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Analyses of influence of residential buildings’ space organization
on heating energy consumption in Lhasa
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Abstract: The heating load simulation models of the residential
buildings in Lhasa are established for enhancing the space
organization’s adaptability to climate and radiation and
improving its energy saving performance. The space
organization items are analyzed for both the existing buildings
without insulation and new buildings with good insulation.
The items include orientation design, south and north balcony
design, the north and south partition wall’s position design,
storey height design and window-wall ratio design. Simulation
results show that orientation is the key design element for
energy saving design, and adverse orientation can obviously
increase heating energy consumption; south and north
balconies can reduce winter heating energy consumption;
partition walls move to the north, which means that the south
room’s big depth design leads to less heating energy
consumption, but the effect is not inconspicuous; smaller
storey height results in less heating load. For the existing
buildings, the window-wall ratio of south side has a balance
point for energy saving design in the calculation condition. For
the new buildings with good insulation, enlarging the south
window-wall ratio can continuously reduce heating energy
consumption, but the energy saving rate between models gets
smaller. The heating energy consumption comparison study
between the common model and optimal space design model
demonstrates that the energy saving design can significantly
reduce heating energy consumption.
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hasa has the typical climate characteristics of the
L plateau area:

pressure, abundant solar radiation, and a large diurnal
temperature range. 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. In general, it has a

low oxygen levels, low barometric
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very cool summer and a relatively long but not-so-cold
21 " Documents show that along with its popula-
tion, society development and residents’ living level en-

winter

hancement, the urban construction of Lhasa is marching
towards the large-scale construction stage””'. No doubt
that in the near future, its energy consumption in build-
ings will largely increase. Therefore, with the constraints
of both the local natural environment and social develop-
ment, the effective passive design methods should be pro-
posed for avoiding heating energy disorderly growth.

There is no doubt that the envelope’s thermal perform-
ance design is very important to the indoor thermal envi-
ronment in passive design. In previous studies, the im-
portance of the envelope to heating energy consumption
has been proved'®” . At the same time, field surveys and
previous studies showed that, due to strong solar radia-
tion, some architectural space design methods also con-
tributed to the indoor thermal environment in Lhasa. For
example, given similar thermal performance in two dif-
ferent rooms, the room with a solar space design had
higher temperature at night than the one without solar
space. Hence, this paper explores the influence of a resi-
dential building’s space design elements on heating load
using simulation and field surveys.

Regarding the heating energy saving research of Lhasa,
previous studies were mainly completed by Chinese re-
searchers. The feasibility analysis of indoor heating by
only passive design was studied by dynamic calculation in
The
corresponding problems between the envelope thermal

southwest Tibet with its abundant solar energy'.

performance and active heating system were solved by an-
alyzing the design elements of the active system and
building thermal performance'” . The thermal effect of the
equivalent temperature of solar radiation on the solid wall
in Lhasa was studied""” .

Generally, previous studies mainly focused on the
envelope’s thermal design performance or the optimization
algorithm of the envelope’s thermal transfer, which made
contributions to controlling the heating energy load of
Lhasa. However, few studies focused on the energy sav-
ing design rules for the residential buildings architectural
space design, even though the field surveys had already
proved its effect. The basic models are built from the
most common residential buildings in Lhasa to study the
impact of space design elements on heating energy con-
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sumption. Research subjects include orientation design,
the south and north sealed balconies design, north and
south partition walls’ position design, story height design
and south window-wall ratio design.

1 Field Survey and Measurement

Most of the residential buildings in Lhasa are multi-sto-
reyed unit-divided apartments and townhouses. The re-
search group made a continuous study on residential
buildings in Lhasa. From 2006 to 2016, several field sur-
veys had been carried out. The survey items included
measurement and a questionnaire. The survey analysis has
been published in other papers'™'"
as follows:
characteristics of solar energy utilization,
orientation,

. The results are listed
1) Local residential buildings clearly have the
such as south
low storey height, compact space, and some
townhouses are refitted to create sunrooms; 2) Given
similar thermal performance of the envelope, different
space design can affect the indoor thermal environment,
for example, the south balcony can obviously increase the
adjacent room’s temperature, especially at night; 3) The
current winter indoor thermal environment does not satisfy
the residents, particularly, the north rooms are too cold
to be used.

