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Abstract
High-performance envelop residence , such as “Low-energy House”, “Very-low-Energy Building”,
“Passive House” and “Near-Zero-Energy Building”, refers to the building which use the technology of
super-insulation, super glazing, high-air-tightness, the thermal bridge prevention measurement, highefficiency heat recovery. Nowadays, it’s a trend to develop the high-performance envelop residence.
Given this, China has begun to build some similar residence. However, due to the differences between
the China and Europe residence, it needs to tested whether taking the high-performance envelop
residence is proper to China?
The article use the DeST simulation system to compare the energy consumption and operating
expenses between high-performance buildings envelop residence and the existing design standard
residence. The research shows that, comparing the building heating load and operating expenses, highperformance buildings envelop residence is suitable for cold region in north China (such as Harbin,
Qinhuang island and Beijing); however, it doesn’t fit in with south China (such as Shanghai and
Gunagzhou). As a consequence, it has to be considered cautiously to apply high-performance buildings
envelop residence in south China.
Keywords high-performance envelop, residence, applicability, DeST
1.

Introduction

In 2012, the total building energy consumption in building sector is 690 million tce, accounting for
19.1% of the country’s total energy consumption. So, reducing the energy intensity per floor space of
residence is crucial to decrease the total building energy consumption. Utilizing high-performance
building envelop is one of the best technical methods to decrease the building heating load.
Since the 1990’s, the high-performance envelop residence , such as “Low-energy House”, “Verylow-Energy Building”, “Passive House” and “Near-Zero-Energy Building”, has become a construction
trend. Those types of building have different validation standard. “Low-energy House” in Denmark and
Finland refers to those building which can save 40%-50% of energy compare to general buildings.
However in Austria it refers to the building whose annual heating load is under 40kWh/m2-60kWh/m2.
The commonly used standard of “Passive House” is: specific space heat demand max 15 kWh/m2,
specific space heat demand max 15 kWh/m2, pressurisation test result max 0.6 h−1@50 Pa. Those types
of building use similar technical methods including super-insulation, super glazing, high-air-tightness,
the thermal bridge prevention measurement, solar energy utilization, and high-efficiency heat recovery,
etc. By the end of 2009, there was about 20000 low energy consumption building in Europe, mainly
concentrated in Germany, Austria, and Sweden. By the end of 2010, there is about 27600 low energy
consumption building in Europe. Most of the high-performance envelop building is residence, which
operates in good condition, significantly reducing the building energy consumption.
Nowadays, it’s a trend to develop the high-performance envelop residence. Given this, China has
begun to build some similar residence. In Qinhuang island, a passive very-low-energy building was
newly built. In Fujian province some similar projects are going to launched. However, China has a vast
territory, crossing multiple climate zones. Most of residential building is high-rise commodity buildings.
In order to meet the requirement of the large emission of cooking kitchen fume, the building supposed
to be air permeable. In contract, high-performance envelop residence in Europe are mainly located in the
North Temperate Zone, where the weather is cold. And most of the building is single-family villas, where
the cooking fume is few. Due to the differences between the China and Europe residence, it’s worth study
whether it’s proper to construct high-performance envelop residence in China.
Nowadays, there are sufficient researches on high-performance envelop residence in Europe. Mainly
including the building simulation, the analysis of the measured building energy consumption, the impact
on building energy consumption by human behaviour, the analysis of the full life cycle of the building,
and the simulation about heat recovery system and other systems. However there is few research on the
applicability of the high-performance envelop residence in China. The literature summarized the main
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technology points of high-performance envelop residence in Europe, and analysed the application
prospect in China of passive house. The literature indicated that the different weather and different way
of cooking between China and Europe should be considered when building a high-performance envelop
residence , as well as the demand to discharge the cooking fume which affect the air tightness in China.
In literature, they test the air tightness and the efficiency of heat recovery system of the residence
“Memory In Water”, the result shows that “Memory In Water” can meet the key standards of passive
house. Though the literature simulated the cooling and heating load, it didn’t offer detailed simulation
process and results analysis. To fill in the blank of the research in this field, this paper aims to analyse
the building energy consumption of high-performance envelop residence in different climate region in
China in detail and in-depth.
2.

