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ABSTRACT

Along with the living standard enhancement, the
family energy consumption of Lhasa had a large-
scale expansion. By the surveys, the typical indoor
thermal environment of the residential buildings
showed that the existing residential buildings used
passive solar design spontaneously. However, it still
needs improving. Considered that Lhasa was
categorized into heating area in 2008, it faces the
problem of huge increasing of the heating energy.
The basic simulation models were established for in-
depth understanding the family energy consumption.
The result will support the next study of energy
saving building for the sustainable development of
the city by specific passive/active design.

INTRODUCTION

During a time when the environmental issue is one of
the biggest problems in the world, the development
and growth of developing cities can no longer be
discounted. From the past examples, during the
process of developing city transforming into the
developed city, the environmental load always had
greatly increased. It is necessary to find a new way
for the sustainable development. This paper is one
step of methodology design for building energy
conservation in developing cities. And Lhasa is taken
as the example, the family energy consumption in
Lhasa city is forecasted by analyzing the different
building performance and living style changing of the
occupants.

BASIC INFORMATION OF LHASA

Lhasa is the capital city of the Tibet Autonomous
Region. It is located at the north latitude 29 °39°, east
longitude 91 °07’and its average elevation is 3658 m.
The yearly average temperature is 7.8 <C; the average
temperature in its hottest month July is 15.5<C and
the average temperature in its coldest month January
is -1.6<C. (Liu Yang, 2010) In general, the Tibetan
climate has the following characters: the sunshine is
abundant, the radiation is intense, the diurnal
temperature range is large, the dry season and the
moist season are distinct, the barometric pressure is
low, and the oxygen content is low.

In recent years, along with Chinese economic
development, the Tibet Autonomous Region’s

economy also made considerable progress. As the
capital, Lhasa is a typical developing city and its
urban construction already gradually marched into
the large-scale construction stage (En Li, 2009). At
July 1st 2008, the first local building energy
consumption standard- The Tibet Autonomous
Region local standard: Design Standard for Energy
Efficiency of Residential Buildings(Construction
Bureau of Tibet Auronomous Region, 2007)has been
published, in which, Lhasa has been included in the
central heating area. This indicates the energy
situation for house heating will be notable increasing.
On the other hand, the climate in Lhasa has the
characteristics of abundant solar radiation and long
heating demand period but not so low outdoor air
temperature. Therefore, the effective passive/active
design methods, which can be applied to houses and
commercial buildings toward urban sustainability,
could be proposed for alleviating the contradictions
between better lifestyle demands and the
environmental loads.

Because of the elevation, high-rise buildings in Lhasa
are few. As to the residential buildings in the city,
there are two common styles: the unit-divided
apartment and the townhouse. Most of the unit-
divided apartments in Lhasa have four floors, three
units. The townhouse means the welfare projects
from the local government, which is named An Ju
Yuan. It has two floors and one yard; the area of
structure is under 200 m% and one separating wall
was shared with the neighbour.

RESIDENTIAL BUILDING SURVEY IN
LHASA

Instruction of the survey

In recent decades, more and more people from inland
of China went to Lhasa to fight for chances, and the
population of Lhasa had increased. The local
government promotes the strategy of collective
housing project to solve the housing problem. This
paper focuses on the collective apartment. In this
section, three different styles of collective apartments
and their indoor air temperature were collected, and
through the questionnaire, the occupants’ active life
style and their requests for the better living style were
collected. The survey information is the necessary
materials for analyzing the family energy

- 1535 -



Proceedings of Building Simulation 2011:

12th Conference of International Building Performance Simulation Association, Sydney, 14-16 November.

consumption now and forecasting the family energy
consumption in the future. From the two years
surveys in 2009 and 2010, the basic information of
three families in Lhasa was collected. According to
their income, three families can be classified into
high, middle and low level living standard.

The measurement items include outdoor and indoor
air temperatures, surface temperatures of the interior
walls and envelopes, in which, the air temperature is
taken every ten minutes, and the surface temperature
is taken three times a day. The questionnaire includes
build-up time, number of occupants, area, thermal
feeling, and their demand for the better living
condition and so on. Fig. 1 to Fig. 3 shows the basic
information of the three families that include the
layout drawing, the pictures and the section plan of
the external walls. The number in the layout
drawings are the serial number of the temperature
and humidity recorders. Table 1 is the basic building
information of the three families.

