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Chapter VI

Policy Research on Energy Efficiency and Urban Development?!

6.1 Energy Efficiency and Urbani-
zation: Concepts and Methodology

6.1.1 Fundamentals in urban consuming

sectors

6.1.1.1 Moderating energy consumption is
a key issue for sustainability and economic
development

The Kyoto Protocol objectives and,
more recently, the constraints on energy
supply have enhanced the priority given to
energy efficiency policies. Almost all Or-
ganization for Economic Cooperation and
Development (OECD) countries and an in-
creasing number of non-OECD countries
are implementing new or renewed energy
efficiency instruments adapted to their na-
Besides the

pre-eminent role of market instruments

tional circumstances.
such as voluntary agreements, labels, and

information  dissemination,  regulatory
measures also are widely implemented

where the market fails to give right signals,

such as with buildings and appliances.

In less developed countries, moderating
or decreasing energy consumption is an
important issue, but often with different
driving forces compared to industrialise
countries. In these countries, the need to
reduce greenhouse gas (GHG) emissions
and local pollution is probably less of a pri-
ority; alleviating the burden of oil imports,
reducing energy investment requirements,
and making the best use of existing supply
capacities to improve access to energy are
more important issues.

With the steep tise in oil price since 2003,
the cost of oil imports has soared, with se-
vere impacts on the economic growth of the
wortld’s poorest countries?. Any efficiency
improvement in the oil consuming sectors
will result in direct benefits in the balance of
trade.

Moderating or reducing energy con-
sumption, for instance, in electricity use, will
have two benefits:

(1) Supplying more consumers with the
same electricity production capacity, which is

often the main constraint of many countries

1 This Chapter is based on the research analysis of the Task Force on Energy Efficiency and Urban Development (Transportation and
Building Sector). Task Force Co-chairs: Jiang Yi, Zhou Wei Laurence Tubiana; Task Force Members: Mao Qizhi, Li Qiang, Qi Ye,
Jiang Yulin, Jiang Kejun, Bertrand Chateau, Albert Bressand, Shobhakar Dhakal, Nick Eyre, Lucienne Krosse, Partha Mukhopadhyay.

2 Almost a tripling between the beginning of 2003 26 US$/bl for the Brent) and August 2006 (73 USD/bl); since then the price is

around 60 USD/bl, which is still twice higher than in 2003.
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in Africa and Asia;

(2) Reducing the investment needed for
the expansion of the electricity sector; this
1s especially important in countries with a
high growth in electricity demand, such as
China and many South East Asian coun-
tries.
6.1.1.2 Moderating or reducing energy
consumption

Moderation or reduction in energy con-
sumption can be achieved not only through
technological improvements, but also
through moderation in the needs for energy
services or through better organization and
management along with improved economic
conditions in the sector, also known as
“non-technical factors”.

In some cases, because of financial con-
straints due to high energy prices or low in-
come, consumers may decrease their energy
consumption through a reduction in their
standard of living, such as a reduction in
heating temperature of car use. Such reduc-
tions, if not supported by changes in peo-
ples’ aspirations, are highly reversible.

Moderating or reducing energy con-
sumption is, first of all, a matter of indi-
vidual behavior and reflects the rationale of
energy consumers. Avoiding unnecessary
consumption of energy or choosing the
most appropriate equipment to reduce the
amount of the energy consumed contrib-
utes to decreasing individual energy con-
sumption without decreasing individual
welfare.

Avoiding unnecessary consumption is cet-
tainly a matter of individual behavior, but it is
also, a matter of appropriate equipment: ther-

mal regulators for room temperature and au-

tomatic switch-off lights for hotel rooms ate
good examples of how equipment can reduce
the influence of individual behavior. But, simi-
latly, the ability of individuals to reduce unnec-
essary consumption depends on the technical
context where they live and move: badly insu-
lated homes heated to 15°C in winter may
consume a lot more energy than a similar home
that is very well insulated and heated to 20°C;
people can rely on public transportation rather
than on cars for getting to work only if public
transportation networks are available close
enough to their home.

Moderation or reduction of energy con-
sumption based on technical support proves
to be long-lasting: a well insulated building
built today will still be there in 50 yeatrs from
now and will still generate low energy con-
sumption at that date.

Moderation or reduction of energy con-
sumption based on behavioral support does
not provide any guarantee to remain active
after some years: The increase in incomes or
globalization through the internet and all
kinds of media may result in behavioral
changes in the wrong direction with regard
to energy efficiency.
6.1.1.3 This is a policy issue

Any cost-related decision concerning
energy consumption reduction at the indi-
vidual level, is based, more or less, on a
trade-off between the immediate cost and
the future decrease in energy expenses ex-
pected from lower consumption. The higher
the energy price is, observed or expected,
the more attractive the energy efficient so-
lutions are.

Making the “good” investment decision

for domestic appliances or industrial devices,
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from the energy consumption moderation
viewpoint, certainly relies on a sound eco-
nomic rationale. Good price signals are nec-
essary.

In market economies, where most en-
ergy prices to final consumers are unregu-
lated, prices normally reflect the supply
costs fairly accurately and are the main
drivers of individual’s behaviour regarding
energy needs. However, for several reasons,
prices often reflect only a part of the over-
all costs of fuels and electricity. They in-
clude none or few environmental externali-
ties and long run marginal development
costs.

As a result, behaviors that regard the
needs for energy services and decisions made
by final consumers when purchasing equip-
ment or making an energy efficient invest-
ment, such as the retrofitting of dwelling, are
rather far from global economic optimisation,
thus creating a gap between actual energy
consumption and what could be achieved
through an accurate price system accounting
for all costs involved.

Taxation is the usual means used by gov-
ernments to reduce or suppress such price
distortions at the consumer level. In that
sense, taxation is always complementary to
energy efficiency policies and measures. It is
hardly just a component of these policies
and measures, however, because of its much
broader socio-economic aspects, but it cer-
tainly determines the effectiveness of such
policies and measures.
6.1.1.4 Measuring energy consumption
moderation

China is confronted with two major

challenges related to energy:

(1) A rapid increase of imports of hy-
drocarbons is likely to raise severe and
growing security and socio-economic con-
cerns.

(2) A rapid increase in the emissions of
pollutants and GHG related to energy is
likely to raise severe and growing internal
health concerns, social unrest, and growing
foreign pressures.

Energy consumption moderation or reduc-
tion, as appraised by this task force, has to be
placed in to this context and more generally
in the context of sustainable socio-economic
growth in China. This means that improving
energy efficiency in cities in China has two
main targets:

(1) Decoupling the demand for hydro-
carbons from economic development and
welfare improvement.

(2) Decoupling the emissions of pollu-
tants and GHGs from economic develop-
ment and welfare improvement.

Insulating a house makes it more energy
efficient from an engineering point of view:
less energy is consumed for the same com-
fort. But this technical improvement at the
micro-level may be not visible at the mac-
ro-level, that is, the whole stock of dwellings,
if, at the same time, more houses are built,
dwellings are larger, and/or more appliances
are used.

Energy efficiency is not just a technical
matter, it is also a matter of efficient set-
vices: Making a phone call instead of paying
a physical visit, using public transportation
instead of a car to go to work, recycling
bottles, reducing the heat at night and using
timber instead of concrete for house con-

struction all result in a decrease in energy
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consumption for identical or very similar
services. Again, such improvements may
exist at the micro-level but may not be di-
rectly visible at the macro-level. Assessing
energy efficiency also means measuring the
overall impact of all the improvements at
the micro-level on the evolution of total
energy consumption.

Of course, assessing energy efficiency
from a policy view point does not mean re-
viewing each particular dwelling or factory,
but rather, it means estimating or measuring
how far all these improvements at the mi-
cro-level went to contribute to the actual
evolution of energy consumption in the
various sectors and for the whole country.
This is the role of energy efficiency indica-
tors, such as those developed in Europe
(ODYSSEE), by the World Energy Council
(WSC) or by the International Energy
Agency (IEA).

In order to calculate such indicators,
the prerequisite is to have detailed data on
energy consumption per sector and per

end-use.