Methods

The article use the DeST as a simulation tool to simulate the building energy consumption of heating
and cooling dynamics and reflect the difference of energy consumption between different buildingenvelops(including passive house standard and the current design standard ) with different cities
(including Berlin, Barbin, Qinhuang island, Beijing, Shanghai, and Guangzhou). It can shows whether
the high-performance envelop residence is improper to cities of various climate in China.
In this article, there is a heat recovery system to recover the waste heat of exhaust air in high-performance
envelop residence. Supposing the efficiency of heat recovery system is 70%. The other standard is same to the
standard of passive house, which is concluded from the literature summary.
The current standard use the national standard of China. In Barbin, Qinhuang island and Beijing, they use

the <Cold area residential building energy efficiency design standards JGJ26-2010>, in Shanghai they
use the < Hot summer and cold winter area residential building energy efficiency design standard
JGJ134-2010>, and in Guangdong they use the <hot summer and warm winter area residential building
energy efficiency design standards JGJ75-2012>. The simulation conditions set is in table 1.
Table 1 Simulation conditions set

1
2
3
4
5
6
7
8
9
10
11
12

Climatic conditions
Berlin
Berlin
Harbin
Harbin
Qinhuang island
Qinhuang island
Beijing
Beijing
Shanghai
Shanghai
Guangzhou
Guangzhou

Building envelop design standard
Passive house standard
Berlin current standard
Passive house standard
Harbin current standard
Passive house standard
Qinhuang island current standard
Passive house standard
Beijing current standard
Passive house standard
Shanghai current standard
Passive house standard
Guangzhou current standard

2.1 Architectural description
The residential architecture used to simulate has 3 layers, each layer has 2 households. The areas of each room
are in table 2. The shape coefficient of the residential architecture is 0.437 m-1，the total area of each layer is

233.5m2，the height is 2.6m，the window-wall ratio are in table 3. The building model is in fig.1, fig.2.
Table 2. The areas of each room

Living room
Master bedroom
Second bedroom
Study
Dining room
Kitchen

Resident A （m2）
22
23
15
13.25
19.5
7.5
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Resident B （m2）
21.25
20
12.75
17.25
7.5

Bathroom 1
Bathroom 2
Total area

6.25
7
113.5

6.25
85

Table 3. The window-wall ratio

Orientation
Window-wall ratio

Fig. 1

East
0.19

South
0.40

West
0.19

North
0.38

Fig. 2 DeST 3D model

DeST plan model

2.2 The parameter settings
2.2.1

The parameter settings of building envelop

According to the standard above, the parameter settings of building envelop are in table 4. It is observed that
the heat transfer coefficient of high-performance envelop residence is far below than the current standard in

China.
Table 4. The parameter settings of building envelop
Heat transfer coefficient (W/m2 )

Building envelop

Roof

Exterior
wall

Exterior
window

Shading coefficient

0.12

0.18

0.8

0.6

0.2

0.3

1.5

0.6

0.25

0.3

1.8

0.6

0.35

0.45

2.5

0.6

Shanghai current standard

1

1.5

4

0.6

Guangzhou current standard

1

2

5

0.5

High-performance envelop
residence
Berlin current standard
Harbin current standard
Beijing, Qinhuang islang current
standard

2.2.2

The parameter settings of room temperature and heat productivity

The setting of indoor temperature in winter is 20℃, in summer is 26℃.
The settings of heat productivity in each room are in table 5.
Table 5. Heat productivity

The room type
Living room
Master bedroom
Second bedroom

The max number of people
in each room
3
2
1
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The heat productivity of
light and equipment (W/m2)
4.9
4.5
4.5