Family A is a Tibetan family. The apartment is rent
from the government. As Table 1 shows, the area of
this apartment is not big, so the sitting room is also
used as a bedroom. Family B and C are Han
nationality families. The apartment of family B is
bought around 10 years ago. In family C, the master
is a 40-years-old architect and the apartment is
design by him, his family members did not live in
Lhasa. And the apartment is rent from his work
organization for free as the welfare.

Measurement

Measurement in 2009.

The measurement time of family A and family B was
from 11:00 am, November 22, 2009 to 11:00 am,
November 24, 2009.
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Tablel.
Basic information of the three buildings
BUILDING | BUILDING | BUILDING
OF OF OF
FAMILY A | FAMILYB | FAMILY C
Build-up 1990 2001 2004
time
Structure brick and concrete structure
Material of 450 mm 370”."“
envelope stone brick 240mm szfmd lime
brick block
Third floor Third floor Third floor
Floor (totally 3 (totally 4 (totally 4
floors) floors) floors)
area 50.78 m* 76.56 m’ 123.02 m’
permanent Co_uple and Cquple and _
. niece (3 children (4 Single
residents
people) people)
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Fig. 4 and Fig. 5 are the measurement results of two
families. The two figures include indoor air
temperatures and the indoor thermal evaluations by
the occupants. The number in the indoor temperature
figures are the serial number of the temperature and
humidity recorders, which are shown in the layout
drawings in Fig. 1and Fig.2. The number from -3 to 3
in the abscissa axis in the evaluation figures are the
thermal feeling of cold, cool, slightly cool, neutral,
slightly warm, warm, hot and the ordinate axis is the
vote percentage.

From the comparative analysis of two figures, the big
differences of the indoor air temperature are obvious.
The average temperatures of apartment A during the
measurement period are listed as the following:
recorder No.5(south room), 9.82<C; No.4(north
room), 7.49<C. And the result of apartment B is
shown as: recorder No.1(south room), 16.91<C(south
room); No.2(south room), 15.03<C; No.6(south
room), 14.38<C; No.3(north room), 13.32<C;
No.13(outdoor), 4.38<C.

In family A, during the measurement period, in the
morning from 8: 30 to 9: 30, in the sitting room,
75% occupant’s felt slightly cool and 25% felt
neutral; in the kitchen, 75% occupant’s felt cold and
25% felt slightly cool. At noon from 13: 30 to 14:
30, in the sitting room, 75% occupants felt neutral
and 25% felt slightly warm; in the kitchen, 25%
occupants felt neutral and 75% felt slightly cool. At
night from 20:30 to 21:30, in the sitting room, 25%
occupants felt slightly cool and 75% felt neutral, in
the kitchen, 25% occupant’s felt cold and 75% felt
slightly cool. In family B, in the morning from 8: 30
to 9: 30, in the sitting room, 66% occupants felt
slightly cool and 34% occupants felt neutral; in the
north bedroom, 33% occupant felt cold and 67% felt
slightly cool. At noon from 13: 30 to 14: 30, in the
sitting room, 100% occupants felt neutral; in the
north bedroom, 33% occupant felt neutral and 67%
felt slightly cool. At night from 20:30 to 21:30, in the
sitting room, 33% occupant felt slightly cool and
67% felt neutral, in the north bedroom, 33%
occupant felt cold and 67% felt slightly cool.

Measurement in 2010

The measurement time of apartment C was from
12:00 am, October 25, 2010 to 18:00, October 27,
2010. The measurement targets are apartment C and
repetitive target apartment A. Fig.6 is the indoor air
temperature of apartment C, and also, the serial
number in this figure are the serial humber of the
temperature and humidity recorders which are shown
in the layout drawings in Fig.3. Fig.7 is the indoor
temperature of apartment A.

The average temperatures of the apartment C during
the measurement period are listed as the following:
recorder No.1( south room), 19.62<C; No.2(south
room), 18.55<C; No.3(north room), 15.46<C, the
outdoor air temperature is 8.09<C .
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And, the indoor temperature of apartment A is listed
as: sitting room(south), 16.66<C; kitchen (north),
14.86<C; pray room(north), 14.41<C. The indoor air
temperature of apartment C is better than apartment
A, which means new material and the efficient
passive design can improve the indoor environment
efficiently. The measurement period was earlier than
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Table2.