6.1.2 Urban design and planning and en-

ergy consumption moderation

6.1.2.1 General concept

Moderating or reduce energy consump-
tion in Chinese cities in relation to sustaina-
bility issues has three major meanings, ac-
cording to the three main dimensions of
sustainability:

(1) From an economic viewpoint, it
means: 1) minimizing the energy bill of the
Chinese urban citizens of a given standard

of living; 2) minimizing the energy bill of

China, in particular with regard energy im-
ports.

(2) From an environmental viewpoint, it
means: 1) improving the living conditions
in cities —air quality, noise, and congestion;
2) minimizing GHG emissions of a given
standard of living for the Chinese popula-
tion.

(3) From a social point of view, it means:
1) favoring appropriate conditions for life
styles and aspirations (standard of living)
which minimizes energy needs for a given
income: 2) reducing inequalities with regard
to living standards.

There are two main levels where energy
consumption moderation or reduce issues in
cities should be tackled:

(1) The level of the urban citizen, both
in her current living conditions and in his
urban mobility, by minimizing her energy bill
while increasing her living standard. It is
both a matter of technology and of behavior
and life-style.

(2) The level of the city as a whole by
providing a spatial and functional organiza-
tion of the city that is likely to minimize the
needs for energy services and providing
these energy services in a way that minimizes
the requirement of imported energy and
minimizes environmental impacts, both at
local and global levels.
6.1.2.2 Energy consumption moderation
or reduction in buildings and construc-
tion

(1) A technical perspective

From a technical perspective, energy
consumption in buildings and construction
can be moderated or reduction by three

means:
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1) The architectural and technical char-
acteristics of the building itself, such as insu-
lation, passive solar radiation, and exposure
to the wind.

2) The technical performance of the
appliances inside the buildings, in particu-
lar in relation to the heating and cooling
demand

3) The supply of solar energy through
dedicated panels on the building

Existing buildings offer much fewer
possibilities for improving the technical ef-
ficiency than new constructions due to few
possible modifications of architectural
components, reduced possibilities for in-
sulation and recourse to solar energy, and
more constraints for changing the heat-
ing/cooling  system. Among existing
buildings, possibilities for improving enet-
gy efficiency also strongly depend on fac-
tors including the age of the building, its
size, and its location.

(2) Behaviors and life styles

Behaviors and life-styles are likely to im-
pact strongly the energy consumption of
buildings, as shown in various surveys. Two
aspects are particularly sensitive from this
point of view:

1) The perception of comfort, for exam-
ple, which inside temperature is desired in
winter and which in summer.

2) The indoor management of energy
requirements, for example, differentiating in-
side temperature requirements according to
the various parts of the dwelling, according
to the time of the day.

Moderating or reducing energy con-
sumption, from this point of view, is not a

matter of frustrating people, but of making

them more responsible for their indoor
management, including with the technical as-
sistance of an efficient climate management
systems, and of convincing them that over-
heating or overcooling may be just the con-
trary of comfort.

6.1.2.3 Energy consumption moderation or
reduction in urban transport

(1) Technical perspectives

From a technical perspective, moderating
or reducing energy consumption in urban
transport has two main dimensions:

1) The technical performance of the ve-
hicles used for urban transport.

2) The use of an energy type with fewer
impacts on energy imports and on the envi-
ronment.

The technical performance of vehicles is
both a matter of engine and power-train effi-
ciency and of vehicle size and power. Very
few things can be done to improve the tech-
nical efficiency of existing vehicles, but a lot
can be done for new vehicles as compared to
the existing ones.

Biofuels and electricity are the most im-
portant options for reducing energy imports
and the local environmental problems creat-
ed by urban vehicles. However, attention
should be brought to how biofuels and elec-
tricity are produced and how they affect
global environment.

(2) Behaviors and lifestyles

Thete are three major aspects in this regard:

1) For those who purchase a car, the
characteristics of the car purchased, includ-
ing size, power, and energy.

2) For those who own a car, the decision
to use it or not according to the travel type

and purpose, and how the car is used, in-
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cluding load factor, and driving attitude.

3) For all, the use of “soft” modes, such
as walking or bicycling, according to travel
distance.

Average characteristics of a car pur-
chased are strongly related to the communi-
cation of car manufacturers and vendors for
selling cars and to fiscal dispositions regard-
ing cars. Modal choices are pattly constrained
by the availability of transportation alterna-
tives such as public transport and bicycle
lanes, but also depend on social and cultural
habits that can be influenced. For example,
the bicycle may be perceived either as an
old-fashioned means for poor people or as a
new-fashioned means for modern people.
For those who own a car, this choice also
depends on the conditions for the use of
cars, including tolls, parking availabilities, and
fees.
6.1.2.4 Energy efficient urban design

(1) Heat density and heat supply

Among the three dimensions to be in-
vestigated with regards to efficient heat
supply, the three factors are the geography
of the city, its population, and its average
heat density, since these characteristics
impact directly the cost-effectiveness of
the district heating systems. From this
viewpoint, energy efficient urban design is
both a matter of existing size and layout
of the city and a matter of its future ex-
pansion. Since the existing size and layout
are given, there are two main issues re-
garding energy efficient urban design:

1) The efficiency improvement of the
heat supply in existing buildings.

2) The design of the future expansion of

the city so as to minimize the cost of effi-

cient heat supply services.

Concerning this second aspect, two main
concepts ate worth investigating:

1) Creating high heat density areas within
high population density areas—a concentra-
tion of high buildings— in order to mini-
mize the cost of district heating systems per
dwelling,

2) In sunny regions with a lot of availa-
ble space, favoring passive solar heating in
highly insulated, low buildings.

(2) Population density, urban functionali-
ties and mobility supply

Providing energy efficient mobility ser-
vices raises the question of the allocation of
the city space for transportation among
competing infrastructures, such as allocating
road space to cars versus for public trans-
portation lanes versus as dedicated lanes for
“soft” modes. This is a matter of existing
size, geography and layout of the city and a
matter of its future expansion. There are,
therefore, two main issues regarding energy
efficient transportation:

1) The possible reallocation of part of
the street network in the existing part of the
city for bus lanes, tramways, and “soft
modes”.

2) The energy efficient urban design of
future expansion of the city.

An energy efficient urban design from
the mobility viewpoint tries first to minimize
the transport demand for daily mobility. This
is a matter of appropriate zoning with provi-
sions of goods and services close to the
housing areas to minimize the distances to
go to work, to school, and to shopping areas,
etc. Second, it aims at creating appropriate

conditions to make quality public transporta-
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tion economically viable, in particular locat-
ing high transport demand at quality public
transportation nodes, that are casily accessi-
ble by foot and bicycle.

For car owners, the attractiveness of public
transportation is mostly a matter of availability
and time spent in transportation as compated to
using car. This is why public transport on sepa-
rated, dedicated routes, like metro, light rail, or
bus lanes, proves to be a much more attractive
alternative than normal buses are. These require
much more expensive infrastructures and
equipment that just buses on normal streets, but
they prove to be more cost-effective for the city
if the passenger traffic is high enough. Passenger
traffic is a matter of the population of the city
and the concentration of traffic flows, which in
turn is a matter of population density and func-
tional layout.

6.2 Review of Situations and
Trends of Energy Consumption
and Energy Efficiency in Urban
Areas in China and Worldwide

6.2.1 Introduction: characteristics of

China’s urbanization

Thirty years have been passed since China’s
Reform and Opening, During these years, Chi-
na’s urbanization is keeping a fast, increasing
pace. The urbanization level was 17.92% in
1978, but reached 44.94% in 2007, an annual
increment of more than 0.9%. If the increase
in rate is stable, the urbanizing level in China
will become 48% in 2010, reach the wotld av-
erage urbanization in about 2030, and synchro-

nize with the world’s increasing urbanization

pace during the period of 2030-2050.

