lifecycle) 
Controlled items 
4.4.2 Simple design, minimize decorative elements on buildings 
General Items 
Other items mainly regard HVAC system. 
4.4.3 More than 70% of the total weight of construction material should come from local sources within 
500km of the site.  
Priority Items 
4.4.10 Use structural system that use less material and has a lower impact on the environment 
 
4.5 Indoor Environment Quality 
Controlled items 
4.5.1 At least one living space within the unit should have direct solar gain, two if more than 4 living space 
4. 5.2 Living room, bedroom, kitchen should have natural lighting according to current building codes. 
4.5.4 Natural ventilation for living space, window area should be more than 8% /5% of floor area 
General Items 
4.5.10 Adjustable shading to prevent direct solar radiation. 
*(Only items relevant to energy-efficiency and neighborhood design are included in this list) 
�
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A.2 Project List  
Worldwide Scan of Projects 

Name Location Year Certification Size (Acre) 
CHINA  
Beijing Olympic 
Vill

Beijing, China 2008 LEED-ND Gold 130 
Dong Tan Eco City Shanghai, China 2020 N/A 3089 
Linked Hybrid Beijing, China 2008 N/A N/A 
Changxin Eco City Beijing, China 2010 N/A N/A 
Jinfengyuan 
N i hb h d

Shanghai, China 2007 N/A N/A 
Ziyunsi 
N i hb h d

Beijing, China 2009 N/A N/A 
Wuhan Tiandi 
Mi d U

Wuhan, China 2010 LEED-ND Gold 118 
Caofeidian Eco City Tangshan, China N/A N/A 7413 
Tianjin Eco City Tianjin, China 2010/20

15
N/A 7932 

Total 9  
EUROPE  
Upton(SUDS) Northampton, UK 2002 N/A N/A 
Bournville Village 
T t

Birmingham, UK N/A N/A N/A 
BedZed London, UK 2000-

2002
N/A N/A 

Gorgie Car Free Scotland, UK N/A N/A 1.4 
Greenwich 

ill i ill
UK 2002 N/A N/A 

Bottom Village North Yorkshire, UK N/A N/A N/A 
Boughton Energy 
Vill 2001

Notts, UK 2001 N/A N/A 
Tir Gaia Solar 
Vill

Wales, UK N/A N/A N/A 
Sherwood Energy 
Vill

UK N/A N/A 124 
Nieuwland Solar 
E P j t

Amersfoort, NL 2002 N/A N/A 
Ecolonia Alphen-aan-den-Rijn, 

NL
1993 N/A N/A 

Hedebygade Copenhagen, 
D k

2004 N/A N/A 
Kolding Denmark N/A N/A N/A 
Slagelse Denmark N/A N/A N/A 
Torsted Vest Denmark N/A N/A N/A 
Ballerup Kommune Denmark N/A N/A N/A 
Viikki Helsinki, Finland 1989-

2010
N/A 56.7 

Bo01- Residential 
A

Malmö, Sweden 2001 N/A N/A 
Anningerblick Guntramsdorf, Austria N/A N/A N/A 
I Kronsberg Hanoverian, Germany 1996-

2000
N/A N/A 

Aufdem Schafbruhl Tubingen, Germany N/A N/A 3.2 
Grunenstrabe 17 Bremen, Germany N/A N/A 0.2 
Brachvogelweg Hamburg-Lurup, 

G
1998-
2002

N/A 2.5 
Lebensgarten 
St b

Germany N/A N/A 10 
Vauban Freiburg, Germany 1997-

2006
N/A 94 

Braamwisch 
E l i l

Hamburg-Bramfeld, 
G

1996-
2000

N/A 3 
Solar Building 
E hibiti

Hamburg-Heimfeld, 
G

2002-
2005

N/A 3.7 
Hammarby Sjostad Stockholm, Sweden 1990 N/A N/A 
Stallenmatt Oberwil, Switzerland N/A N/A N/A 
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Lykovryssi Athens, Greece N/A N/A 18 
Pilestredet Park Oslo, Norway 2005 - N/A 17.3 
Total  31    
USA&CA  
Emeryville 
M k t l

Emeryville, CA, US N/A LEED-ND 
Pl ti

17.05 
Dockside Green Victoria, BC, US N/A LEED-ND 

Pl ti
15 

Constitution Square 
Ph I

Washington, DC, US N/A LEED-ND Gold 19 
Ever Vail Vail, CO, US N/A LEED-ND 

Pl ti
9.5 

East 54 Chapel Hill, NC, US N/A LEED-ND Gold 10.2 
Lloyd_Crossing Portland, OR, US in Plan N/A N/A 
Civano  AZ, US N/A N/A N/A 
Crestone/Baca CO, US N/A N/A 12800 
Stapleton Denver, CO, US in Plan LEED-ND 4700 
Founder's Square Arlington, VA, US N/A LEED-ND Gold 7 
Georgia Commons Washington, DC, US N/A LEED-ND Gold 0.49 
Helensview** Portland, OR, US N/A LEED-ND Gold 4.5 
The Gulch Nashville, TN, US N/A LEED-ND-

Sil
30 

Tassafaronga 
Vill

Oakland, CA, US LEED-ND Gold 7.5 
MacArthur BART 
T it Vill **

Oakland, CA, US N/A LEED-ND Gold 7.2 
Napa Pipe Napa, CA, US N/A LEED-ND Gold 152 
Park Avenue 
R d l t

Denver, CO, US N/A LEED-ND Gold 2.4 
Ecovillage Ithaca, NY, US N/A N/A N/A 
Arcosanti  AZ, US N/A N/A N/A 
Faubourg 
B i b i d

Boisbriand, QC, CA N/A LEED-ND Gold 54.2 
Currie Barracks Calgary, AB, CA N/A LEED-ND Gold 196 
Windsong CA N/A N/A N/A 
McKenzie Town CA N/A N/A N/A 
Bamberton CA N/A N/A 1560 
Ouje-Bougoumou CA N/A N/A 247105 
Total  25    
OTHERS  
Asian  
Songdo City Korea  LEED-ND  
Auroville India  N/A 6178 
Middle East  
Masdar Abu Dhabi  N/A 1483 
Others  
Halifax  Australia N/A 5.9 
Solta Eco-village  Yugoslavia N/A N/A 
Total  5  

Grand total 70  
 
 
25 Best Practices 
1. Small Perimeter Block 
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A. Simple Bo01 Malmo, Sweden 
 Tassafaronga Village Oakland, US 
 Brachvogelweg Hamburg-Lurup, Germany 
 Braamwisch Hamburg-Bramfeld, 

Germany 
B. Complex Ecolonia Alphin, Netherlands 

 Upton Northampton, UK 
2. High-Density Perimeter Block 

A. Simple Greenwich Millennium 
Village 

London, UK 

 Dongtan Eco-City Shanghai, China 
 Hammarby Sjostad Stockholm, Sweden 
 Slateford Green Edinburgh, UK 

B. Towers Symphony Park Las Vegas, USA 
 Emeryville Market Place Emeryville, CA, US 
 Wuhan Tiandi Wuhan, China 
 The Gulch Nashville, TN, US 

3. Low-rise Slabs 
A. Staggered Geos Denver, CO, US 
B. Aligned BedZed London, UK 
 EcoVikki Helsinki, Finland 
 Olympic Village Beijing, China 

4. The Grid 
A. Regular Kronsberg Hanover, Germany 
B. Organic Civano Tuscon, AZ, US 
 Currie Barracks Calgary, CA 
 Stapleton Denver, CO, US 

5. Low-rise Superblock 
A. Pedestrian 
Clusters 

Vauban Freiburg, Germany 

B. Pedestrian Matrix Masdar  Abu Dhabi, UAE 
6. High-rise Superblock 

A. Linked Linked Hybrid Beijing, China 
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B. Household Survey Methodology and Instrument

B.1 Neighborhood Sample Selection 

Although it would perhaps have been ideal to carry out a detailed urban form and design analysis 
of all neighborhoods in Jinan for the purpose of completely identifying the variety of urban 
forms and their representative typologies, such an approach proved infeasible due to the lack of 
neighborhood form information available, particularly in geo-coded electronic form. To address 
this data problem, nine neighborhoods in Jinan were first identified in a collaborative process 
involving faculty from Shandong University, Tsinghua University and MIT, as well as officials 
from the Jinan Urban Planning Bureau. The purpose was to select a number of neighborhoods 
representative of the main four neighborhood typologies described in the main report, and with a 
variety of locational characteristics regarding their proximity to BRT corridors and the distance 
to the city center. The nine neighborhoods chosen include: Dong-Cang (Enclave), Wuying-Tan 
(Enclave), Fo-Shanyuan (Enclave), Yanzi-Shan (Enclave), Lv-Jing (Superblock), Sunshine-100 
(Superblock), Shanghai-Garden (Superblock), Old Commercial Distract (Grid), and Zhang-
Village (Traditional). As can be seen in Table B-1, beyond the typology differences, the selected 
neighborhoods also offer relevant locational variations (in terms of BRT and center city 
proximities). Figure B-1illustrates the location of the 9 neighborhoods in Jinan. 
 
Table B-1. Neighborhoods’ Variation by Typology and Location with Population Estimates  
Typology Neighborhood Case On BRT 

Corridor 
Distance to City 
Center 

Population  
Estimate 

Traditional 1. Zhang-Village Yes 3.0km 11,100 

Grid 2. Old Commercial District No 3.6km 11,700 

Enclave 

 

 

3. Wuying-Tan Yes 4.6 km 16,100 

4. Yanzi-Sshan No 3.5 km 21,000 

5. Dong-Cang Yes 2.3 km 5,600 

6. Foshan-Yuan No 0.8 km 5,300 

Superblock 

 

7. Shanghai-Garden No 7.3 km 6,400 

8. Sunshine-100 No 4.8 km 19,000 

9. Lv-Jing Yes 2.8 km 2,500 
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Figure B-1. Neighborhood Case Locations 

 
Source: Provided by School of Architecture, Tsinghua University 

 

B.2 Household Survey Data 

In summer 2009 a team from Shandong University carried out a household questionnaire survey, 
using the nine identified neighborhoods as the sampling frame.1 Households were selected, 
without replacement, using stratified random sampling based on building volumes within the 
neighborhoods. Eligible respondents were adults, aged 20 to 65, who resided in private dwellings 
such as houses or apartments. Respondents were interviewed at home by surveyors in all 
neighborhoods except for the Lv-Jing neighborhood. In Lv-Jing, face-to-face interviews had to 
be conducted at the gates due to tight security control; therefore passing households were 
randomly selected and surveyed2. A total of 2,629 eligible participants from the 9 neighborhoods 
filled out the survey questionnaires; about 2,500 of them provided generally complete 
information. The questionnaire was designed to collect data on both household travel and in-
house energy expenditures; following we describe information relevant to our analysis.  

B.2.1 Measures of Travel Activity  

At the beginning of the survey, participants were asked to provide a detailed travel diary of each 
family member during the past full week (including weekends). Specific travel-related 
information requested included: 

 Trip purpose: work, school, shopping, hospital, visit, entertainment, other; 

                                                 
1 The Survey was carried out by students and faculty from Shandong University under the guidance of Asst. Prof. 
Zhang Ruhua. The following description of the survey approach was provided by Ms. Zuo Weiwei from Shandong. 
We owe a deep debt of gratitude to Asst. Prof. Zhang and his colleagues for allowing access to and use of the survey 
for the research. 
2 This part of sample selected may still be biased towards households with more non-motorized-travel (NMT) 
dominated travel patterns. 
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 Number of trips made for each purpose per week: a one-way trip counts as one trip; a 
round trip counts as two trips; 

 Average trip distance for each purpose (in km);  
 Mode of transport associated with trip distance: options include car, company car, bus, 

company shuttle, taxi, motorcycle, e-bike, bicycle, walking; and 
 Trip duration associated with trip distance (in minutes). 

B.2.2 Measures Related to In-home Energy Use 

The content related to in-home energy consumption includes the following categories: 
 Household socioeconomics and demographics, including household size, household 

income, children and elderly, and home ownership status.  
 Home physical attributes, including home constructed area, building height, and whether 

the household lives on top floor of the building. 
 Appliance ownership, including AC, refrigerator, TV, desktop, and solar water heater 

ownership.  
 Energy source and energy bill, including monthly average electricity bill, gas bill, and 

annual coal bill. 

B.2.3 Measures of Socio-Demographics and Vehicle Ownership 

The survey also collected information on household socioeconomics, demographics, and vehicle 
ownership; specifically:  

 Family size: the number of persons in the household; 
 Number of employees: the number of employed persons in the household; 
 Family structure, e.g.: single, couple, couple with kid, parents with married children, 

grandparents and kid; and three generations; 
 Gender (for each family member); 
 Age (for each family member): age range options include <20, 20-30, 30-40, 40-50, 50-

60, >60;  
 Occupation (of each family member): options include teacher, student, worker, 

government official, company employee, small business, peasant, unemployed, retired, 
and other;  

 Monthly income (of each family member): income range options include <600, 
600~1000, 1000~2000, 2000~5000, 5000~10000, >10000 in RMB3; 

 Housing tenure type: rented, owned outright, and owned with a mortgage; 
 Vehicle ownership: number of cars, number of motorcycles, number of E-bikes, number 

of bikes. 

B.2.4 Measures of Household Attitudes 

At the end of the survey, respondents were asked to rate a number of statements based on the 
level of agreement, on a scale of 1 to 5 (1 = strongly disagree, 3 = neutral, 5 = strongly agree). 
Relevant statements include (see full survey for complete information): 

 �“Car is a sign of prestige.�” 
 �“Taking public transit is convenient.�” 

                                                 
3 1 US$= 6.8 RMB, approximately, as of May 18, 2010 



 

160 
 

 �“I enjoy bicycling.�” 
 �“Time spent in traveling is a waste of time.�” 
 �“My family pays close attention to saving water, gas or electricity�” 
 �“Living in a gated community is a sign of prestige�” 

B.3 Survey Instrument 

Jinan Urban Residents’ Residential and Passenger Transport 
Energy Consumption Survey in 2009 

 
Date:____________     Time:____________                        Questionnaire #____________ 
Neighborhood:___________________   Surveyor:_________________    Recorder:_________________ 
Building Year: Before Liberation   1950s   1960s   1970s   1980s   1990s   2000 or later 
Building Construction Structure (# of Stories___) :  

Timber   Masonry Timber   Masonry Concrete   Reinforced Concrete   Steel 
------------------------------------------------------------------------------------------------------- 
Family and Travel Information 
1. There are ______family members in your household, among which ______ of them are employed. 
2. Household Type: 

Single Couple Couple with Kid Parents with Married Children Grandparents and Kid Three Generations 
3. Family Members and Weekly Travel Activities: 

Family 
Member Sex Age Occupation Monthly 

Income 

Weekly Travel Activities 
 Purpose Mode Frequency Distance Time 

Taken 
(min) 

1     

weekdays      
     

weekends      
     

2     

weekdays      
     

weekends      
     

3     

weekdays      
     

weekends      
     

4     

weekdays      
     

weekends      
     

5     

weekdays      
     

weekends      
     

Sex᧶   a.Male   b.Female 

Age᧶   a.<20   b.20~30   c.30~40   d.40~50   e.50~60   f.>60    
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Occupation᧶a.Teacher/Professor   b.Student   c.Worker   d.Government official   e.Company employee    f.service/self-
employed   g.Peasant   h.Unemployed    i.Retired   j. other 
Monthly Income᧶a.below 600   b.600~1,000   c.1,000~2,000   d.2,000~~5,000   e.5,000~10,000   f.>10,000 

Trip Purpose᧶a.work   b.school   c.shopping   d.hospital   e.visit,entertainment   f.other 

Mode᧶a.walk   b.bicycle   c.electric   bike/scooter   d.motorcycle   e.taxi   f.private car   g.company car h.bus/BRT   i.company 
shuttle 
Frequency number of trips made per week, a one-way trip counts as one, and a round trip is counted as two trips 

 
Vehicle Ownership and Usage (Select one or two answers) 
4. Number of Private Cars__________ ᧤If zero, jump to the next question᧥ 

 Main Purpose of Owning a Car᧶ 
commute   pick up kids   shopping   leisure and travel   household urgencies   other _____                   

 (The following question a) b) and c) are for each vehicle) 
a) This vehicle is________ years old᧨annual mileage driven_______᧨fuel economy_______liter/100km 

b) gas_______ yuan/month ᧷insurance and maintenance_______ yuan/year; other fees _______ yuan/year 

c) Parking space᧤ own| rent᧥᧶  
neighborhood underground parking ____yuan/month   neighborhood parking lot ____yuan/month  
parking outside the neighborhood ____ yuan/month    not specified space᧤street, sidewalk᧥  

5. If your family does not have a car, do you plan to buy one᧻ 

 Yes, main purpose is᧶ 
commute   pick up kids   shopping   leisure and travel   household urgencies   other _____                   

 No, because᧶ 
no need of one      the vehicle is too expensive   gas and maintenance is too expensive   congestion   lack of parking   
not environmentally friendly   other _____                   

6. Number of Motorcycles__________  (The following question a) b) and c) are for each vehicle) 
a) This vehicle is________ years old᧨annual mileage driven_______᧨fuel economy_______liter/100km 

b) gas_______ yuan/month ᧷insurance and maintenance_______ yuan/year; other fees _______ yuan/year 

c) Parking space᧤ own| rent᧥᧶  
neighborhood underground parking ____yuan/month   neighborhood parking lot ____yuan/month  
parking outside the neighborhood ____ yuan/month    at home/in the yard  
not specified space᧤street, sidewalk᧥  

7. Number of Electric Bicycle/Scooter__________(The following question a) b) and c) are for each vehicle) 
a) This vehicle is________ years old᧨has changed battery for_______times᧨needs to charge every______days,; and the power 
of the vehicle is______KW 
b) Maintenance Cost__________yuan/year. 
c) Parking space᧤ own| rent᧥᧶  

neighborhood underground parking ____yuan/month   neighborhood parking lot ____yuan/month  
parking outside the neighborhood ____ yuan/month    at home/in the yard  
not specified space᧤street, sidewalk᧥  

8. Number of Bicycles________, have lost ______ bicycles ; parking at᧶  
neighborhood underground parking ____yuan/month   neighborhood parking lot ____yuan/month  
parking outside the neighborhood ____ yuan/month    at home/in the yard  
not specified space᧤street, sidewalk᧥  
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Residential and Household Energy Consumption 
9. You are currently᧶ Renting   Homeowner   Homeowner (still paying mortgage) 

10. If renting᧨the rent is: ____ yuan/month᧨if still paying mortgage᧨mortgage payment is: ____yuan/month. 

11. Your home has: a) ____bedrooms ᧨and b) ____dining rooms; c) at the ______th floor ᧤ top floor᧥ 

12. Housing Area᧶a) Living Area           M2᧨b) construction area            M2 

13. Your monthly electricity bill is᧶            yuan ᧤or           Kw.h᧥ 

14. Gas Source᧶ Natural Gas᧤pipeline᧥   Coal Gas᧤pipeline᧥   LPG᧤gas pitcher_____kg᧥ 

                    Monthly Consumption          M3/pitchers ᧤or            yuan᧥ 
15. How much coal does your household consumes each year?            yuan  (identify what kind of coal briquette) 
16. Heating facility your household is using᧶ 

   Neighborhood centralized heating᧨heating bill᧶          yuan/season 

   Honeycomb-shaped briquet᧨average usage amount᧶          ton/season 

   Electric heating facility᧤air conditioning, electric heater᧥     Other(specify)᧶                  

17. Main Electric Devices᧶ 
   Air conditioner  Count:       Power:     p    Refrigerator  Count:       Size:     Liter       
   Television  Count:       Size:     Liter      Desktop Computer  Count:       Use Frequency: :     hours/day     
18. Type of Water Heater᧶ Electric Water Heater   Gas Water Heater   Solar Power Water Heater 
19. Telecommunication:   a) internet access at home? Yes No;  b) # of cell phones            currently in use. 
 