Home appliances of the three families

FAMILY A

FAMILY B

FAMILY C

Kitchen
appliance

Electric cooker, refrigerator;

Electric cooker, refrigerator;
liquefied petroleum gas

Electric cooker, refrigerator,
ventilator, induction cooker,
drinking fountain;

cooking energy

liquefied petroleum gas

Heating devices

Air conditioner

Shower devices

Solar water heater

Solar water heater

Lighting

3 daylight lamps

7 daylight lamps

9 daylight lamps

Others

TV, DVD player

TV, DVD player, stereo

TV, DVD player, stereo
equipment, computer

equipment

the heating period in the local standard, so the
thermal evaluation was not shown here.

And above all, the survey shows that along with the
more scientific design, the indoor thermal
environment is getting better; however, the current
situation can not satisfy the occupants.

The questionnaire survey

The main purpose of the questionnaire survey is to
make clear of the local people’s active life style and
their hope for the better life style in the future.

Table 2 is the list of the electrical consumption home
appliances.

Family A

As the figure of indoor thermal evaluation shows, the
occupants of family A are satisfied with the sitting
room in the south, but not satisfied with the north
room. And table 2 shows that the home appliances in
this family are not so many, for lighting, they uses
one energy saving lamp per room; for entertainment,
they use TV, DVD player; and the kitten appliances
includes electric cooker and refrigerator. For
cooking, they use LPG now, but until 2008, the
residents used solar stove, this is a cooking device
which utilizing solar radiation that need more space
to put and more time to cook. In addition, as to the
sanitary ware, there is only one water supply
equipment in the yard for all tenements, and there are
only one public toiled in every floor. Because there is
no shower space in the apartment, family A usually
went to relatives’ home for bathing.

Family B

As the figure of indoor thermal evaluation shows, the
occupants of family B are almost satisfied with the
sitting room in the south, but not satisfied with the
north room. And in table 2, the home appliances in
this family are multiple and comprehensive. For
entertainment, they use TV, DVD player and stereo
equipment; and the kitten appliances are same with
family A. But this family has air conditioner for
heating in winter and solar water heater for bathing.
The air conditioner was installed in the sitting room,
and it was not used too much. As to the shower,
generally speaking, they took bathing once a week by
the solar water heater. Recently, for the young
generation, they took showers three or four times a

week. According to the questionnaire, the young
generation of Tibetan people has a different lifestyle
compared with the elder one; the modern lifestyle is
more popular among them.

Compared with family A, this family has more home
appliances. So we can conjecture that the family
energy consumption in this family is more than
family A. The occupants hope to move to the
apartment with bigger area, and also they hope to use
central heating system.

Family C

From the questionnaire, the single occupant in family
C felt satisfied with all the rooms. And also in table
2, the home appliances in this family are more
multiple compared with family B. But this family
does not have air conditioner for heating in winter.
This is because his family member lived in other city,
and in winter the thermal environment of all rooms
can almost satisfy him, he did not want to spend too
much money on the white goods. The occupants hope
to use central heating system as soon as possible.

SIMULATION

Because of the limitation of the situation, the local
survey was only one week to ten days each time in
two years. However, the family energy consumption
research needs long term period. So the simulation is
necessary. Here the simulation includes two parts,
heating load and the home appliances energy
consumption. And all the simulating models are
based on the active local unit-divided apartment.

Introduction of the simulation

Generally speaking, the family energy consumption
is firstly from thermal load in summer and winter,
and then, from the water heating, cooking and
domestic appliances. As to the summer season in
Lhasa, the outdoor average temperature in its hottest
month June is 16.4 C, so the cooling load in
summer is not necessary to be considered, the
thermal load of Lhasa is mainly from winter. As to
the water heating, because of the strong solar
radiation, the solar water heater is very popular in
Lhasa. According to the survey, except the cloudy or
rainy weather for several days running in January, its
heating effect is very good, so the energy
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Fig.8 Standard floor plan of the basic model (Unit: mm)

Table3
Simulation setting

consumption of water heating is not considered at
this stage. The family energy consumption in Lhasa
can be divided into two parts: winter heating and the
home appliances energy consumption. And the
winter heating energy will be calculated by the
simulation software THERB (Ozaki A, 2004), the
weather data is from Chinese standard climate data
base for buildings (Qingyuan Zhang, 2004). THERB
is a simulation software program for calculating
indoor temperature and humidity, thermal loads, etc.,
which is authorized by Japanese government as one
of the methods for evaluating the thermal quality of
house. The software SCHEDULE Ver.2.0 will
calculate the home appliances consumptions. Their
daily schedule is from the questionnaire and a master
thesis (Xiaotao Li, 2009). SCHEDULE is a
simulation software program for automatically
generating the schedule of living in a house, which is
developed by the Society of Heating, Air-
Conditioning and Sanitary Engineers of Japan.