2 Simulation and Analysis

This study takes unit-divided apartment as an example
and analyzes how space organization influences heating
energy saving in winter by simulation. In actual residen-
tial building design work, architects usually start with the
function when doing space design. Common design items
that affect function include orientation, balcony, north
and south partition walls’ storey height and
building skin portal design. In fact, the design logic of
former items, which related to dimension design,
man engineering. However, as previously mentioned, in
the high solar exposure area, those space design elements
also affect heating load. This paper studies their effects
on heating energy consumption by quantitative analysis.

According to field surveys, almost all the apartment
buildings face south. Three unit types are built for simu-
lation study. They are direct solar gain unit, attached
sunroom unit, and a double-balcony unit. Among them,
the direct solar gain unit and the attached sunroom unit
are the most common unit types in Lhasa.

position,

is hu-

It should be pointed out that the purpose of passive de-
sign for winter heating energy saving is to obtain enough
solar radiation through the transparent envelope in the
south. However, if there is no shading design, the build-
ing can become easily overheated during summer periods.
Awning is one facility to keep the extra solar radiation out
in summer. On the one hand, the outdoor air temperature
in the hottest month in Lhasa is only around 15. 5 °C, and
with shading and natural ventilation, the cooling load can

be controlled. On the other hand,
flexible design process, even the mobile awning can be
installed to block the extra amount of solar radiation.
Hence, at the first stage, winter heating energy saving is
the key content of the research in this paper. Shading will
be studied in the future.

shading design is a

2.1 Introduction of simulation models and software

As introduced before, basic models are built from most
common unit types in Lhasa. The building has four
floors, and the target unit is located on the 3rd floor.
Floor height is 3 m. The window-wall ratio in the south
direction is 0. 58, and that of the north is 0.23. Fig. 1
shows the basic unit types,

gain unit, an attached sunroom unit and a double-balcony

which include a direct solar

unit. Fig.2 shows the standard floor plan. The simulated
unit is located at the central area. As shown in the figure,
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(o)
Layout design of basic simulation model (unit: mm).
(b) Sunroom unit; (c) Double-balcony unit

Fig. 1

(a) Direct solar gain unit;
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Fig.2 Schematic diagram of standard floor plan (unit: mm)

the target unit is surrounded by the other rooms which are
neighbouring and upstairs/downstairs rooms. The build-
ing shape coefficients of three unit types are 0. 30, 0.27
and 0.24, respectively. The heating rooms include
Rooms 1 to 7, and the balcony is not heated.

Considering the rapid speed of the urbanization process
of Lhasa, more and more unsupervised self-built houses
located in rural areas are classified as urban buildings,
and the heating system will be installed. Hence, not only
the new design urban buildings are studied, but the exist-
ing buildings are also examined. Two kinds of the con-
struction of the models for these two scenarios are set in
the simulation. Tab. 1 shows the first kind of configura-
tion. There is no insulation design for this scenario,
which is the same thermal design as the building in the
field survey. For the second scenario, the construction
design follows the energy efficiency design standard''
which means that the insulation design follows the design
rules of the cold zone area (A) in the standard. To meet
the design rules, the construction in Tab. 1 is improved.
First, there is 5 cm EPS external insulation layer in the
external wall. Secondly, double glass windows (6 mm
glass + 12 mm air layer +6 mm glass) for the north win-
dows and low-e double windows (6 mm glass + low-e
layer + 12 mm air layer +6 mm glass) for the south win-
dows are used. Thirdly, the window-wall ratio in the
south direction is changed to 0. 50.

