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Abstract

With the development of the economy and society, the total energy consumption
of buildings in service areas of desert areas is increasing. In this paper, energy
consumption simulation and energy saving analyses were concluded on buildings

Advances, 2(2), 168-174.
DOI: 10.26855/ea.2022.12.005

in the Xinjiang Salt Lake service area. The simulated energy consumption of the
outer wall, roof, and window is studied with DeST. It is concluded that the ener-
gy-saving effect of the insulation layers of external walls and roofs is getting
smaller and smaller with the increase of thickness. The building heat load is af-
fected by the heat transfer coefficient and sunshade coefficient of external win-
dows at the same time. The economic thickness of the thermal insulation layer of
the outer wall and the roof is calculated by using the software, which is 90mm and
110mm respectively. This paper provided energy-saving measures for buildings in
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Introduction

With the rapid development of highways, many highway service areas have been built and put into use. Building
energy consumption in the expressway service area is tremendous. The municipal heat networks can not be used for
heating in expressway service areas in desert and cold regions of Xinjiang. The heating energy consumption is generally
significant. Therefore, it is essential to study the energy-saving of buildings in expressway service areas in the desert
and cold regions of Xinjiang.

Many scholars also have a lot of research on building energy consumption in service areas. M Neardey and others [1]
were based on a service building and highway service area in Malaysia. Preliminary studies using simulation software
determine total energy consumption and building energy intensity. It identified energy performance issues in their rest
and service areas. WY and others [2] surveyed some of Texas's highway service areas. An energy-saving retrofit
scheme was proposed. Ran Feng and others [3] took the constructing of a high-speed service area in Jinan as the re-
search object. It compared annual energy consumption with the reference model by DeST simulation. This paper
showed that the comprehensive performance improvement of the HVAC system, enclosure structure, lighting fixtures,
and hot water heat source could effectively reduce the energy consumption of buildings in existing high-speed service
areas. Shi-Yong Zhao and others [4] analyzed the influencing factors of energy consumption in the highway service
areas. It selected the main influencing factors of energy consumption in highway service areas. The close relationship
between annual total energy consumption in the highway service areas was also analyzed.
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Huang C and others [5] built a building model of an expressway toll station and service area in Zhangjiakou by using
DeST-C software. The influence of outer wall, exterior window, and window-wall ratio on energy consumption was
simulated and analyzed economically. Wan Guangpu and others [6] researched on the design of passive housing
projects in the Boye Service Area of Qugang Expressway. And it used DeST to simulate energy consumption. Com-
pared with conventional energy-saving public buildings, the accumulated annual heat and cold consumption of the pas-
sive room air-conditioning system in Boye North District can be reduced by 80.4%. The energy saving effect is notice-
able. Zhang Pengyang and others [7] took the south area of Chicheng service area of Yanchong expressway as the re-
search object, and enhanced the effect of building thermal insulation and energy conservation by adopting passive ul-
tra-low energy consumption building technology. The annual energy consumption of the building was obtained through
the energy consumption simulation software of design builder, and the relative energy saving rate was calculated to be
56.48%.Rong Xian and others [8] took Beijing Tianjin and Hebei region as an example to conduct a quantitative Analy-
sis on the Influencing Factors of building energy consumption in the expressway service areas. The factors influencing
making energy consumption in the expressway service areas were summarized and studied. Huang Cuicui [9] took a
highway toll station and service area making in Zhangjiakou in cold area as the research object. Major influencing fac-
tors of energy consumption and economic analyses of enclosure structure were carried out. Li can [10] summarized a
passive design system suitable for public buildings in the severe cold area of Gansu Province by investigating a large
number of traditional buildings and public buildings in Northwest China, and then analyzing typical passive designed
strategies of public buildings.

1. Construction Profiles
1.1 Model establishment

The following takes the Salt Lake service area as an example. Salt Lake service area is located in Urumgi city, Xin-
jiang. It is located in the cold ZONE C of climate division on the section from Xiaocao Lake to Urumgi of Lianhuo
Highway G30 in Xinjiang. The building area is 3959.33m2 The number of building layers is two. The building height is
10.2m. The building orientation is 45 degrees to the west of the south. The first floor is the kitchen, dining room, hall,
supermarket, toilet, power distribution room, fire control room, and others. The second floor is the office, lounge, con-
ference room, activity room, communication room, monitoring room, and others. DeST simulation software is used to
simulate, and the 3d model established is shown in Figure 1.

Figure 1. Architectural model of Salt Lake service area.

1.2 Parameter settings
The building envelope structure and related parameters of the Salt Lake service area are shown in Table 1.

Table 1. Building envelope structure of Salt Lake service area

name of the construction of envelope structure heat transfer coeffi-
envelope structure P cient/[W/(m?K)]
Exterior wall marble(25.0mm) +cement mortar(20.0mm) +vertical rock wool belt+aerated 021
concrete block(250.0mm) +cement mortar(20.0mm) '
gravel, pebble concrete 1(40.0mm) +C20 fine stone concrete
The roof screed(30.0mm) +XPS+reinforced concrete(120.0mm) +lime cement mor- 0.32
tar(20.0mm)
Exterior window broken bridge aluminum alloy window 1.8
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2. Energy Saving Analysis of Envelope Structure
2.1 Energy consumption simulation of exterior wall

To study the relationship between the thickness of external wall insulation layer and building energy consumption,
the thickness of the exterior wall insulation layer is changed through DEST simulation, and the change of comprehen-
sive heat transfer coefficient of the exterior wall is observed to study its impact on building energy consumption.
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Figure 2. Curve of the annual cumulative heat load of Salt Lake service area with a thickness of insulation layer.