Attitudes towards Travel and Residence 
For each statement, express your level of agreement: 1 = strongly disagree, 3 = neutral, 5 = strongly agree 

      
20 Driving is a sign of prestige 1 2 3 4 5 
21 Having too many cars is the main reason of traffic congestion 1 2 3 4 5 
22 Taking public transit is convenient 1 2 3 4 5 
23 I  enjoy bicycling 1 2 3 4 5 
24 Time spent traveling is wasted time for me 1 2 3 4 5 
25 Transportation convenience is important in choosing the residence 1 2 3 4 5 
26 I prefer living around people who are similar to me 1 2 3 4 5 
27 Living in a gated community is a sign of prestige 1 2 3 4 5 
28 I think gated community provides better security 1 2 3 4 5 
29 I prefer to have shops and services such as laundry, barber and restaurants 1 2 3 4 5 
30 My family pays close attention to saving water, gas or electricity 1 2 3 4 5 
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C. Embodied Energy Calculation Approach and Estimates

C.1 Overview: The importance of the analysis of embodied energy use  
This section explores the relationship between urban form and the embodied energy 
consumption. Construction is an energy consumptive human activity. Specifically, the activities 
such as manufacturing and transporting construction materials are highly energy intensive 
(Huang and Hsu 2003). In Australia, for example, the construction sector accounts for 10-20% of 
the nation�’s primary energy consumption and green house gas emissions (Ballinger et al. 1995; 
Treloar 1996).  Furthermore, the rapid population increase in and around urban areas requires 
increasingly more energy use in construction sector. As a result, the sustainable construction of 
residential neighborhoods, which particularly aims to reduce the energy intensive material usage, 
has become an important issue. This is particularly so in China which has been experiencing 
rapid increase in urban population and residential developments.   
 
Solutions to the demand of sustainable construction can be drawn from different urban forms. 
Specifically, the changes in urban form such as the height of residential buildings, density, mixed 
land-use and walking facilities, can be closely associated with the level of energy use in 
constructing the areas. In this light, this particular section aims to develop an analytical tool that 
helps us answer the following questions: what are the urban form elements that influence the 
energy and material usage? How can we enhance the energy efficiency in developing and 
constructing urban residential areas and hence reduce Co2 emissions? 
 
In answering these questions, the analysis of embodied energy plays a crucial role (Huang and 
Hsu 2003; Treolar 1998). During the past decade, urban designers and planners have primarily 
focused on the design elements and individual household�’s travel behavior aspects that affect the 
apparent energy consumption of building dwellers. However, recent literature increasingly notes 
that embodied energy use, the energy consumed in producing and transporting construction 
goods, should be also taken into account of the concept of developing energy-efficient cities 
(Treloar et al. 2004; Huang and Hsu 2003; Chen 2001). This approach addresses the problem of 
unsustainable construction by generating thoughts about what are the ways in which the 
construction costs and energy intensity of development projects are balanced or reduced. 
 
Our analytical framework of embodied energy use in cluster/neighborhood development 
incorporates Life Cycle Analysis (LCA) framework and urban metabolism concepts. The 
framework consists of three major parts: energy intensity in manufacturing construction 
materials used in developing a neighborhood, energy use in transporting those materials, and 
energy use in processing the materials at the sites. The analytical framework is close to a hybrid 
input-output analysis which has recently been used as LCA (Crawford2007, Bullard et al. 1978)4.  
This framework was driven from the embodied energy of residential buildings in Hong Kong 
(Chen 2001) due to the model�’s local proximity to China. Developed by incorporating the 
context of Hong Kong, the method has a close relevance to Chinese context. We expand this 
analytical framework to a larger spatial scale which also includes the embodied energy analysis 
of public spaces such as walking facilities and parking lots. Following section will describe this 
analytical framework more in details. 
                                                 
4 Recently, increasingly more researchers have identified a �“hybrid input-output analysis�” for LCA framework, 
which incorporates the concept of process analysis. 
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C.2 Methodology  

C.2.1 The basic calculation method    
The total amount of energy consumption in developing urban neighborhoods consist of three 
parts: energy used in manufacturing the construction materials, energy used in transporting them, 
and energy used in processing the materials at the development sites. The model can be 
simplified as follows:  
   

(C-1)  Ee=  Em + Et + Ep (may also apply to the public space sector)  
 

Where: 
 
 E= Total energy use for constructing buildings and public spaces in the urban 

neighborhoods; 
 Subscribe e=embodied energy (or energy intensity);  
 Subscribe m=energy use for manufacturing the building materials and 

components;  
 Subscribe t= energy required for transporting the building materials and 

components to and from the construction sites during the construction;  
 Subscribe p = energy used in various construction processes such as crane 

lifting and mixing up the soil;  
 Em = Energy intensity in manufacturing construction materials used in 

development project, as specified in Equation (C-2), below;  
 Et = Energy used in transporting construction materials to the site, as specified 

in Equation (C-3), below; and, 
 Ep = Energy required for processing materials during the construction, as 

specified in Equation (C-5), below. 
 

(C-2)    
 
Where: 
 
 n = the total number of building materials and elements; 
 qij = the amount of building materials j produced in or imported from country 

i (kg); 
 eij = the energy required for manufacturing the building materials j in country 

i (MJ/kg); 
 n = the number of countries from which these building materials is imported; 

   
The total quantities of construction materials used for initial cluster/neighborhood development 
are estimated based on GIS data. They include materials used in constructing buildings and roads 
located within neighborhoods.  
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(C-3) 

 

 Where: 
 Et = the energy used for transporting the building materials (MJ/(kg*km); 
 Subscript t refers to transportation; 
 Qj = the amount of building material j (kg); 
 K = the number of material types; 
 Etj = the average energy use for transportation of material to the building site 

(MJ/kg), calculated as: 
 

(C-4) 

 

Where: 
 qij = the amount of building material or component j imported from country i; 
  = the energy used for transporting building materials by means of 

conveyance l (MJ/kg*km)); 
  = the distance traveled by the conveyance l(km). 

 
The values for Etj may vary depending on the distance traveled for transportation, the transport 
modes, and the types of energy used for different modes. However, currently, the information 
about where the construction materials have been originally produced and transported from is not 
available. It is also often the case that such detailed data are not available. Thus, we made 
assumptions with regards to the origin of construction materials and the distance traveled to 
Jinan in order to deal with the uncertainty caused by the absence of detailed data. The basis of 
assumptions and model application in the context of Jinan is discussed more in details in the 
following section.  
 
Finally, Ep in Equation (C-1) can be estimated as follows:  

(C-5) 

 

 Where: 

 Qpj = the amount of building material j dealt with in a process during 
producing the building (kg. m3 or MK/m2); 
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 Epj = the energy intensity required for this process and building material j 
(MJ/kg useable floor area)  

 
Epj, or the values of energy intensity in processing construction materials, has been estimated in 
other literature as summarized in Table C-1. 
 
Table C-1. Energy use in installing and processing the different types of building 
component during construction (Adalberth 1997) 
Type of construction process Energy use 
Drying of standard concrete on building site 0.158 MJ/kg 
Drying concrete element 0.900 MJ/kg 
Crane lifting 0.0072 MJ/kg 
Lighting of construction objects 93.6 MJ/m2 
Heating of construction objects  93.6 MJ/m2 
Heating of sheds  50.4 MJ/m2 

C.3 Application of the model in the context of Jinan (Data and assumptions)  

C.3.1 The estimation of embodied energy in manufacturing construction materials   
The embodied energy usage of urban neighborhoods is associated with the structure of Chinese 
material production. For example, steelmaking is a very energy-intensive manufacturing process 
and accounts for over 10% of China�’s primary energy use and related carbon dioxide emissions 
(China Knowledge). The domestically produced steel used in Jinan neighborhoods may thus 
have been energy intensive.   
 
Table C-2. The Characteristics of materials: Energy intensity and density 

Material Energy intensity (MJ/kg) 
Co2 emissions (kgC/kg) 

Density (kg/m3) 

Concrete 1.1 0.043 2,300 
Steel 24.4 0.482 2,400 

Timber 8.5 0.125 550 (medium heavy woods)  
Glass 15 0.232 10 

Asphalt 51 0.4 2,400 

 
While residential buildings are built with various construction materials, this report focuses only 
on 5 construction materials that are frequently used in China: asphalt, concrete, glass, steel, and 
timber (Fernandez 2007). The energy intensity coefficient values of these materials �–or the eij 
values in the model presented in the previous section -- vary significantly from one source to 
another, depending on assumptions about the location of production, fuel mixes, and 
technological differences (Fernandez 2007; Horvath 2004; Chen 2001). These values thus differ 
particularly by countries. To be scientifically rigorous, the most ideal approach would be to use 
energy intensity figures that are valid in Chinese context. However, they have not yet been 
developed in Chinese context (Fridley, D. Zheng, N. Zhou, N. 2008). Thus, in this report, the eij 
values were adopted from existing literature whose estimation may have been different from 
Chinese context (Table 2, Honey, B. G. 1994; Lawson 1996; Chen 2001; Hannibd & Jones 
2008).  
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In addition, each material has its own density measure. Table C-2 summarizes the values of 
energy intensity coefficients and the density of each material. 

(1) Assumptions about residential building characteristics and the estimation of quantities 
of building materials  
The quantities of different construction materials, the structure, heights and layouts of the 
(residential) buildings are important measures for estimating the embodied energy (Debnath et 
al. 1995).  However, we lack accurate information about these measures and thus the quantities 
are estimated based on GIS data. Information unavailable from GIS data such as the thickness of 
wall and the area ration of window to wall were drawn from existing literature and Chinese 
building codes. Since most of Chinese residential buildings before 2001 were built with the 
similar floor plans, structural designs and materials (Jian et al. 2009), it is reasonable to make 
assumptions based on building codes.    
 
Table C-3. Summary of assumptions with regards to characteristics of residential buildings 
and roads in Jinan 
Building characteristics  Assumed values  Source  

Thickness of exterior wall 0.3 m Chinese building code; Lee and Chen 
20085 

Thickness of slab 0.4 m - 

Height of each floor  3m (including the thickness of slab)  - 

External wall(the ratio of concrete volume 
to the total envelop volume) 0.65  Fernandez 2007 

Interior wall 0.24m Lang and Huang 1993 

The mass ratio of concrete to steel Concrete-2,300 kg/m3, Steel-2400 kg/m3 Richard1996. 

The area ratio of window to wall 0.3 (30%) Yu et al. 2008 

The thickness of window 0.004m  Lee and Chen 2008 

Building heights and the construction 
materials  

Low-rise buildings: 1-5 floors (concrete) 
Multi-rise buildings: 5-15 floors(concrete) 
High-rise buildings: above 15 (concrete and 
steel) 

 

Thickness of asphalt roads (standard) 0.035m   

 
For the convenience of estimation, we assume that residential buildings in Jinan have been built 
with two structural types: reinforced concrete structured or steel-framed. Because the structural 
designs of buildings mostly depend on their heights, we grouped the residential buildings in 
Jinan into three categories based on the number of floors of each building: low-rise, multi-rise 
and high rise buildings. �“Low-rise buildings�” refer to buildings with less than 5 floors. �“Multi-
story buildings�” refer to buildings between 5 and 15 floors (Yu et al. 2008), and those above 15 
floors will be referred to as �“high-rise�” buildings. We assume that low-rise buildings and multi-
story buildings are structured only with reinforced concrete (Fernandez 2007; Lee and Chen 
2009) while the high rise buildings are structured with steel frames in addition to reinforced 

                                                 
5 The observed thickness of the exterior wall in Chinese residential buildings ranges from 0.23 m to 0.38m (Yu et al 
2008; Fernandez 2007; Lang and Huang 1992). However, we assume that the building structure complied with the 
national building codes.  
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concrete.  Table C-3 shows the summary of assumptions we made with regards to some of the 
building characteristics. 
 
The underlying assumption here is that the residential buildings, as well as the roads, public 
spaces and the walking facilities, were built complying with the national or state building codes. 
While the estimation values may not be exact, it would at least give us some general information 
about the approximate amount of construction materials used for each neighborhood.  
 
Quantities of reinforced concrete and steel were estimated based on the sum of the volume of 
building envelop and the slabs. First, the volume of each building envelope was estimated as 
follows:  

Volume of building envelope= (building perimeter) x (number of floors) x (the height of 
 each floor) x (the thickness of wall).  

 
The summed volume of slabs of each residential building was estimated as follows:  

Volume of building slabs = (floor area) x (number of floors) x (the thickness of slab)  
 
The volume of concrete accounts for 65% of the total building envelop while steel accounts for 
3% (Fernandez 2007, please refer to the table below). Thus, we can estimate the total volume of 
concrete used in each building as follows:  

Total volume of concrete =  ((0.65x (volume of building envelope)) + (volume of 
building slabs))  

 
In case of high-rise residential buildings, the volume of steel is added based on the estimation as 
follows:  
 Volume of steel (in high-rise buildings only) =  (0.03 x (volume of building envelope)) 
 
The quantities of timber were assumed to be 0.5% of the total volume of reinforced concrete. 
The volume of glass used in each neighborhood was estimated as follows: 

Volume of glass =  ((building envelop) x (the area ratio of window to wall) x (the 
thickness of glass)) 

 
The quantities of asphalt were also estimated based on the GIS calculation of road length and 
width. Specifically, the estimation of the asphalt volume can be expressed as follows:  
 Volume of asphalt = (road length) x (road width) x (the standardized thickness of asphalt 
 roads) 
 
The volume of each construction material was then converted into mass following the density 
coefficients of each material listed in the Table C-2 above. The quantities of construction 
materials of each neighborhood are presented in Table C-4. 
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Table C-4. Quantities of construction materials by neighborhoods (tons)  

Material 
quantities 

(tons) 

Neighborhood 

Superblock Enclave Grid Traditional 

Sunshine 
100 Lv-Jing Shanghai 

Garden Dong-Cang Foshan-
Yuan 

Wuying-
tan 

Yanzi-
Shan 

Commercial 
District 

Zhang 
Village 

Reinforced 
concrete 1,376,142 173,501 813,419 331,647 567,447 992,048 1,439,347 1,073,843 849,694 

Steel  28,354 1,665 3,385 532 1,117 06 10,815 7,702 0 

Timber 6,881 246 4,067 1,658 2,837 4,960 7,197 5,369 4,248 

Glass 1,531 24 937 385 690 1,324 1,314 706 1,700 

Asphalt  5,651 1,083 4,488 1,382 3,890 5,779 3,420 9,139 1,591 

Sum 1,418,559 176,520 826,296 335,604 575,982 1,004,112 1,462,092 1,096,759 857,234 

(2) Estimation of per household embodied energy in manufacturing construction materials   
The quantities of materials were multiplied by their energy intensity coefficients listed in Table 
C-2. For the purpose of comparison across neighborhoods and across different type of per 
household energy consumption, the total embodied energy of construction materials were then 
divided by the number of households per neighborhood and neighborhood lifespan. We assume 
that the lifespan of a neighborhood is 40 years. The estimation is presented in Table C-5.  
 
Table C-5. Per household embodied energy in manufacturing construction materials 
(MJ/Year) 

 

Superblock Enclave Grid Traditiona
l 

Sunshine 
100 Lv-Jing Shanghai 

Garden 
Dong-
Cang 

Foshan-
Yuan 

Wuying-
tan 

Yanzi-
Shan 

Commercia
l District 

Zhang 
Village 

Reinforced concrete 6,497.9 
(58.8%) 

6,336.4 
(66.0%) 

10,692.6 
(71.2%) 

4,937.9 
(77.8%) 

8,560.0 
(70.5%) 

5,250.4 
(75.2%) 

5,838.1 
(75.2%) 

7,131.3 
(62.4%) 

9,736.1 
(86.6%) 

Steel 2,969.8 
(26.9%) 

1,348.9 
(14.0%) 

986.9 
(6.6%) 

175.9 
(2.8%) 

373.6 
(3.1%) 0.0 (0.0%) 973.0 

(12.5%) 
1,134.6 
(9.9%) 

0.0 
(0.0%) 

Timber 251.1 
(2.3%) 

73.6  
(0.8%) 

437.4 
(2.9%) 

202.0 
(3.2%) 

350.2 
(2.9%) 

214.8 
(3.1%) 

238.8 
(3.1%) 

291.7 
(2.6%) 

398.3 
(3.5%) 

Glass 98.6 
(0.9%) 

12.1  
(0.1%) 

168.0 
(1.1%) 

78.1 
(1.2%) 

142.0 
(1.2%) 

95.6 
(1.4%) 

72.7 
(0.9%) 

63.9 
 (0.6%) 

265.6 
(2.4%) 

Asphalt 1,237.2 
(11.2%) 

1,834.2 
(19.1%) 

2,735.5 
(18.2%) 

953.8 
(15.0%) 

2,720.9 
(22.4%) 

1,418.1 
(20.3%) 

643.1 
(8.3%) 

2,813.9 
(24.6%) 

845.4 
(7.5%) 

Res_embodied/HH/
Year (MJ) 

9,817.4 
(88.8%) 

7,771.0 
(80.9%) 

12,285.0 
(81.8%) 

5,393.9 
(85.0%) 

9,425.8 
(77.6%) 

5,560.8 
(79.7%) 

7,122.6 
(91.7%) 

8,621.6 
(75.4%) 

10,400.0 
(92.5%) 

Road_embodied 
energy/HH/year 
(MJ) 

1,237.2 
(11.2%) 

1,834.2 
(19.1%) 

2,735.5 
(18.2%) 

953.8 
(15.0%) 

2,720.9 
(22.4%) 

1,418.1 
(20.3%) 

643.1 
(8.3%) 

2,813.9 
(24.6%) 

845.4 
(7.5%) 

Total embodied 
energy  11,054.5 9,605.2 15,020.5 6,347.7 12,146.7 6,978.9 7.765.7 11,435.4 11,245.4 

                                                 
6 Residential buildings in neighborhoods such as Wuying-tan and Zhang village  
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Figure C-1. The Composition of Per Household Embodied Energy Consumption by 
Material Types  

 

C.3.2  The estimation of energy used in transporting the construction materials  
The embodied energy consumed in transporting construction materials to and within China is 
determined by the transport modes and the distance traveled from manufacture sites to the 
construction sites. The distance traveled is closely associated with the status of construction 
material market during the time of the neighborhood construction. Specifically, it is shaped by 
the price of raw materials, technological capacity, the trends of foreign trades and the location of 
domestic construction products companies. For example, some construction materials like steel 
are imported from countries like Brazil and Korea to China, while others like cement, concrete 
and glassware are largely produced domestically and exported.  
 
There have also been some changes in the domestic location of construction companies in China 
due to the changes in labor force and costs. Specifically, the construction material industries have 
gradually moved their production facilities to the central and western parts of China. This is 
mainly because of the increase of industrial over-performance in these regions due to their 
inexpensive labor cost (China Knowledge). In terms of weight, from 2004 to 2006, the 
proportion of the construction materials output in central and western regions to the national total 
grew from 34.0% to 36.7% while the proportion of the eastern region�’s output to the national 
total dropped from 65.9% to 63.2%.  
 
This kind of information, however, only speaks to national construction market trends.  Neither 
the information about the transport modes nor data on the distance traveled is available for the 
construction materials used in Jinan. However, we assume that the construction materials 
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consumed in the nine neighborhoods of Jinan followed the general trends of national 
construction market during late 1990s and early 2000s �– the time when enclave, superblock and 
grid typologies were developed. For example, if importing steel was the general market trend 
during 1990s and 2000s, we assume that the neighborhoods in Jinan also consumed the imported 
steel. With regards to the imported materials, we also assume that they are loaded at the major 
port located near the capital city of the exporting country. While it is likely that some imported 
construction materials are also transported from manufacturing sites to the seaport before 
loading, this distance is not included in the calculation. The types of imported materials and the 
exporting countries were assumed based on the Chinese Statistical Yearbook and existing 
literature.    
 
Examining the information obtained from OECD documents, we can see that China has 
increased the production of steel only recently (Figure C-2) During the 1980s and 1990s, other 
countries such as USSR, Mexico, Brazil, and Korea had been the leader of steel producing 
market. Figure C-3 also shows that in Asia during 1990s, steel has been mostly intra-traded. 
Examining Chinese trade market trends from 1997-2004 obtained from Chinese Statistical 
Yearbook, we can confirm that the amounts of Chinese steel imports had exceeded the exports. 
(Figure C-4). Therefore, combining these information, we assume that steel used in constructing 
Jinan neighborhoods had been imported from the Republic of Korea.  
 