Tab.1 Configuration of basic model

. . Thermal Specific heat
Unit . Thickness/ L. .
Configuration conductivity/ capacity/
envelope O O
(W-(m-K)")(J-(kg-K)7)
Wall Cement plaster 0. 150 0.810 1 050
. a Sand-lime brick  0.370 1. 100 1 050
(in to out)
Cement plaster 0. 150 0. 810 1 050
Window Single glass 0. 006 0. 760 840
Cast-in-place
Floor reinforced 0. 100 1.740 920
concrete slab
This paper uses THERB as a simulation tool. THERB

is a simulation program for calculating indoor temperature

and humidity, thermal loads, etc. , which is authorized

by the Japanese government as one of the methods for

[13

evaluating the thermal quality of houses'”’. Before simu-

lation, it is necessary to monitor the software by field
measurement.

The layout shown in Fig. 3 is one of the survey targets
in 2009. It is a typical apartment in Lhasa. Its walls are
240 mm solid concrete blocks with cement sand plasters
of both in- and outside. The other configuration is the
same as Tab. 1. The window-wall ratio of south direction
is 0. 59, and that of the north is 0. 18. The size is shown
in Fig. 3. There is no heating during the measurement peri-
od.

THERB is used to build the same model. The time step
is 3 600 s. Ventilation of every room is 0. 5 times/h. In-
ternal and external surface heat exchange coefficients are
8.7 and 23 W/(m’ - K) , respectively. There is no heat-
ing in the model. During the calculation period, the out-
door air temperature is from the field measurement. Other
calculating parameters such as direct normal irradiance,
total horizontal irradiance, wind direction, wind speed
and so on, are from the same day’s TMY data in the doc-
ument''’. This is because there is no such measurement

data in the field survey.
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Fig.3 Schematic diagram of field measurement layout

The comparison analyzing period is from 0:00, 27th
November, 2009 to 23.00, 27th November, 2009, total-
ly 24 h.

Fig. 4 shows the results of measurement and simulation
of the indoor air temperature of Room 3. As shown in the
figure, the measured value and the simulation value have
the same trend. During the comparison period, the aver-
age value of the measured data is 14. 85 °C, and the aver-
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age value of simulation data is 14. 12 “C. It is clear in the
figure that the peak hourly temperature difference period
is between 12:00 and 18 .00 o’clock, which is also the
period with strong solar radiation. The average hourly
temperature difference of this period is 1.95 C. In the
rest period, which is the period with less solar radiation,
the average value (absolute value of the hourly tempera-
ture difference) is 0.43 C. All the clues illustrate that
the difference between the two columns of data is mainly
caused by the calculation parameters of the solar radia-
tion. In this verification calculation, the direct normal ir-
radiance from the TMY data is smaller than the real value
in the measurement.
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Fig.4 Comparison of field measurement and simulation

However, as mentioned before, the measured value
and the simulation value have the same trend. And, dur-
ing the period with little solar radiation, the hourly tem-
perature difference of the two columns of data is very
small. All in all, the calculation result of THERB is reli-
able. In the simulation study, all the settings of THERB
is the same as the verification case, except for one condi-
tion where the models are heated.

Lhasa’s heating period in winter is 126 d'*'. Howev-
er, in order to make the calculation less complicated, the
integer number of months from November 1st to February
28th is used in the calculation, 120 d in total. Moreover,
assume that there is no heat transfer between the study tar-
get and the surrounding rooms, and the air conditioner
has COP 3 for a simple calculation. In this way, the ther-
mal load can be expressed as electricity consumption. The
indoor temperature is set to be 18 C, and the climate da-
ta is from document'' .

