vS,ustainabIe Urban and Architectural Design

(rpr g SO%F B R )

A 52T

Runming Yao, Koen Steemers, Baizhan Li
wiERE B - HiEER FRM &

() F @) & h ke 2k

UILDING PRESS

[}
x
Z
>
>
E
[}
T
—
m
(2]
—
(=4
o
m
L
@



O RBENMSRIRRT wxoome

Sustainable Urban and Architectural Design

PeiEel  R-WiFEEW FAK F

Runming Yao, Koen Steemers, Baizhan Li

I TR EX'Y'S ¢



BB 7R EB4CIP) BiR

AIFFERIRTT S RABGT (FRIEOTIRARL) / BkiEH, SARRER],
FEHRE —dU: FEBRATIHEM, 2006
ISBN 7-112-08099-1

1. IOk OF. O, MMl - THERE -t
R BRI -, B N.TU201

o = Wi A< B 4548 CIP A% 2(2006)% 012318 5

ER—AERFEIEEN, SRR T TR AR R RPN E .2
BaE. FIEMFTUREINM, DIRETRER T SEFARIT, &
FEdr A R FTEERISRAEARRIER R T o BN — 2
B8, F2RTENMBRTRIHAE. mRTEE. R BEEBRTHHRSE, 3
A T BRI R R T AT E L B3R ENERBRMIET ., ¥k, E
BT RARIHRBESAEHER THVE. RGBT RSB ARHES
5%, waAEFEH. ARER, KMEFA. BAREURATELRR
&, B, BEMBTHARZOBASRGH TR, B4EMGTHR LATH
ST SRARHER S BRIKO X EREXFRAHERN, LAAFR
P BRAREERR, WAFXTHK. TERZVERXTE. HARK, 2EH#
. FHER, UREEEA. TEMOHEN B R TRFIERE T FRRHAKRT
XK IR R,

FIEGHE: B
TR A
FAERR: EBT X @

ARERET ESRRIRTT (hErxmg)

Sustainable Urban and Architectural Design
kAR B - ¥R FEEMSR OFE .
*
FEHERT L HRANRR, RIT GERESEAE)
FrEHIE R
HAR : R FE R A AR A &)
JEREH AL BRI EIRI
*
Fra<. 880 x 1230X 1/16 A% 17% F. 600 FF
20064F3 A%—M 2006 4F 3 A% —WEHIR
H%:1—3,500/ 4 .48.00 T
ISBN 7-112-08099-1

(14053)
WERE @R
WA BB RB NG, THFAMRR
(HFB4RAS 100037)
<1 ¥ ik :http://www.cabp.com.cn
™ _ 4% hitp://www.china-building.com.cn



212G, SRR ERA R ERRTR KSR 2 —. BT AR
PRIEFTH R AVR E AHEB BN A—RE R SR TR ERRE. Bar, BEH
BHRERE T & B B REREAY 28% , TRIFEI 20104240 EFH1/3, KEMZLKRY
T REBCEF I FTLLA B B ERITREBCR . Hibk, AIvEikh SBRIIKIHE
RESBBRH EHRERP S HHCEEZER. 2 BEENMBTHRERT SR
BRI EES, Hik, BRURMRFE L. FBRITEARILE . BAHR,
BAFE S RETRELVEENSHBREWREEM, R AT AR R
TESAAARRIHER.

Climate change is one of the major challenges facing the world at the start of the 21st
century. Greenhouse gas emissions due to the burning of fossil fuel are considered the main
cause of global warming. China’s buildings sector currently accounts for 28% of China’s total
energy use and is projected to increase to one-third by 2010. Experience has shown that sig-
nificant energy savings in buildings can be achieved through energy efficient design, there-
fore sustainable urban and architectural design will play an important role in mitigating emis-
sions and environmental protection. This book aims to introduce the concept, methods, tech-
nologies and best practice examples of sustainable urban and architectural design. It can be
used as a reference book or a specific course English language teaching material for Chinese
students of architecture, urban planning, building services and environmental engineering. It

can also be used as design guidance for architectural and engineering professionals.
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Chapter 1 Introduction




Fig.1.1 Combined global
land and marine surface tem-
perature (source: Climate Re-
search Unit, UK)

1.1 The problem of climate change

Climate change is one of the major challenges facing the world at the start of the 21st century.
The mean global surface temperature has increased by about 0.3 to 0.6°C since the late 19th
century and by about 0.2 to 0.3°C over the last 40 years, which is the period with most reliable
data. Recent years have been among the warmest since 1860 - the period for which instrumental
records are available. For example, the global average surface temperature in the year 2002 was
approximately 0.8 ‘C above the average temperature at the end of the 19th century, making it
the second warmest year in the 142-year global instrumental temperature record. The average
land temperature was almost 1.2 ‘C above that at the end of the 19th century. The year 2004 was
the fourth warmest on record, exceeded by 1998, 2002 and 2003. Fig.1.1 shows the combined
global land and marine surface temperature record from 1856 to 2004 (by the Climatic Research
Unit and the UK Met. Office Hadley Centre).
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Warming is evident in both sea surface and land surface air temperatures. Urbanization in
general and desertification could have contributed only a small fraction to overall global
warming, although urbanisation may have been an important influence in some regions.

