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ABSTRACT: Existing buildings here are referred to the buidirdesigned and constructed before the
energy conservation standard of China was execuietthis paper, the potential of energy conservatd
urban existing residential buildings in the Hot Suen and Cold Winter Region of China were studied.
Firstly, three types of residential buildings weedected as the study cases in Hangzhou, whicheareral
urban buildings, historic residential buildings andal housings. Secondly, the present envelopitiond of
these existing buildings were surveyed and analyEken, suitable renovation plans of thermal pengoice
were made according to the considerations of kessfit, simple technology, short construction pdrand
clear effect. Consequently, the effects of enemgyservation were simulated according to the renowat
plan. Great potential of energy conservation cdaddfound in the simulation analysis, which could be
helpful to the decision and policy making in thagiice of renovation of urban existing buildings.
KEYWORDS: existing building, energy conservation, renovatisimulation

1 INTRODUCTION

With the rapid economic development in China, marel more energy is consumed for the
improvement of people’s living conditions. Most thie existing housings, however, were built with poo
thermal qualities, and the energy efficiency okthbuildings is very low.

Existing buildings in this paper are referred te Huildings designed and constructed before theggne
conservation standard of China was executed. Tliasealmost no consideration of energy conservation
these existing buildings; therefore, the thermafgrenance of the existing buildings is very badd dahe
indoor thermal environment quality is quite pooheTenergy consumption of existing buildings is dbou
twice than the requirement of the energy consesmattandard; and three times than the standard of
developed countries with the similar climate coiodi$. There are large quantities of existing baigi in
China with high energy consumption and low thero@hfort. Therefore, it is of great emergency taycar
out research and practice on the renovation fanthe

A number of studies [1-5] in some European cousthiave proven that energy-efficient retrofitting of
existing residential buildings with poor thermal atity would benefit much to energy security and
environmental protection in reducing energy consiiongn the city.

In this paper, the potential of energy conservatbrurban existing residential buildings in the Hot
Summer and Cold Winter Region of China were studiedstly, three types of residential buildings wer
selected as the study cases in Hangzhou City, verelgeneral urban housings, historic residentiédlings
and rural buildings. Secondly, the present envelmmditions of these existing buildings were sureegad
analyzed. Then, the suitable renovation plans efntial performance were made according to the
considerations of less retrofit, simple technolagfyort construction period and clear effect. Consady,
the effect of energy conservation was simulateceuttte renovation plan.

The China has 5 climatic regions according to theral Design code for Civil Buildings [6], which
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are Severe Cold Region, Cold Region, Hot SummerGuoid Winter region, Hot Summer and Warm Winter
Region, and Temperate Region, see Fig.1. Residiénildings in Hot Summer and Cold Winter regionsnu
include both heat insulation (in summer) and heasgrvation (in winter) in thermal designs. Thigioa
accounts for more than 40% of the Chinese populati@ nearly 50% of the country's economy.
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Figurel Climatic Regions of China and the location of Hamau City

Hangzhou City, the capital of Zhejiang Provinceaig/pical Hot Summer and Cold Winter city in the
region (Fig.1). It is located in the South Wingtbé Yangtze River Delta, which is the most econaitjc
developed region in China. The per capita GDP efdiy grew three times than that of China average
during 1996 to 2005. The energy shortage of theipce has also restricted the economic developredt
normal residential life seriously. The HangzhoutiStigal Yearbook [7] reported that urban residainti
electricity consumption increased from 986 kWh imidlin 2000 to 2,798 million kWh in 2005.

The Design Standard for Energy Efficiency of Restid# Buildings in Hot Summer and Cold Winter
zone [8] was executed from 2001 in Hangzhou Citgcakding to the Hangzhou Statistical Yearbook [7],
more than 250 million fof residential buildings were built in the cityfbee 2001. There was almost no
consideration of energy conservation in these esesidl buildings. Therefore, the thermal perforraint
these buildings is very bad, and the thermal enwrent quality is poor. In this paper, three typés o
residential buildings were selected as the studesan Hangzhou, which are general urban buildings,
historic residential buildings and rural buildings.