2.2 Orientation design

In the passive design, orientation is very important for
solar energy collection. According to the basic design
logic, there is no doubt that south is a good orientation.
However, orientation can become a problem in the future
as society develops. For a better understanding of the
orientation’s effect on heating energy, simulation models
are built. The south direction is set to be 0°, and models
are set every 15° clockwise. So, there are 24 models for

one unit type. Three units have 72 models. There are a
total of 144 models for both scenarios.

Fig.5 shows the calculation results. As the figure
shows, the results of three units for both scenarios have
the same trend. From south to the other direction clock-
wise, there are two times fluctuations, the first increas-
ing, and the second decreasing the energy load. The en-
ergy consumption valley between two peaks is around
north direction. This is because in the north model, the
original north direction turned south, which means that
the models have a new direct solar gain system or sun-
room system. Although the new system has a small win-
dow-wall ratio, which affects the passive design efficien-
cy, the heating loads are still smaller than the models
without such passive systems.
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Fig.5  Simulation results of orientation models. (a) Direct solar

gain unit; (b) Sunroom unit; (c) Double-balcony unit

In Scenario 1, as the figure shows, for all three units,
the most adverse orientation models have an over 60%
energy consumption increase compared with the minimum
model. The orientation is a very important design element
in energy saving designs. Regarding the direct solar gain
unit, from south by west 15°to south by east 30°, the
models have less than a 10% heating energy consumption
increase. As for the sunroom unit and double-balcony
unit, the orientation range is from south by west 15°to
south by east 45°. In the actual design work, the orienta-
tion range mentioned previously is acceptable for heating
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energy saving. As for the other orientations, the extra en-
ergy saving strategy, like the improvement of the
envelope’s thermal performance, should be used to reduce
the negative influence caused by the orientation. In Sce-
nario 2, for all three units, the most adverse orientation
models have over 100%
compared with the minimum model.
three units,
to south by east 30°is recommended for heating energy
saving.

energy consumption increase
for all
the orientation range from south by west 15°

Moreover,

At the same time, in Scenario 1, the balcony design
was found to have a very good heating energy saving per-
formance. Fig.6(a) takes four main orientations as tar-
gets to show the heating energy consumption changing
trend from the direct solar gain unit to the double-balcony
unit. Using south orientation as an example, the sunroom
design reduces 30% of heating energy consumption from
the direct solar gain model ; the double-balcony design re-
duces nearly 60% heating energy consumption from it.
The results show that the non-heating balconies make
great contribution to heating energy saving. However,
Scenario 2, as for the south direction, due to the great
thermal performance of the envelope, the difference be-
tween the sunroom unit and direct solar gain unit is only
0.24% .
13.5% of the heating energy consumption. This means

in

However, the double-balcony design reduces
that the north envelope is the weak insulation part. As for
the other directions, the results show the same trend in
the south direction. There is no doubt that sealed balco-
nies are the effective space design method for energy sav-
ing design in the existing buildings. with the
thermal performance of the envelope improving, the
effects of sealed balconies are becoming weaker.

However,

—— South; ——e-- North

Heating energy

Direct solar Sunroom unit Double-balcony
gain unit unit
(a)
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?_}5 3 1 200& —-A-— East; - West
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o £ 800F
g % 600
g £ 400F
=
2 200F
8 1 1
Direct solar Sunroom unit Double-balcony
gain unit unit
(b)
Fig.6  Simulation results of three unit type models. (a) Sce-
nario 1; (b) Scenario 2

2.3 North and south partition walls’ position design

In the field survey, some traditional residential build-
ings were found to have only south rooms and no north
rooms. This is one of the coping strategies for traditional
buildings to deal with the local climate. However, there
are no such examples in the unit-divided apartments in the
the urban apartments have both south and
which is similar to other inland city exam-
ples. under the condition of
the same layout area and layout shape, if the partition
walls between the south and north rooms are moved to-

urban area;
north rooms,
Using qualitative analysis,

wards the north direction, which also can be described as
enlarging the area of the south rooms and reducing the ar-
ea of the north rooms; the floor area for absorbing and
storing solar energy will be larger. This is good for heat-
ing energy saving. For a better understanding of the effect
of the partition walls’ position on heating energy con-
sumption, simulation models are built for all three unit
types.