The rise in temperatures has been accompanied by changes in the world around us:

* ice caps are retreating from many mountain peaks like Kilimanjaro;

« global mean sea level rose by an average of 1 ~2mm a year during the 20th century;

summer and autumn arctic sea ice has thinned by 40% in recent decades;

« global snow cover has decreased by 10% since the 1960s;

« El Nino events have become more frequent and intense during the last 20 ~ 30 years;

« usage of the Thames Barrier has increased from once every two years in the 1980s to an

average six times a year over the past 5 years; and

« weather-related economic losses to communities and businesses have increased ten-fold

over the last 40 years.

The Intergovernmental Panel on Climate Change in its most recent report stated:

‘Most of the observed warming over the last 50 years is likely to have been due to the
increase in greenhouse gas concentrations.’

Humanity’s greenhouse gas emissions are expected to lead to climatic changes in the
21st century and beyond. These changes will potentially have wide-ranging effects on the
natural environment as well as on human societies and economies. Climate change is real.
The first challenge we face is environmental. We cannot escape some climate change. But
the worst effects can be avoided if greenhouse gases in the atmosphere are stabilised



instead of being allowed to go on increasing. Levels of carbon dioxide (CO,) in the
atmosphere, one of the main causes of climate change, have risen by more than a third since
the industrial revolution and are now rising faster than ever before. Climate induced
environmental changes cannot be reversed quickly, even if the anthropogenic emissions of
CO, are stabilized or reduced, the CO, content in the atmosphere will still increase for some
time. Global warming cannot be solved by a single nation alone and needs to be tackled
internationally.

1.1.1 Action on carbon emission reduction

An agreement on global warming was reached by the United Nations Conference on Climate
Change in Kyoto, Japan, in 1997. The major industrial nations pledged to reduce their emissions
of greenhouse gases between 2008 and 2012. A general framework was defined for this, with
specifics to be detailed over the next few years. This became known as the Kyoto Protocol. 141
countries, accounting for 55% of greenhouse gas emissions, have ratified the treaty, which
pledges to cut these emissions by 5.2% by 2012.

The UK Energy White Paper addresses environmental challenges and gives a new direction
for energy policy. The UK specified a target of reduction in carbon dioxide emissions of some
60% from current levels by about 2050. China approved the Kyoto Protocol of the United
Nations Framework Convention on Climate Change and signed the pact on May 29, 1998. The
Chinese government believes that the United Nations Framework Convention on Climate
Change and its Kyoto Protocol set forth fundamental principles and provide an effective
framework and a series of rules for international cooperation in combating climate change, and
as such they deserve worldwide compliance.

1.1.2 Energy and building in China

Fig.1.2 shows CO, emissions of selected countries in 1995. China has the second biggest
emissions of Greenhouse gas emission in the world. However, per capita the Chinese emissions
are very low compared to the no. 1 on the list, the USA.

China has seen a rapid economic growth for much of the past two decades. This growth has
had huge implications for energy consumption and the environment. For example, with
growing income and affluence, urban households are dramatically increasing their material
consumption and demand for energy. The total stock of refrigerators rose from four million in
1985 to 60 million in 1996 and refrigerators now account for half of residential energy
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consumption. Energy consumption in the residential sector grew by 16 percent annually on
average from 1980 to 1994. Air conditioners are now becoming ubiquitous in urban areas as
well. Private automobile ownership, at one time illegal, grew to four million in 1996 and is now
rising by an estimated one million cars annually. The environmental consequences of this
economic growth are staggering, as accelerating air and water pollution threaten public health,
damage ecosystems, and add to global climate change.

Building construction is the third largest player in the Chinese economy. The decade 2000 ~
2010 is expected to include a residential construction boom in China. Fig.1.3 shows the trend
for building construction. Building energy consumption accounted for about 27.6% of total
energy in 2001. It is projected that energy consumption in buildings will increase to 35% in
2020. Fig.1.4 shows building energy consumption in China in 1996 ~2001. As part of building
energy consumption, heating and air conditioning accounts for 65%, heating for water 15%,
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Fig.1.3 Floor space of building construction 1985 ~2001
Source: Chinese Statistic Yearbook 2002, National Bureau of Statistics

Energy Consumption in China 1996 ~2001
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electric lighting 14% and cooking 6%. From these Figures we can see that heating and cooling
consume, by far, the most energy. According to national statistics, in 2001 central heating in
China was used to heat an area of north China equivalent to 1.46 x 10° square meters. Fig.1.5
shows the area heated in different regions in north China (China Statistic Year Book 2002). Air
conditioners are now becoming common in urban areas. Fig.1.6 shows the growth of air
conditioner ownership in China.

According to a government survey in 2000, only 5.7% of buildings are designed to the
thermal design code. Up to 2001, a total area of existing building is 370 hundred million square
metres, of which 110 hundred million square metres is in the urban area. Only 2.3 thousand
million square metres are built to the required standard, which accounts for only 2.1% of the
urban area. The government encourages the implementation of energy policy in the built
environment via various measures. :

Central Heating in Cities by Region (2001)
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Fig.1.5 Central heating in cities in different regions
Source: Chinese Statistic Yearbook 2002, National Bureau of Statistics
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Fig.1.6 Ownership of air conditioners
Source: China Energy Databook and Statistic Book 2002, 2004