Between 1990 to 2005, China’s urbaniza-
tion level increased from 26% to 43%. The ur-
banization level is uneven between different
places. On the top are Shanghai, Beijing, and
Tianjin, which have rates above 70%. Next are
Guangdong, Zhejiang, Jiangsu and the three
provinces in northeast, whose rates range from
50% to 60%. Last are Guizhou, Yunnan and
Xizang, with rates lower than 30%. Other plac-
es’ utbanizing rates range from 30% to 50%.
As can be seen, most places in China are still in
the developing stage of urbanizing,

Accompanied with the fast pace of ur-
banizing, the per capita building area is in-
creasing. According to the statistical data, the
current urban floor area per capita of China
is neatly 30 m? which exceeds the corre-
sponding index of Hongkong and is close to
the average of Japan and Singapore, about
36 m? the index of some provinces and cit-
ies even exceeds those of Japan and Singa-
pore. But, as a whole, the floor area per cap-
ita of China is far lower than that of USA
and Europe. However, in the recent 15 years,
the urban building floor area doubled every 7
years and more than 1 billion m? of buildings
were constructed every year. If 1 billion m?
of buildings are built and the urban popula-
tion increases 15 million every year, the ur-
ban floor area per capita of China will reach
42 m? and will be close to the European level.
The total energy consumption for building
operations will certainly increase with the in-
crease of building scale. If the urban build-
ing scale increases one time, the building en-
ergy consumption will increase by one time
or even more. Therefore, it is necessary to

scientifically and reasonably control the ur-



Chapter VI Policy Research on Energy Efficiency and Urban Development 245

ban construction scale and urban building new buildings constructed every year to be
scale and to control the urban building floor less than 0.7 billion m2.

area per capita to be less than 35 m? and the
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Figure 6-1 Building floor area per capita for each province or typical cities in 2005.
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Figure 6-2 Comparison of per capita floor area with developed countries or areas in the world.

The population of cities in China will be into the cities directly and dramatically will
increased to 77 million in the next five years, increase the land of residences and vatious
with average growth of more than 15 million. types of public infrastructure. However, the

The concentration of such a large population per capita building area will greatly affect city
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construction. For example, these are the city
construction scope that can be found in
three recent versions of the 11% Five-Year
Plan development program proposal to the
year of 2020:

Recently, 2 billion m?of city construction is
being finished every year. At this speed, 10 bil-
lion m?of new construction will be built during
the 11t Five-Year Plan. In 2020, 30 billion m?
of building area in cities will be completed and
at that time, there will be 45 billion m?2 of
building area with 54 m? per capita.

Of the 2 billion m? of new construction,
half will be in the cities. With this speed, in
2020, 15 billion m? of building area in cities will
be completed and at that time, there will be 30
billion m?building area, with 35 m? per capita.

New construction area is 0.7-1 billion m?
per year. With this speed, in 2020, up to 10
billion m? of building area in cities will be
completed and at that time, there will be 25
billion m? building area, with 30 m? per capita.

Now that the development of city con-
struction is fast gathering momentum,
should China indulge and ride with a loose
rein so as to reach or even exceed the first
prediction above, or shall China bring the
development under control?

As shown in Figure 6-2, compared to the
data of some advanced countries and dis-
tricts, the building area per capita and the
domicile area per capita of China’s cities ate
in the forefront. Even if there will be a 1.5
million increase in urban population per year
coming from village
500-600 million m? of new buildings built
each year will suffice to keep the building ar-

immigrants, only

ea per capita, and domicile area per capita

will reach the level of advanced countries in

Asia; if 1 billion m? of new building is built
each year, then building area per capita will
have reached the level of west Europe in 2025.
If 2 billion m? of new building is built each year,
then in 2030, the building area per capita will
exceed the level of America. However, China is
unable to teach the level of western Europe
countries or America because it is beyond the
capacity of China’s land, resources, enetgy, and
environmental conditions.

Moreover, not only does the fast urban-
izing pace promote the development of the
building industry, it also boosts the devel-
opment of building material industry. Many
materials used in buildings like steel, cement,
and glass, are all industrial products that con-
sume large amount of energy. The resources
and energy consumed and the pollution emit-
ted during the production process will reach a
level unacceptable within society if building
rates are unchecked.

Take the data of 2005 as an example. The
320 Mt of steel production this year consumed
224 Mt of standard coal, which equalled 11%
of the China’s merchandise energy consump-
tion. Among the 320 Mt of steel, 150 Mt was
used for building, which equalled 47% of the
production. With the steel used in the railroad,
highway, street, bridge and dam added, the steel
used for construction equally 70% of the total.
In addition to this, the large-scale production
of plate glass, architectural ceramics, architec-
tural plastics, and architectural non-ferrous
metal material, and other building materials, al-
so came with large energy consumption. Tenta-
tive estimate shows that these required 4%-5%
of China’s total merchandise energy consump-
tion. According to this calculation, the direct

ot indirect energy consumption in building and
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transportation construction required a total of
20% of China’s merchandise energy consump-
tion during year 2005. If the construction scale
was decreased to half of that, then the China’s
merchandise energy consumption can be re-
duced by 10%.

The ovetheated city construction has a
close relationship with the social consumption
idea and culture. In fact, from 2001, China
showed a first sign of emphasizing the heavy
industry development. Domains like steel,
building construction materials, and real estate
showed a high growth rate, which rarely was
seen during the last 20 years. Gone, along with
the vigorous market economy, are the unremit-
ting improvements of the living standard and
the continuous increment of consumer durable
goods like housing, automobiles, or household
appliances. The livelihood consumption pattern
in China cities is advancing towards the direc-
tion of “high standard”, “super-lavish” and
so-called “international”. As a whole, China’s
economy is entering the stage of heavy indus-
try development, which is driven by the up-
grading of consumer structure.

Consumer cultures employ high material
consumption as one of the most important
factors of self-aggrandizement. The upper
class displays their identity and status with
lavish consumption. China’s society is in a
special state of transition and the social units,
including government officers, entrepreneurs,
and ordinary citizens, resulted from the rapid
changing of social structure learned from
advanced countries without deep under-
standing. This will lead to dramatically in-
creasing building energy consumption re-
sulting from the high living standard and lav-

ish building and architecture environments,

such as big glass walls, maintained by the
American building system. In addition, citi-
zens admire the American car cultute, even
with the resultant traffic jams, heavy pollu-
tion and fuel bottlenecks.

In fact, after experiencing the horrific en-
ergy, economic emergency, and environment
pollution problem in the last century, the west-
ern wotld is setiously rethinking the competing
and lavish way of living of the last 50 years and
new, healthy living campaigns have launched.
Some people in the United States and Europe
are voluntarily converting to a more spartan,
low material consumption lifestyle. For exam-
ple, they prefer clotheslines to driers, bikes and
public transportation to cars, and open win-
dows to air conditioners, not only because they
are quiet, convenient for operating, fire-free,
not noxious to ozone and climate, cheap to buy,
and easy to repair, but also because they main-

tain a closer link to the natural environment.

6.2.2 Actual energy consumption of
households in urban areas in major

countries around the world

6.2.2.1 Energy consumption status in Chi-
na and developed countries

Compared to other places in the world,
China, as the biggest developing country, is
still at a relatively low level of urbanization,
and the energy consumption per capita is not
high. However, China is accelerating its ur-
banization process and if no continual meas-
ure is taken during the process of high-speed
economic growth, it will face the rigorous
challenges of energy consumption and envi-
ronmental destruction.

In industtrialized countties, the share of
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building and transportation in total energy
consumption has been growing steadily with
the GDP per capita for the last 4 decades. In
OECD countries as well as in the EU, energy
consumption in building and transportation is,
today, close to two-thirds of total energy

consumption. If we just consider urban areas,

the energy consumption in building and
transportation is almost half of the total con-
sumption of the country. The main drivers of
these evolving patterns have been consump-
tion patterns and urban sprawl, which atre
closely inter-related. This is a rising challenge

for China that must be addressed today.

Table 6-1 Energy consumption statuses for building and transport sectors

in developed countries.

1971 1980 1990 2000 2005
OECD 54% 56% 61% 62% 64%
EU-25 48% 54% 59% 62% 64%

Sourse: Enerdate.

It is worth mentioning that during the 30
years of Reform and Opening, with the de-
velopment of the economy and the improve-
ment of urban function, China’s tertiary in-
dustry proportion is increasing rapidly, the
secondary industry proportion remains almost
the same, and the primary industry proportion
is decreasing. According to official an-
nouncements by the State Statistic Office in
April, 2008, the proportion of the primary;
secondary; tertiary industry in 2006 was
11.3:48.7:40.0.