Figure C-2. Global steel-making capacity (OECD)  
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Figure C-3. Steel Trade Flows (OECD 2009) 

 
 

Figure C-4. The foreign trade of steel (1997-2004) 

 
Source: China Statistic Yearbook 1999, 2002, 2005 

 
Another assumption we made about the origin of construction materials is that timber used in 
Jinan was imported from Indonesia. One of the major contributing factors accounting for the 
rapid growth of the demands in timber is construction (Bulter 2005). However, after the 
devastating Yangtze River floods in 1998, Chinese government banned timber harvesting and 
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issued orders to protect healthy forests in the region. Local officials also launched various 
initiatives to an illegal logging within China. Thus the domestic forest resources and supplies 
could not meet the fast growth of needs for timber. The great majority of China�’s timber imports 
originate from Indonesia, along with Malaysia and Russia (Toyne et al. 2002).  Therefore, we 
assume that timber used in Jinan has been imported from Indonesia.  
 
Glass is mainly produced in Jiangsu province, the neighboring province of Shangdong. 
Specifically, Jiangsu Company, one of the major glass manufacturing companies in this 
province, itself has 20 float plants out of 179 plants existing in China, and produces around 
100,000 tons of glass a day (US Glass News, 2006). Thus it is reasonable to assume that the 
glass was transported to Jinan from Jiangsu region. The distance traveled from Jiangsu to Jinan is 
approximately 700 km by highway. For the transport modes, we assume that glass is transported 
by truck.  
 
Figure C-5. Imports and exports of glass products 

 
Source: China Statistic Yearbook 1999, 2002, 2005 

 
Asphalt in China is mostly domestically produced. Compared to the countries that own only a 
few asphalt plants such as Mexico (400 asphalt plants), South Africa (60 plants), and New 
Zealand (45 plants), China has an exceptional amount of asphalt plants: 6,500. These plants 
collectively produce about 150 million tonnes annually (compared to 4,000 plants producing 435 
million tonnes in Europe) (National Asphalt Pavement Association. 2009). We assume that the 
domestically produced asphalt is transported to Jinan from 100km distance.  
 
Finally, we assume that concrete is locally produced and transported to the construction sites 
from maximum 50km distance. Examining the exports and imports of cement and gypsum that 
are the basic ingredient of concrete, the exports of these ingredients over-performed the imports 
(Figure 6). This indicates that China has resources and capacity to produce concrete and it is 
likely that concrete used in Jinan is domestic products. This is in part due to the material 
characteristics of concrete that it stiffens within 1.5 hour. In sum, we assume that concrete, glass, 
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and asphalt used in Jinan neighborhoods are domestically produced while steel and timber are 
imported materials. 
 
Figure C-6. Imports and exports of the ingredients of concrete 

 
The distance traveled for each construction material is then calculated based on the 
assumptions listed above. First, for the imported materials, the distance traveled from 
exporting countries to major Chinese seaports was estimated. The major seaports in the 
east coast of China are Qingdao, Shanghai, Ningbo and Tianjin (China Knowledge). The 
major seaport in Korea is Incheon and in Indonesia, the seaport of Jakarta. For steel which 
is assumed to have been imported from Korea, the distance from the Incheon seaport to the 
each of 4 major Chinese seaports was calculated and averaged (Table C-6). For timber 
which is assumed to have been imported from Indonesia, the distance from the seaport of 
Jakarta to the each of 4 major Chinese seaports was calculated and averaged. For both 
materials, we assumed that they are imported by shipping and the shipping distance was 
multiplied by the energy intensity of deep-sea vessels. Then, the distance from each seaport 
in China to Jinan was calculated and averaged ( 
Table C-7). We assumed that the imported materials were transported to Jinan by railways. The 
averaged distance from major seaports to Jinan was multiplied by the energy intensity coefficient 
of railways.  
 
Second, for the domestically produced construction materials, we assume that the materials were 
transported by truck. The distance traveled for each construction material varies according to 
their manufacturing sites. Specifically, we assumed that ready mixed concrete is transported by 
truck from 50km distance. We assumed that asphalt is transported by truck from 100km distance. 
For glass whose manufacturing site is assumed to be located in Jiangsu, the travel distance by 
truck is approximately 700 km. The distance traveled for each material by different transport 
modes is summarized in Table C-8. We must acknowledge here that in the real world, the 
situation may not be as simple as our assumptions.  
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Table C-6. Distance traveled between the major ports of China and the exporting country 
(km) 

Major 

international 

ports in China 

 

US 
Latin 

America 
Asia Australia/NZ 

LA NYC 
Brazil / Rio  

de Zaneiro 

Korea  

(incheon) 

India  

(Bombei) 

Indonesia  

(Jarkata) 

Australia  

Sydney 

New  

Zealand 

(Aukland) 

Qingdao 10,626 19,381 20,511 670 8,963 5,652 9,731 9,994 

Shanghai 10,589 19,135 19,999 844 8,451 4,545 9,317 4,545 

Ningbo 10,580 1,928 19,865 973 8,318 4,412 9,182 9,479 

Tianjin  10,991 19,747 21,105 794 9,557 5,652 10,140 10,403 

*estimated at the Searates.com and google. Map  

 
Table C-7. Distance traveled from major ports in China to Jinan (average distance, km) 

Major ports Distance traveled from major ports to Jinan (km) 

Qingdao  438.5 

Shanghai 890 

Ningbo 1046.5 

Tianjin  355.5 

Average  682.6 

   

Table C-8. Transport modes for each material and their energy intensities 
Materials Import/Domestic Transportation mode

Energy intensity of transport
modes (MJ/(Kg*km))

Distance traveled (km)

Concrete Domestic Truck 2.275 50

Steel Import
Shipping (Deep sea
transportation)

0.216 720.25

Railroads 0.275 682.625

Timber Import
Shipping (Deep sea
transportation)

0.216 5065.25

Railroads 0.275 682.625

Glass Domestic Truck 2.275 700

Asphalt Domestic Truck 2.275 100

Sources: Sperling and Shaheen. 1995; Chen 2001; IFEU 2008 

 

Table 9 shows per household embodied energy consumption in transporting construction 
materials.  
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Table C-9. Per household embodied energy in transporting construction materials (1,000 
MJ/Year) 

Superblock Enclave Grid Traditional

Sunshine
100

Lv Jing
Shanghai
Garden

Dongcang Foshan Yuan
Wuying
Tan

Yanzi
Shan

Commercial
District

Zhang
Village

Reinforced Concrete 671,944.2 655,237.2 1,105,716.9 510,623.0 885,177.2 542,943.9 603,708.2 737,440.4 1,006,798.8

Steel 41,783.3 18,978.9 13,885.1 2,474.3 5,257.0 0.0 13,689.9 15,963.7 0.0

Timber 37,859.7 10,478.5 62,300.0 28,770.3 49,874.0 30,591.4 34,015.1 41,550.0 56,726.6

Glass 8,972.9 1,102.0 15,291.3 7,107.8 12,922.3 8,696.1 6,613.9 5,815.2 24,170.9

Asphalt 5,518.8 8,182.0 12,202.6 4,254.8 12,137.5 6,325.9 2,868.6 12,552.1 3,771.3

Resident_Embodied
Energy

in Transport/HH/Year
760,560 685,797 1,197,193 548,975 953,231 582,231 658,027 800,769 1,087,696

Road_Embodied
Energy

in Transport/HH/Year
5,519 8,182 12,203 4,255 12,138 6,326 2,869 12,552 3,771

Sum 766,079 693,979 1,209,396 553,230 965,368 588,557 660,896 813,321 1,091,468

  
Figure C-7. Per household embodied energy in transporting construction materials 

C.3.3  Per household embodied energy consumption in processing construction materials 
Finally, for energy used in processing construction materials, the energy intensity required for 
this process and building material was multiplied by the quantities of each material consumed in 
Jinan (The intensity values are listed in Table C-2). Table C-10 shows the variations across the 
per household embodied energy consumption for processing materials.  
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Table C-10. Per household embodied energy consumption in processing materials  
Superblock Enclave Grid Traditional

Sunshine
100

Lv Jing
Shanghai
Garden

Dongcang
Foshan
Yuan

Wuying
Tan

Yanzi
Shan

Commercial
District

Zhang
Village

Drying and crane
lifting

Reinforced
concrete

6292.4 6135.9 10354.4 4781.7 8289.1 5084.3 5653.4 6905.7 9428.1

Steel 129.6 58.9 43.1 7.7 16.3 0.0 42.5 49.5 0.0

Timber 31.5 8.7 51.8 23.9 41.4 25.4 28.3 34.5 47.1

Glass 7.0 0.9 11.9 5.5 10.1 6.8 5.2 4.5 18.9

Asphalt 25.8 38.3 57.1 19.9 56.8 29.6 13.4 58.8 17.7

Sum 6486.3 6242.7 10518.3 4838.7 8413.8 5146.2 5742.7 7053.1 9511.7

Heating and lighting 1208.2 1480.1 1279.4 910.0 1560.5 935.4 1448.7 1185.0 1507.0

Embodied Energy consumption for
Processing Materials/HH/Year

6486.3 6242.7 10518.3 4838.7 8413.8 5146.2 5742.7 7053.1 9511.7

 

C.3.4 The composition of different types of per household embodied energy consumption  
 
Table C-11. Composition of per household embodied energy consumption 
(MJ/Household/Year)  

*The number inside parenthesis indicates %. 
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100
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Garden

Dongcang Foshan Yuan Wuying Tan Yanzi Shan
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District
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(1.2)
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(1.2)

6,348
(1.1)
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D. Operational Energy Use Calculations and Model Estimations

D.1 The Composition of Household Energy Consumption 
For households in Jinan, there are four types of energy for in-home use: electricity, gas, coal, and 
centralized heating. Note that these four energy sources should all be considered as �“secondary�”. 
Electricity and centralized heating are generated from coal. The coal briquettes consumed in 
households are also �“secondary�”, since it is transformed from raw coal. So is the case for gas, 
which is transformed to LNG, LPG or coal gas from raw primary gas, oil, or coal.  
 
Among the 2342 effective survey respondents, 100% use electricity, 80.6% use gas, 18.4% use 
coal, and 56.1% use centralized heating. The usage of the four types of energy is summarized in 
Table D-1. As shown in the table, there are overlapping uses across different types of energy, 
such as space heating, water heating and cooking. Take space heating for example, if a 
household lives in a building not covered by centralized heating, it can choose either to use coal 
or electricity for space heating. Notably, more than one energy type might apply simultaneously 
to one use. If a household prefers warmer in-home temperature than the centralized heating 
system can provide, it will choose to use extra electric heaters or ACs as supplements. 
 
Table D-1. Energy Types and Possible Uses 
Energy Type Possible Uses 
Electricity Electronic appliances, lighting, space 

heating and cooling, water heating 
Gas Cooking, water heating 
Coal Space heating, water heating, cooking 
Centralized heating Space heating 

D.2 Energy Consumption Calculation Method 
The household energy consumption data obtained from the survey are: 

1. Monthly electricity consumption amount (KWH) or bill. 
2. Gas type and monthly gas consumption amount (cubic meter) or bill. 
3. Annual coal consumption amount (ton) or bill. 

 
For each energy source, the energy consumption and the GHG emission are calculated, using the 
methodology described below. Note that for electricity and centralized heating, the calculation 
result includes the primary energy consumed for power generation, and accounting for all 
conversion and transmission losses. For gas and coal that are consumed on-site, the calculation 
only accounts for the total energy contained in the secondary forms (LPG, LNG, coal gas, and 
coal briquettes). 

D.2.1 Electricity 
The equation to calculate electricity energy consumption ( ) in megajoules (MJ) is:  

D-1:   
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Table D-2. Electricity Energy Consumption Parameters 

Symbol Description Value Unit 
 Household monthly electricity bill Input Yuan RMB 
 Electricity price7 0.5469 Yuan/KWH 
 Thermal-electricity conversion factor 3.6 MJ/KWH 
 Electricity transmission loss rate8 7.08%9  
 Coal power plant conversion rate10 35.47%11  

 
The calculation result implies the total energy consumed to generate the given amount of 
electricity used by the household, including the power plant conversion losses and the grid 
transmission losses.   

D.2.2 Gas 
There are three types of gas consumed in Jinan: LNG, LPG and coal gas. The equation to 
calculate gas energy consumption ( ) in megajoules (MJ):  

 
Table D-3. Gas Energy Consumption Parameters 

Symbol Description Value Unit 
 Household monthly electricity 

bill 
Input Yuan RMB 

 
LNG unit price 2.4  Yuan/  
Coal gas unit price 1.3 Yuan/  
LPG unit price 13.9 Yuan/  

 
LNG unit thermal value 36.4 MJ/  
Coal gas unit thermal value 16.74 MJ/  
LPG unit thermal value 118.2 MJ/  

 
The calculation result implies the total energy contained in the specific amount of gas consumed 
by the household, including the actual heat produced and the incomplete combustion losses. 

D.2.3 Coal 
The equation to calculate household coal energy consumption ( ) in megajoules (MJ):  

D-3:  
 
 
 
Table D-4. Gas Energy Consumption Parameters 

                                                 
7 Source: Jinan Electricity Bureau 
8 Source: State Electricity Regulatory Commission, China 
9 National average 
10 Source: China Energy Yearbook 2009 
11 Shandong Province average 
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Symbol Description Value Unit

12

13

 
The calculation result implies the total energy contained in the specific amount of coal consumed 
by the household, including the actual heat produced and the incomplete combustion losses.  

D.2.4 Centralized Heating 
As mentioned, the centralized heating fee is charged on a construction-area basis rather than on 
the actual heat consumed. Thus the heating bill does not reflect the actual heat consumed by the 
household. As such, the centralized heating energy consumption can only be calculated based on 
the construction area of the household.  
 
The equation to estimate centralized heating energy consumption ( ) in megajoules (MJ):  

D-4:  14 
 
Table D-5. Centralized Heating Energy Consumption Parameters 

Symbol Description Value Unit 
 Home construction area Input  

N Heating days per year15 140 day 
 Building heating index16 33.1617 W/  

 Indoor designed temperature during 
heating period18 

18  

 Average outdoor temperature during 
heating period19 

-0.9  

 Outdoor designed temperature during 
heating period20 

-7  

 Cogeneration boiler efficiency21 0.87  
 Pipe network efficiency22 0.98  

The calculation result implies the total energy consumed to generate the given amount of 
centralized heat used by the household, including the heat plant conversion losses and the 
pipeline transmission losses.   

D.3 Multivariate Regression Approach 
                                                 
12 Source: Jinan Price Bureau 
13 Source: Jinan Public Utilities Bureau 
14 Source: Practical Handbook for Centralized Heating. Li et al. 2006 
15 Source: Jinan Heat Power Company, Jinan 
16 Source: Gao, et al. 2008 
17 Jinan average 
18 Source: Jinan Public Utilities Bureau 
19 Source: Jinan Public Utilities Bureau 
20 Source: Jinan Public Utilities Bureau 
21 Source: Jinan South Suburban Cogeneration Plant 
22 Source: Jinan South Suburban Cogeneration Plant 
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Based on the survey data, we conduct multivariate analysis to test hypotheses regarding the 
factors affecting in-home energy consumption and GHG emission. We also use the logistic 
models to examine the household energy choice and appliance ownership choice. Considering 
the endogeneity problem, we try the two-stage modeling approach. The three major modeling 
approaches are introduced below. 

D.3.1 Linear Regression 
The linear regression approach is to regress the log-transformed household energy consumption 
or GHG emissions on a set of variable vectors. The model takes the following form: 

D-5:  
D-6:  

 H is a vector of household socio-demographics 
 A is a vector of household attitudes 
 B is a vector of home physical attributes 
 ES is a vector of energy sources and usage 
 AO is a vector of appliance ownership 
 N is a vector of neighborhood physical attributes 
  is the error term 

 
The model is applied to household total energy consumption, as well as to the energy 
consumption of individual energy sources and associated GHG emissions. For each model, only 
the relevant variables are included. 

D.3.2 Logistic Regression Model 
The logistic model takes the following basic form:  

D-7:  
 

  is the probability that a household uses certain energy source or owns certain 
appliance. 

 H is a vector of household socio-demographics,  
 A is a vector of household attitudes,  
 B is a vector of home physical attributes,  
 ES is a vector of energy sources and usage, 
 N is a vector of neighborhood physical attributes,  
  is the error term. 

 
The model is applied to household choice of energy sources, and household appliance 
ownership. For each model, only the relevant variables are included. 

D.3.3 The 2-Stage Approach 
For households, energy is consumed through the use of appliances. The use of appliances is 
conditional upon a given set of appliance ownership, which is included in the energy 
consumption model in the form of variable vector AO in Equation D-7. However, the demand 
for appliances and their use are related decisions by the consumer, meaning that in theory the 
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appliance ownership should not be treated as exogenous. In the modeling process, this 
endogeneity problem would arise as a result of omitted variables. For example, the indoor 
temperature preference (P) affects household energy consumption pattern through HVAC 
activities. In this case, the true linear model should take the following form:  
 

D-8:   
 
However, the vector of temperature preference is omitted in Equation (D-7) due to data 
limitation. So the preference variables will be absorbed by the error term, and we actually 
estimate: 

D-9:   
 
Where  
But we also know that correlation exists between P (temperature preference) and AO (appliance 
ownership). Now in Equation D-9 the variable vector AO is correlated with the error term, 
violating the underlying assumption of OLS regression.  
 
To deal with this endogeneity problem, the two-stage approach is introduced. In the first stage, 
the probability of household appliance ownership is estimated through the logistic regression 
model (see Equation D-7). Notably, the logit model should include at least one instrumental 
variable which influences appliance ownership but is not correlated with the error term in 
Equation D-9. 
 
The estimated appliance ownership variable is given by: 
 
D-10:  

 

 
Where  stands for the instrumental variable(s).  
 
In the second stage, the estimated appliance ownership P_AO is used to replace the observed 
ownership AO in Equations . Since P_AO is not correlated with omitted variables, it is no longer 
correlated with the error term, and the endogeneity problem is addressed. However, it is notable 
that the feasibility of the two-stage approach strongly depends on the quality of the instrumental 
variables. If the instrumental models are weak, the model may perform poorly. 

D.4 Multivariate Analysis Results 

D.4.1 Overview 
Using the empirical data obtained from the household survey, we can model the household in-
home energy consumption and GHG emission using regression methods. We start by analyzing 
household energy source choice, with the coal choice model presented. Then the home appliance 
choice models are constructed, providing insight into the discrete choices upon which the energy 
consumption takes place. In the third step, the energy consumption and GHG emission models 
for the three individual energy sources �– electricity, coal and gas �– are constructed, with the 2-
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stage OLS modeling approach tested to control for potential endogeneity. Finally, the models for 
total energy consumption and GHG emission are developed and discussed.  
 
Table D-6 presents the variables used, their abbreviations, descriptions and mean values.  
 