Fig. 7 takes the direct solar gain model as an example
to show the position of partition walls. In the figure, H
stands for the distance of partition walls moving from
south side towards the north side. When H equals 0 m,
the model has the layout plan of Fig.7(a) , which can al-
so be described as Room 1 with the depth of 3.3 m,
Room 4 of 4.5 m, Room 2 of 4.5 m, Room 5 of 3.3 m.
When H equals 1.2 m, the model has the layout plan of
Fig.7(b), which can also be described as Room 1 with
the depth of 4.5 m, Room 4 of 3.3 m, Room 2 of 5.7
m, Room 5 of 3. 1 m.
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Fig.7  Schematic diagram of north and south partition walls’

position models(unit; mm). (a) Direct solar gain model with small

depth of south rooms; (b) Direct solar gain model with big depth of

south rooms

In this section, every unit type has five partition-wall-
location models. The H values of five models are 0, 0. 3,
0.6, 0.9 and 1.2 m, respectively. As for Room 1, the
depths of five models are 3.3, 3.6, 3.9, 4.2, 4.5 m,
respectively.
all three unit types, there are 15 models. For two scenari-
os, there are 30 models in total.

Other rooms’ depths respond with H. For

The sunroom unit and
double-balcony unit have the same model setting as Fig. 7
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shows, and their figures are not given. The other simula-
tion setting is the same as the former calculation.

Fig. 8 shows the simulation results. As shown in the
figure, for all three unit types in two scenarios, along
with the partition walls moving toward north side, which
means that the area of south rooms increases and the area
of north rooms decreases, the heating energy consumption
has a sustained downward trend. The simulation proves
the qualitative analysis. However, the energy difference
among models is small. For both two scenarios, the ener-
gy saving rate from the minimum model to the maximum
one is less than 5. 5% for all three unit types. Therefore,
in the actual design work, the function of rooms takes
priority. With the conditions allowing, the big south
depth small north depth design style needs to be used.
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Simulation results of south and north partition walls’

Fig. 8
position models. (a) Direct solar gain unit; (b) Sunroom unit;
(¢) Double-balcony unit

2.4 Storey height design

By qualitative analysis, higher story height results in
more heating energy consumption. For a better under-
standing of the storey height’s effect on heating load, five
models are built. The storey heights are 2.7, 2.8, 2.9,
3.0 and 3.1 m, respectively. There are 15 models for
three unit types. For two scenarios, there are 30 models
in total. The other simulation setting is the same as in the
former analysis.

Results are shown in Fig. 9. The three unit types have

the same trend in both two scenarios. As shown in the
figure, for all three unit types, along with the storey
height increasing, the heating energy consumption rises.
For both two scenarios, every 0.1 m storey height in-
crease results in an average 4.3% heating energy con-
sumption rise. Therefore, the storey height should be low
for a lower heating energy consumption. However, on
the one hand, there are other elements that affect storey
height, such as the psychological and physiological health
of the occupants; on the other hand, the energy consump-
tion difference among models is small. Therefore, avoi-
ding huge space in the storey design is the design rule in
the actual design work.
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lar gain unit; (b) Sunroom unit; (c) Double-balcony unit