In a nutshell, the secondary and tertiary
industrial sectors in China are the leading
industrial sectors of cities. What is more, in
some parts of same provinces, the tertiary
industry proportion tends to surpass the
secondary industry proportion. For example,
tertiary industry in Beijing, Shanghai, Nan-
jing, and Guangzhou has already become the
major part of the industry. According to in-
ternational benchmarks for economic devel-
opment and urbanization, most cities’ func-
tions will change from manufacturing to set-

vice and tertiary industry will become the

most important contributor to business ac-
tivities. As to the cities with the largest ter-
tiary industry, building and transportation
will become the most significant composition
of urban energy consumption.

In China today, building and transporta-
tion industry only takes up 33% of the total
energy consumption, which is at the same lev-
el as the EU in 1960s. However, since the
1990s, the energy consumption of transporta-
tion and service is increasing by 8% per year.
At the same time, the total energy consump-
tion is only increasing by 3.4% annually. Be-
tween 2003 and 2005, the direct livelihood
energy consumption increased by 13.1%,
7.3%, and 9.9% each year compared to the
previous. The total direct livelihood energy
consumption in China is 530 Mt of standard
coal in 2005, which took up 24% of the total,
and the number increased by 10% in 2000.

Transportation and building energy con-
sumption took up more than 50% of the to-
tal in the advanced cities, which is as the
same level as the EU in 1980s. For example,

after statistically counting the tertiary indus-
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try (building and transportation) energy
consumption we can find that the tertiary
industry proportion amounts for 70% of
industry in Beijing and the high number
comes with the highest energy proportion of
50%.

The tertiary occupation energy proportion
is less than 20% in Chongging, which is rela-

tively low. In Shanghai, Tianjin, Suzhou, and

Guangzhou, the building energy consumption
ranges from 30%-40%. As to the build-
ing-related electrical power consumption, Bei-
jing (55%) also has the highest share. Guang-
zhou and Shenzhen range from 30%-40%. In
Shanghai, Tianjin, Suzhou and Guangzhou,
the shate ranges from 20%-30%. Nanjing’s is
lower than 20% ( Figures 6-3, 6-4).
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Figure 6-3 Energy consumption for building and transport sectors in typical cities of China.
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Figure 6-4 Electricity consumption for building and transport sectors in typical cities of China.
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6.2.2.2 Urbanization and energy consump-
tion: comparisons between countries

Research in urbanization finds that large
cities provide very positive side effects to
economy. Large cities can produce mote spe-
cialized goods and services for the local market,
can accumulate more financial service provi-
sion and an educated labor force, and can con-
centrate administrative functions.

More generally, it might be possible that
smart urbanization has an impact on the com-
petitiveness of a country. For instance, urbani-
zation can be determinant to have high-quality
system of transportation, and the mobility of
goods and people is an important condition to
economic development. Moreover, oil pro-
curements are a source of impoverishment for
many countries where oil is mostly imported.
Because of its impact on energy demand, ur-

banization is then, once again, linked to com-

19 000

16 000

petitiveness. GDP per capita, size, population
density, and urban pattern seem to be the key
determinants of energy consumption.

(1) Density of urban areas across the world

In the world, Asian countries have the
most dense cities as is shown in Figure 6-5.
Mumbai and Kolkata in India (not in the
graph) appear to the most dense cities in the
world, with neatly 30,000 inhabitants per km?.
Karachi in Pakistan, Lagos in Nigeria, Shen-
zhen in China, and Seoul in South Korea are
also very dense cities. On the contrary,
American cities are less dense.

This compatison is, however, difficult, be-
cause the borders of cities may differ. Ameri-
can and European cities are large, while some
cities in Asia are more narrowed. For instance,
the density of Paris stood at 3500 inhabitants
per km? in the database, while in the core of
Paris, density is 20,000 inhabitants per km?.
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Figure 6-5 Different density for international countries or areas (Source: Enerdata).
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The average population density per con-
tinent has been calculated on the basis of the
main cities in each country. The database
compiled more than 250 cities spread all over
the world. The results show the following
figures:

Table 6-2 Average density in main cities.

Asia 8,200  inhab. / km?

Europe 3200  inhab ./ km?

Africa 5,300  inhab. / km?

Pacific 2,000  inhab. / km?

Middle East 4300  inhab. / km2

Russia and Central Asia | 5,000  inhab. / km?
North America 1,300  inhab. / km?
South and Central America | 5,900  inhab. / km?

Source: Enerdata

European cities were denser in the past
than they are now. Over the last decades, cit-
ies have grown more horizontally than verti-
cally in Europe and the US. Thus, core cities
have lost population, while suburban areas
have grown significantly. Paris illustrates this
evolution; the cotre Paris counted 3 million
inhabitants in the beginning of 1900’, with-
out any suburbs. Now, the core of Paris
counts 2 million inhabitants and the suburbs
have around 8 millions.

The term “utban sprawl” describes this
evolution towards very spread out cities.
People tend to live outside cities and then
becoming commuters. Urban sprawl has a

few characteristics:

1) It is an often of single-use zoning:
commercial, residential, and industrial areas
are separated from one another. As a result,
the places where people live, work, shop, and
find recreation are far from one anothet,
usually to the extent that walking is not prac-
tical. Therefore, many of these areas have
few or no sidewalks.

2) It is low-density land use: sprawl con-
sumes much mote land than in traditional
urban developments because new develop-
ments are of low density. The exact defini-
tion of “low density” is arguable, but a
common example is that of single family
homes, as opposed to apartment buildings.

3) It is based on car-dependent commu-
nities: areas of urban sprawl are also charac-
terized as highly dependent on automobiles
for transportation, a condition known as au-
tomobile dependency. Most activities, such as
shopping and commuting to work, require
the use of a car as a result of both the area’s
isolation from the city and of the isolation
the area’s residential zones have from its in-
dustrial and commercial zones.

(2) Evidences of the link between densi-
ty and energy consumption in transport

The following figures reveal that public
transportation is more developed when cities
are dense. The graph below shows the mar-
ket share of public transport and density in
main cities. In Asia, public transport is rela-

tively high and cities are dense.
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Figure 6-6 Comparison about the density and public transport.

The two maps below deliver the same
conclusion. Data of density and data of per-
centage of people using their car to go to
work on the other hand are shown an sepa-
rate maps. The French national statistical
system source allows high accuracy in terms
of geography, as Paris and its suburbs are di-
vided into more than 400 sub-elements.

As the maps shown where density is high,

people tend to use alternative means of

Density

transportation over a car; on the contrary,
where density is low, car use becomes pre-
dominant. Thus, in the core Patris and the
neighbourhood just outside, density is
around 20,000 people per km? and approxi-
mately 25% of commuters use their car to go
to wotk. On the contrary, in the distant sub-
urb, density is around 500 people per km?

and 70% of commuters use their cat.

Car use to go to work

25 km

C——

Low

. High

Figure 6-7 Changes of car use and population density in Paris.
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Figure 6-8 Density in main cities.

The same idea can be stressed by other
indicators. Figure 0-8 emphasizes the link
between density and the consumption of en-
ergy in transport. It appears that, in a given
country, energy consumption for transport
needs is high when density is low. For instance,
an average US consumes 1, 8 toe in transpor-
tation per year. This is more than twice that in
Europe, despite the standard of living being
quite similar. This difference is due to urban
planning specificity in each continent; the
European population is more located in cities
and those cities are denser than in the US.

The comparison between the US and Ja-
pan is very emblematic of how urbanism can
impact energy consumption for transporta-
tion. In Japan, cities are very dense and urban
sprawl described before is far less, or preva-

lent. In the US, the cultute is very different:

Urban sprawl is part of the national spirit;
Los Angeles often being quoted as the para-
digm of urban sprawl.

Table 6-3 Figures at national level for both
countries illustrate this difference.

USA Japan
GDP per capita 43,000 USD | 37,000 USD
Average density |31 inhab./km?2 |350 inhab./km?
Cars per household 2.4cars 1.2 car
Consumption of road
transport per capita 1,820koe 600koe
per year

Source: Enerdata

(3) Evidence of the link between density
and energy consumption in households

Does density also have an impact for en-
ergy consumption in dwellings? As insulation
of buildings is better in collective than in in-

dividual dwellings, the answer might be posi-
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tive as well. A French study has estimated the
average consumption of collective dwellings
for space heating at 125 kWh/m?2 per year.
For individual dwellings, the energy needed
has been estimated at 174 kWh/m? per year,
40% higher.