Study
Dining room
Kitchen
Bathroom
2.2.3

1
3
2
1

4.5
4.9
4.9
4.9

The parameter settings of the occupancy schedule

The setting households is a family of three, a couple and a child.
In weekday they get up at 6am, eating at living room at 7am, and then go out. They come back home at 6pm,
the child doing his homework in his bedroom, the couple cooking in kitchen. They have supper at 7pm, and then in
8pm the child go back his bedroom, the hostess rest in the living room, the host read in the study. The couple go to
their bedroom at 10pm.
In weekend they get up at 8am, eating at living room at 9am, and then the couple rest in the living room, the
child rest in his bedroom. They have lunch at 12am, go out until 4pm. The hostess cook in the kitchen, the host stay
in the living room, the child stay in his bedroom. They have supper at 5pm, at 6pm to 9pm both of them rest in the
living room. They go to their bedroom at 10pm.

The occupancy schedule in weekday and weekend is in fig.3 and fig.4.
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Fig.3 Occupancy schedule in weekday
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Fig.3 Occupancy schedule in weekend
2.2.4

The parameter settings of the heating and cooling patterns

According to the survey, the parameter settings of heating and cooling patterns in each city are in
table 6.
Table 6. The parameter settings of the heating and cooling patterns

Indoor design
tempareture for
heating (℃)

Heating mode

Indoor design
tempareture
for cooling
(℃)

Berlin

18

Full time, full space

26

Harbin

18

Full time, full space

26
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Cooling mode

Cooling in bedroom
and living room when

Beijing,
Qinhuang
island
Shanghai

someone is in the room

Guangzhou
2.2.5

18

Full time, full space

26

18

Part time, part space

26

18

Part time, part space

26

The parameter settings of the ventilation

The user is supposed to switching windows according to their demands. So the ventilation is
supposed to change between the maximum and minimum. The setting of the maximum of ventilation
rate is 5. The settings of the minimum of ventilation rate are in table 7.
The ventilation rate of the high-performance envelop residence is set to 0.6 h−1@50 Pa. It convert
to 0.17 h−1@4 Pa .4Pa is the pressure difference between indoor and outdoor air in normal.
The kitchen and the bathroom need some fresh air to keep the air clean. According to the
“Residential design code” , the ventilation rate of the kitchen and bathroom are set to 3 h −1.
The parameter settings of the ventilation are in table 7. The ventilation of whole day is in fig.5.
Table 7. The parameter settings of the ventilation

Infiltration air

Fresh air

Exhaust air
of kitchen

Exhaust air
of bath

Volumn
（m3/h）

Ventilation
rate
(h-1)

400 m3/h
(when
using)

3h-1
(24h)

Ventilation
rate (min)
(h-1)

Ventilation
rate (max)
(h-1)

Ventilation
rate
(h-1)

Passive house

0.17

5

0.5

Berlin current standard

0.6

5

0

Harbin current standard
Beijing, Qinhuang islang

0.5

5

0

0.5

5

0

Shanghai current standard

1

5

0

Guangzhou current standard

1

5

0

current standard

2.2.6

Climate

The climate in Berlin is warm in winter and cool in summer. The climate in Barbin is cold in winter
and cool in summer. The climate in Qinhuang Island and Beijing is similar, where the winter is cold and
the summer is hot. But the winter in Qinhuang Island is colder than that in beijng. In Shanghai and
Guangzhou, the winner is warm and summer is hot. But in Guangzhou the average temperature is higher
than that in Shanghai.
Table 8. The average temperature by mouth

Mouth
Berlin
Harbin
Beijing
Qinhuang island
Shanghai
Guangzhou

1
1.9
-18.7
-4.4
-3.8
4.5
13.9

The average temperature by mouth(℃)
2
3
4
5
6
7
8
0.3
5.4
8.3 14.0 17.6 19.1 18.5
-14.5 -2.6 7.7 14.2 20.0 22.8 21.0
-1.7
5.5 12.3 18.0 21.5 25.6 24.7
-1.5
7.7 14.4 19.3 24.5 26.4 25.6
6.3
9.9 15.3 20.6 24.3 27.5 27.0
14.2 18.3 22.4 26.1 27.2 28.8 28.0
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9
15.0
14.7
19.6
20.4
24.4
27.4