2 SURVEYSOF THERMAL CONDITION OF THE EXISTING BUILDING INHANGZHOU

2.1 General urban building

A seven-floor typical urban residential buildinglbin 1995 was selected as one of the researabctdj
(See Fig.2). It is located in the Zijin Neighborkdoof Hangzhou. There are 28 households in the ingild
without vacancies. Most of the residential stoiterldings before 2001 were built with the same cttice
and materials as this building. Therefore, it hdigscal value for the research of energy efficigmovation
of general urban residential buildings.

Thermal performancéfhe object building's thermal variables were meldar through the surveys of the
blueprints of the building, as well as some on-siteveys. The exterior windows are made of aluminum
frame and 5mm flat glass, with the heat transfesffament (K) and shadow coefficientSC) of 6.25
W/(m?-k) and 0.80. The exterior walls are made of clagkband the roof is made of cement board. Khe
value of the roof and exterior walls are 3.969 W/knand 2.355 W/(fk) respectively.
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Figure2 Photos of the general urban case residential ingild

Energy Consumption SimulationThe response coefficient method was a proven dymami
whole-building simulation method and can accurateligulate the hourly building heating and coolioads
of one year. The only simulation program recommeridethe standard [8], Doe-2, was eligible and wloul
be applied to calculate the energy consumptiorh&ating and cooling loads of the object buildingshe
paper. Through simulation, we can find that therenir annual energy consumption for space heatidg an
cooling is 90.79 kWh/(fayr).

2.2 Higoricurban buildings

Wooden building has a history of nearly 3,500 year€hina. In the area of Zhejiang Province and
Jiangsu Province, the main frame structures ofitioawhl dwellings are wooden, such as beam, column,
stairs and floor slab. The envelop is often maderiwk and the inner surface is made of thin woosleset.
Windows and doors are also wooden. Although alrabbsif the residential buildings in Hangzhou arétbu
with the concrete structure now, there are alsoesold wooden buildings in the city, which are offhni
historic values. These residential buildings shdadrotected and renovated instead of demolition.

The residential building of Zhu Yangxin, is onetbé case buildings of this research. It is onehef t
Designated Historic Conservation Buildings of Hamgz City. It is located in Dajing Lane, which iseth
famous historic district of Hangzhou. The buildisgconstructed in the Late Qing Dynasity of Chiwith
the typical wood and brick structure.

General architectural conditions of Zhu Yangxintbliic Building: We made investigations on the basic
status of the building. We found that the envelbthe building is made of brick and rammed soild d&ne
frame structure and inner surface of the wall aveden.

Although the whole structure of the existing builglis kept relatively completed, some parts are
damaged seriously. The roof has several leakstrendir tightness of windows and doors is rath@rpo
Some parts of the envelop were damaged and weagadwith materials of poor thermal insulation
properties, such as iron sheet. The outer and iastering surface of the rammed-soil envelop gyfliin
many places(Fig. 3).

Investigation on the thermal environment conditiditere are two kinds of external walls in the
building: Type 1 is made of 600 mm rammed soil @pde 2 is made of 40 mm wooden sheets. The pitched
roof is also made of wooden boards.

For the safety reason, we could not conduct measne of thermal environment on the building.
Therefore we conducted investigations on a sinblatding nearby, which is preserved in relativelyod
condition. The investigation was conducted on 25F&b., 2009.
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The investigation was divided into two steps. |eft of the condition of no-heating, the temperature
humidity and thermal comfort level were investightén Step2 of the condition of heating, heat tfans
coefficient of the envelop and external windows avarvestigated, as well as the factors of tempegatu
humidity and thermal comfort level.