2.5 South window-wall ratio design

From the angle of building physics, the building skin
portal design represents the window-wall ratio design. It
is the key design element that affects lighting and ventila-
tion. By the concept of passive design, the window-wall
ratio of the south side is very important for solar energy
collection. As for Lhasa, an area with extremely abun-
dant solar energy, qualitative analysis demonstrates that
greater south window-wall ratio is good for collecting so-
lar energy in the daytime; however, the windows are also
the main cause of heat loss, and a large window-wall
ratio design easily loses heat at night. To understand the
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design rule of the south window-wall ratio for heating en-
ergy saving, five models are built. They are models with
a south window-wall ratio of 0.3, 0.4, 0.5, 0.6 and
0.7, in which, the window-wall ratio from 0. 4 to 0. 6 is
the actual south window-wall ratio range in the local resi-
dential buildings. The ratios 0. 3 and 0. 7 are set for ana-
lyzing the south window-wall ratio design rule. The rest
of the ratios such as those smaller than 0. 3 or greater than
0.7 are obviously not good for solar energy utilizing or
insulation. Therefore, the models with the south window-
wall ratio from 0. 3 to 0.7 are built for every unit type.
Three unit types have 15 models for each scenario.

The south windows’ location and size in the layout plan
are shown in Fig. 1. The window-wall ratio models are
adjusted by changing the windows’ vertical size. The oth-
er simulation setting is the same as in the former analysis.

As shown in Fig. 10(a), in Scenario 1, for all three
unit types, the energy consumption changing trend is first
decreasing and then increasing. The window-wall ratio
with the minimum energy consumption of the direct solar
gain unit and double-balcony unit is 0. 5; and the one of
the sunroom unit is 0. 6. All the unit types have the bal-
ance point for energy saving since south windows are not
only a heat gain part but also a heat loss part. From ratio
0. 3 to the balance point, the increased solar gain is larger
than the increased heat loss. This is why the heating ener-
gy consumption decreases from ratio 0.3 to the balance
point. However, single-glass windows have a poor thermal
resistance performance. When the south window-wall ratio
exceeds the balance point, even if the solar gain increases,
heat loss plays the main role. This is why the heating ener-
gy consumption starts to increase from the balance point to
the larger window-wall ratio. Therefore, the transparent
part is one of the most important controlling elements for
energy saving design in Lhasa. At the same time, the
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Fig.10  Simulation results of south window-wall ratio models.
(a) Scenario 1 Existing buildings; (b) Scenario 2; New buildings

maximum energy consumption difference among the mod-
els for all three units is beyond 16% of the corresponding
balance point value. Therefore, the balance point of the
south window-wall ratio is necessary. It should be point-
ed out that the results are based on one certain calculation
condition that the windows are single glass, which have
bad thermal performance and are commonly used.

As shown in Fig. 10(b), in Scenario 2, for all three
unit types, the energy consumption changing trend de-
creases when the ratio changes from 0.3 to 0.7. This is
because the south windows in this scenario are low-e
double windows and their heat insulation performance is
very good. Therefore, a larger window-wall ratio in the
south facade is better for heating energy saving. Howev-
er, the energy saving rates for three units get smaller a-
long with the increase in the ratio. Comparing the heating
energy saving rates of two ranges, ratio 0.3 to 0.4 and
ratio 0. 6 to 0.7, the direct solar gain unit has changed
from 14.9% to 6.3% , the sunroom unit from 11% to
0.9% and double-balcony unit from 14. 1% to 1.2%.
All in all, in this scenario, the ratio 0.7 has the best
heating energy saving effect. If considering the effect and
the cost of low-e double windows, ratio 0.6 is recom-
mended in the actual design work.