As a result of that, it is expected that
low-density zones, which are characterized
with many more individual dwellings, will
generate more energy consumption.

(4) Energy used for transport and space

heating in relation to urbanization in Paris:

2% Suburb =

1% Suburb

Previous analysis outlines the importance
of urbanism in energy consumption for
space heating and transportation. It might be
interesting to estimate the energy consump-
tion for those needs in both cases, a city
characterized with low density and on the
contrary a high density city.

Paris’ urban area is divided into three
parts, the core Paris, the 15t ring suburb, and

the distant suburb, as Shown in figure 6-9.

Paris

2.1 millions inhabitants
Surface : 106 km?

Density : 20,000 capita’km

| * 1* suburb
1 * 3.2 millions inhabitants

* Surface : 396 km?
| * Density : 8,000 capita/km® |

1 * 2 suburb

1 * 4.1 millions inhabitants

1 * Surface : 2,353 km?

1 * Density : 1,700 capita/km?

Figure 6-9 Changes in Paris about the suburb area and inner city.

We see in the table below that energy
consumption per capita for space heating
and commuting is 80% higher in the 2nd

suburb than in Paris. Indeed, estimates show

that energy consumption per capita in core
Paris is 0.43 tep per year, while it is 0.73 tep

per year in the distant suburb.

Table 6-4 Changes about the city and space heating.

Energy used Paris 1st suburb 2nd suburb
in toe per year (2.1 M inhab.) (3.2 M inhab.) (4.1 M inhab.)
Work commuting 120,000 280,000 470,000
Space heating 800,000 1,500,000 2,500,000
Total 920,000 1,780,000 2,970,000
Total per capita 0.43 0.57 0.73
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6.2.3 Energy consumption in the building

sector in China

Energy consumption in relation to
embodied

building material production, building mate-

building includes energy —

rial  transportation,  construction, and
maintenance and operating energy for build-
ing operation during its life time. The fast
urbanization of China has accelerated the
rise of the building material industry and the
construction industry and the subsequent
energy consumption has occupied 20% of
the total commercial energy consumption of

China. However, as this part of embodied

enetgy consumption has already been gener-
ally discussed in chapter 6.1, here the focus
will be on the operating energy consumption.
This includes energy consumed for lighting,
heating, cooling, and electrical appliances
during the whole lifetime of buildings.
6.2.3.1 Overall building energy consump-
tion

In 2004, the total building area of China
was 38.9 billion m? and consumed about 0.51
billion tons coal equivalent (tce) of commer-
cial energy, which accounts for 25.5% of to-
tal commercial energy consumption as
shown in Table 6-5. Energy consumptions in

detail are listed as follows:

Table 6-5 China building energy consumption, 2004.

Area Elec. | Coal | LPG | NG | Coal gas | biomass [Total commodity

billion m? | TWh | Mtce | Mtce | Mtce |  Mtce Mtce Mtce

Rural 24 83 | 1533 | 9.6 - - 266 192

Utban res. (excl. heating) 9.6 150 46 | 121 | 55 2.9 - 78.2

Residential heating along
4 21 - - - - - 7.4
Yangtze River
North China urban heating 6.4 - 127.4 - - - - 127.4
Ordinary commercial 4.9 202 - - - 94.7
17.4 5.9

Large scale commercial 0.4 50 - - - 17.6
Total 389 506 | 302.7 | 21.7 | 11.4 2.9 266 517.3

Note: Fuel and heat consumption are converted to standard coal equivalent according to their gross caloric values. When

calculating the total energy consumption, electric power is converted to standard coal equivalent according to the conver-
sion coefficient subject to the mean plant coal consumption in thermal power plants in China of the year 2004, i.e. 1 kWh

electrical power is equivalent to 354 g coal equivalent

Data source: 1) Rural data: Sustainable energy source development financial and economic policies research reference
documents, data of 2005, Wang Qingyi, Oct. 2005; 2) Other data: China Statistic Yearbook, 2005.
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Figure 6-10 Sectoral energy consumption of China, 2004.

6.2.3.2 Lower energy consumption in Chi-
na than in developed countries

As shown in Figure 6-10, despite having
already reached 510 Mtce, China building
energy consumptions are far lower than
those of developed countries. Even com-
pared with European countries, which have
fairly good policies on building energy effi-
ciency, China’s unit area consumption is only
1/5 of Europe and the per capita value is
only 1/7 of European level. Even if the en-

ergy consumption of the less developed rural

areas is excluded, there atre still folds in the
gap between China and developed countries.
Although the energy statistical methods and
systems of each country are different, all the
data are matched with each other in their
quantities and developing trends. Thus, ac-
cording to the energy consumption data
comparison between China and major de-
veloped countries, it can be reasonably con-
cluded that unit area building energy con-
sumption of China is currently only 1/2-1/3

of the developed countries’ levels.
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Figure 6-11 Per unit area building energy consumption, 2004.
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Morte ever, the China heating consump-
tion is half of developed countries with sim-
ilar climate. Table 6-6 shows the heat de-
mand of buildings in over 100 residential
quarters in Beijing when the room tempera-
ture is maintained at 18°C. The data source is
real consumption in the year 2006 and
amended according to the outer temperature
and the design climate parameters of Beijing;

The highest values and the lowest values, re-

spectively, occupying 10% of the statistical
samples are excluded from the date. Table 6-7
shows the heating consumption of some
Buropean countries. Concerning the climatic
differences, amended consumption data are
also provided in the table. According to
comparisons of Tables 6-6 and 6-7, the con-
clusion that there are no great differences of
heat demand between Beijing and European

countties could be made.

Table 6-6 Heating demand in Beijing buildings (room temperature 18°C).

Building category Heating demand scope kWh/(m?2 2)
Common residential building 50-100
Common office building 30-90
Hotel 40-90
Emporium 10-120
School 30-100

Table 6-7 Heating consumption in surveyed countries.

Year | Building type | Country Heating degree | Heating consumption |Heating confumption after climatic
days [kWh/ (m?2 2)] correction [kWh/(m?2 )]

2004 | Residential Beijing 2450 83 83

1998 | Residential 1 | Poland 4043 124 75

2004 | Residential | Germany 3126 185 145

1998 | Residential 2 | Germany 3430 57 41

2004 | Residential France 2747 150 134

1998 | Residential 3 | Finland 5303 55 25

1998 |Residential 11| Sweden 3230 20 15

2004 | Residential Greece 1565 120 188

2004 Office Germany 3126 120 94

2004 Office France 2747 166 148

2004 Office Holland 2784 310 273

2004 Office Greece 1565 100 157

2004 Hotel Germany 3126 225 176

2004 Hotel France 2747 179 160

2004 School Germany 3126 160 125

2004 School France 2747 118 105
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o Heating degree | Heating consumption |Heating consumption after climatic
Year | Building type | Country i
days [kWh/(m? )] correction [kWh/(m? )]
2004 School Holland 2784 145 128
2004 School Greece 1565 55 86
Note:

(1) Energy consumption data source:

a) 1998 data from the survey on a batch of energy efficient buildings: Indicators of Energy Efficiency in cold-climate
buildings, Results from BCS Expert Working Group, http://eetd.lbl.gov/.

b) 2004 data is the statistical data from: Beijing — Report on Beijing residential building heating test in 2005-2006 by
Tsinghua University; other countries — Applying the EPBD to improve the Energy Performance Requirements to Existing
Buildings- ENPER-EXIST, Intelligent Energy of EPBD, 2007.

(2) Climate data source:

Beijing data is sourced from “civil building energy saving design standard JGJ26-95”, based on 18°C; USA data is from
“monthly state, regional, and national heating degree days weighed by population”, National Climate Data Centre, USA,
2006, based on 18.3°C; Japan data is sourced from “Handbook of Energy and Economic Statistics of Japan”, energy con-
servation centre, 2006, based on 14°C; Other European countries are sourced from 2007 Earth Satellite Corporation

(www.earthsat.com), based on 18.3°C.
(3) Methodology:

(Amended energy consumption of region A)=(heating consumption of region A)/(heating degree days of region A)x

(heating degree days of Beijing).