Table D-6. Variables Used in the Household Operational Energy Models 
Variable Description Mean S.D. 
Category 1: Socio-demographics 
LN_(HHincome) the log transformed household income in 1,000RMB 4.04 0.74 
Adult_1 =1 if the household has 1 adult 7.3% 
Adult_2 =1 if the household has 2 adults 64.7% 
Adult_3+ =1 if the household has 3 or more adults 28.0% 
Kid =1 if the household has 1 or more kids 67.3% 
Elderly =1 if the household has 1 or more elderly 20.8% 
Rent =1 if the household lives in a rental unit 21.5% 

Category 2: Attitudes 

Attitude_prestige =1 if the household agree or strongly agree that living in 
closed neighborhood is a prestige 20.8%  

Attutide_savingenergy =1 if the household agree or strongly agree that it cares 
about saving energy 83.5%  

Category 3: Home Physical 

LN_area the log transformed home construction area of the 
household 4.31 0.62 

Top_floor =1 if the household lives on top floor housing units 10.0% 
Bedroom_1 =1 if the household�’s home has 1 bedroom 19.1% 
Bedroom_2 =1 if the household�’s home has 2 bedroom 48.9% 
Bderoom_3+ =1 if the household�’s home has 3 or more bedrooms 32.0% 

Category 4: Energy Source and Usage 
Gas =1 if the household uses gas 80.6% 
Coal =1 if the household uses coal 18.4% 
Centralized_heating =1 if the household uses centralized heating 56.1% 
Electricity_heating =1 if the household uses electricity heating 18.5% 
Electricity_energy_consumption Household total electricity energy consumption 29095 22372 
Gas_energy_consumption Household total gas energy consumption 7353 5637 
Coal_energy_consumption Household total coal consumption 39560 22463 

E+G+C_energy_consumption Household sum of electricity, gas and coal energy 
consumption 42287 30529 

E+G+C_GHG_emission Household sum of electricity, gas and coal GHG 
emission 3802 2875 

Category 5: Appliance Ownership 
AC_0 =1 if the household has no AC 22.3% 
AC_1 =1 if the household has 1 AC 37.1% 
AC_2+ =1 if the household has 2 or more ACs 40.6% 
TV_0 =1 if the household has no TV 4.7% 
TV_1 =1 if the household has 1 TV 75.7% 
TV_2+ =1 if the household has 2 or more TVs 19.6% 
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Fridge =1 if the household has 1 or more fridge 84.7% 
Desktop =1 if the household has 1 or more desktop 69.5% 
Solar_WH =1 if the household has 1 or more solar water heater 15.1% 

Category 6:Building Type 

Low_rise =1 if the household lives in a low-rise building (1-3 
stories) 12.7% 

Mid_rise =1 if the household lives in a mid-rise building (4-12 
stories) 78.6% 

High_rise =1 if the household lives in a high-rise building (13+ 
stories) 8.6% 

Category 7: Neighborhood Typologies 
Superblock =1 if the household lives in the Superblock 34.0% 
Enclave =1 if the household lives in the Enclave 42.4% 
Grid =1 if the household lives in the Grid 11.1% 
Traditional =1 if the household lives in the Traditional 12.6% 

D.4.2 Energy Source Choice Model 
The household energy source choice has significant impact on household energy consumption 
and GHG emission, given the variation of carbon intensity and equipment efficiency associated 
with certain types of energy use. The residential sector in China is dominated by multifamily 
apartment buildings. All housing units developed within a residential cluster normally have 
identical design of energy uses, and households have very limited freedom to change the existing 
setting, either due to technical impossibility or regulation control. In other words, the home 
energy source choice is in most cases �“embodied�” in the housing choice. Instead of choosing 
what energy to consume alone, the household is making a bundle of choices at one time, 
including location, convenience, affordability, etc.  
 
Coal is, more or less, an exception to the bundled housing and energy source choice in China. 
Although on-site consumption of coal is rapidly diminishing in the Chinese urban residential 
sector, it is still the primary energy source for space heating in many older residential 
neighborhoods constructed before 1990s, as well as in the urban villages. In residential buildings 
without centralized heating, households have two heating choices: coal or electricity. The 
household coal stove is a simple device and relatively easy to install in low-rise and mid-rise 
buildings. Thus, households in such buildings can choose to use coal and/or electric heating 
appliances, such as air-conditioners or electric heaters. We hypothesize that household attributes 
and neighborhood physical attributes have significant impact on households�’ decision about 
whether to use coal or not, and the relationship is tested through binary logistic choice models 
(Equation D-7)  
 
Specifically, in the coal choice model we use building height dummies rather than the four 
neighborhood typology dummies to examine neighborhood physical form impact. The reason is 
that within all neighborhood physical attributes, building type is the factor that might most affect 
household�’s choice of coal use, considering the difficulty of coal briquette delivery and fire 
safety concerns. More detailed explanation will be provided following the model results.  
In the Superblocks, all households have either a centralized heating connection or electric floor-
heater installed. Households cannot switch to other energy sources; no coal is consumed in these 
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three neighborhoods. In the other six neighborhoods, however, centralized heating coverage is 
limited and the choice of coal becomes relevant. Accordingly, the binominal logistic model uses 
the 1524 household records from the Enclaves, the Grid and the Traditional as the sample. The 
regression result is shown in Table D-7. 
 
Table D-7. Binary Logit Model of Household Choice of Coal Use 

Variables Coefficient Z-test Sig. Odds 
Ratio 

HHincome_100USD -0.026 *** 22.299 0.000 0.975  
Adult_1 ref. 
Adult_2 0.615 ** 4.786 0.029 1.850  
Adult_3+ 0.876 ** 6.329 0.012 2.402  
Elderly 0.680 *** 6.807 0.009 1.974  
Kid 0.348 ** 4.404 0.036 1.416  
Rental -2.027 *** 99.603 0.000 0.132  
Attitude_prestige 0.062 0.115 0.735 1.064  
Attitude_saveenergy -0.060 0.081 0.776 0.942  
Homesize65sqm_less 0.496 *** 9.217 0.002 1.643  
Lowrise 0.811 *** 17.786 0.000 2.250  
CentralizedHeating -4.198 *** 128.526 0.000 0.015  

(Constant) -0.526 2.238 0.135 
No. Observations 1527 
Coal Use=Yes 420 27.5% 
Chi Square 632.296 
Log Likelihood(Intercept) 1567.260 
Log Likelihood(Final) 934.964 
Pseudo R2 0.352    
p*<0.1, p**<0.05, 
p***<0.01  

 
The choice model results suggest: 
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To summarize, household socio-demographics, attitudes and home and building physical 
attributes all influence households�’ energy source choice for coal. But again, it should be 
emphasized that the household energy source choice is within the housing choice bundle, even if 
the choice of using coal or not can be considered independent to some extent. Some socio-
demographic attributes, such as income, undoubtedly influence people�’s housing choice, which 
might have the energy source choice embodied. A potential endogeneity problem exists in the 
model. But, since the data collected in the survey do not allow us to model people�’s housing 
choice, we cannot currently model this undoubtedly more complex decision-making process.  
Nevertheless, based on the current result we are able to confirm the impact of neighborhood form 
on household energy choice. The dominant majority of low-rise buildings (1-3 stories) exist in 
the Traditional neighborhood. Consequently, this neighborhood typology is associated with 
higher possibility of household coal use, holding all other variables constant. In other words, the 
Traditional neighborhood form �“encourages�” the use of coal.  
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D.4.3 Appliance Ownership Model 
Appliance ownership directly influences household energy use. Using the survey data, we can 
examine household ownership of five appliances: air-conditioner (AC), refrigerator, TV, desktop 
computer, and solar water heater. We still use the logistic model to examine household appliance 
ownership choice (see Equation D-7). For each appliance, only the relevant variable vectors are 
included in the model. 

Air Conditioning (AC) Ownership 
The modeling of AC ownership is slightly different from other appliances, since in many cases 
households own more than one AC. In this case, we would like to examine the likelihood of 
household owning 0, 1 or more than 1 AC. Since more than two nominal choices are available, 
the multinomial logit model is a more appropriate approach. The modeling result of AC is shown 
in Table D-8. 
 
Table D-8. Multinominal Choice Model of AC ownership 

AC=1 AC=2+ 

Variables Coefficient  Z-test Odds 
Ratio Coefficient  Z-test Odds 

Ratio 
HHincome_100USD 0.009  *** 25.277 1.009 0.012 *** 48.056 1.012 
Adult_1 ref. ref. 
Adult_2 0.023  0.009 1.024 0.329 0.865 1.390 
Adult_3+ -0.307  1.005 0.736 0.077 0.035 1.080 
Kid 0.302  ** 3.978 1.353 0.545 *** 9.299 1.725 
Elderly -0.336  1.969 0.715 -0.121 0.201 0.886 
Rental -1.032  *** 40.419 0.356 -1.559 *** 48.953 0.210 
Attitude_prestige -0.118  0.499 0.888 -0.239 1.478 0.787 
Attitude_saveenergy -0.495  ** 5.777 0.609 -0.658 *** 7.802 0.518 
LN_area 1.051  *** 49.637 2.861 2.798 *** 141.894 16.404 
TopFloor 0.247  1.285 1.281 0.574 ** 5.084 1.776 
electric.heating 0.578  *** 11.482 1.783 0.434 ** 4.189 1.544 
Electric_fan -0.113  * 2.798 0.893 -0.166 ** 4.691 0.847 
Superblock ref. ref. 
Enclave 0.084  0.112 1.088 -0.758 *** 8.334 0.468 
Grid -0.360  1.568 0.698 -1.304 *** 17.614 0.271 
Traditional -1.480  *** 23.683 0.228 -4.741 *** 100.250 0.009 

  
(Constant) -3.369  *** 19.958   -11.209 *** 92.735   
No. Observations 2334  
Ownership =1 865  37.06% 
Ownership =2+ 949  40.66% 
Chi Square 1531.979  
LogLikelihood(Intercept) 4942.019  
Log Likelihood(Final) 3410.040  
Pseudo R2 0.307                
p*<0.1, p**<0.05, p***<0.01 

 
The modeling result reveals a number of relevant factors associated with owning a different 
number of ACs. Some factors, such as income, home ownership, and household attitude, make 
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intuitive sense and are not discussed in detail. Instead, we highlight findings of particular 
potential relevance to neighborhood typology:  

 

 
 

 

 

 

 
The last point above suggests that the Superblock neighborhood form may �“encourage�” air 
conditioner ownership. According to the results of the model for the choice of 1 AC, the choice 
is mostly determined by individual household characteristics; neighborhood type makes a 
difference only for the Traditional. It is possible that the traditional lifestyle in this neighborhood 
is strongly inclined to natural ventilation rather than AC On the other hand, the neighborhood 
type has a strong relationship with the household�’s choice to own more than one AC. A plausible 
explanation lies in the diversity of neighborhood functions. As discussed in Chapter 4, the 
Superblocks have highly homogeneous residential land use with very limited shops, restaurants 
and entertainments.  In comparison, the other three neighborhoods have more diverse functions, 
meaning that, for example, during the summer season, people have more choices to going out 
locally for entertainment and enjoying natural ventilation instead of the AC-cooled home. In this 
sense, the neighborhood form affects household AC ownership choice through affecting 
household behavior. Since the Superblocks reduce the �“street life�” option for residents, those 
residents may demand more ACs, as well as the associated electricity consumption.  
One extra consideration is that the AC choice model might be a nested logit instead of 
multinominal logit. In a nested logit framework, the three options are not independent. The 
decision of owning 1 AC or owning 2 or more ACs is based upon the decision of owning AC or 
not, as shown below:  
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An Independence of Irrelevant Alternative (IIA) test will tell whether the AC ownership choice 
fits into multinominal logit or nested logit framework. Given time constraints, this issue is not 
examined in the thesis.  

TV, Refrigerator and Desktop Ownership 
Table D-9 presents the logit model for TV ownership choice, and Table D-10 presents the logit 
models for refrigerator and desktop ownership choice. For TV ownership, we use multinominal 
logit model instead of binary because a number of households own 2 or more TVs.  
 
Table D-9. Multinominal Choice Model of TV ownership 

TV=1 TV=2+ 
Variables Coefficient Z-test Odds Ratio Coefficient  Z-test Odds Ratio 
HHincome_100USD 0.002  0.980 1.002 0.006 ** 5.908 1.006 
Adult_1 ref. ref. 
Adult_2 0.539  * 3.781 1.714 1.187 ** 5.928 3.277 
Adult_3+ 0.397  0.907 1.487 1.136 * 3.688 3.114 
Elderly 1.114  *** 16.645 3.048 1.376 *** 20.844 3.959 
Kid -0.104  0.047 0.901 0.096 0.035 1.100 
Rental -2.426  *** 70.438 0.088 -3.122 *** 80.220 0.044 

  
Attitude_prestige -0.469  * 3.187 0.625 -0.358 1.496 0.699 
Attitude_saveenergy -0.214  0.536 0.808 -0.551 * 2.934 0.576 

  
Bedroom_1 ref. ref. 
Bedroom_2 0.005  0.000 1.005 0.398 1.508 1.489 
Bedroom_3+ 0.430  1.401 1.538 1.706 *** 16.554 5.504 

  
(Constant) 3.199  *** 48.252   0.134   0.044   
No. Observations 2333  
Ownership =1 1764  75.61% 
Ownership =2+ 458  19.63% 
Chi Square 501.895  
Log Likelihood(Intercept) 2327.903  
Log Likelihood(Final) 1826.008  
Pseudo R2 0.159                
p*<0.1, p**<0.05, p***<0.01 

Table D-10. Binary Logit Choice Model of Refrigerator and Desktop 
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Refrigerator Desktop 

Variables Coefficient Z-test Odds 
Ratio Coefficient  Z-test Odds Ratio 

HHincome_100USD -0.002  0.980 1.002 0.012 *** 114.528  1.012 
Adult_1 ref. ref. 
Adult_2 0.601  ** 6.286 0.548 0.140 0.532  0.870 
Adult_3+ 0.729  ** 5.436 0.483 0.269 1.271  0.764 
Kid 0.691  *** 17.295 0.501 -0.412 *** 5.075  0.663 
Elderly 0.048  0.026 0.954 -0.904 ** 65.501  2.469 
Rental -3.113  *** 385.077 22.487 -0.820 *** 48.671  0.440 
Attitude_prestige -0.082  0.171 1.086 0.233 * 3.416  0.792 
Attitude_saveenergy -0.246  1.294 1.279 -0.312 ** 4.538  0.732 

  
(Constant) -1.706  *** 29.547   -0.042   0.033    
No. Observations 2340  2331 
Ownership =Yes 1982  84.7% 1620 69.5% 
Chi Square 806.689  419.008 
Log 
Likelihood(Intercept) 1511.387   1803.735  
Log Likelihood(Final) 704.698  1384.728 
Pseudo R2 0.403        0.146       
p*<0.1, p**<0.05, p***<0.01 

 
Most results of the model are in accordance with our hypotheses. Households with higher 
income are more likely to own appliances, since additional income directly expands the budget 
constraint. Larger households also have higher probability of owning appliances, because more 
people, all else equal, increases the likely demand for appliance functionality, thus increasing the 
utility gained per unit dollar input for purchasing the appliance. The presence of children 
increases the possibility of a household owning appliances, again reflecting Chinese households�’ 
willingness to spend money to increase their children�’s living standard. On the other hand, the 
presence of elderly negatively impacts the desktop ownership choice, perhaps for the reason that 
older people rely less on computer technology for work and entertainment.  
 
The impact of attitudes is significant as well. Households caring more about energy saving are 
less likely to own extra TVs and desktops, and households inclined towards prestige are likely to 
own desktops. Again, this variance suggests a life style difference, either frugal or extravagant.  
The home physical attributes only affect the ownership of TVs. Intuitively, the more rooms in a 
household, the more TVs. The model suggests that households living in larger homes with more 
bedrooms are more likely to own more than 2 TVs.  
 
In general, individual household characteristics dominate the ownership of the TVs, refrigerators 
and desktops. However, the relatively modest explanatory power of these models should be 
noted, with the Pseudo  of TV model and desktop model smaller than 0.20. Obviously, many 
other variables outside the scope of our model account for these choices.  

Solar Water Heater Ownership 

Table D 11 presents
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Table D-11. Binary Logit Model of Solar Water Heater Ownership 
Variables Coefficient Z-test Sig. Odds Ratio 
HHincome_100USD 0.003 *** 14.553 0.000 1.003 
Adult_1 ref. 
Adult_2 0.071 0.059 0.809 1.074 
Adult_3+ 0.080 0.066 0.798 1.083 
Rental -1.063 *** 30.179 0.000 0.345 
Attitude_saveenergy -0.217 1.766 0.184 0.805 
TopFloor 0.683 *** 14.494 0.000 1.981 
Superblock ref. 
Eclave 2.444 *** 136.847 0.000 11.513 
Grid 1.792 *** 45.738 0.000 6.002 
Traditional 1.594 *** 26.577 0.000 4.923 

(Constant) -3.610 *** 93.570 0.000   
No. Observations 2276 
Ownership=Yes 343 15.1% 
Chi Square 249.600 
Log 
Likelyhood(Intercept) 1289.749  
Log Likelyhood(Final) 1040.150 
Pseudo R2 0.129         
p*<0.1, p**<0.05, p***<0.01 

 
The model displays relatively low goodness of fit, as measured by the rho square value of 0.129. 
Among the socio-demographic and attitude variables introduced into the model, only home 
ownership is significant. Renters seem more unlikely to install solar water heaters, similar to the 
finding for coal choice, ACs, and other appliances, indicating again perhaps an unwillingness to 
invest in items which may be difficult to install, difficult or impossible to uninstall (in the case of 
moving) and/or prohibited by landlords. The income effect is significant in the model. It is 
possible that higher income households tend to have lower discount rates meaning they would 
more greatly value longer-term energy savings and be more willing to invest now for those 
savings in the future. Household size has no significant impact, going against our hypothesis that 
larger households increase demand for water heating and thus the likelihood of considering 
operational cost savings through using solar water heaters. Surprisingly, household attitude 
towards saving energy also shows no significant impact, indicating that the purchase decision of 
solar water heaters might not be based upon energy saving or cost saving rationale.  
 
Characteristics associated with the neighborhood form suggest that physical constraints play a 
meaningful role in solar water heater ownership. Households living in top floor units are much 
more likely to own solar water heaters. Given the prevailing technique, solar water heaters can 
only be installed on building rooftops, increasing the likelihood that households living on top 
floors have the installation option. The three neighborhood typology dummies are all significant 
with positive coefficient signs, suggesting that households in Enclave, Grid and Traditional are 
more likely, respectively, to own solar water heaters than Superblock households. A likely 
reason is that the Superblocks have a high presence of high-rise buildings, which enable only 
households living on the top two or three floors to install solar water heaters. Meanwhile, 
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according to the odds ratio, the enclave households are most likely to own solar water heater, 
followed by the Grid and the Traditional. A possible explanation is that the Enclaves have more 
organized building layout with moderate building-to-building distance, thus are more �“solar 
friendly�”. 

D.4.4 Energy Consumption and GHG Emission Model by Energy Source 
We now specify and estimate models of estimated total household energy consumption and GHG 
emissions for the three energy sources, electricity, coal and gas. The basic models take the linear 
form (Equations D-5 and D-6). 

Electricity: 1 Stage OLS Model 
We first specify and estimate an OLS regression model of electricity consumption and associated 
GHG emission. Table D-12 shows the results. 
 
Most of the results are in accordance with our hypotheses. Higher income, larger household size, 
presence of children, larger home construction area, and more appliances contribute to higher 
electricity energy consumption and GHG emissions. Strong awareness towards saving energy 
has an inverse effect, reducing electricity energy consumption and GHG emission. Beyond these 
intuitive relationships, some other findings warrant more in-depth discussion: 
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In the GHG emission model, the coefficients and t-values are all identical to those in the 
electricity consumption model. The reason is that the dependent variables in the two models take 
the logarithmic form, and the GHG emissions are directly converted from electricity 
consumption by multiplying a constant conversion factor. Under such setting, the only difference 
between the two models is the constant (intercept), while all other relationship between variables 
will be the same. 
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Table D-12. Electricity Energy Consumption and GHG Emission Model 

 Electricity Energy Consumption Model GHG Emission 
Model 

  Household Basic 
Model 

Plus  
Appliance 
Ownership 

Plus Neighborhood 
Typology LN (kg CO2) 

Variables Coeff.  t Coeff. t Coeff. t Coeff. t 
Socio-demographics           
HHincome_100USD 0.001  *** 5.205 0.001 *** 2.920 0.001 *** 3.095  0.001 *** 3.095 
Adult_1 ref. ref.         
Adult_2 0.175  *** 3.493 0.151 *** 3.018 0.149 *** 2.976  0.149 *** 2.976 
Adult_3+ 0.253  *** 4.217 0.228 *** 3.805 0.224 *** 3.732  0.224 *** 3.732 
Kid 0.152  *** 5.415 0.090 *** 3.205 0.087 *** 3.079  0.087 *** 3.079 
Elderly 0.015  0.357 0.029 0.685 0.025 0.589  0.025 0.589 
Rental -0.118  *** -3.355 0.060 1.550 0.046 1.167  0.046 1.167 

          
Attitudes           
Attitude_prestige 0.008  0.260 0.017 0.563 0.013 0.426  0.013 0.426 
Attitude_saveenergy -0.108  *** -3.266 -0.077 ** -2.393 -0.078 ** -2.421  -0.078 ** -2.421 

          
Home Physical           
LN_area 0.563  *** 23.766 0.429 *** 16.622 0.446 *** 16.041  0.446 *** 16.041 
TopFloor 0.023  0.575 0.035 0.918 0.031 0.815  0.031 0.815 

          
Heating Method           
Electric.heating 0.125  *** 3.918 0.124 *** 3.896 0.117 *** 3.627  0.117 *** 3.627 

          
Appliance Ownership           
AC=0 ref.   ref.   ref. 
AC=1 0.170 *** 4.613 0.194 *** 5.117  0.194 *** 5.117 
AC>=2 0.215 *** 5.104 0.247 *** 5.615  0.247 *** 5.615 
Fridge 0.288 *** 6.364 0.302 *** 6.605  0.302 *** 6.605 
TV=0 ref.   ref.   ref. 
TV=1 0.082 1.375 0.071 1.187  0.071 1.187 
TV >=2 0.231 *** 3.473 0.210 *** 3.142  0.210 *** 3.142 
Desktop 0.122 *** 4.201 0.129 *** 4.424  0.129 *** 4.424 
Solar Water Heater -0.075 *** -2.311 -0.081 ** -2.371  -0.081 ** -2.371 

          
Neighborhood Typology           
Superblock     ref.  ref. 
Enclave     0.022 0.630  0.022 0.630 
Grid     0.054 1.175  0.054 1.175 
Traditional     0.138 ** 2.561  0.138 ** 2.561 

          
(Constant) 7.316  *** 64.169 7.350 *** 58.659 7.229 *** 50.868  4.871 *** 34.274 
No. Observations 2341      2262     2262     2261     
F Value 134.924 94.398   81.471   85.893 
R2 0.386     0.426     0.428     0.429     
p*<0.1, p**<0.05, p***<0.01 

Electricity: 2-Stage OLS Model 
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As outlined above, household energy consumption involves discrete-continuous choices. The 
purchase choice of appliances is discrete, while the consumption choice, given a set of appliance 
ownership is continuous. Endogeneity exists mainly due to omitted variables which affect both 
appliance use and appliance ownership choice. To address the issue, we use the 2-Stage approach 
(Equations D-8 and D-9). 
 