In the thermal load simulation, the heating rooms are
sitting room and bedrooms. The indoor temperature
setting in the heating rooms are from 18°C to 26C.
The time step is 3600s. Table 3 is the setting of
THERB. In the table, Internal and external surface
heat exchange coefficients mean the sum of
convective and irradiative coefficients of each side of
the envelope. The value is from Design standard for
energy efficiency of residential buildings in severe
cold and cold zones (China Academy of Building
Research, 2010).

Basic information of the simulation model

Table 4 shows the information of the basic model.
Fig.8 is the standard floor plan of the building, the
simulated family located at central of the building.
Fig.9 shows the layout drawing of the simulation
models. Moreover, in order to make the calculation
not so complicated, assume that there is no heat
transfer between the target and the sounding rooms
as the neighbours and the upstairs/downstairs rooms.

Totally, there are four simulating models in this
section. The basic assumed condition of models is
shown as Table 5. In addition, Table 6 shows the
building structure and the thermal performance.
Table7 shows home appliances in every model. And
the heating rooms in the simulation are room 1, room
2, room3 and room4.
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Calculation period Nov. 1% to Feb. 28"
Ventilation 0.5/ hour
Surface heat Internal 8.7W/m’K
exchange coefficient | External 23.0 Wim?K
Table4
Information of the calculating building
Location Lhasa city
Latitude, Longitude 29.39°, 91.07°
Floors 4
Area(m?) 77.49
Clear height (m) 2.9
Structure Frame structure

Family member

Couple, a son, a daughter
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b) Case 1 is the model based on Case 0, and this
family has better income and higher living standard,
which means there are more home appliances and
heating devices in this case. But the building
performance is same with Case 0. This model is

a) Case 0 is the basic model which is shown in Fig.9
a. The building performance and the home appliances
are created by the most ordinary family in Lhasa,
which can be classified into the low-income level.
There is no insulation layer in the building. The area

ratio of windows to wall in the south wall is 0.5 and
the all the windows use single glass. The home
appliances are not much, as Table 6 shows, the
appliances only keep the basic convenience of the
daily life, and heating devices are not included. This
is the model of low consumption living style.

based on the assuming that in the near future the
family income will increase quickly but the
apartment will not be changed until the further future.

c) Case 2 is the balcony model that is shown in
Fig.9b. The building performance and the home
appliances are created by the most widely spread

Table 5
The information of every model
CASE0 | CASE1 | CASE2 CASE3
Insulation No Yes
Passive design method Direct solar | Direct solar | Sunroom Sun room
Building performance south windows area Standard Standard Big Big
north windows area Standard Standard Standard Standard
Window Structure Single glass | Single glass Single Double glasses
Heating devices No Popular type Popular Popular type
Number of Appliances Few Standard Standard Many
Devices performance Lighting devices Popular type | Popular type | Popular Energy-efficient
Entertainment devices Popular type | Popular type | Popular Energy-efficient
Sanitary devices Popular type | Popular type | Popular Energy-efficient
Table 6
The building performance of models
. . CASEO | CASE1 CASE2 | CASE3
Passive design method - -
Direct gain Sun room
External Structure Double 15”“?‘ cement plgsters+ 370mm Case 2 + 40mm EPS layer
walls _ lime sand bzrlck 2
Heat transfer coefficient 1.93(w/m*“k) 0.68(w/m“k)
Structure Single glass Double glasses
Windows Heat transfer coefficient 6.4(w/m°K) 3.27(w/m?k)
South window area (m?) 1674 | 1674 | 16.74 25.128
Others In CASES3, the sun room provides 50m*h ventilation to the three bedrooms and the sitting room.
Table 7
Appliances in models
POWER (W) TYPE
Comment Popular type | Energy-efficient | Case0 | Casel | Case 2 Case 3
Refrigerator 350L/ 60 35 Popular | Popular | Popular | Efficient
Boiling pot 2.2L 66 30 Popular | Popular | Efficient
Microwave oven For supper 200 170 Popular | Popular | Popular | Efficient
Bidet 35 20 Efficient
Washer 126 80 Popular | Popular | Popular | Efficient
Cooker 3 times /day 225 150 Popular | Popular | Efficient
Higher drier 450 450 Efficient
Ventilator 110m°h 20 20 Popular | Popular | Efficient
Desk lamp 30 10 Popular | Popular | Popular | Efficient
Vacuum cleaner 200 200 Popular | Popular | Efficient
Flat iron 500 500 Efficient
TV 20 inch 120 (Standby: | 50 (Standby: Popular | Popular | Popular | Efficient
Audio device 100 (Standby: | 50 (Standby: Popular | Popular | Popular | Efficient
Computer 300 (Standby: | 50 (Standby: Efficient
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residential buildings and life style in Lhasa that can
be classified into the middle to high-income level.
Except one more balcony, compare with Case0 and 1,
this model has more appliances as table 7 shows. The
case is designed for considering the effect of the
balcony that can be considered as the sunspace.