Among the reasons that explain these
discrepancies despite far better insulations
in European buildings: building shape coef-
ficient, ventilation and infiltration, and
maintained room temperature. European
residential buildings are mostly detached
houses and their shape coefficient is ap-
proximately 2 times that of high-rise apart-
ments in China (12 floors); the shape coef-
ficient of most office buildings in Europe is
over 1.5 times that in China. In addition, in
recent years, indoor air quality of European
buildings has been controlled strictly by the
application of mechanical ventilation with
an exhaust volume generally over 100% of
the building volume per hour. Besides, the
set temperature in European residences
varies from 21°C to 24°C, which shall con-
sume approximately 15% more energy than

at 18°C.

And another important reason could be

the Central heating plant (CHP) sourced
district heating system in North China,
which makes full use of exhaust heat of
coal-fired CHP to maintain total energy ef-
ficiency as high as in developed countries.
Primary energy consumption of optimized
CHP for heat production is only 70%-85%
of water source heat pumps that are re-
garded as currently the most energy effi-
cient. Consequently, although the envelope
in China is worse insulated, the overall
heating consumption appears lower com-
pared with developed counttries.
6.2.3.3 Great individual differences in do-
mestic buildings in China

It could be concluded that China con-
sumes much less energy than developed
countries in buildings, compared either in
unit area or in per capita building energy
consumption. However, great discrepancies

of individual building energy consumption
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occur, even among buildings serving the
same function in the same geographical re-
gion of China. Figure 6-12 shows the sut-
veyed annual electricity consumption of

some residential buildings in Beijing, Shang-

hai and Chongging, including all household
electric end-uses such as air conditioning
(AC), lighting, and household electric appli-
ances. Three to five-fold individual differ-

ences easily are found.
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Figure 6-12 Surveyed residential electricity consumption (Beijing, Shanghai and Chongging).

Figure 6-13 offers the whole year AC
electricity consumption of medium-income
families in a Beijing residential building, with
the application of split AC respectively
measured in 2007. Household electricity
consumptions differ greatly from flat to flat,

although all the dwelling families share the

mately the same income, and use the same
cooling device, a split air conditioner. Further
analysis suggests that the over ten-fold dif-
ference in Figure 6-13 are not greatly con-
cerned with the incomes of each family but
with the ages of the residents;. the older

person will have lower AC energy consump-

same envelope insulations, earn approxi- tion.
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Figure 6-13 Electricity consumption of split ACs in a Beijing residential building.
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6.2.3.4 Differences in commercial sector
are also largely determined by energy
consumption modes

Impacts of energy consuming modes on
residential energy consumption are as dis-
cussed in the above paragraphs. Generally,
the same conclusion could be drawn in the
commercial sector. Orders of magnitude
differences of energy consumption in com-
mercial buildings can be, for the most part,
attributed to how people use buildings rather
than what technical solutions are equipped in
buildings.

Figure 6-14 is the comparison on annual

450

electricity consumption of some office
buildings in two famous campuses of Beijing
and Philadelphia. An office building, in Bei-
jing with an electricity consumption near to
the average level of the whole campus was
selected for in-depth comparative analysis of
the energy consumptions of a Philadelphia
campus building. This building was built in
2002 with very good insulation and Variable
Air Volume (VAV) Systems for air condi-
tioning, The main differences between the
buildings are lighting and appliances, cool-
ing, and the ventilation fans in a central-

ized AC system.
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Figure 6-14 Annual electricity consumption of campus office buildings
in Philadelphia (B) and Beijing (A).

Figure 6-15 illustrates the cooling con-
sumption of several Beijing government of-
fice buildings applying centralized AC sys-
tems. Individual floor area of these buildings
is similar to this case, but there is gap greater
than one-fold of cooling consumptions
among them. The reasons are ranked in de-
scending order of their influences as: total

operation time, fan electricity consumptions,

mechanical ventilation volume of outdoor
fresh air, and indoor temperature and humid-
ity. Differences of these factors would result
in different levels of indoor thermal comfort,
such as satisfaction rate of all air conditioned
rooms, satisfaction hours in the whole cool-
ing period, and satisfaction level of all occu-

pants.



Chapter VI Policy Research on Energy Efficiency and Urban Development 261

60 r
50 k] 46 46

40 35
30 F

20 f

AC electricity consumptions
[kWh/(m? a)]

22 22 4

20 19 19

building A B C

12
9
10 |_| |_|
0 1 1 1 1 1 1 1 1 1 1 1 J
D E F G H 1 J K L

Figure 6-15 AC electricity consumptions of some government office buildings, Beijing.

6.2.3.5 Impacts of different routines for
indoor maintenance on
building energy consumption

environment

Generalizing the above discussions, there
are now two different routines for good indoor
environment: 1) a mechanical one, which con-
sumes great amount of energy, and 2) a natural
one, which is mainly in virtue of natural means,
with complementary mechanical solutions.

Mechanical routine: The “Most Com-
fort” indoot environment is maintained by
artificial mechanical ventilation, cooling and
heating, so that the indoor physical status is
rigidly controlled. The industrial revolution,
with its developing scientific technologies,
has greatly enabled people to maintain good
indoor environments. The concept of “hu-
man will overwhelm natural forces” gradually
prevailed, which is the consequence of un-
reasonable expansion of energy consump-
tion from the industrial sector to the building
sector. Various environmental parameters
such as temperature, humidity, air flow and
indoor luminance are rigidly implemented
and maintained by mechanical AC, ventila-
tion, and lighting, so as to provide the opti-

mal services for residents. However, they ig-

nore the adaptability and regulation capacity
of the human body and their positive regula-
tion of the environment. Then two conse-
quences emerge: 1) an enormous amount of
energy is consumed; if all people followed
this living mode, it would consume 130% of
currently produced energy in the whole
world; and 2) the residents are not very satis-
fied for lacking free choices of individual
control upon the indoor environment, which
is actually not coherent with human beings’
requirements after millions of years’ evolu-
tion, especially the requirements for physical
health. The energy consumption can be re-
duced to a certain degree through vatious
technical breakthroughs, yet it is almost an
infeasible dream to lower the proportion to
30% to 40% from the 130% at present merely
by technical solutions. Indeed, endowing the
residents with abilities of regulation upon
preferred environmental conditions may be
more psychologically appropriate and will be
fulfilled by technical innovations. Yet, com-
pletely relying on a mechanical approach to
maintain such environment may further in-
crease the demands of energy resources.

Natural routine: in the natural mode,
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various passive means and self regulations of
the residents, such as opening window for
ventilation and sunshades, should be used for
appropriate indoor environment. Also, they
should be coordinated with and adapted to
the natural environment through the
self-regulation and adaptability of the human
body. If these means finally cannot meet en-
vironmental requirements, they shall be
complemented by mechanical or manual
means, such as heating. The mechanical
dominating mode usually assures an invaria-
ble indoor status with constant environmen-
tal parameters, while the nature dominating
mode aims at being harmonious with the
variable natural environment. In fact, in the
days before modern society, this mode was
widely used, which has supported the breed-
ing and civilization development of the hu-
man being. The residential environment un-
der this mode does not consume too much
natural resources, has lower levels of de-
structive externalities upon the global envi-
ronment, and can be regarded as more sus-
tainable.

To sum up, it is the choice between these
two routines that causes up to ten-fold, dif-

ferences of building energy consumption.

6.2.4 Current status of China’s urban

transport and energy consumption

Rapid urbanization and motorization,
especially the rapid growth of private cats,
has brought great challenges to urban trans-
portation systems. Figure 6-16 shows the
growth of vehicle ownership in recent years.
From the eatly 1990s to today, China has
maintained a high annual growth rate of 13%
in vehicle ownership. By the end of 2000, the
total number of registered vehicles was close
to 37 million; furthermore, of the vehicles
registered, ownership of private vehicles ex-
perienced an annual growth rate of 23%, far
higher than that of total vehicle ownership.
In Figure 6-16, the civil vehicle fleet includes
the passenger vehicles and truck which pro-
vide commercial transport service, vehicles
belonging to commercial enterprises and
government institutions, and private vehicles.
It does not include vehicles for special pur-
pose, such as fire trucks, municipal sanitation,
and military fleets. Furthermore, the private
vehicle fleet includes the vehicles belonging

to private individuals.
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Figure 6-16 Growth of registered motor vehicles in China.
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Motorization will continue to grow rap-
idly in the next 10-20 years, yet vehicle own-
ership in China is much lower compared with
that in other developed countries. Interna-
tional experience shows that there will be a
vehicle purchase peak in a country when its
per capita GDP reaches 3,000-4,000 USD,
which China will attain in 20 years. Thus, ve-
hicle ownership, as an important indicator
for standard of living, will continue to rise.
6.2.4.1 Overview of China’s transport de-
velopment

Urban transport development was cata-
lyzed by its own conflicts along with its evo-
lution. The urban transportation develop-
ment process can be viewed as following
four main phases due to different conflicts in
the case of China cities.