3 Results and Verification

It is clear in the former analysis that the architectural
space design elements, such as orientation design, balco-
ny design, south and north partition walls’ position de-
sign, storey height design and south window-wall ratio
design, all affect the building’s heating energy consump-
tion. Among them, the orientation design and south win-
dow-wall ratio design have great impact on the heating
energy consumption in both scenarios. Moreover, the
balcony design also affects heating energy significantly in
Scenario 1. In the actual design work, the building orien-
tation that ranges from 15° to —30° or -45°(south is
0°, clockwise positive ) should be used in both scenarios;
the double-balcony design is recommended; the balance
point of the south window-wall ratio in Scenario 1 and ra-
tio 0. 6 or 0. 7 in Scenario 2 are suggested. The influence
of elements like the south and north partition walls’ posi-
tion design and storey height design is not as much as that
of the former three design elements. The energy saving
design methods as the big south room depth design and
small storey height design are recommended when the
conditions allow. To verify the effectiveness of the ener-
gy saving space design rules, the new model is built. In
Scenario 1, the model uses south orientation, double-bal-
cony, big south rooms depth, a storey height of 2. 8 m
and south window-wall ratio 0.58. In Scenario 2, the
model has the south window-wall ratio 0. 7 and the insu-
lation design and other settings are the same as Scenario
1. Fig. 11 shows the schematic diagram of the energy
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saving design model. The basic comparison models use
the direct solar gain model in Fig. 1 and the simulation
settings are the same as in the former calculation cases.
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Fig. 11  Schematic diagram of energy saving design model
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Fig. 12 shows the comparison of calculation results. As
shown in the figure, in Scenario 1, the energy consump-
tion of the energy saving design unit decreases by 64 %
compared with the basic model. In Scenario 2, this value
is 34. 1% . The result proves the effect of energy saving
space design rules. One more point needs to be noted.
For the original direct solar gain unit, two scenarios have
the heating energy difference of 1 128.4 kW - h, which
means that the insulation design is very effective. As to
the energy saving unit, the difference is 244.5 kW - h.
The two values indicate that after energy saving space de-
sign, the insulation’s effect becomes weaker.
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Fig.12 Simulation results of direct solar gain model and ener-
gy saving design model

4 Conclusions

1) Orientation affects the heating energy consumption
greatly. No matter in Scenario 1 or in Scenario 2, the ad-
verse orientation significantly increases heating energy
consumption. For scenario 1, the most adverse orienta-
tion increases heating energy consumption by over 60% ;
for Scenario 2, the value is 100% . In Scenario 1, for the
direct solar gain unit, building orientation that ranges
from 15° to —30° (south is 0°, clockwise positive) is
good for energy saving; for the sunroom unit and double-
balcony unit, an orientation range from 15° to —45° is

good for energy saving. In Scenario 2, for all three unit
types, building orientation that ranges from 15° to —30°
is good for energy saving.

2) For existing buildings, the south and north sealed
balconies’ design is the space design rule with great heat-
ing energy saving effect. The sunroom design reduces
30% of heating energy consumption from the direct solar
gain model, and the double-balcony design reduces near
60% heating energy consumption from it. With the ther-
mal performance of the envelope improving, the effects
of the sealed balconies are getting weaker.

3) Moving the south and north rooms’ partition walls
towards the north, which means the south room’s big
depth and north rooms’ small depth design, leads to less
heating energy consumption, but the energy saving effect
is small. The energy saving rate from the best case to the
worst case scenario is smaller than 5.5% for all three
units in the two scenarios. When the condition allows,
the design principle should be used.

4) Smaller storey height results in less heating load.
For both scenarios, every 0. 1 m storey height’s increas-
ing results in about average 4.3% heating energy con-
sumption increase. In the storey height design, huge
spaces should be avoided.

5) For the existing buildings, the relationship between
south window-wall ratio and heating energy consumption
is a nonlinear function. For single-glass windows, with
the south window-wall ratio increasing, all three unit
types have the changing trend of firstly increasing and
then decreasing. As for the calculation cases in this pa-
per, the south window-wall ratio from 0.5 to 0. 6 is rec-
ommended for energy saving. For the new building with
good insulation, the energy consumption changing trend
is decreasing from ratio 0. 3 to ratio 0. 7, but the energy
saving rate becomes smaller. In this scenario, the south
window-wall ratio 0. 6 or 0. 7 is recommended.

Due to the length limitation, this paper focuses on the
space design parameters only in Lhasa city. As for other
cities with abundant solar energy, the space design rules
will be different according to the differences in climate
conditions. In the next step, more cities will be ana-
lyzed.
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