d) Case 3 is also from the balcony model in Fig.9b,
but compared with Case 2, this family has more
appliances; the living style changed to consumption-
based life. This case is setting to simulate the living
condition decades later. Assuming the family energy
consumption is limited, and so, this model has
insulation layer and more advanced appliances,
which has higher efficiency. As table 6 shows,
compared with Case 2, the external wall of this
building add 40mm EPS layer, the windows use
double glass, and all the building performance
follows the active local energy conservation standard.
Furthermore, the sunspace provides 50m3/h

ventilation to the three bedrooms and the sitting room.

And the power in table 7 is referred to the instruction
of the appliances companies.

Result

This section shows the family energy consumption of
the 4 models which include the heating energy
consumption in winter and the lighting, appliances
electricity consumption in the whole year.

It is well known that the orientation of the building
affects the heating load obviously especially in the
area with high solar exposure like Lhasa. Along with
the social development and the land shortage, in the
future, the residential building in Lhasa has huge
possibility of facing the problem of directional
limitation. So the energy consumption of every case
in four directions as south, west, north and east are
calculated, the heating energy consumption is shown
in Fig.10; the energy consumption in the whole year
is shown in Fig.11.

In south direction, the family energy consumption of
the whole year of Casel is more than 1.6 times of
Case0. This is not only because of the heating energy
consumption, which Case0 does not have, but also

because of more appliances and lighting consumption.

In Fig.10, the heating energy consumption in Case2
is smaller than Casel, combined with the former
introduction; this is because of thermal effect of the
balcony (sunroom). In addition, compared with
Case2, the family energy consumption during the
whole year of Case3 reduced 27.6%; the heating
energy consumption in winter reduced 82.6%. This is
because of the better energy saving performance of
the home appliances and the building. Especially, the
result of heating energy consumption in winter
proves the great effect of the better thermal
performance of the external walls and the windows.
Above all, the proper passive design and the better
thermal performance of the building can reduce the
heating energy consumption obviously, if proper
passive design method is adopted, there will be a

better solution for the contradiction between the
environmental load and the better living style request.

As to the orientation, Fig. 10 shows the south
direction has the minimum heating energy
consumption in the four directions especially for
Case3. In Case3, the heating energy consumption
ratio of south to west to north to east is 1:6.0:7.6:5.0.
The result shows only in south direction the sunroom
runs efficiently.

So far, the unit-divided apartments in Lhasa were
design in south orientation, however, in the future
when the directional limitation appears, as Fig. 10
shows, the heating energy consumption will increase.
This problem need further study. Moreover, the hot
water request as shower and cooking is not
considered in the paper. How to solve the energy
problem of hot water request when the solar water
heater and solar stove cannot provide enough volume
also need further study.
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CONCLUSION

The paper forecasted the family energy consumption
by simulating the models of different building types
and the life styles. This is a necessary step of the later
research.

From the analysis, a conclusion is clear that the solar
radiation in Lhasa is a very sensitive factor for the
family energy consumption. Proper passive design
method can provide a higher life standard with few
increasing electric consumption.

In the next step of research, the more detail elements
of the daily life style changing will be considered to
support the suitable passive and active design.
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