One critical prerequisite of two-step modeling is to identify valid instrumental variables. 
Theoretically, the instrumental variable in our model should affect appliance ownership, but be 
unrelated with the error term in the original model. Unfortunately, we are not able to find very 
satisfactory instrumental variables given data limitations. The survey did not cover enough 
information about household preference, behavior and attitude to instrument appliance 
ownership. The mitigation approach is to use some variables that have been tested to be 
insignificant in the 1-stage model, such as the home ownership dummy and the top-floor dummy, 
as instrumental variables. 
 
The two-step approach uses the appliance ownership probability estimated by the logistic choice 
models presented in the last section to replace the observed ownership variables in the reduced 
form electricity consumption model (Equation D-9). The result is shown in Table D-13. 
 
The model does not provide satisfactory results. Four out of the seven appliance ownership 
dummies show no significant impact, while the remaining three have unreasonably high 
coefficient values. The major causes are poor instruments and subsequent multicollinearity. The 
logit models of appliance ownership have relatively low Pseudo R2, suggesting limited 
explanation power of the variances. The estimated ownership probability dummies in the 2-stage 
model have high measures of collinearity (VIF values), which is not surprising because most 
variables used to estimate appliance ownership exist in the OLS model. Given data limitations, 
we are unable to find effective instruments for the 2-stage approach. Accordingly, in the 
following analysis we continue to use the 1-stage approach, even though the 2-stage approach is 
theoretically more justifiable. 
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Table D-13. 2-Stage OLS Model of Electricity Energy Consumption 

1 Stage OLS   2 Stage OLS 
Variables Coefficient t-value VIF Coefficient  t-value VIF 
Houshold Basics   
Income_100USD 0.001  *** 3.125 1.443 0.001 1.473 6.022 
Adult_1 ref. ref. 
Adult_2 0.145  *** 2.908 4.325 0.167 *** 2.908 5.565 
Adult_3+ 0.236  *** 4.261 4.691 0.263 *** 4.127 6.016 
Kid 0.087  *** 3.133 1.283 0.108 ** 2.208 3.890 
Attitude_saveenergy -0.083  *** -2.681 1.022 -0.089 ** -2.557 1.222 
LN_area 0.442  *** 16.175 2.178 0.709 *** 13.951 7.238 
Electric.heating 0.120  *** 3.747 1.166 0.150 *** 4.121 1.476 

  
Appliance 
Ownership       
AC=0 ref. 
AC=1 0.191  *** 5.051 2.545   
AC>=2 0.244  *** 5.564 3.552   
Fridge 0.284  *** 6.555 1.830   
TV=0   
TV=1 0.059  0.999 4.949   
TV >=2 0.198  *** 2.998 5.314   
Desktop 0.128  *** 4.401 1.355   
Solar Water Heater -0.081  ** -2.376 1.140   

  
Logit Estimation   
P_AC=1 0.668 *** 4.246 6.787 
P_AC2+ 1.086 *** 4.311 32.874 
P_Fridge 0.017 0.081 17.273 
P_TV1 -0.181 -1.021 3.191 
P_TV2+ -0.299 -0.600 13.876 
P_Desktop -0.442 -1.707 17.800 
P_Solar WH -1.169 *** -3.928 9.068 

  
Neighborhood Typology   
Superblock ref. ref. 
Enclave 0.026  0.746 2.260 -0.531 *** -5.061 19.716 
Grid 0.058  1.274 1.523 -0.465 *** -5.024 6.123 
Traditional 0.151  *** 2.822 2.392 -0.620 *** -4.917 12.840 

  
(Constant) 7.293  *** 56.132 7.854 *** 21.898 
No. Observations 2262        2262       
F Value 100.556 89.895 
R2 0.428       0.393       
p*<0.1, p**<0.05, p***<0.01 
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Coal 
The coal energy consumption and GHG emissions models use the same OLS regression method 
as the electricity part. The result is shown in Table D-14. In this model we use the building type 
dummy instead of the neighborhood typology dummies, since building type is the factor most 
likely affecting household coal consumption from the thermal perspective. 
  
Table D-14. Coal Energy Consumption and GHG Emission 

Coal Energy Consumption Model Coal GHG Emission Model 
Variables Coefficient t-value Sig. Coefficient  t-value Sig. 
Socio-
demographics      
Income_100USD 0.000  -0.175 0.861 0.000 -0.175  0.861 
Adult_1 ref. ref. 
Adult_2 0.242  * 1.875 0.062 0.242 * 1.875  0.062 
Adult_3+ 0.320  ** 2.060 0.040 0.320 ** 2.060  0.040 
Kid 0.044  0.632 0.527 0.044 0.632  0.527 
Elderly 0.147  1.444 0.150 0.147 1.444  0.150 
Rental -0.349  *** -3.844 0.000 -0.349 *** -3.844  0.000 

  
Attitude_prestige 0.051  0.700 0.485 0.051 0.700  0.485 
Attitude_saveenergy -0.059  -0.694 0.488 -0.059 -0.694  0.488 

  
LN_area 0.277  *** 4.992 0.000 0.277 *** 4.992  0.000 

  
Centralized_heating -0.777  *** -3.690 0.000 -0.777 *** -3.690  0.000 

  
Low_rise 0.164  ** 2.323 0.021 0.164 ** 2.323  0.021 

  
(Constant) 9.013  *** 34.404 0.000 9.013 *** 34.404  0.000 
No. Observations 419        419       
F Value 11.813 11.813 
R2 0.221       0.221       
p*<0.1, p**<0.05, p***<0.01 

 
According to the model results, the impact of household size and home construction area is 
significant, which makes intuitive sense. Also, if a household uses centralized heating, the 
consumption of coal will dramatically decrease since these two energy sources are substitutes. In 
addition, the following findings are important:  
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Notably, selection bias is an econometric issue that should be acknowledged in the current 
model. The model uses the 419 households that use coal as the sample; this approach over-
represents the households that have already self-selected to be coal users. To address the issue, 
the Heckman Correction should be applied by incorporating a predicted probability of coal use as 
an additional explanatory variable into the model. However, due to time constraints, the 
correction approach is not conducted in this thesis.  

Gas 
Using the same method as electricity and coal, the gas energy consumption and GHG emission 
models are constructed, as shown in Table D-15. The factors impacting gas use are relatively 
simple compared to the other energy sources, and fewer variables are included in the model. 
 
The models have relatively low explanatory power, as indicated by the R squares (0.034, 0.058). 
This may in large part be a data quality problem. First, the monthly consumption data is self-
reported rather than obtained from the utility company, thus the accuracy is low. Furthermore, 
since gas expenditures are much lower than electricity, households may care less about it, so 
many respondents  may not be sure about how much gas they consume; some of them even do 
not know what type of gas they are using. Second, the data entry involves a technical mistake. 
Households using LPG have two quantification methods: one is the number of steel bottles (the 
LPG container) consumed, and the other is the number of liters consumed. But the data entry did 
not specify the quantification unit, thus the result for LPG is by no means reliable. Given these 
drawbacks, the modeling result does not provide valuable insights, although a few hypotheses 
have been tested and supported. Further analysis will rely on data with higher quality. 
 
Notably, the household gas coverage in our survey (81.5%) is much lower than the number 
announced by the government (97.8%). As mentioned earlier, many households are unsure about 
the type and amount of gas they consume so the gas category is often left blank. Self-selection 
bias might also exist in the model, and further improvement of the model relies on extra data 
input. 
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Table D-15. Gas Energy Consumption and GHG Emission 

Gas Energy Consumption Model Gas GHG Emission Model 

Variables Coefficient t-
value Sig. Coefficient  t-

value  Sig. 

Gas Source   
Natural Gas 0.211 *** 4.818 0.000 0.093 ** 2.131  0.033 
Coal Gas -0.030 -0.550 0.582 -0.382 *** -6.904  0.000 
LPG ref. ref. 

  
Socio-demographics   
Income_100USD 0.000 * 1.920 0.055 0.000 * 1.920  0.055 
Adult_1 ref. ref. 
Adult_2 -0.055 -0.605 0.545 -0.055 -0.605  0.545 
Adult_3+ -0.009 -0.088 0.930 -0.009 -0.088  0.930 
Kid 0.082 * 1.919 0.055 0.082 * 1.919  0.055 
Elderly 0.002 0.040 0.968 0.002 0.040  0.968 
Rental -0.077 -1.454 0.146 -0.077 -1.454  0.146 

  
Attitudes   
Attitude 27_prestige 0.053 1.185 0.236 0.053 1.185  0.236 
Attitude 
30_saveenergy 0.055 1.095 0.274 0.055 1.095  0.274 

  
Appliance   
Gas Water Heater 0.132 * 1.777 0.076 0.132 1.777  0.076 

  
(Constant) 8.401 *** 82.741 0.000 5.638 *** 55.528  0.000 
No. Observations 1839       1839 
F Value 6.943 11.236 
R2 0.034       0.058       
p*<0.1, p**<0.05, p***<0.01 

 

D.4.5 Total Energy Consumption and GHG Emission Model 
Finally, a full model covering electricity, coal and gas energy consumption is constructed, 
together with the total GHG emission model. Note that these models DO NOT include 
centralized heating, for which no empirical data is applicable given the fact that centralized 
heating is not metered in Chinese households. The models are shown in Table D-16. 
 
In general, the model results are in accordance with the sub-models for individual energy 
sources. Since many similar findings have been identified and discussed in the previous section, 
the analysis in this section will only focus the new insights. Households using coal consume 
about 140% more energy than non-coal users. For centralized heating users, the total remaining 
energy consumption via electricity, and gas is 14% less. 
 
The neighborhood typology dummies show no significant impact in this model, mainly because 
the neighborhood form impact has been implicitly contained in the energy source variables and 
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appliance ownership variables. After taking these impacts into account, there is no extra effect on 
total energy consumption. 
 
The coefficients in the GHG emission model are similar to those in the energy consumption 
model. The emission signs and the significance level are all the same, so no further interpretation 
is repeated.  
 
Again, exogeneity exists in the model, and we tried the 2-stage approach by instrumenting the 
relevant choices such as coal and appliances. However, the problem of poor instruments and 
serious multicollinearity still exist, as identified in our attempt to modeling electricity energy 
consumption through the 2-stage approach. Improvement of the current model will require better 
data. Finally, it should be emphasized again that the two �“total models�” above do not cover 
centralized heating. When using the model to estimate household energy consumption or GHG 
emission, the centralized heating energy consumption or GHG emission should be captured and 
added into the model estimation, if a household uses centralized heating. 
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Table D-16. Total Energy Consumption and GHG Emission Model 
Total Energy Consumption Model Total GHG Emission Model 

Variables Coefficient t-value Sig. Coefficient  t-
value Sig. 

Energy Sources   
Use Gas 0.250 *** 8.461 0.000 0.157 *** 5.237  0.000 
Use Coal 0.897 *** 25.850 0.000 0.965 *** 27.317  0.000 
Use Centralized 
Heating -0.132 *** -4.279 0.000 -0.147 *** -4.663  0.000 

Socio-demographics   
Income_100USD 0.001 *** 3.844 0.000 0.001 *** 3.921  0.000 
Adult_1 ref. ref. 
Adult_2 0.151 *** 3.356 0.001 0.146 *** 3.177  0.002 
Adult_3+ 0.213 *** 3.942 0.000 0.210 *** 3.819  0.000 
Kid 0.094 *** 3.692 0.000 0.093 *** 3.589  0.000 
Elderly 0.017 0.462 0.644 0.016 0.422  0.673 
Rent 0.023 0.633 0.527 0.022 0.603  0.546 

  
Attitudes   
Attitude_prestige 0.029 1.076 0.282 0.024 0.867  0.386 
Attitude_saveenergy -0.055 * -1.892 0.059 -0.062 ** -2.093  0.036 

  
Home Physical   
LN_area 0.396 *** 15.821 0.000 0.402 *** 15.789  0.000 
TopFloor 0.016 0.471 0.638 0.014 0.411  0.681 

  
Appliance Ownership   
AC=0 Ref.  Ref. 
AC=1 0.153 *** 4.507 0.000 0.163 *** 4.704  0.000 
AC>=2 0.210 *** 5.267 0.000 0.228 *** 5.614  0.000 
Fridge 0.230 *** 5.537 0.000 0.235 *** 5.551  0.000 
TV=0 Ref.  Ref. 
TV=1 0.115 2.128 0.033 0.109 1.993  0.046 
TV >=2 0.216 *** 3.594 0.000 0.218 *** 3.570  0.000 
Desktop 0.087 *** 3.325 0.001 0.094 *** 3.531  0.000 
Solar Water Heater -0.071 ** -2.304 0.021 -0.073 *** -2.320  0.020 

  
Neighborhood Typology   
Superblock Ref.  Ref. 
Enclave -0.008 -0.232 0.817 -0.017 -0.509  0.611 
Grid 0.018 0.422 0.673 0.015 0.359  0.719 
Traditional -0.017 -0.332 0.740 -0.019 -0.359  0.720 

  
(Constant) 7.643 *** 59.957 0.000 5.256 *** 40.493  0.000 
No. Observations 2262       2262       
F Value 127.205 126.560 
R2 0.562       0.560       
p*<0.1, p**<0.05, p***<0.01 

D.4.6 Summary 
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In this Appendix, we examined the household energy source choice, appliance ownership choice, 
and energy consumption and GHG emission of electricity, gas and coal. The models developed 
have moderate explanatory power, with  or pseudo  ranging from 0.20 to 0.60. The gas 
model does not produce good results, likely due to the data quality problem.  
 
Most of the findings are in accordance with our hypotheses. In general, the impact of socio-
demographics, household attitudes and home physical attributes is significant in determining 
household energy source choice, appliance ownership choices, and the energy usage upon the 
choices, with a few exceptions such as the presence of elderly and the attitude of prestige 
preference. The neighborhood form impact is examined through building type dummies and 
neighborhood typology dummies. The major finding is that the Traditional neighborhood type is 
associated with higher possibility of choosing coal as the energy source, and higher consumption 
of both electricity and coal, all else equal. Compared to the Superblock, the other three 
neighborhood types have lower demand for air conditioners. We also deducted from the solar 
water heater model that the Enclave and the Grid are more suitable for the utilization of solar 
energy.  
 
The income elasticity of different energy sources is of interest. The coefficient of per capita 
income in the electricity energy consumption model is 0.0005, suggesting that electricity 
consumption will increase 0.05% per $100 increase in household income. Under current average 
income level (11,000USD), doubling the household income will only result in 5.5% increase in 
electricity consumption, when other variables are held constant. For coal energy consumption, 
the income effect is not significant at all, suggesting even lower elasticity. According to these 
findings, the urban household energy demand in China is rigid with regard to income. Note, 
however, that this value ignores the impact of income on appliance ownership. The real picture 
can only be illuminated by a system of models including both ownership and use. 
 
To solve the endogeneity problem, we attempted the 2-stage approach. But, due to poor 
instruments and multicollinearity, the modeling result is not satisfactory. The fundamental 
limitation is again data availability, since we are unable to find very effective instrumental 
variables. 
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E. Transportation Energy Use Calculations and Model Estimations

E.1 Household Transport Energy Use and Emission Data 

E.1.1 Measure of Household Transport Energy Use 

Using the reported weekly travel diary data, we calculated the estimated weekly transportation 
energy consumption of each household in our sample. The weekly scope is important to capture 
relevant activities over a longer time period than a day or two. The household focus is important 
because a household, in aggregate, ultimately occupies a residential unit, so the energy 
consumption of all relevant members should be accounted for; furthermore, some travel 
decisions (especially for non-work trips) are made by more than one member of the family and 
vehicles are often shared by household members.  
 
Specifically, we summed up the household weekly travel distance by each mode, adjusted for 
trip-based occupancy. Then, the distances by mode were converted into energy consumption by 
using the mode�’s energy intensity. The energy intensity comes from vehicle fuel economy and 
the fuel energy content factor. In equation form:  
 

E-1: ,  

E-2:  

E-3:  
where 

 = Total household weekly transport energy consumption, by household i, in mega 
joules per household per week (MJ/ HH/ Week)  

 = Weekly household transport energy consumption, by household i using mode m, in 
mega joules per household per week (MJ/ HH/ Week)  

 = Trip frequency (Trips/ Week), by mode m, for purpose k, by person j in 
household i 

 = Average travel distance per trip (Km/Trip), by mode m, for purpose k, made by 
person j in household i 
    = Trip occupancy, by mode m for purpose k, by person j in household i 

 = Energy intensity factor for mode m (MJ/ km)  
 
 = Energy content factor (MJ/L) of the fuel type consumed by mode m 

 
Occupancy rates of automobile, taxi, motorcycle and e-bike can be associated with each trip, and 
thus were estimated using reported person trip data from the survey. Specifically, person trips 
with exactly the same reported purpose, length and time among two or more household members 
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were treated as one trip shared by all. For transit, the system-wide occupancy rate was estimated 
at 18 persons per bus based on reported system operation performance data in 2007.23  
Table E-1 presents the average fuel consumption and energy consumption data used in the 
analysis, with the estimation process described in the footnotes.  
 
Table E-1. Fuel Economy, Fuel Energy Content and Energy Intensity Assumptions 
Mode  
(m) 

Fuel Economy  
(   

 Fuel Energy Content 
 (  

 Energy Intensity Factor 
 (  

Car 0.092L/kma  32.2 MJ/Lf  2.962 MJ/km 

Taxi 0.083L/kmb  32.2 MJ/Lf  2.673 MJ/km 

Bus 0.3L/kmc  35.6 MJ/Lf  10.680 MJ/km 

Motorcycle 0.019L/kmd  32.2 MJ/Lf  0.612 MJ/km 

E-bike 0.021kwh/kme  --  0.076 MJ/km 

Notes: a. derived from (National Bureau of Statistics, 2008). I used on average fuel economy of existing automobile 
engine types in China weighted by their nationwide market composition. Specifically, fuel economies of existing 
automobile engine types (with the market share) are: 6.5L/100km (4.96%), 8.3L/100km (53.69%), 10.2L/100km 
(32.09%), 11.9L/100km (8.65%), 13.9L/100km (0.62%). b. We used an average fuel economy of seven taxi vehicle 
types in Jinan, including: JETTA (6.7L/100km), SANTANA (7L/100km), SANTANA2000 (8L/100km), FUKANG 
(8.3L/100km), PASSAT(9L/100km), BUICK(11L/100km). This information was provided by Mr. Liu Kai from 
Tsinghua Univeristy based on his interview with officials from the Jinan Transportation Bureau. c. (Zheng & Chen, 
2008). d. derived from (National Bureau of Statistics, 2008). Again, we used on average fuel economy of 
motorcycles in China and weighted by vehicle fleet composition. The market shares of motorcycles with fuel 
consumption rates of 0.8L/100km (special light duty type; 15%), 1.3L/100km (light duty type; 30%), 2.2L/100km 
(engine-90 type; 40%), 3.3L/100km (engine-125 type; 15%). e. (Cherry, et al., 2009a). f. (MIT Energy Club, 2009) 
assuming all cars, motorcycles and taxis use gasoline, and all buses use diesel. 
 