(1) Initial Phase

Before industrialization and motorization,
urban populations increased slowly and peo-
ple traveled by foot, animal, or bicycle. Most
available transportation modes were at a low
speed and the travel distance was generally
short. The conflict of transportation was not
evident in this phase. The travel time and
distance were tolerable to most people.

(2) Startup Phase

Along with the development of urban
economies, GDP, and public living quality,
urbanization and motorization began taking
place. In this phase, the major conflict was
between the rapid increase of motorized
transport’s demand and relatively limited
road resources. Therefore, a motor focus
transport development plan was in a great
need. Many cities started construction of
new, broader vehicle lanes, expressways, sep-

aration bridges, and other motorization in-

frastructure. The development of those in-
frastructures further accelerated the motori-
zation process in cities. Congestion became
worse. Lessons were that the free develop-
ment of small cars was not beneficial.

(3) Rapid Development Phase

In order to accommodate the rapid mo-
torization and the healthy development of
urban transportation, China’s cities began to
implement series of policies and measures
for the Smooth Project and to bring atten-
tion to public transport’s priority. Ministry
and other national government office created
relative regulations and raised a goal of es-
tablishing a public transportation-focused
system by 2010. During this phase, the con-
flict between public and private transport
became more evident in addition to besides
the supply-demand conflict. As motorization
developed dramatically and brought signifi-
cant impact to the urban living condition,
many cities added special items to their urban
transportation management frame to restrict
the over development of small cars and to
promote prior development of public
transport. Those measures adopted brought
important positive affects to urban transpor-
tation issues, but faces many challenges.
Morte effort should be enhanced to strategic
planning and land use to meet development
objectives eventually.

(4) Maturation Phase

After the conflicts between utrban transport
demand and supply and between private and public
transportation are alleviated, some new issues may
take place, such as transportation systems’ service
level and the vatiety of resident travels. Therefote, a
fast, safe, diverse, efficient and highly accessible
transport system should be provided. Social and
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economic resoutces are in need of optimal utiliza-
tion to satisfy people’s updated transportation de-
mand, whether mototized ot non motortized and
private or public transport is adopted.
6.2.4.2 Demand of resident travel keeps in-
creasing

Rapid urbanization and the improvement
of citizens’ standards of living will lead to
increasing travel distances and time. Such

situations may stimulate the use of motor

vehicles and travel by other motorized modes.

The experience of developed countries indi-

cates that there is a growing trend of trips

for leisure purposes; with the improvement
of standard of living, average daily trips by
urban citizens gradually will be rising, there-
fore travel distance and reliance on vehicles
will rise, as well. It is estimated that, on the
basis of the macro-economic development
scenatios, passenger trips in Chinese urban
areas will be 951.7 billion person-trips by
2020, including 255.7 billion person-trips by
public transport and automobiles, with an
expected annual growth rate of 9% from

1998 to 2020 (Figure 6-17).
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Figure 6-17 Future personal trips in China.

6.2.4.3 Urban passenger transport volume
increases rapidly

The urban public transportation volume,
including bus, metro, and rails, kept increas-
ing since 1980, because the demand of resi-
dent travel rose, with 48,369.30 million peo-
ple in 2005 increased 1.6 times of 1980. Es-
pecially in latest 10 years, it grow by 7.4% per
yeat, which is close to the rate of GDP in-
(Figure 06-18).

transport is a major petroleum consumer in

crease Urban passenger

China, while it consumes a relative smaller

ratio of diesel. The petroleum consumption
of Beijing was 1.06 million tons in 2000 and
increased 122% to 2.35 million tons in 2005.
Shanghai consumed 1.33 million tons of pe-
troleum in 2000 and 2.42 tons in 2005. Over
90% of petroleum was used for transport.
Most of that was used for urban passenger
transport, though small portions were taken
by inter-city passenger transport and freight
transport. According to the study of China
National Development and Reform Com-

mission, Beijing’s petroleum consumption
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was 900,000 tons in 2000 and 2.1 million
tons in 2005. Correspondingly, the figures for

Shanghai are 1.06 and 2 million tons, respec-

tively. Small cars used 80% of the total pe-

troleum consumption.
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Figure 6-18 Passenger volume of public transport in China.

6.2.4.4 China’s transport energy consump-
tion increases the most compared with
other sectors

The transportation sector is significantly
dependent on energy resources. Energy
consumption for transportation increases
dramatically along with China’s economic
development and has become one of the
most rapidly growing industries in terms of
energy consumption. Data reveals that the
transportation industry consumed 7.55% of
total energy used by the nation. Of
oil-related consumption, transportation takes
31.45%. These two figures have increased
10.75% and 12.16% respectively since 2000
(Figure 6-19). There is still an evident gap
between China and developed countries re-
garding unit energy consumption, utilization
rate, and equipment efficiency of the trans-

portation industry.

It should be noted that the data in Chi-
na’s statistics system only includes those op-
erational transport enterprises whose energy
consumption is counted. The current data
does not contain non-transport vehicles and
their consumptions. As the estimation by in-
ternational standards, the energy consump-
tion of transport would take 10% of the na-
tion’s total. The transportation industry con-
sumes almost all gasoline, 60% of diesel, and
80% of coal oil. China’s petroleum con-
sumption is dependent on foreign imports at
the high rate of 40% and the dependence is
growing. In order to ensure the nation’s en-
ergy security and to reach the energy con-
servation goal for the 11t Five-Year Plan of
reducing energy consumption 20% per unit
GDP, the transportation industry must bring

more effort on energy conservation.
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Figure 6-19 Transport energy consumption in 1995-2006.
6.2.4.5 Cars consume most energy in all largest CO, emissions per  passen-

transport modes

Different modes of transport differ dras-
tically in energy consumption in urban
transport system. Table 6-8 shows that cars
consume the most energy per passen-
ger-kilometer. The energy consumption per
passenger-kilometer of light rail, subway and
tramcar is only 6% that of cars’ and single

bus is 10% of the cars’. Cars produce the

ger-kilometer among the six modes of
transportation and 7 times that of buses.
Thus, from views of both environmental
benefit and of transportation efficiency, the
promotion of mass public transfer tools such
as light rail, subway and tramcar is one the
measures to establish an energy-efficient ur-

ban transportation system in the future.

Table 6-8 Comparison of energy consumption among various transport modes

(energy intensity per person-kilometer of single bus set at 1).

Energy consumption per
Transport means .
person-kilometer

Energy consumption per
Transport means i
person-kilometer

Bike 0 Electric trolley bus (hinge joint) 0.8
Motorcycle 5.6 Electric trolley bus (BRT) 0.7
Car 8.1 Tram 0.4

Bus (single) 1 Light rail transit 0.45
Bus (hinge joint) 0.9 Subway 0.5

Bus (BRT) 0.8
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6.2.4.6 Transport energy consumption per
capita is less than developed countries, but
increasing rapidly

Fuel consumption per capita in China
had been increasing steadily from 1990 to
2005 (figure 6-20), where Beijing consumes
the most fuel—as much as 3 times of the na-
tion’s average level, which is still less than Ja-
pan and Korea. Figure 6-20 shows that To-
kyo’s fuel consumption per capita was less
than the national average until 1999. One of

the reasons for this is the change of prefer-

ences of car buyers in Tokyo. It is common
for families in Japan to have two vehicles.
Most of the families wanted to buy bigger
cars at first, so fuel consumption kept in-
creasing. When families purchased their sec-
ond car, they came to prefer small or econ-
omy-model ones in light of tax costs and
environmental issues. Hence, Tokyo’s car
population increased continuously, but its
fuel consumption per capita stayed at a rela-

tive steady rate.
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Figure 6-20 Urban passenger transport energy consumption of China, Japan, and Korea.
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6.2.4.7 Cars take largest portion of urban
passenger transportation energy consump-
tion

China’s urban passenger transportation
consumed 7.9 million tons of oil in 2000,

and the increasing rate from 2000 to 2030

will be 5.9% per year. 45.3 million tons of oil
will be consumed in 2030, as six times the
amount of 2000, and small cars take 80% of
total urban transportation energy consump-
tion, which is undoubtedly the largest con-

sumer of energy (Figure 6-21).
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Figure 6-21 Energy consumption of China’s urban passenger transport in 2000-2030.