From Fig.4, we can see that the mean outer tempergt 71 with the maximum temperature 916nd
minimum temperature®, and there is no abrupt change in temperature;hwétiows the typical condition
in winter in Hangzhou. In the case of no-heatihg, tnean indoor temperature is 11,2-51 higher than
the outer temperature, with the maximum indoor terafure 13.55and the minimum indoor temperature
9.501. There is also no abrupt change in indoor tempegat
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Figure4 Indoor and outdoor temperature in condition of eating

It is indicated in the Fig.5 that in the conditiohno-heating, the mean PMV is -1.07, and the mimm
PMV is -1.39, which both are beyond the standar@liha, -0.75~0.75[9]. People indoor feel colddiyiin
such conditions. During 24 hours in a day, PMV aftime is slightly higher than that of nighttimedaim
the early morning the PMV is minimum. PPD showd thare are at most 45% and at least 14.4% of the
people, who are not satisfied with the indoor tredremvironment. Anyway, in the condition of no-hegtin
winter, thermal comfort level in such building isrgerally low.

From Fig.6, we can see that the mean outer temyperit 6.7C with the maximum temperature 7TC4
and minimum temperature 6Q. In the condition of room heating, the indoor temgiure range from
20-25C, and when heating to stable condition the ind@wngerature keeps at €5 The temperature

difference between indoor and outdoor is 16518

When heating, the maximum indoor PMV is 0.56, drrhinimum PMV is -0.615 (Fig.7). There are at
most 12.9% and at least 5% of the people, who atesatisfied with the indoor thermal environment.
Although there exist some fluctuations, the PMV ikt in the range of the standard of China, -6055. It
is concluded that after heating the thermal comifarel has been improved significantly and can ntieet
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thermal comfort request of most people indoor.
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Figure 7 PMV in condition of heating

As indicated in the Fig.8, before 13:00 siginifitaiange amplitude can be noted due to unstable
indoor temperature and frequent people move inaurid After 13:00, the indoor temperature tendséo b
stable and the heat flux could be adopted to catiedhe thermal resistance of the envelop.

It is also sown in the Fig.8 that the heat flua/gll 1 and Wall 2 are close, and heat loss of Wim@o
is more than that of Window 1 due to poor air tights of Window 1. In general, the heat loss ofrinved! is
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relatively small, with the average of 24.7W/rithen comes the wooden external wall, with theaye of
31.6 W/nt. The heat loss of the window is the biggest, Withaverage of 51.2 WAn
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Figure 8 Heat flux

Accordingly, the heat transfer coefficients of #ngemrts of the envelop are calculated, see Tahile 1,
which the heat transfer coefficients requestechiydiesign standard are also listed.

Table 1 Heat transfer coefficients

External wall window
Heat transfer coefficient by measurem(em//mz-K) 3.378 5.618
Heat transfer coefficient requested by the standéMﬁmz-K) 15 2.5

The thermal comfort level was improved after using heating appliance; however, the heat transfer
coefficient of the envelope was very big, which me#éhe heat loss of the envelope was very highmFro
Table 1 we can find that the heat transfer coeffits of the external walls and windows are aboidetshan
that of the requirements of the design standardréfbre, the energy conservation potential is Végi for
this kind of existing historical residential buihgjs.

2.3 General rural buildings

There are about 800 million people living in theisoyside in China now. By the end of 2005, theee a
22 billion nfrural residential buildings in the country, and #nual construction area of new building is
about 800 million fy in which residential building area is about 600liam m® However, in the new
constructions, only basic living conditions suchsasety, sanitary, space arrangement etc are @rasid
while the thermal comfort and energy conservatibrihe building are seldom taken into consideration.
Although the design standard of energy conservdiambeen taken into effect in the Hot Summer avid C
Winter Region since 2001, the construction of ruralsings are not compulsorily required to obey the
standard yet. Furthermore, large quantities ofrexitural housings are of severely poor conditibthermal
performance. With the rapid economic developmenthef countryside in China nowadays, the energy
consumption of heating, cooling, lighting and soincrease faster and faster year by year. Theretbee
potential of the energy conservation through retiosaare very huge in the countryside.

On site survey and measuremeéntFebruary 2009, we conducted an on-site surmelycaiestionnaire
survey in Anji County. We found that most of thastixig rural residential housings are constructedndg
the end of last century and the beginning of tkigtary. Most of the housings are of 2-3 floorshwtie area
of 150~250 rhper building.