The energy consumption estimation described above only considers the direct fuel or electricity-
associated energy use; up-stream energy is currently not included (e.g., energy required to refine 
and distribute gasoline or generate and transmit electricity), nor is the full life-cycle energy 
embodied in the vehicles. Also, we do not include the energy consumption (e.g., calories) 
associated with walking or bicycling, nor the associated energy embodied in relevant equipment, 
such as footwear and bicycles (likely negligible in any case, compared to the embodied energy in 
other forms of transport). Finally, the speed and traffic condition effects on the energy efficiency 
of vehicle operations are not reflected in the current estimation. 

E.1.2 Measure of Household Transport GHG Emissions  

To estimate household transport GHG emissions, we followed equations E-1, E-2, and E-3 for 
calculating transport energy use, except I replaced mode specific energy intensity factors ( ) 
in those equations with mode specific GHG emission factors ( ) measured in kgCO2/km, and 

E-4:  
where: 

 = Fuel economy factor (L/km; kwh/km) associated with mode m  
 = GHG content factor (kgCO2/L; kgCO2/kwh) of the fuel consumed in mode m 

Table E-2 presents the average fuel consumption and GHG emission data used in the analysis.  
                                                 
23 Indicators for the Jinan transit operation performance in 2007 were used for the occupancy estimation, including: 
operating distance as 160000000 km per year; daily passenger volume as 1930000 passenger-trips per day; average 
trip length as 4.04 km per passenger-trip (SDUTC, 2008). The occupancy rate is calculated by: (930000 × 365 × 
4.04 /160000000) = 18 passengers per bus.   
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Table E-2 Fuel Economy, Fuel Carbon Content and GHG Emission Factor Assumptions 
Mode  
(m) 

Fuel Economy  
(   

 GHG Content Factor 
 (  

 GHG Emission Factor 
 (  

Car 0.092L/km  2.165 kgCO2/La  0.199 kgCO2/km 

Taxi 0.083L/km  2.165 kgCO2/La  0.180 kgCO2/km 

Bus 0.3L/km  2.470 kgCO2/La  0.741 kgCO2/km 

Motorcycle 0.019L/km  2.165 kgCO2/La  0.041 kgCO2/km 

E-bike --  --  0.026 kgCO2/kmb 

Notes: a. (MIT Energy Club, 2009) assuming all cars, motorcycles and taxis use gasoline, and all buses use diesel. b. 
(Cherry, et al., 2009a) 

E.2 Multivariate Analysis: Generic Regression Modeling Approach 

The basic multivariate regression analysis regresses household weekly travel energy 
consumption on variables including neighborhood form measures and the disaggregate 
household-level data. We can translate the main short-term relationships among energy 
consumption, neighborhood variables and other relevant factors into a series of equations, as 
shown below: 

E-5:  
E-6:  

E-7:  
where 

ET =household weekly total travel energy consumption  
T= household weekly travel activity pattern 

 = the net utility associated with a certain weekly travel pattern 
y = household travel budget  
B = the utility sum derived at destinations associated with a certain weekly travel pattern 
C = the disutility sum (time, $, discomfort) associated with a certain weekly travel pattern 
S = a vector of socio-demographic variables 
V = a vector of vehicle ownership variables 
N = a vector of neighborhood form and location characteristics, and  
D = a vector of fixed destination form and location characteristics, and  
A = a vector of household attitudes towards trip modes 

 
In equation E-5, travel energy use derives from the household travel pattern, and the travel 
pattern is determined by a household maximizing net utility ( ) among a set of travel pattern 
choices under the constraint of the household travel budget (y) and vehicle availability (V). 
Equation E-6 indicates that the net utility is the benefit derived from activities at destinations (B) 
less the disutility (general cost) of the travel effort (C); both (B) and (C) can be influenced by the 
neighborhood characteristics (N), destination characteristics (D), household socioeconomics and 
demographics (S), plus household attitudes and preferences (A). Finally, equation E-7  assumes 
that the household travel budget is mostly affected by household socioeconomics and 
demographics (S), such as income, family size and structure, etc. 
To obtain a reduced form model, we assume that differences in net utility ( ) and variances in 
travel budget (y) can both be completely explained by differences in the neighborhood 
characteristics (N), fixed destination characteristics (D), household socioeconomics and 
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demographics (S), and their attitudes and preferences (A). Therefore, equation E-6 and E-7 can 
be substituted into equation E-5 to yield: 
 

E-8:  
 
Equation E-8 offers a convenient model form for conducting regression analysis; the common 
specification would follow the linear ordinary least square (OLS) model with the form: 
 

E-9:  
 
However, there are three potential problems associated with this specification. First, equation 
E-9 assumes a linear relationship between any explanatory variable and the energy consumption. 
This may not be true for many variables. For example, as income increases it may have a 
diminishing effect on travel energy use, due to, for example, households�’ travel time budget or 
spatial constraint. Therefore, log-transformation of some variables in the OLS model may be 
more appropriate. 
 
A second problem with the OLS model may come from the distribution of household 
transportation energy consumption. In developed countries, we may expect a somewhat normal 
distribution because most households drive cars every week. In China, however, the majority of 
people still do not have access to automobiles. Some may even only walk and bike. Their energy 
consumption, as we have defined it here, would be zero. In the case of energy consumption, 
these cases are left censored at zero. There may be several reasons for this �“censoring�” at zero, 
which have important implications for the regression technique employed. For example, 
households who only walk and bike will record 0 values for transportation energy consumption. 
But, those zeros may be qualitatively different than a random zero (that is, the chance that the 
household made no motorized energy consumption travel on that particular week). In other 
words, those households may purposefully choose zero energy use and, in fact, would prefer to 
choose �“negative�” energy use. Given such an impossibility, the subsequent estimating of a OLS 
regression line to all the observations, including the zeroes may underestimate the actual 
relationship between the independent variables and energy use. The statistics literature refers to 
this as a censoring problem of the dependent variable. 
 
In this context, a TOBIT model, first developed by Tobin (1958), seems to be an appealing 
solution. To address the censoring problem, the TOBIT model assumes that for each observation, 
there is a latent variable , which linearly depends on a vector of independent variables 

with a normally distributed error term  (Sigelman & Zeng, 1999): 
 

E-10:  
Where: 

 

Under TOBIT, the observed variable  equals the latent variable whenever  is greater than 
zero, and zero otherwise. 
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A third problem is the now well-known �“self-selection�” problem (Mokhtarian & Cao, 2008; 
Zegras, 2010). Common challenges to a single-stage, cross-sectional multivariate regression 
model attempting to assess the relationship between neighborhood form and travel behavior 
include: 

1. The possibility of sample selection bias. This can exist when we only collect observations 
which can only be a subset of the full sample. For example, as we are interested in the 
energy consumption outcome, if we only observe energy-consumed households without 
having those who only walk and bike, our estimates from the regression analysis will be 
biased.  

2. The possibility of endogeneity: This is a classic �“self-selection�” problem in the built 
environment-travel behavior literature, where variables, such as attitudes, were omitted in 
the multivariate regression analysis. In our case, this means people may choose to live in 
the �“superblocks�” or buy cars, simply because (or at least simultaneously) they are 
addicted to an energy-intensive travel pattern (e.g., car prestige). Were not such effects 
excluded, we could have been biased in concluding a causal relationship between 
neighborhood features and travel energy use from modeling results.  

 
To address the challenge 1), we randomly interviewed households in neighborhoods allowing for 
observations on non-energy-consumed samples, and included them in estimating my models. 
For the challenge 2), in terms of the mostly concerned �“attitude�” effect, we attempt to address it 
in my models via statistical control. In other words, the attitudinal information collected in the 
household survey is included in the reduced form model as control variables. This is exactly the 
way socioeconomics and demographics are statistically controlled in the multivariate regression 
analysis. If the �“self-selection�” effect exists, attitude variables will be revealed significant and 
explain a good level of variance in dependent variable values in the sample. Presumably self-
selection could also be dealt with through a neighborhood choice model if we had enough 
information to specify more advanced models (e.g., structural equations model) so as to further 
address the �“simultaneouty�” concern.  
 
However, omitted variables other than attitudes may still exist and cause endogeneity. In the 
survey, we did not collect any information on household�’s major destinations. The reduced form 
regression models therefore can only take the form, 
 

E-11:  
 
But according to our conceptual framework, fixed-destination characteristics (together with 
neighborhood characteristics) can influence travel costs and realization benefits. Although our 
household transport energy use measure is not trip-specific, such destination information is likely 
to be relevant. For example, if people work in downtown where parking costs are high, they 
might be less auto-dependent and use less energy. In this vein, if we omit D when we run our 
regression in equation E-11. The effect of this factor would therefore be absorbed by the error 
term and we would actually estimate: 
 

E-12:  
Where:  
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Since correlation exists between V (vehicle ownership) and D (e.g., destination parking cost), 
and D also separately correlates with , V is now correlated with the error term, . Both OLS 
and TOBIT models assume the error term is exogenous to all independent variables. In this case, 
this assumption no longer holds and the estimates will be biased and inefficient.  

E.2.1 Multivariate Analysis: Advanced Two-Step Instrumental Models 

To correct this problem, we adopt the instrumental variable modeling approach, following a two-
step modeling procedure.  

Step 1: Logistic Regression Model for Household Vehicle Ownership 
In the first stage, we regress household vehicle ownership (V) on instrumental variables and save 
predicted values of V: 
 

E-13:  
 
where  is one or a vector of instrument variables. To be qualified as instrument variables, these 
variables must be 1) correlated with the vehicle ownership; and 2) uncorrelated with vehicle use 
or energy consumption (Mokhtarian & Cao, 2008). Otherwise, the variables would be weak 
instruments and the 2-step modeling technique would not help. 
 
Since the vehicle ownership variables (V) are discrete variables (being 1 for households owning 
vehicles, and 0 otherwise), the binary logistic regression model (LOGIT) is the appropriate 
model type of the form: 
 

E-14:  
 
For the probability of ownership for a certain vehicle type,                    

E-15:  

 
The predicted vehicle ownership from the logistical regression will, by construction, be 
uncorrelated with other determinants of vehicle use and thus energy consumptions.  

Step 2: Linear Regression Model for Household Weekly Travel Energy Use 
In the second stage, the regression of interest is estimated as usual, except that in this stage 
vehicle ownership (V) is replaced with the predicted ownership values ( ). Therefore, we regress 

 taking the form: 
 

E-16:  
where  is a vector of predicted vehicle ownership values from the first stage regression in 
equation E-14 using calculation equation E-15. 
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E.2.2 Multivariate Analysis: Sub Instrumental Models on Household Travel Distance by 

Mode 

Finally, to further explore the detailed relationships between neighborhood characteristics and 
travel energy use, we may want to know how neighborhood characteristics directly affect travel 
by different modes. We may also want to know whether different modes are substitutes or 
complements. For this purpose, we can estimate travel distance for each mode (car, transit, 
motorcycle, E-bike, bike and walk) using the same approach as in Models 1 and 2. The only 
difference is that the dependent variables are changed to household weekly travel distance (by 
mode) 

E.3 Multivariate Analysis Results 

In this section, we estimate models of weekly household travel energy consumption and GHG 
emissions, in an attempt to identify the relative role of neighborhood typology and location 
features. In our analysis we specify a number of multivariate regression models, as presented 
generally above. The dependent variable for most of those models is the household weekly travel 
energy use, although in a few cases the dependent variable is vehicle ownership or household 
weekly travel distance by different modes. For independent or explanatory variables, we have: 
variables representing neighborhood characteristics (the vector N in equation E-11); see Table 
E-3), variables representing socioeconomics and demographics (the vector S; see Table E-4), 
variables of vehicle ownership (the vector V; see Table E-5), and finally, variables representing 
household attitudes (the vector A; see Table E-6.  
 
Table E-3. Neighborhood Variables 
Variable Name Description Mean Valid Sample 

(n=) 
Traditional a dummy variable equal to one if the 

household lives in a traditional 
neighborhood 

0.12 2521 

Grid a dummy variable equal to one if the 
household lives in a grid neighborhood 

0.12 2521 

Enclave a dummy variable equal to one if the 
household lives in an enclave 
neighborhood 

0.43 2521 

Distance_to_Center The distance from the neighborhood to 
the city center of Jinan (the Spring City 
Plaza) 

3.37 2521 

On_BRT_Corridor a dummy variable equal to one if the 
household is located on a BRT corridor 

0.41 2521 

Neighborhood_Size the land area of the neighborhood 
containing the household sample 

27.13 2521 

Note: the mean of a dummy variable indicates the share of �“yes�” cases in the full sample.  
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Table E-4. Socioeconomic and Demographic Variables 
Variable Name Description Mean Valid Sample 

(n=) 
Ln_Income log transformed household monthly 

income 
6.51 2473 

Income100 Household monthly income (in 100US$) 8.58 2473 
Adult_1 a dummy variable equal to one if the 

household has only one adult 
0.08 2519 

Adult_3_or_more a dummy variable equal to one if the 
household has 3 or more adults 

0.37 2519 

Child_1_or_more a dummy variable equal to one if the 
household has 1 or more children 

0.53 2519 

Elderly_1_or_more a dummy variable equal to one if the 
household has 1 or more elderly people 

0.23 2519 

Worker_0 a dummy variable equal to one if 
household members are all unemployed or 
retired 

0.11 2519 

Worker_2_or_more a dummy variable equal to one if the 
household has 2 or more workers 

0.68 2519 

 
Table E-5. Vehicle Ownership Variables 
Variable Name Description Mean Valid Sample 

(n=) 
Car_1_or_more a dummy variable equal to one if the 

household owns 1 or more private cars 
0.31 2497 

Company_Car a dummy variable equal to one if the 
household has 1 or more company cars 

0.02 2521 

Motorcycle_1_or_more a dummy variable equal to one if the 
household owns 1 or more motorcycles 

0.10 2515 

Ebike_1_or_more a dummy variable equal to one if the 
household owns 1 or more E-bikes 

0.36 2511 

Bike_1 a dummy variable equal to one if the 
household owns 1 bike 

0.38 2517 

Bike_2_or_more a dummy variable equal to one if the 
household owns 2 or more bikes 

0.15 2517 

 
Table E-6. Household Attitude Variables 
Variable Name Description Mean Valid Sample 

(n=) 
Car_as_Prestige a dummy variable equal to one if the 

household �“strongly agree�” or 
�“agree�” that �“Car is a sign of 
prestige�”. 

0.24 2519 

Transit_as_Convenience a dummy variable equal to one if the 
household �“strongly agree�” or 
�“agree�” that �“Taking public transit is 
convenient�”. 

0.66 2520 

I_Like_Biking:  a dummy variable equal to one if the 
household �“strongly agree�” or 
�“agree�” that �“I enjoy bicycling�”. 

0.54 2515 

Travel_is_Waste_of_Time a dummy variable equal to one if the 
household �“strongly agree�” or 
�“agree�” that �“Time spent in traveling 
is a waste of time�”. 

0.41 2520 
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E.3.1 Base Regression Models on Household Transport Energy Use 
The base regression models of travel energy use include four classes of explanatory variables: 1) 
socioeconomic and demographic variables that are expected to influence travel pattern and 
associated energy use, such as household size, income, number of works, family structure and 
age, etc.; 2) vehicle ownership of private car, company car, motorcycle, e-bike and bike; 3) 
proxy measures of household attitudes towards travel modes to partially address the �“self-
selection�” problem; 4) neighborhood characteristics associated with the household, including 
location characteristics- such as distance to city center and proximity to the BRT corridors- and 
the neighborhood form typology. It is worth noting that we also include the neighborhood size as 
a variable in the model (and all following models). This is more of a purpose for statistical 
control: our neighborhood samples vary in size even within the same form typology (e.g., the 
�“superblock�” Lv-Jing versus Sunshine-100). Since size is often determined by physical barriers 
(e.g., walls, fence, arterials, etc.), we expect households living in those big neighborhoods will 
have poor connection to surrounding public transit (except for the �“grid�” which allows transit 
passing through the neighborhood), and that the location effect of proximity to BRT corridors 
will have a relatively weak impact on energy consumption and vehicle ownership. 

OLS Models 
Household transportation energy consumption can be estimated from their travel behavior 
patterns, which are directly affected by household socioeconomic and demographics, vehicle 
ownership, attitudes, neighborhood characteristics, and features of fixed destinations (e.g., 
workplace). In the absence of information on fixed destinations, we can model the relationship 
using OLS as long as the assumption holds that the error term is not correlated with any 
explanatory variables in the model. In the specific specification, we use the adjusted log-
transformed value of energy consumption to reflect some hypothesized non-linear relationship 
(e.g., energy vs. income, energy vs. distance to center), an insight from the results of the 
descriptive statistics. The OLS model takes the form: 
 

E-17:  
 
Table E-7 shows the results of fitting our base models on the Jinan neighborhood form and 
household data. In column �“control model�”, we only include the socioeconomic and 
demographics (S) and vehicle ownership (V) as control variables in the model. Most variables 
are significant with expected signs. For example, the significant and positive coefficient of the 
log-transformed income variable suggests a positive, with diminishing return, effect of income 
on household travel energy use. In other words, the richer a household is, the more travel energy 
it consumes, but less so. This is intuitive given that people have time, budget and physical 
constraints. Families with children consume more travel energy use whereas aging families 
consume less. The reason for this contrast may be that children raise overall household travel 
demand as they require more activities (e.g., recreational, educational, hospital, etc.), whereas 
elderly people may be more physically constrained and/or have less out of home commitments 
and thus prefer to stay at home or travel in short distances. 
 
Vehicle ownership variables (V) have significant impacts on energy use as well. Households 
with cars use more energy, and particularly, households with a company car tend to consume 
more energy than those with a private car. The latter has not, apparently, been revealed in the 
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literature. It suggests that company cars induce more auto use, as households do not pay for 
fuels. Or perhaps people are assigned company cars because of their intensive business travel 
requirement. 
 
Most of the neighborhood variables (N), added to the regression in column �“plus neighborhood�” 
(Table E-7) are significant at the 5 percent level. The neighborhood variables include location 
factors, size and form typologies. Distance to the city center has an expected positive impact on 
travel energy use since neighborhoods further away from the center, all else equal, are further 
geographically from all other potential destinations in the city (assuming a center-city density 
gradient) and may imply worse transit and nearby public services. Households close to BRT 
corridors tend to consume more travel energy. This may seem counter-intuitive, yet it can be 
explained by potential trade-off among different aspects of travel patterns. We will examine 
those sub-effects later in this Appendix. Regarding the neighborhood typology, all non-
�“superblock�” neighborhood typologies have significant effects in reducing household travel 
energy use. It seems that the diverse land use, parking restriction and walkable street design (e.g., 
refined internal road network) encourage households to travel with higher energy efficiency. The 
only neighborhood characteristic that has a non-significant effect is the neighborhood size. Also 
notice that the coefficients and their significance remain almost the same as those in the first 
�“control model�”. 
 
Finally, the household attitudes (A) are added to the model in column �“plus attitudes�”. Out of 
five attitude variables, only the attitude of car prestige/status (�“Car_as_Prestige�”) is revealed to 
be significant. It is interesting to see its coefficient is negative, suggesting that all else equal, 
households that view the car as a sign of prestige do consume less travel energy; and vice versa. 
One possible explanation is that people who have the car and drive a lot in Jinan today regard it 
as a common travel means. On the other hand, such a finding perhaps also implies that among 
people without much driving experiences, the status symbol perception still exist and may serve 
as a strong motive for their future transition to car owners.  
 