6.3 Conclusions

Currently, the proportion of both build-
ing and transportation energy consumption
in social site energy consumption is as much
as 33%. Following the experiences of devel-
oped countries, this proportion will steadily
increase with the development of the econ-
omy and adjustments of industrial structure.
For example, this same proportion of social
site energy consumption in OECD countries
and EU member countries has reached about
2/3, among it the proportion concerning
only urban building and transportation is
more than 1/2.

Chinese urbanization is cutrently a great

challenge for itself as well as for the whole world.

Cutrently, the urban building rate continuously
increases at the speed of 5% to 8% in China and
more than 1 billion m? worth of new buildings
are built every year. This will not only lead to the
doubling of floor area of urban buildings and a
continuous increase of building operating energy
consumption in the next 15 years, but also indi-
rectly will promote the fast development of enet-
gy-intensive building material industries, such as
cement, steel, and glass. Statistical data shows the
energy consumption of the cement, steel, glass,
and China used for urban construction account
for 20% of the total energy consumption in Chi-
na in 2005. If the urban construction scale can be
decreased half, the total energy consumption can
be decreased 10%.

Various types of new buildings are the

main part of urbanization. According to the
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statistical data, the current urban floor area
per capita of China is nearly 30 m?, which
exceeds the corresponding index of Hon
Kong and is close to the average of Japan
and Singapore of about 36 m?; the index of
some provinces and cities even exceeds that
of Japan and Singapore. But, as a whole, the
floor area per capita of China is far lower
than that of USA and Europe. However, in
the recent 15 years, the urban building floor
area doubled every 7 years and more than 1
billion m? of buildings were constructed
every year. If 1 billion m? of buildings are
built and the urban population increases 15
million every year, then urban floor area per
capita of China will reach 42m? and will be
close to the European level. The total energy
consumption for building operations will
certainly increase with the increase of build-
ing scale. If the urban building scale increas-
es one time, the building energy consump-
tion will increase one time or even more.
Therefore it is necessary to scientifically and
reasonably control the urban construction
scale and urban building scale and to control
the urban building so that floor area per cap-
ita remains less than 35m? and that new
buildings constructed every year are less than
0.7 billion m?. This should be the important
part of the construction in a resource-saving
society and it is the basic necessity to realize
the sustainable development of urban con-
struction according to a scientific develop-
ment view.

Up to now, the building operating energy
consumption per capita in China was 1/12 of
that in the US and 1/6 of that in west and
north Europe; the building operating energy

consumption per capita of cities in China is

only 1/7 of that in the US and 2/7 of that in
western and northern FEurope; the operating
energy consumption per unit floor area for
urban buildings in China is 1/3 of that in US;
the operating energy consumption per unit
floor area for residential buildings in China is
1/3 of that in the US and 1/2 of that in Eu-
rope. However, recently, with the growth of
the economy, the improvement of living
standards, and the influence of the ideas of
“joint track with international standard” and
“30 years of no backwardness”, a great
amount of high standard residential and office
buildings that pursue to be different and large
have been built. The operating energy con-
sumption for these buildings realizes the con-
ception of “joint track with international
standard”: The energy consumption per unit
floor area has increased greatly. For example, a
so-called high-grade residential building in a
certain place of China claims that it has ap-
plied the most advanced energy saving tech-
nique for air conditioning and heating, Its
heating and air conditioning system runs all
day long for most of the year and its energy
consumption reaches 20kWh/(m? =), which is
7-10 times that of common residential build-
ings and is equivalent to that of the
high-grade residential buildings in developed
countries. Also, the electricity consumption
standard per unit floor area of large-scale
commercial buildings in most cities of China
is 200kWh/(m? ) to 300kWh/(m?2 a), which
has already reached the level of developed
countries such as the USA, Japan, and in the
EU. Those commercial buildings in China ac-
count for less than 5% of the total building
floor atea, but account for more than 10% of

the total building energy consumption.
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If the urbanization idea of “joint track
with international standard” spreads widely,
building energy consumption in China will
reach the high level of the “developed coun-
tries”. Take the urban building electricity
consumption per unit floor area in China for
example: If it reaches the current level of
that in the US, then the 30 billion urban
buildings in China will consume 3 trillion
kWh of electricity annually in 2020 — 1.5
times the current total amount of electricity
generated in China; if it reaches the legal
building energy efficiency level in German of
60 kWh/m?a, then in 2020, the electricity
consumption for urban buildings in China
will be equivalent to the current total amount
of electricity generation for the whole coun-
try in a year.

Morteover, rapid urbanization and the
improvement of citizens’ standards of living
will lead to increased travel distances and
travel time. Such situations may stimulate the
use of motor vehicles and travel by other
motorized modes. The experience of devel-
oped countries indicates that there is a
growing trend of trips for leisure purposes;
with the improvement of the standard of
living, average daily trips by urban citizens
gradually will be rising, therefore travel dis-
tance and reliance on vehicles will rise, as
well.

However, it should be noticed the ex-
panding trend of luxury consumption in
China beginning in 2001. The improved liv-
ing standards of citizens due to the great
economic achievements of China inherently
increase the requirements for daily consuma-
bles such as dwellings, cars, and domestic

appliances. Generally, motivation for industry

development is transferring to updating the
structure of consuming sectors of China’s
economy. This necessitates research on: 1)
impacts of living, work, leisure entertainment
and individual transportation on urban
building and transportation energy consump-
tion; 2) categorization and distribution of
different consuming patterns and their in-
herent social impacts; 3) objective policies
and social guidance for an energy-conserving
society in China; 4) possible consuming pat-
terns in  terms of energy- and re-
source-conservation in future society; 5)
proper energy consuming modes in building
and transportation sectors. These will be es-
sential to achieve social development and
better citizen life while consuming less ener-
gy compared with developed countries.

Both international and domestic research
and experiences show energy consumption
moderation or reduction can be achieved, as
well, by more efficient technologies to satisfy
one’s needs and by more efficient organization,
lifestyles, and consumption patterns. Modera-
tion or reduction in the energy consumption in
the social consumption sector, especially for the
building and the transportation sectors, can be
achieved through technological improvements,
and from moderation of the needs for energy
services or from non-technical factors such as
better organization and management or im-
proved economic conditions in the sector.
Moderating or reducing energy consumption is
first, a matter of individual behaviors and re-
flects the rationale of energy consumers.
Avoiding unnecessary consumption of energy
or choosing the most appropriate equipment to
reduce the cost of the energy contributes to

decrease in individual energy consumption
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without decreasing individual welfare. On the
other hand, it seems that the urban design also
has influences on energy consumption in the
transportation sector and in household space
heating;

This recommended task force will
emerge with a common and clear under-
standing of the role of energy efficiency in
relation to sustainability, especially the rela-
tionships between urban design and planning
and life styles and energy efficiency, and the
relationship between urban design and plan-
ning and transport and energy networks by
reviewing the relationships from history and
from experiences from international and

domestic cities.

A general mathematical model for Chi-
na’s urban buildings and transportation en-
ergy consumption should be founded after
city-level energy surveys and individual sur-
veys for household and behaviour distribu-
tion. By analytical comparison of typical ur-
ban policy backgrounds and the implementa-
tion results of both domestic and foreign
cities, that is, the implemented strategies,
mechanisms, and inspiriting measurements
for urban development and structural ad-
justments aiming at reducing energy con-
sumption, possible policies should be advised
for controlling urban development speed,
encouraging suitable lifestyle, and developing

corresponding technologies.