In this research, a typical building was selectedar research subject, see Fig.9. This building of
floors and total area 22Grwas constructed in the May of 2008. The exterrall was constructed with clay

brick of 240mm thickness, whose average heat tearsfefficient is 1.62 (W/AK). The pitched roof was
made of wood frame with asbestos cement board, evawsrage heat transfer coefficient is 1.59(%\h
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The windows are push-pull type, single glazed wimsl@f aluminum frame, whose average heat transfer
coefficient is 6.4(W/mK). According to the design standard of energyseowation of residential buildings
in Zhejiang Province, the heat transfer coefficigithe wall, roof and window cannot meet the regmient.

Figure 9 Photo of the case rural building in Anji CountyAfejiang Province

The measurement of thermal comfort of the housimg werformed on 13th, February, 2009. The
climate that day is quite typical in the winter.eTimdoor and outdoor temperature is illustratedrion 10,
without space heating. The thermal comfort levahefindoor environment is shown in Fig.11.
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Figure 10 Indoor and outdoor temperature in Anji rural builgli

From Fig. 11, it can be seen that the thermal canofiothe room is dissatisfied. The PMV values were
all below -1.0, which means that the thermal emuinent was evaluated to be cold. Few people uséngeat
equipment in the winter in the countryside like iM@punty, and the thermal environment conditiorthef
housing is poor.
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Figure 11 PMV in Anji rural building

Simulation of the energy consumption of space hgatind coolingMost of the people do not adopt
space heating and cooling in Anji nowadays. Howewéh the development of the economy and quality o
life, it is predicted that more and more peoplel wie the electrical appliance to improve theined
comfort condition of the buildings, and the eneagysumption of the rural buildings will increasdaiily.
Therefore, we simulated the annual energy conswompdif the housing in the condition of using air
conditioning equipment by means of the softwareomamended by the design standard. As a result, the
simulated annual energy consumption for space rigeatind cooling will be 104.861 kWh/?mwhich will
exceed the required value of the design standaatlyr(68.184 kWh/ ). Because there is not any measure
for the energy conservation in the design, the evakthe energy will be very serious in the neanrel

3 SUITABLE RENOVATION PLANSOF THE EXISTING BUILDINGSAND THE ENERGY
CONSERVATION EFFECTS

3.1 General urban building

Suitable renovation methodsSix rational renovation methods are suggested rdcgp to the
considerations of less retrofit, simple technolagrt construction period and clear effect.

Method 1: Installing two doors at the two entrancéghe building respectively and installing windeor
the entire staircase to separate the staircasetfrermutside air.

Method 2: Substituting plastic double glazed winddar old ones. Th& andSC of the exterior windows
change to 2.85 W/(frk) and 0.70.

Method 3: Applying curtains and/or aluminum blindsreduce theSC of the exterior windows to 0.30 in
summer.

Method 4: Adding insulation material (40mm XPS)tt® roof to change the rooft¢ andD to 0.672
W/(m?-k) and 2.376.

Method 5: Adding insulation material (10mm XPS)the exterior walls to change tikeandD to 1.296
W/( m*k) and 3.236.

Method 6: Applying light colored paint to the swéaof the exterior walls and roof to change theogtison
coefficient of the outside surface to 0.4.

Analysis of energy saving effect of the renovatioethodsAfter completing the simulation calculation,
the total energy use for heating and cooling lcafdthe suitable plan was 48.77 kWhf(gr). While the
current value is 90.79 kWh/fmyr), the overall energy-saving effect of the <ilgaplan was very
encouraging, with about 46.28% reduction of theuahrenergy use for heating and cooling loads in
simulation calculation.

3.2 Higtoricurban residential building

Suitable renovation method$he suitable renovation methods were proposedhachistorical urban
residential buildings with consideration of thg¥esial wooden structure and historical value, #svidng:
External walls: For the rammed soil walls, the ex4 insulation of insulating mortar consisting of
gelatinous power and expanded polystyrene pelfet®mm thickness was applied. For the wooden vitad,
internal insulation of rock wool of 20mm thicknesas sandwiched inside the two layers of woodentshee
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Internal walls: two layers of the wooden sheet wesed for the internal walls.
Windows: double glazed window was applied.
Roof: 60mm XPS board was used in the roof for &t insulation.

