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Abstract- At present, China is going through a rapid rate of Keywords- Climate Change, Energy Consumption, Redential
mass urbanisation, and this poses a number of challenges for the Buildings, Retrofitting, Urbanisation.
building sector. On one hand, under new directives from the
government, new buildings will have stricter energy

requirements and existing buildings will also need to lower their l. INTRODUCTION
rate of energy consumption, on another hand, the lifetime of '
buildings are now intended to laslonger, meaning that building Since the opening of its market in 1978, the Chinese

designers will also need to account for effects of future climate economy has grown at a staggering pace, leadingd@ssic
change when assessing the performance of building schemes. Thisincrease in energy consumption. The building sector is

paper investigates the effect of future climate change on energy responsible for around 27.5% of the national total energy
consumption in typical residential buildings in different climate -

regions of China. These incl u%DQSU’PFH'%” [élﬁ]c%npH’lkf_(:Orulgl%{elaﬂseprﬁoo/i)%vgrtf‘lgo rt
which includes Beijing; the nRe3t20Y8sarsasaere Ryjldings atgiconstructed (4] @eLupanis

in the south, which includes Guangzhou, and two regions from t00, are dmanding a higher level of indoor comfort which will

the fiHot Summer @long the codstintthe past, leadricea steeper increase in heating and cooling loads. In 2010,
which includes cities such as Shanghai and Ningbo; the inland China has over 43 billion fof constructed area, but jusb46

region, which includes cities such as Wuhan and Chengdu. Using meet the national building energy standards, the rest are
data from the climate model, HadCMS, Test Reference Years are cl assiftemsiave e ne r_@_y consume.
generated for the 2020s, 2050snd 2080s for various IPCC

future scenarios for these cities. These are then used to assess the In China, the lifespan of most buildings is relatively short,
energy performance of typical existing residential buildings, and compared to European and North American standards. This
also the effects of retrofitting them to the standard of the current high turnover rate, along with the recent construction boom,

energy consumption for heating and cooling with retrofitting Zhu and Lin [7] project t hat

existing residential buildings to the current standard, the actual ag . :
effects are small compared with the extra energy consumption building stock will have been built after 2000.

that comes as a result of futureclimate change. This is especially  Effects are being made by the government to reduce the
true for Guangzhou, which currently hasvery little heating load,  3mount of energy consumed by buildings in China with more
so there is little benefit of the reduction in heating demand from and moe stringent building codes for residential, commercial
celeted sies. depend faely on he. spectcation of current 21d public bidings. However, despite the comparatively high
existing buildings. In general, more improvements in building rates of constructllon and demolmo_n, most_bqlldmgs in Chma
standards in all four regions are required to significantly reduce d0 not comply with the latest national building codes. This
the effects of future climate change. paper aims to imsstigate the benefits of retrofitting existing
residential buildings to the standard of the current building
code in four main cities (Beijing, Shanghai, Wuhan and
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Guangzhou) in Chinaés mai n inddpth mtady ef theedparasteristics od different nvegathert i
if retrofitting to the currenttandard can nullify effects of parameters could not be conducted. However, data can be
future climate change in these regions in the next 100 yeaggtracted from the existing Test Reference Years, from the
Data from the climate prediction model, HadCM3, and&nergy Plus program. Fig 2 shows the average monthly range
impacts of climate change in the next 100 years will also laad values for daily maximum and minimum temperatures for
investigated. the four selected cities.

1.1. Climate Zones in China 2.2. Future Climate Change

Thereae five main climati c z onEheHadley Céntrd nmodel (HaMS)49 iz uses to@rovidd o ,
AiCol do, fAHot Summer and Co lfuture Wmate data for this stidy HaelCMS is @ glgbal eimade
AHot Summer and War m Wi nt e model developed htthevtdadley Cenfre ofithe Met Office in g .
They have distinctive characteristics, and thus different UK. It is a Coupled Atmosphei®cean General Circulation
national building codes. This papeill investigate the Model (AOGCM), in which the globe is divideidto grid
situation in the ACol do z o maxesbepch mesasunng 2.508x3.76°eThe gtidboxas used in
Beijing, the fiHot Summer a nhi papsa arergridbox mumbearsil952 @vinich encloséshihe ardne
city of Guangzhou. For t he wihHaitude 8amn3t1e5fN t@ 41.@5°N; and dongitvidenftora r 0
zone, two cities are investigated, Shanghai which is a coastal4.375°E to 118.125°E, and includes the city of Beijing),
city, with less varying temperatures between summer and 2337 (whth encloses the area with latitude from 28.75°N to
winter, and Wuhan, which is located inland, and prone to  31.25°N, and longitude from 118.125°E to 121.875°E, and