By comparing the adjusted R square statistics, we can see that the �“plus neighborhood�” model 
improves the explanation power perceptibly (although not much) whereas there is hardly any 
improvement from the �“plus neighborhood�” to the �“plus attitude�” model. 
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Table E-7. Comparison of OLS Models Predicting Log Transformed Household Weekly 
Total Travel Energy Use (ln_total_mj) 

 
Note: *p<.10, **p<.05 
  

Coefficient t-test Coefficient t-test Coefficient t-test
Household Characteristics
Ln_Income 0.521** 7.94 0.322** 4.79 0.313** 4.63
Adult_1 -0.435** -2.60 -0.452** -2.75 -0.447** -2.71
Adult_2 ref. ref. ref.
Adult_3_or_more 0.158* 1.68 0.234** 2.53 0.257** 2.77
Child_1_or_more 0.285** 3.96 0.235** 3.32 0.239** 3.37
Elderly_1_or_more -0.220** -2.04 -0.227** -2.13 -0.233** -2.19
Worker_0 -1.265** -8.03 -1.272** -8.25 -1.246** -8.03
Worker_1 -0.262** -2.40 -0.224** -2.09 -0.209* -1.95
Worker_2_or_more ref. ref. ref.
Car_1_or_more 1.790** 18.90 1.563** 16.16 1.552** 15.90
Company_car 2.046** 8.05 2.030** 8.17 2.010** 8.08
Motorcycle_1_or_more 0.418** 3.27 0.620** 4.89 0.624** 4.91
Ebike_1_or_more -0.168** -2.02 -0.168** -2.05 -0.172** -2.09
Bike_1 -0.084 -0.98 -0.09 -1.08 -0.087 -1.02
Bike_2_or_more -0.374** -3.22 -0.365** -3.19 -0.384** -3.31

Neighborhood Characteristics
Distance_to_Center 0.081** 2.47 0.072** 2.19
On_BRT_Corridor 0.224** 2.24 0.223** 2.23
Neighborhood_Size 0.005 1.43 0.005 1.63
Traditional -1.317** -6.62 -1.304** -6.55
Grid -0.814** -5.03 -0.793** -4.87
Enclave -0.653** -4.46 -0.654** -4.43
Superblock ref. ref,

Household Attitudes
Car_as_Prestige -0.252** -2.79
Transit_as_Convenience 0.082 0.98
I_Like_Biking -0.024 -0.31
Travel_is_Waste_of_Time 0.105 1.33
Transport_as_Key_to_Housing_Choice -0.005 -0.05

(Constant) 0.003 0.01 1.362** 2.76 1.405** 2.77

No. Observations
F
R2

Control Model Plus Neighborhood Plus Attitudes

2432 2432 2431

0.353 0.384 0.385
101.626 79.048 62.561
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TOBIT Models 

One shortcoming of the OLS model results from the distribution of the dependent variable 
(ln_total_mj) values. Our sample log-transformed energy values had a normal distribution but 
with about 500 zero values. As discussed above, this is a dependent variable censoring problem 
and we introduced the TOBIT model to address it.  
 
Table E-8 presents the results of fitting the TOBIT model in our Jinan household data in 
comparison with the results from the OLS model estimation. All variables that are statically 
significant at the .001 level in the OLS model remain significant in the TOBIT model, except for 
the E-bike ownership (�“Ebike_1_or_more�”). Signs of coefficients in the TOBIT model are also 
identical to those in the OLS model.  
 
The major difference comes from the values of coefficients in two models. Table E-8 shows that 
for all variables, their coefficients in the TOBIT model are greater than those in the OLS model. 
We should be cautious on directly comparing them since the coefficients in TOBIT indicate 
marginal effect on latent variable, not the observed variable which is of our interest here. 
However, the logic still goes that, as negative latent dependent values are allowed in estimation, 
the fitting line for TOBIT should become steeper and suggest more significant effects. It seems 
to be safe to say that the censoring problem of the dependent variable does exist in the OLS 
model and zero energy values are indeed associated with some latent negative values. As the 
statistics literature suggests, if we drew the conclusion only from the OLS model, effects of 
explanatory variables in our model would have been underestimated (Sigelman & Zeng, 1999). 
Along this line, the TOBIT model seems to perform better than the OLS model from both the 
theoretical and practical perspectives. 
 
Table E-9 compares results of conducting TOBIT models predicting household weekly 
transportation energy consumption and GHG emissions in our Jinan data, respectively. All 
effects of variables are identical, except that for E-bike ownership, it has a significant positive 
impact on GHG emissions, whereas it does not affect energy use. This probably reflects that E-
bike is powered by electricity which is mostly generated by coal power plants in the Jinan region 
(Cherry, et al., 2009b). Coefficients in Table E-9 indicates that having an E-bike in Jinan is 
somewhat closely as �“dirty�” as owning a motorcycle from a GHG emission perspective, whereas 
the former is relatively more energy efficient. 
 
Unfortunately, neither of the two models have fully addressed the endogeneity problem if, for 
example, some latent factor influences both vehicle ownership and vehicle usage (thus energy 
consumptions) at the same time. In the next section we will use the 2-stage modeling technique 
in an attempt to address this concern. 
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Table E-8. Final OLS vs TOBIT on Predicting Log Transformed Household Weekly Total 
Transport Energy Use (ln_total_mj) 

 
Note: *p<.10, **p<.05 

Coefficient t-test Coefficient t-test
Household Characteristics
Ln_Income 0.314** 4.68 0.385** 4.65
Adult_1 -0.455** -2.77 -0.677** -3.24
Adult_2 ref. ref.
Adult_3_or_more 0.256** 2.76 0.293** 2.58
Child_1_or_more 0.241** 3.40 0.273** 3.15
Elderly_1_or_more -0.237** -2.24 -0.294** -2.24
Worker_0 -1.254** -8.13 -1.754** -8.92
Worker_1 -0.216** -2.02 -0.225* -1.72
Worker_2_or_more ref. ref.
Car_1_or_more 1.551** 16.04 1.644** 14.05
Company_car 2.009** 8.09 2.169** 7.28
Motorcycle_1_or_more 0.621** 4.90 0.782** 5.09
Ebike_1_or_more -0.173** -2.10 -0.043 -0.43
Bike_1 -0.087 -1.04 -0.119 -1.16
Bike_2_or_more -0.378** -3.30 -0.471** -3.34

Neighborhood Characteristics
Distance_to_Center 0.077** 2.36 0.085** 2.16
On_BRT_Corridor 0.214** 2.15 0.252** 2.05
Neighborhood_Size 0.005 1.46 0.006 1.63
Traditional -1.303** -6.56 -1.570** -6.47
Grid -0.806** -4.99 -0.957** -4.83
Enclave -0.646** -4.42 -0.736** -4.15
Superblock ref. ref.

Household Attitudes
Car_as_Prestige -0.243** -2.70 -0.314** -2.83

(Constant) 1.472** 2.98 0.763 1.25

No. Observations
F
LR chi2 (20)
Log likelihood
Adjusted R2

Pseudo R2 0.383

2431 2431
75.75

Final TOBIT

1091.57
-4840.34

Final OLS 

0.381
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Table E-9. Comparison of Single-Stage TOBIT Models on Predicting Log Transformed 
Household Weekly Total Transport Energy Use (ln_total_mj) vs. GHG Emissions 
(ln_total_co2) 

 
Note: *p<.10, **p<.05 

E.3.2 Advanced Two-Step Instrumental Models on Household Transport Energy Use 
Above, we illustrated the possibility that some omitted variables (e.g., parking cost at household 
workplaces) in our dataset may be correlated with both transportation energy consumption and 
vehicle ownership and, if that is the case, the endogeniety problem results. In response, we 
introduce a two-stage instrument modeling approach. This section will present the application of 
this method in the Jinan case.  

Coefficient t-test Coefficient t-test
Household Characteristics
Ln_Income 0.385** 4.65 0.596** 4.18
Adult_1 -0.677** -3.24 -1.263** -3.54
Adult_2 ref.
Adult_3_or_more 0.293** 2.58 0.389** 1.99
Child_1_or_more 0.273** 3.15 0.388** 2.61
Elderly_1_or_more -0.294** -2.24 -0.490** -2.18
Worker_0 -1.754** -8.92 -3.149** -9.37
Worker_1 -0.225* -1.72 -0.33 -1.47
Worker_2_or_more ref.
Car_1_or_more 1.644** 14.05 1.901** 9.43
Company_car 2.169** 7.28 2.819** 5.49
Motorcycle_1_or_more 0.782** 5.09 1.291** 4.88
Ebike_1_or_more -0.043 -0.43 0.941** 5.47
Bike_1 -0.119 -1.16 -0.255 -1.45
Bike_2_or_more -0.471** -3.34 -0.836** -3.45

Neighborhood Characteristics
Distance_to_Center 0.085** 2.16 0.119* 1.75
On_BRT_Corridor 0.252** 2.05 0.364* 1.73
Neighborhood_Size 0.006 1.63 0.011 1.58
Traditional -1.570** -6.47 -2.464** -5.90
Grid -0.957** -4.83 -1.547** -4.54
Enclave -0.736** -4.15 -1.123** -3.68
Superblock ref.

Household Attitudes
Car_as_Prestige -0.314** -2.83 -0.490** -2.57

(Constant) 0.763 1.25 2.666** 2.55

No. Observations
LR chi2 (20)
Log likelihood
Pseudo R2

882.22
-4840.34 -4840.34

0.383 0.319

ENERGY EMISSION

2431 2431
1091.57
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Step One: Incorporating Household Vehicle Choice 
In the first step, we focus on modeling the endogenous explanatory variables of household 
vehicle ownership. We hypothesize that a certain type of household vehicle ownership can be 
influenced by neighborhood characteristics, household socioeconomics and demographics, 
household attitudes, and other types of vehicle ownership. We specify binary logistical 
regression models for each vehicle type (i.e., automobile, motorcycle, E-bike, and bike), with the 
form: 
 

E-18:  
 
where V* is a vector of other vehicle ownerships, and I* is a vector of instrumental variables. 
Recall from above, choosing �“good�” instruments requires some consideration. Specifically, they 
should correlate with vehicle ownership but be uncorrelated with vehicle use or energy 
consumption. Through some reasoning and experimentation, six instrument variables are 
selected, as shown in Table E-10. 
 
Table E-10. Instrumental Variables 
Variable Name Description Reasoning 
Home_owned a dummy variable equal to one if 

the household owns the house 
outright, and 0 otherwise 

Housing tenure and vehicle 
ownership are both long-term 
choice and should correlate; 
housing tenure should not 
affect travel behavior pattern 
which is a short-term choice. 

Home_mortgaged a dummy variable equal to one if 
the household owns the house 
with a mortgage, and 0 otherwise 
 

Same as above. 

Small_business  a dummy variable equal to one if 
the household runs small 
business and 0 otherwise  

Households running small 
business need automobile or 
light truck for loading 
activities. But the business may 
not require intensive travel. 

Transit_as_Convenience 
I_Like_Biking 
Travel_is_Waste_of_Time 

proxy dummy variables of travel-
related attitudes  

These are all ownership-related 
attitudes, but none correlate 
with energy use as evidenced 
in the single-stage models. 

 
In regressing vehicle ownership choice of a certain type, an incremental model specification 
approach is taken, similar to what we have done in single-stage models. The basic model is a 
�“control model�” including only household socioeconomic and demographic variables(S) and 
other vehicle ownership variables ( ). Then neighborhood variables (N) are included. Lastly, 
we add the household attitude variables (A) to get a �“full�” model (�“plus attitude�”).  
 
We first use instruments to model the household car ownership. Results are reported in Table 
E-11. Several observations can be made. 

 The significance and signs of explanatory variables remain consistent across the three 
models. Inserted instrumental variables are all significant at 0.05 level, except the 
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variable for attitudes favoring biking (�“I_Like_Biking�”). This suggests some promise in 
terms of using the vehicle ownership models to instrument in the second-stage model of 
energy use. 

 The �“plus attitude�” model shows the best goodness of fit among all three models, 
evidenced by an application of the likelihood ratio test. 24 Therefore, we use this �“full 
model to calculate the predicted values of car ownership for each household. In the 
second stage model, these predicted values replace observed car ownership values to 
correct for the endogeneity problem in the single-stage models. 

 
The models also provide important evidence for understanding the factors influencing household 
car ownership in the context of Jinan, China. Since we are modeling households�’ probability of 
owning one or more cars, a positive coefficient sign indicates that the explanatory variable has a 
positive effect on household car ownership; and vice versa. 
 
The most important finding in the larger research context is that neighborhood form 
characteristics play an important role in affecting household car ownership choice after 
controlling for confounding factors (including attitudes). The signs on the coefficients for all 
three non-�“superblock�” neighborhood typology dummies are negative, suggesting that 
households living in the �“superblock�” neighborhoods have a higher probability of car ownership. 
This is probably due to the difference between the automobile-oriented design features of 
�“superblock�” neighborhoods versus the more walking-oriented design of the other neighborhood 
typologies. Note, that as travel attitudes figure significantly in the model (as discussed further 
below), we can assert at least partial control for the fact that auto-oriented households might 
prefer to live in the �“superblocks�”. The neighborhood form is significant even after controlling 
for attitudes.25 The neighborhood size shows a positive sign, indicating that households living in 
bigger neighborhoods are more likely to own cars. An explanation might be that neighborhoods 
in Jinan often do not have transit service within themselves (except the �“grid�” one), the size of a 
neighborhood thus is correlated to on average transit walking access distance among residents; 
bigger neighborhoods will make transit less accessible, and people, as a result, shift towards 
driving and owning cars. 
 
Neighborhood location characteristics matter too. The model results indicate that car ownership 
tends to be higher for households living close to the city center than otherwise. This is contrary 
to most findings in the west, yet consistent with recent findings in Beijing and Chengdu, China 
(Li, et al., 2010). Authors in that article argue that urban centers in most Chinese cities provide 
good urban amenities, and households with cars are often rich and still prefer to live there; in the 

                                                 
24 We first compare the �“Plus Neighborhood�” model to the �“Control�” model with the following statistic, which has a 
chi-square distribution with 20-14=6 degree of freedom:  -2( L(Control Model) - L(Plus Neighborhood Model)) = -
2(-1112.133 +1059.197) = 115.872.   115.872> the critical value of 12.592 (at a 5% level of significance). Thus, we 
reject the null hypothesis of non-neighborhood effect.   
Second, we compare the �“Plus Attitudes�” model to �“Plus Neighborhood�” model using the following statistics, which 
has a chi-square distribution with 20-16=4 degree of freedom: -2( L(Plus Neighborhood Model) - L(Plus Attitudes 
Model)) = -2(-1059.197+1038.013) = 42.368.  42.368> the critical value of 9.488 (at a 5% level of significance). 
Thus we reject the null hypothesis of non-attitude effect.  
25 Of course, this does not account for more complex likely behavioral effects, such as attitudes changing based on 
neighborhood, neighborhood choice conditional on vehicle ownership preferences, joint decision-making, among 
others.  
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US, however, middle-class and affluent families tend to prefer suburban communities along with 
the post World War-II city center decline. This argument, although true to some extent, may not 
be convincing given that household income is already controlled for in their models. In my case, 
I speculate that the distance to city center effect may be because 1) we have little variation in the 
distance to city center among the neighborhoods studied; or 2) the variable of distance to city 
center itself is not a good proxy for measuring regional accessibility given that Jinan has already 
evolved into more of a multi-center city structure.  
 
Table E-11. Binary Logistical Regression Models Predicting Car Ownership  

 
Note: *p<.10, **p<.05, (IV) Instrument Variables 
 
The effect of proximity to bus-rapid-transit (BRT) corridors on household car ownership reveals 
interesting potential dynamics. In the �“plus neighborhood�” model, the results suggest the effect is 
significant and negative. However, this effect becomes insignificant after controlling for 

Coefficient Z-test Coefficient Z-test Coefficient Z-test
Household Characteristics
Income_100USD 0.139** 12.44 0.105** 9.11 0.099** 8.45
Adult_1 0.216 0.73 0.034 0.11 -0.027 -0.09
Adult_2 ref. ref. ref.
Adult_3_or_more -0.196 -1.49 -0.095 -0.69 -0.052 -0.38
Child_1_or_more 0.491** 5.04 0.423** 4.18 0.431** 4.20
Elderly_1_or_more -0.495** -3.22 -0.429** -2.68 -0.383** -2.36
Worker_0 -1.378** -4.70 -1.248** -4.18 -1.148** -3.82
Worker_1 -0.478** -3.03 -0.448** -2.74 -0.399** -2.40
Worker_2_or_more ref. ref. ref.
Company_car -0.094 -0.28 -0.128 -0.38 -0.223 -0.66
Motorcycle_owned -0.698** -3.55 -0.577** -2.81 -0.577** -2.80
Ebike_owned -0.669** -5.92 -0.675** -5.74 -0.714** -5.98
Bike_owned -0.785** -7.18 -0.724** -6.35 -0.711** -6.07
Small_business (IV) 0.366** 3.01 0.379** 2.97 0.361** 2.79
Home_owned (IV) 1.601** 8.60 1.391** 6.84 1.425** 6.97
Home_mortgaged (IV) 1.726** 7.86 1.059** 4.21 1.057** 4.16

Neighborhood Characteristics
Distance_to_Center -0.163** -3.82 -0.151** -3.46
On_BRT_Corridor -0.249* -1.66 -0.231 -1.52
Neighborhood_Size 0.013** 2.93 0.011** 2.52
Traditional -1.212** -4.04 -1.106** -3.64
Grid -1.660** -7.22 -1.522** -6.52
Enclave -1.684** -8.90 -1.535** -7.98
Superblock ref. ref.

Household Attitudes
Car_as_Prestige -0.416** -2.98
Transit_as_Convenience (IV) -0.510** -4.39
I_Like_Biking (IV) -0.040 -0.36
Travel_is_Waste_of_Time (IV) 0.363** 3.24

(Constant) -2.759** -12.71 -0.940** -2.82 -0.751** -2.16

No. Observations
LR 2

Prob > 2

Log likelihood
Pseudo R2

Control Model Plus Neighborhood Plus Attitudes

2,404 2,404 2,398
750.38 856.25 892.57

0.252 0.288 0.301

0.000 0.000 0.000
-1112.133 -1059.197 -1038.013
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household attitudes, as evidenced in the �“plus attitude�” model. This change in significance, 
combined with the revealed negative and significant effects of the transit convenience attitude, 
suggests a self-selection effect going on: households may live on the BRT corridor because they 
like transit, and it is such a travel mode preference that lowers their likelihoods of owning cars.  
Household characteristics also show some interesting effects. The effect of household income is 
positive as expected: richer households have a higher probability of owning cars. Having 
children appears to be an incentive for households to buy cars, while having elderly people has 
the opposite effect. The pattern is similar to what we see in the energy consumption models. This 
is also intuitive since walking, biking or taking transit with children is often inconvenient and 
unsafe; for elderly people, driving may become much difficult than taking other modes and/or 
they may simply have different lifestyle habits and expectations. The number of workers has a 
positive impact on car ownership. Households running small business are more likely to own a 
car, probably reflecting their demand for business flexibility and logistics. Households who own 
a house outright have a higher chance of owning a car than households owning a house with a 
mortgage; renting households have the lowest car ownership likelihood. Renters or mortgage 
payers have less disposable income relative to the households owning their house outright. 
Family size does not have a significant effect on car ownership. Other type of vehicle ownership 
decreases the probability of owning cars, indicating a substitution effect among different vehicle 
type choices.26  
 
Finally, attitudes have critical impacts on car ownership. Households that see car a sign of 
prestige are less likely to own cars. This can be interpreted in two ways: 1) households without 
cars envy those who have one (a sign of car prestige/status effect); and 2) as households own 
cars, the car becomes perceived as more of a perceived need than a sign of status. Perceiving 
transit as a convenient mode decreases the household�’s likelihood of owning cars, suggesting 
that transit seems at least a partial perceived substitute to driving in Jinan. Finally and 
interestingly, households viewing travel as a waste of time are more likely to own cars, 
suggesting these households have a higher value of time and thus prefer the speed and 
convenience of car ownership.  
 
Beyond modeling car ownership, we follow a similar approach to constructing models for two-
wheeled vehicles (2-WV); that is ownership of motorcycle, E-bike and bike. The results are 
shown in Table E-12. For 2-WV ownership, neighborhood characteristics seem still relevant. For 
example, households living further away from the city center and in bigger neighborhood are 
more likely to own e-bikes, suggesting the value of power assist to traverse the extra distances 
The proximity of BRT corridors has a positive effect on household bike ownership, suggesting a 
possibly complementary relationship among these modes. Compared to the �“superblock�”, the 
�“traditional�” neighborhood typology increases likelihood of households owning motorcycles, e-
bikes and bikes all together, probably because car is physically inhibited by the narrow lanes and 
lack of parking. The �“grid�” neighborhood typology has similar impacts except its impact on 
household E-bike ownership is insignificant. The enclave neighborhood typology increases 
likelihood of household motorcycle ownership.  
 