Analysis of energy saving effect of the renovatimethods:Through calculation by using the software
recommended by the energy conservation standardefidential buildings in the Hot Summer and Cold
Winter Region (2001), the energy consumption oftthidding for space heating and cooling after reatimn
will be 63.2 (kwh/m). Before renovation, the energy consumption of lihéding for space heating and
cooling was 155.9 (kwh/m2). Therefore, the energgservation efficiency of the renovation plan viié
59.45%.

3.3 General rural residential buildings

Suitable renovation method&ccording to the respectively low economic le¥bg energy conservation
renovation of rural buildings should consider mabeut the economic condition of countryside, suckha
rural material and resource.

External wall: Through our survey, most of the exat walls in Anji County are made of clay bricktivihe
thickness of 240mm, whose thermal performance @.da this case, the external insulation of insota
mortar consisting of gelatinous power and expanmagstyrene pellets of 40mm thickness was applied.
Roof: Through the surveys we can find that moghefnewly constructed rural buildings are of pittheof,
while existing housings are of flat roof. Howeueone of the roofs was designed with the thermallat®n
measures. Here, we adopted insulating mortar domgisf gelatinous power and expanded polystyrene
pellets of 40mm thickness, and the average heafeacoefficient of the roof will be 0.94(WHK).
Windows: The single glazed windows with steel or aluminuanfe are widely used in Anji County right
now. The heat transfer coefficient of this kindvahdows is far bigger than the requirement of tlesign
standard nowadays. According to the economic cmmdivf the countryside, the simple energy saving
windows of low price should be selected for thdahle renovation, such as glass membrane, plastt-s
window frame and so on. Here, windows were changgaastic-steel double glazed window with the heat
transfer coefficient of 4.2(W/AK).

Sunlight shadingThe indoor soft curtains are used popularly in AGpunty as the sunlight shading.
However, due to the strong radiation from the sartti west direction, the indoor curtains are natugh.
Therefore, the following methods for sunlight simadare recommended: (1) fixed shading; (2) movaht
adjustable shadings. Aniji is famous for the bambdtch is called the County of Bamboo. Therefohgs t
local material should be made full use as the ghhkhadings; (3) greening shading. It is a suitaiéthod
for low-rise buildings like rural building. With éhtrees planted in front of the windows and theebion the
western wall, not only the direct sunlight througk window, but also the heat transfer throughvthk will

be reduced. Furthermore, the cost is low and thmstoaction is easy. We adopted simple shading én th
renovation plan.

Analysis of energy saving effect of the renovatinathods:The energy consumptions of the sample
building were simulated in the two cases of beford after renovation of the envelope. After simalaof
the annual energy consumption by using the softwatemmended by the Chinese standard, the energy
consumption for space heating and cooling will Bes3kWh/ ni per year. While for the current condition,
the energy consumption for space heating and apdirl04.86 Wh/ m The energy saving effect of the
renovation will be 24.13%.

4 CONCLUSIONS

In this paper, the potential of energy conservatbrexisting residential buildings was studied fre t
Hot Summer and Cold Winter Region of China. Thespn¢ envelop thermal performance of three residenti
case buildings: a general urban building, a hist@sidential building and a rural building, wemgéstigated,
which illustrated that all these three residentialldings are poor in thermal performance and cotmfo
matter when they were built. Then, the suitablee@yy renovation plans of the case buildings were
formulated considering less retrofit, simple tedbgg, short construction period and clear effette Effects
of energy conservation were simulated under thevation plan. Simulation results shows that theegain
urban case building could achieve 46.28% reductbrthe annual energy consumption, historic case
building 59.45%, and the rural building 24.13% exgtjvely. This result illustrates that for China thxisting
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residential buildings have huge potential of enargyservation, and the renovation plans formulatetiis
paper could be effective and suitable.
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