even more extreme weather. includes the city of Shanghai), 2335 (which encloses the area
S with latitude from 28.75°N to 31.25°N, and longitude from
. p 110.625°E to 114.375°E, amitiudes the city of Wuhan), and
P § & | 2623 (which encloses the area with latitude from 21.25°N to
¥ie: ) - r 23.75°N, and longitude from 110.625°E to 114.375°E. and
frwﬂ(~-\ P includes the city of Guangzhou).
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Fig.1, Climate zones in China and cities investigated
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[I. CLIMATES IN THE FOURCHOSEN CITIES Pt s e E

The cities of Beijing,Shanghai, Wuhan and Guangzhou Fig.2 Current monthly average temperature range for Beijing,
were selected to represent situations in three different climate ShanghaiyVuhan and Guangzhou
zones in China. The buildings in each zone have very different
heating and cooling needs. For example, Guangzhou in the_, , i i
AHot Summer Warm Wi rte deating z &§-8 Shepg be exentofthe gridbox for Shanghai. Unlike
demand, as its winters are relatively mild. Wuhan, on the oth¥father data from typical” weather years, HadCM3 only
hand, has significant heating and cooling loads. Shanghai idfpVide daily values for parameters such as maximum,
the same climate region as Wuhan, but as it is located on [ARIMUM and average temperatures, humidity, wind speed and
coast, thus it can be considered relatively mildeerate downwardsho_rtwave flux (solar _ra(_jlatlon), based on 4 main
whole year. Beijing also has hot summers, especially arouffjuré scenarios on carbon emissions, A1F, A2, B2 and B1
August and early September, and winters are extremely hat$Hl: For example, the A2 scenario describes a very
too. The changes in the next 100 years due to climate chafig&erogeneous world where slow and fragmented economic
for the three climate zones are also significantly different, 9roWth is assumed, together with a coaétion of population

growth and continued increase in £@mission into the

2.1. Qurrent Climates twenty-first century [11].

Long running series of real observed data from weather
stations in the four cities were not available for this study, so
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building codes. This wasonducted for current Test Reference
Years and also Test Reference Years for 2020s, 2050s and
2080s, under different IPCC future scenarios.

3.1. Typical Building Used for Study

This study targets a misize multifamily residential
apartment complex btiln 2003, the first year that residential
building energy codes were adopted in all four study cities.
The selection of this particular building form is intended to be
both realistic and strategic. A cheap and qugekonstruct
answer to increasing hougj needs, these types of buildings
are ubiquitous in Chinese cities. These apartment buildings are
in a o0gr ey ar edaafihoughflacking inther al
prestige of historic structures or the glamour of new designs,
they form the foundation for dailyrban life for many people.

Fig.3, Area covered by gridbox 2337 of HadCM3

2.3. Compilation of Future Test Reference Years

Future Test Reference Years for Beijing, Shanghaihan

and Guangzhou wer e constructed using t he Amor phing
met hodo [12], whi ch uses di fferences bet ween mont hly
averages from fAhistorical periodsd and Afuture periodso

impose these onto existing Test Reference Year. For this study,

data from HadCM3 arseparated into four periods: 2000s

(which includes all data from 1991D09); 2020s (which

includes data from 201R039); 2050s (which includes data

from 20402069) and 2080s (which includes data from 2070

2099), and the average monthly temperatures urdeAR

scenario from resulting TRYs for Shanghai is shown in Fig. 4 Fig.5, Isometric view of the study building

The standard of early building codes within which these
buildings were constructed are quite low compared to current
codes a decade later, and they are likely to be inadequately
prepared for future climate change. Additionally, buildings
constructed in the midst of the construction boom, which
focused on speed over quality, are now showing severe
maintenance problems which require refurbishment and
repair. Figure 5 shows an isometview of the building type
being studied.

Fig.4, Changes in Temperature Range for Shanghai in current and
future TRYs (A2 Scenario)

[Il. METHODOLOGY

The study used a typical residential building in the four
cities and the whole year heating and cooling demands were
calculated for buildings under the existing building
specifications as well as standards complying with the latest Fig.6, Theoretical site for the study building
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