                                                 
26 Ideally this substitution effect can be scrutinized via having a nested model structure. This is one of future 
research interests. 
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The household characteristics�’ role in 2-WV ownership is much different from those in the car 
ownership choice, and more obscure. Income has no significant impact on motorcycle 
ownership, while presenting even a negative effect on E-bike and bike ownership. Here we see 
something of a substitution effect: low-income households who cannot afford cars tend to have 
more E-bikes and bikes. Single families have a lower probability of 2-WV ownership, an effect 
not found in the car ownership model. The effect of older adults in the family is negative, the 
only household effect consistent across all vehicle ownership choice models. This may be 
because 1) older people have lower travel demand; and 2) older adults feel less comfortable 
handling any vehicle type. 
 
Table E-12. Binary Logistic Regression Models Predicting Other Types of Vehicle 
Ownership 

 
Note: *p<.10, **p<.05 

Coefficient Z-test Coefficient Z-test Coefficient Z-test
Household Characteristics
Income_100USD 0.016 1.15 -0.008 -0.86 -0.026** -3.00
Adult_1 -0.551* -1.74 -0.503** -2.31 -0.619** -3.22
Adult_2 ref. ref. ref.
Adult_3_or_more 0.103 0.59 0.322** 2.91 0.712** 6.39
Child_1_or_more 0.110 0.88 0.354** 4.25 0.277** 3.29
Elderly_1_or_more -0.422** -1.97 -0.379** -2.93 -0.263** -2.05
Worker_0 -0.830** -2.20 -0.705** -3.53 -0.207 -1.14
Worker_1 0.186 1.04 -0.253** -2.01 -0.211* -1.68
Worker_2_or_more ref. ref. ref.
Car_owned -0.574** -2.83 -0.752** -6.31 -0.706** -6.14
Company_car -0.376 -0.70 -0.734** -2.21 n.a
Motorcycle_owned n.a 0.514** 3.57 -0.098 -0.66
Ebike_owned 0.506** 3.50 n.a -0.375** -3.88
Bike_owned -0.093 -0.62 -0.368** -3.82 0.001 0.00
Small_business (IV) 0.378** 2.50 0.116 1.10 -0.085 -0.80
Home_owned (IV) -0.124 -0.64 0.579** 4.02 0.817** 5.94
Home_mortgaged (IV) -0.212 -0.63 0.663** 3.33 0.951** 4.86

Neighborhood Characteristics
Distance_to_Center 0.003 0.04 0.080** 2.05 -0.010 -0.26
On_BRT_Corridor -0.096 -0.47 -0.080 -0.65 0.477** 4.01
Neighborhood_Size -0.005 -0.75 0.008** 2.14 0.001 0.23
Traditional 1.663** 3.99 0.993** 4.01 0.460* 1.86
Grid 0.784** 2.33 -0.209 -1.05 0.296 1.53
Enclave 0.820** 2.43 -0.012 -0.07 -0.013 -0.08
Superblock ref. ref. ref.

Household Attitudes
Car_as_Prestige -0.025 -0.16 -0.026 -0.24 0.081 0.77
Transit_as_Convenience (IV) 0.119 0.78 -0.294** -2.98 0.131 1.35
I_Like_Biking (IV) 0.006 0.04 0.090 0.98 0.700** 7.84
Travel_is_Waste_of_Time (IV) 0.173 1.21 0.083 0.89 -0.111 -1.21

(Constant) -2.997** -6.35 -1.173** -4.14 -0.659** -2.39

No. Observations
LR 2

Prob > 2

Log likelihood
Pseudo R2

-737.465 -1449.484 -1476.666
0.088 0.076 0.098

141.38 237.97 320.32
0.000 0.000 0.000

Motorcycle_Owned E-bike_Owned Bike_Owned

2,398 2,398 2,398
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That said, by comparing pseudo R squares, we can see that models for 2-WV ownership have 
very modest explanatory power. Furthermore, many of the proposed instrumental variables are 
insignificant in the models. In terms of 2-WV ownership, perhaps important influencing factors 
were not available from the survey. Or, perhaps the choice of 2-WV ownership involves more 
random or less well-understood decision making processes, given that a common 2-wheeled 
vehicle is much cheaper than a car. This is of interest for future research. Unfortunately, for our 
2-stage instrument modeling approach, the results suggest that for 2-WV ownership we have 
very weak instruments. In fact, we tested using predicted 2-WV ownerships in the second-stage 
model, but the models performed poorly. As the statistics literature warns, poor instruments are 
no solution to the endogeneity problem (Ebbes, 2007). 
 

Step Two: Household Weekly Transport Energy Use 
In the second stage model, we first predict car ownership probabilities for all observations in our 
sample and insert these predicted values into the initial regression equation for household weekly 
total travel energy use, replacing the observed car ownership values. For 2-WV ownership, we 
stick with the observed values, since the instrument variables in 2-WV ownership models were 
unqualified. For techniques of calculating the predicted probability of car ownership, see above. 
 
In regressing travel energy consumption with the instrumented car ownership values, both OLS 
and TOBIT models are tested. Table E-13 presents results from a series of models, including the 
OLS and TOBIT models following the two-step procedures as well as single-stage models 
derived above. The purpose is to compare results from alternative approaches and see whether 
the neighborhood effects remain robust as we are trying to solve the endogeneity problem. 
 
As can be seen in Table E-13, the significance and signs of the coefficients for most explanatory 
variables are almost the same across all models. With respect to the neighborhood 
characteristics, the coefficients of the three neighborhood typology dummies are all negative and 
significant, which gives us much confidence in concluding that households in the �“traditional�”, 
�“grid�” and �“enclave�” neighborhoods consume less energy in travel than those living in the 
�“superblock�” neighborhoods. Households living on BRT corridors remain strongly correlated 
with more travel energy consumption. We are also quite confident that the distance to city center 
has a positive effect on household energy use despite a less significant effect in the 2-stage 
TOBIT model. Neighborhood size turns out to be significant at 10% confidence level after 
correcting the censoring and endogeneity problems by using the 2-stage TOBIT model. This 
suggests our statistical control on the neighborhood size is useful and effective. 
 
Most effects of household socioeconomic, demographics and vehicle ownership on 
transportation energy use are also consistent with those in the single-stage models. The only 
exception is that the negative effect of single-worker family on household transportation energy 
consumption was found significant in the single-stage models but not significant in two-stage 
models.  
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Finally, we compare the results of the models of household transportation energy consumption 
and GHG emissions. As shown in Table E-14, most effects (except the E-bike ownership) on 
energy use described above can be applied in explaining the variance in GHG emissions. 
Table E-13. Comparisons of Models Predicting Log Transformed Household Weekly Total 
Travel Energy Use (ln_total_mj) 

 
Note: *p<.10, **p<.05 

Coefficient t-test Coefficient t-test Coefficient t-test Coefficient t-test
Household Characteristics
Ln_Income 0.348** 4.16 0.475** 4.55 0.314** 4.68 0.385** 4.65
Adult_1 -0.517** -2.98 -0.772** -3.50 -0.455** -2.77 -0.677** -3.24
Adult_2 ref. ref. ref. ref.
Adult_3_or_more 0.254** 2.61 0.294** 2.46 0.256** 2.76 0.293** 2.58
Child_1_or_more 0.219** 2.77 0.273** 2.81 0.241** 3.40 0.273** 3.15
Elderly_1_or_more -0.256** -2.25 -0.340** -2.42 -0.237** -2.24 -0.294** -2.24
Worker_0 -1.273** -7.71 -1.856** -8.79 -1.254** -8.13 -1.754** -8.92
Worker_1 -0.186 -1.62 -0.208 -1.48 -0.216** -2.02 -0.225* -1.72
Worker_2_or_more ref. ref. ref. ref.
Car_1_or_more n.a n.a 1.551** 16.04 1.644** 14.05
P_Car_Owned (Instrumented) 1.639** 4.77 1.451** 3.44 n.a n.a
Company_car 1.952** 7.38 2.090** 6.59 2.009** 8.09 2.169** 7.28
Motorcycle_1_or_more 0.609** 4.52 0.750** 4.58 0.621** 4.90 0.782** 5.09
Ebike_1_or_more -0.154* -1.65 -0.05 -0.44 -0.173** -2.10 -0.043 -0.43
Bike_1 -0.039 -0.41 -0.101 -0.88 -0.087 -1.04 -0.119 -1.16
Bike_2_or_more -0.398** -3.21 -0.527** -3.46 -0.378** -3.30 -0.471** -3.34

Neighborhood Characteristics
Distance_to_Center 0.083** 2.31 0.084* 1.92 0.077** 2.36 0.085** 2.16
On_BRT_Corridor 0.252** 2.40 0.298** 2.31 0.214** 2.15 0.252** 2.05
Neighborhood_Size 0.005 1.53 0.008* 1.93 0.005 1.46 0.006 1.63
Traditional -1.204** -5.03 -1.576** -5.40 -1.303** -6.56 -1.570** -6.47
Grid -0.748** -3.63 -1.005** -3.98 -0.806** -4.99 -0.957** -4.83
Enclave -0.589** -2.99 -0.787** -3.28 -0.646** -4.42 -0.736** -4.15
Superblock ref. ref. ref. ref.

Household Attitudes
Car_as_Prestige -0.246** -2.58 -0.338** -2.87 -0.243** -2.70 -0.314** -2.83

(Constant) 1.125** 2.13 0.23 0.35 1.472** 2.98 0.763 1.25

No. Observations
F
LR chi2 (20)
Log likelihood
Adjusted R2

Pseudo R2

1-Stage OLS 1-Stage TOBIT

2431 2431
75.75

0.383

1091.57
-4840.34

0.3810.324

2-Stage TOBIT

2421

926.95
-4902.44

0.326

2-Stage OLS

2421
59.00
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Table E-14. Comparison of Two-Stage Models on Predicting Log Transformed Household 
Weekly Total Travel Energy Use (ln_total_mj) vs. GHG Emissions (ln_total_co2) 

 
 

E.3.3 Combined Effects: Overall Relative Influence of Neighborhood Characteristics 
In this section, we adopt the two-step modeling approach comprised of two main equations: (1) 
the household�’s transportation energy consumption (controlling for car ownership); and (2) the 
household�’s car ownership. By estimating these 2 models, we can distinguish between direct 
effects of a neighborhood variable (or another) on household travel energy consumption and the 
indirect effects of the same variable on the energy consumption via the influence of this variable 
on household car ownership. 
 
The relative influences can be estimated in the form of marginal effects, which enables an 
assessment of the relative magnitude of the impact of different variables of interest on 
transportation energy use. Specifically in our case, we measure the unit change in energy 
consumption (before adjusted log-transformation, in MJ/household/week) caused by a one-unit 
change in an independent variable (or a hypothesized scenario change) while holding other 

Energy GHG

Coefficient t-test Coefficient t-test Coefficient t-test Coefficient t-test
Household Characteristics
Ln_Income 0.348** 4.16 0.475** 4.55 0.605** 4.33 0.797** 4.55
Adult_1 -0.517** -2.98 -0.772** -3.50 -1.021** -3.54 -1.406** -3.83
Adult_2 ref. ref. ref. ref.
Adult_3_or_more 0.254** 2.61 0.294** 2.46 0.331** 2.04 0.389* 1.94
Child_1_or_more 0.219** 2.77 0.273** 2.81 0.339** 2.56 0.418** 2.56
Elderly_1_or_more -0.256** -2.25 -0.340** -2.42 -0.465** -2.45 -0.593** -2.52
Worker_0 -1.273** -7.71 -1.856** -8.79 -2.433** -8.84 -3.321** -9.43
Worker_1 -0.186 -1.62 -0.208 -1.48 -0.305 -1.59 -0.337 -1.43
Worker_2_or_more ref. ref. ref. ref.
Car_1_or_more n.a n.a n.a n.a
P_Car_Owned (Instrumented) 1.639** 4.77 1.451** 3.44 1.415** 2.44 1.114* 1.86
Company_car 1.952** 7.38 2.090** 6.59 2.443** 5.55 2.657** 4.99
Motorcycle_1_or_more 0.609** 4.52 0.750** 4.58 0.988** 4.39 1.195** 4.36
Ebike_1_or_more -0.154* -1.65 -0.05 -0.44 0.686** 4.40 0.863** 4.52
Bike_1 -0.039 -0.41 -0.101 -0.88 -0.23 -1.52 -0.318* -1.71
Bike_2_or_more -0.398** -3.21 -0.527** -3.46 -0.693** -3.23 -0.905** -3.41

Neighborhood Characteristics
Distance_to_Center 0.083** 2.31 0.084* 1.92 0.103* 1.72 0.102 1.40
On_BRT_Corridor 0.252** 2.40 0.298** 2.31 0.360** 2.06 0.427** 1.97
Neighborhood_Size 0.005 1.53 0.008* 1.93 0.011* 1.81 0.015** 2.08
Traditional -1.204** -5.03 -1.576** -5.40 -2.090** -5.22 -2.651** -5.39
Grid -0.748** -3.63 -1.005** -3.98 -1.403** -4.10 -1.799** -4.26
Enclave -0.589** -2.99 -0.787** -3.28 -1.082** -3.29 -1.388** -3.44
Superblock ref. ref. ref. ref.

Household Attitudes
Car_as_Prestige -0.246** -2.58 -0.338** -2.87 -0.414** -2.61 -0.551** -2.79

(Constant) 1.125** 2.13 0.23 0.35 3.143** 3.58 1.798* 1.65

No. Observations
F
LR chi2 (20)
Log likelihood
Adjusted R2

Pseudo R2

813.29

0.326 0.294

-4902.44 -5957.91
0.324 0.289

2431
59.00

926.95
50.23

2421 2421 2431

2-Stage OLS 2-Stage TOBIT 2-Stage OLS 2-Stage TOBIT
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independent variables constant. To calculate the marginal effects, we adapt Zegras (2010)�’s 
method of estimating the elasticity.27 
 
Table E-15. Conservative Estimation of Marginal Effects of Selected Variables on 
Household Transportation Energy Use and Car Ownership based on the 2-Stage OLS 
Model Results 
Variable Marginal Effect 

of Car Owning 
Probability 

Marginal Effect of Travel Energy 
Use (MJ/Household/Week) Due to 
Variables' Effect on: 

Combined Marginal Effect 
of Travel Energy Use 
(MJ/Household/Week) 

Car Ownership All Vehicle Use 

Traditional (ref Superblock) -24% -75 -55 -130 

Grid (ref Superblock) -30% -86 -30 -116 

Enclave (ref Superblock) -31% -86 -21 -107 

2× Distance to City Center  -8% -18 +42 +23 

On BRT Corridor -4% -6 +29 +22 

Double Current Neighborhood Size +4% +8 +16 +24 

     
Double Income  +12% +31 +15 +46 

Have Company Car (ref no company car)  - - +562 +562 

Own Motorcycle (ref no motorcycle) -8% -14 +76 +61 

Own E-Bike (ref no E-bike) -10% -13 -23 -36 

Own Bike (ref no bike) -10% -10 -29 -40 

 
 
  

                                                 
27 A series of estimation procedures are followed. (1) For each observation, a �“baseline�” total transportation energy 
and car ownership probability is estimated, using the coefficient estimates from the 2nd stage OLS model (see Table 
E-13) and expected automobile ownership probabilities. For the investigated dummy variable, I set the value to 0 for 
all samples. (2) a change of value from 0 to 1 in this investigated dummy variable (or a doubling value of the 
continuous variable if investigated) was applied to each observation for the car ownership model; (3) new vehicle 
ownership probabilities were estimated based on that change; (4) the marginal effect of a certain variable on the car 
ownership probability was then calculated by: (Pnew �– Pbaseline); (5) new energy consumption estimates (Enew) 
were calculated for all samples, using the 2nd stage OLS coefficients, the new predicted vehicle ownership 
probabilities, and the original variable (or 0 for dummy variable)- this enabled an isolation of the vehicle ownership 
effect on energy use (presented in �“Car ownership�” column in Table 7-13), calculated by: (Enew - Ebaseline); (6) 
Enew was re-estimated by including the changed variable directly in the transportation energy use estimation model 
also. This Enew2 was used to calculate a new marginal effect, which appears in the �“Combined Marginal Effect of 
Travel Energy Use�” column in Table E-15. 
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F. Energy pro forma input variables
 # 1, 2 written in front of variables indicate the order of variables (e.g. 1st order input 

variables and 2nd order variables)  
 
Neighborhood form characteristics 
1. Land use and location characteristics 
1 Neighborhood cluster size (sq. km) 
1 Distance to Central business District (km) 
1 BRT corridor  
2 Building coverage (%) (total building land (construction) area/ neighborhood size (1000 sq.m)) 
2  Average home construction area (sq.m)  
1 Road construction area (sq.m) 
2 Road density m2/sq.km (road construction area/ total length of road)  
2 Land use mix ??? 
2 Building function mix = 1- ((residential area %-0.25)+(0.25-business area %) + (0.25-industrial 
area %) + (0.25-other area use %))/1.5 
 
2 Green space coverage (%) = (green land area + green road area)/ neighborhood size 
2 The number of parking lots / 100 hhs (surface parking area + underground parking space / 100 
hhs)  
1 Surface parking space (sq. m) 
 1Undergroundparking space 
 1Community facility space 
  
Cluster design characteristics    
 1 Total # of households 
 2 Population Density (=household density) = total residential building floor area / (avg. 
HH construction area * neighborhood size  
 1 Total # of buildings 
 2 F.A.R. = Total building construction area / Neighborhood size  
 1 Average building heights 
  Percentage in super-high rise (19+) 
 Percentage in high-rise(13-18) 
 Percentage in mid-rise (4-12) 
 Percentage in low-rise (1-3) 
 Low rise (1-5) 
 Mid-rise (6-10) 
 High-rise (10-15) 
 1 Building parameter 
 1 Floor area  
 2 Residential building with street-level shops = Business floor area / total residential  
   construction area  
 2 Surface-volume ratio = (avg. residential building parameter * avg. residential building 
heights)/ (avg. residential building area * avg. building heights)  

 This variable equals to avg. residential building parameter/ avg. residential 
building area.  
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 Percentage of wall surface facing south 
 1 Window-to-wall ratio (from building code): assumption 30% 
 1 Shading condition 
 1 Building shade each other 
 1 Tree shade for building in summer 
 1 Ventilation condition 
 1Wind buffer (Y/N) 
 1 Courtyard to create microclimate (Y/N) 
 1 Wind channel (Y/N) 
 1 Insulation condition 
 1 Elevator intensity 
 1 Water use intensity 
  
 Material Characteristics  
 Concrete 
 Steel 
 Timber 
 Glass 
 Brick 
 Asphalt 
  
 Road Characteristics  
 1 Roads with Trees  
 1 Roads with Walking Facilities   
 1 Intersection Density = # of intersection / total road length  
 1 Entry Interval Distance = # of perimeters/ # of entries  
 1 % of Cul-de-sac  = # of cul-de-sac / (# of intersection + # of cul-de-sac)  
 2 Road Density = total road length / neighborhood size  
 1 Average Motorway Width = auto road area / motorway length  
  
 Socio-demographic characteristics  
 1 HH income 
 1 HH size 
 1 Adult 1 
 1 Adult2 
 1 Adult3+ 
 1 Children 
 1 child_1_or_more 
 1 elderly_1_or_more 
 1 worker_0 
 1worker_1 
  1 small_busi~s 
 1 home_owned 
 1 home_mortg~d 
 
Ownership (vehicles and home appliances)   
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 1 Vehicle company_car 
    1 Ebike_owned 
    1 motor_owned 
    1 bike_1 
    1 bike_2_or_more 
  
Home appliance  
    1 AC1 
    1 AC2+ 
    1 TV1 
    1 TV2+ 
    1 Refrigerator 
    1 Desktop 
    1 Solar water heater 
    1 Electricity heating (as primary heating source) 
Attitude  
   1 attitude_car_prestige 
   1 attitude_transit 
   1 attitude_biking 
   1 attitude_high value of time 
   1 Save energy is important 
 Usage  
   1 % electricity on space heating  
   1 % electricity on cooling 
   1 % electricity on lighting 
 