10
10.2
5.2
12.3
12.9
18.9
24.3

11
4.4
-6.6
4.1
5.4
13.6
20.2

12
2.4
-14.8
-1.7
-0.5
7.4
15.5

2.2.7

The parameters of the economy analysis

In order to compare the differences of operation cost between high-performance envelop residence
and current standard residence, this article analysed the operation fee economy thoroughly. The related
parameters are shown as below:
Table 9. The parameters of the economy analysis

Parameters
fan efficiency
Air condition cooling COP
Air condition heating EER
Electricity prices in Harbin
Electricity prices in Qinhuang island
Electricity prices in Beijing
Electricity prices in Shanghai
Electricity prices in Guangzhou
3.

Value
50%
2.8
1.7
0.51
0.52
0.49
0.69
0.58

Unit

RMB/kWh

Results

The simulation results are in fig.6 and fig.7.
Fig.6 shows the simulation results of the building heating load: in Berlin, Barbin, Qinhuang island
and Beijing, the high-performance envelop residence has more advantages than the current standard
residence, whose heating load is significant lower. The annual heating load in Berlin is 23.4kWh/m2.a,
which is 40% heating load of the current standard residence and meet the requirement of low-energy
building in Europe. In Harbin, the annual heating load of the high-performance envelop residence is
39.1kWh/m2.a, being 34% heating load of the current standard residence. In Qinhuang Island and
Beijing, the heating load of the current standard residence is 69.5 kWh/m2.a and 58.9 kWh/m2.a
separately. While when implementing the high-performance envelop residence, the heating load of the
current standard residence drops to 11.2kWh/m2.a and 9.9kWh/m2.a, meaning lower heating load in the
winter. Thus, by installing a spare heating equipment to get through the coldest days, the central
heating system can be withdrawn. In Shanghai and Guangzhou, the residence heating load itself is low.
So implementing the high-performance envelop residence doesn’t make any differences especially in
Guangzhou where the heating load is close to zero.

Fig.6 The simulation result of heating load
Based on the simulation results, the climate has a significant influence on the application of the
high-performance envelop residence. It’s more suitable built in cities like Berlin and north China. When
it covers the south region, the disadvantage of the building is unveiled. Because it can reduce limited
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heating load in the winter and add some cooling load in the summer. In conclusion, expanding the
application of the high-performance envelop residence to South China still needs to be seriously
discussed.

Fig.7 The simulation result of cooling load
In order to compare the differences of operation cost between high-performance envelop residence
and current standard residence, this article did some calculation showing in Chart 8. And all the heating
equipment of the current standard residence in the winter is heating pump. The result shows that in Harbin,
the heating load decreased sharply by implementing the high-performance envelop residence and the
cooling load increased a little. So the operation cost saving is most in Harbin, and the next in Qinhuang
Island and Beijing. For Shanghai, the amount of the decreasing heating load and the increasing cooling
load is almost the same, so as the operation cost. In Guangzhou the heating load itself is low. The
application of the high-performance envelop residence will add its cooling load, which in turn increase
the cost.

Fig.8 The reduced operating cost by using high-performance envelop residence
4.

Conclusion

In order to study the application of the high-performance envelop residence in China, this article
summarized the its current development and the discrepancy of research level in Europe and China,
getting the key technical featuring factors of this type of building and taking them as input parameters.
According to simulation in DeST, this article compared the differences of building energy consumption
and operating cost between the high-performance envelop residence and the current standard residence.
The results of the study as below:
(1) In North China (such as Barbin, Qinhuang island, Beijing), the heating load will reduce by
using the high-performance envelop residence. Though it will add some cooling load, the annual
operating cost still decrease. Thus considering the load and the operating fee, high-performance
envelop residence is more apply for North China.
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(2) In South China (such as Shanghai, Guangzhou), the heating load itself is low which is less
important than cooling load. So expanding the application of the high-performance envelop residence to
South China still needs to be seriously discussed.
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