It can be seen from Figure 2 that when the thickness of rock wool board increases from 20mm to 140mm, the overall
heat transfer coefficient of the exterior wall decreases from 0.508W/(m*K) to 0.216W/(m*K). And the cumulative an-
nual heat load of the building decreases by 25483kW-h. The energy saving rate is 5%. When the thickness of the rock
wool board increases from 20mm to 100mm, the annual cumulative heat load decreases by 20989kW:-h, and the energy
saving rate is 4.12%. When the thickness increases from 100mm to 140mm, the annual cumulative heat load decreases
by 4494kW-h, and the energy saving rate is only 0.92%. Therefore, the thickness of the rock wool board used in the
outer wall of the Salt Lake service area is within the range of 20 ~ 100mm. Appropriate increase can effectively reduce
the heat load, but increasing the thickness of rock wool board beyond 100mm has no apparent energy-saving effect.

2.2 Roof energy consumption simulation

Extruded polyphenylene sheet (XPS) is used for roof insulation in the Salt Lake service area. To study the relation-
ship between roof insulation thickness and building energy consumption, the influence of roof insulation thickness on
building energy consumption is studied by changing the roof insulation thickness and comprehensive heat transfer coef-
ficient.
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Figure 3. Curve of the annual cumulative heat load variation with insulation thickness in Salt Lake Service Area.
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It can be seen from Figure 3that when the thickness of the XPS board increases from 80mm to 200mm, the overall
heat transfer coefficient of the roof drops from 0.337W/(m?-K) to 0.144W/(m?-K). The cumulative annual heat load of
the building decreases by 19435kW-h. The energy saving rate is 5.41%. When the thickness of rock wool board in-
creases from 80mm to 140mm, the annual cumulative heat load decreases by 20989kW-h and the energy saving rate is
3.74%. When the thickness increases from 140mm to 200mm, the annual cumulative heat load decreases by 6531kW-h
and the energy saving rate is only 1.33%. Therefore, the thickness of the XPS board used for the roof of the Salt Lake
service area is in the range of 80 ~ 140mm, and an appropriate increase can effectively reduce the heat load, but in-
creasing the thickness of the XPS board beyond 140mm has no apparent energy-saving effect.

2.3 Energy consumption simulation of the outer window

To study the influence of different window types on building energy consumption, other building conditions are not
changed. The type of window is changed, so the comprehensive heat transfer coefficient of the outer window is changed
and its influence on the accumulated heat load of the whole year is compared and analyzed. Table 2 shows various
window types.

Table 2. Window types

heat transfer coeffi-

serialnumber the window type cient/[W/(mz'K)] SC SHGC
1 plastic window(5+12A+5) 2.41 0.77  0.67
2 plastic window (5+12A+5+12A+5 single silver Low-E) 1.5 029 0.25
3 broken bridge aluminum a_Ion window (4+9A+4+9A+4 sin- 18 054 047
gle silver Low-E)
4 broken bridge aIuml_num aI_on window (5+12A+5+12A+5 17 054 047
single silver Low-E)
5 aluminum plastic composite window (5+9A+4+9A+4) 2.0 0.61 0.53
6 aluminum plastic composite window (5+9A+4+9A+5 double 16 053 046
silver Low-E)
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Figure 4. Influence of different window types on building energy consumption in the Salt Lake Service Area.

When other types of external windows are used, the annual cumulative heat load of buildings in each service area is
shown in Figure 4. It can be seen that:

DOI: 10.26855/ea.2022.12.005 171 Engineering Advances



Ying Han, Zheng Sun, Yuwen Xue, Zhenjie Long, Dong Li, Kun Li

(1) The annual cumulative heat load of buildings does not necessarily decrease with the decrease of the heat transfer
coefficient, but it is also affected by the shading coefficient.

(2) For the external windows 3 and 4 in the Salt Lake service area, the shading coefficient is the same as 0.54, the
heat transfer coefficient is reduced from 1.8W/(m?K)to 1.7W/(m?-K), and the annual cumulative heat load of the
building is reduced by 5434kW-h. Therefore, when the shading coefficient is the same, the annual cumulative yearly
heat load decreases with the decrease of the heat transfer coefficient.

(3) The simulation results of exterior window 3 and outer window 2 in the salt lake service area show that the heat
transfer coefficient decreases from 1.8W/(m?-K) to 1.5W/(m?K). The shading coefficient decreases from 0.54 to 0.29.
The annual cumulative heat load increases by 4086kW-h. Therefore, the heat transfer coefficient of the outer window
decreases. If the shading coefficient also decreases, the annual cumulative heat load does not necessarily decrease.

3. Determination of economic thickness of insulation layer

The total annual heating cost of the building is composed of the investment cost of insulation materials and the heat-
ing energy consumption cost. The calculation method is as follows:
C, = Cy, + Gy,
Cq—Total heating costs, yuan;
Cir—Investment cost of insulation materials, yuan;

Ch Heating energy cost, yuan.

The investment cost OF insulation material C;, is calculated as follows:
Cn=0C;i"6-5

Ci—Price of thermal insulation material per unit volume, yuan/m®;

& ——Thickness of insulation layer, m;

S,—Area to be laid with insulation material, m?.

Heating energy consumption cost Cy, is calculated by the life cycle analysis method, as shown below:

Cr=Py Q- C

Pwr—Life cycle present value factor, that is, the future value of the capital into the current value;

Q Building simulation heating energy consumption, kW-h;

Cq—Electricity heating price, yuan/kW-h.

The cost parameters of the thermal insulation board in the Salt Lake service area are as follows, which can be ob-
tained from Table 3.

Table 3. Parameters used to calculate the cost of the Salt Lake Service area

parameter numerical
Rock wool board price(yuan/m?) 370
XPS price(yuan/m®) 370
Exterior wall area(m?) 1483
The roof area(m?) 2355

Through the above formula and relevant parameter calculation, the outer wall insulation layer of the Salt Lake service
area adopts a rock wool board with different thicknesses, and the roof insulation layer adopts an XPS board with dif-
ferent thickneses. The specific results of the investment cost of rock wool board and XPS board, the annual heating
energy consumption cost of the building, and the total heating cost in the life cycle are shown in Figure 5 and Figure 6:

It can be seen from Figure 5 and Figure 6 that with the increase in insulation thickness, the investment cost will
gradually increase. Heating energy consumption costs were steadily reduced. The total cost of heating is decreasing first
and then growing. The economic thickness of the enclosure structure in the Salt Lake service area is as follows:

(1) It can be seen from Figure 5 that the thickness of the rock wool board is within the range of 60 ~ 120mm, and the
total cost has a minimum value. Origin software fits the curve of total heating cost changing with the thickness of the
rock wool board. The expression is:

y =176.36857 — 0.14682x + 0.00129x° —3.33333x10°x°

When the thickness of the rock wool board used for the outer wall is x=86mm, the total heating cost is the lowest. It
takes the integer 90mm.Therefore, the economic thickness of the external wall insulation layer is 90mm, and its external
wall heat transfer coefficient is 0.284W/(m?K) .
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(2) It can be seen from Figure 6 that the thickness of the XPS board is in the range of 80 ~ 120mm, and the total cost
has a minimum value. Origin software fits the curve of total heating cost changing with the thickness of the XPS board.
The expression is:

y =187.96331—0.22509x + 0.00149x° — 2.62381x10° X°

When the thickness of the XPS board used on the roof is x=105mm, the total heating cost is the lowest. It takes the
integer 110mm. The economic thickness of the roof insulation layer is 110mm, and its roof heat transfer coefficient is
0.252W/(m?K) .

9 176
S —m— |nvestment cost of rock wool board -
S8 - —a— Annual heating energy consumption . S
8 _ “.—e— Total cost in life cycle 1174 >
8 7F .\ 1 8
i | [} 8
= 6 A\A /A//////A 11722
(58] \A—ifA' L 4
£ " .. 8
= . / 1170 5
I . g
E 4 B \ ) ;
S t ° 1168 &
E 3 _ / ° 1 §
8, L g T~ {166 2
5T / \o\ i 5
- u T
gl ° 164
(5]
E 0 1 L 1 L 1 L 1 L 1 L 1 L 1

20 40 60 80 100 120 140

Thickness of rock wool board/mm

Figure 5. The relationship between rock wool board thickness of the outer wall of the Salt Lake service area and various costs
in the life cycle.
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4. Conclusion

(1) The thickness of rock wool board of outer wall insulation in the Salt Lake service area increases. The comprehen-
sive heat transfer coefficient of the outer wall decreases. The accumulated heat load of buildings decreases throughout
the year. However, with the thickness of the insulation layer thickness increasing to 100mm, the energy-saving effect
becomes smaller and smaller. The total heating cost of the outer wall decreases first and then increases with the insula-
tion thickness. After calculation, the economic thickness of insulation for an outer wall is 90mm.

(2) The XPS plate thickness of the roof insulation in the Salt Lake service area increases. The comprehensive heat
transfer coefficient of the roof decreases. The accumulated heat load of the building decreases throughout the year.
However, with the rise in the insulation thickness to 140 mm, the energy-saving effect becomes smaller and smaller.
The total heating cost of the roof decreases first and then increases with the insulation thickness. The economic thick-
ness of insulation is calculated as 110mm.

(3) Different exterior Windows have different influences on the building's thermal load. The building thermal load is
affected by the heat transfer coefficient and shading coefficient of exterior Windows at the same time. When the shad-
ing coefficient is the same, the annual cumulative heat load decreases with the decrease of the heat transfer coefficient.
Therefore, careful consideration should be taken when selecting the type of external window.
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