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Energy consumption and carbon emission analysis of green gymnasium
ZHOU Yu, FU Renjie, XU Aiyan, TANG Dabo, ZHU Yiyun
(Faculty of Civil Engineering and Architecture, Xi’an University of Technology, Xi’an 710048, China)
Abstract: Against the background of increasingly severe global climate problems, energy saving
and emission reduction have become the key to low-carbon development in China. Due to its large
volume and high energy consumption, the stadium building will be the research focus on realizing
carbon emission reduction in the construction field. This paper establishes a model for building
the gymnasium in cold regions, analyzes the influence of the construction parameters for the
building envelope on the energy consumption and carbon emission of the gymnasium based on nu-
merical simulation, and obtains the optimal combination of the construction parameters by the or-
thogonal test method. The results of the study show that the factors having the greatest influence
on the carbon emissions from heating, cooling and total carbon emissions of the building are the
skylight-to-wall ratio, the side window-to-wall ratio and the side window heat transfer coeffi-
cient, respectively. The optimal combinations of construction parameters are 20% for the side
window-to-wall ratio, 10% for the skylight-to-window ratio, 2.0 W/(m® « K) for the side win-
dow heat transfer coefficient, 1.2 W/(m* « K) for the skylight heat transfer coefficient, 0.3 W/
(m? « K) for the facade heat transfer coefficient, and 0. 45 W/(m* « K) for the roof heat transfer

coefficient. Compared with the baseline construction parameter combinations, the total energy
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consumption and carbon emissions from heating, cooling, and total carbon emissions of the opti-
mal combination are reduced by 10.73%, 6.99%, 18.76% and 13.78% , respectively.

Key words: green gymnasium; building energy consumption; building carbon emission; orthogo-

nal experiment
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Fig. 1 Simulation model diagram of the stadium

R 1 ROIH SR PSS S S

Tab. 1 Baseline building envelope construction parameters
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Fig. 2 Relationship between window area and building energy consumption and carbon emissions
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Relationship between window heat transfer coefficient and building energy consumption and carbon emission
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Fig. 4 Relationship between wall heat transfer coefficient and building energy consumption and carbon emission
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Tab. 2 Orthogonal experiment factor level table

7K A B C/(Wem?«K ") D/(Wem*?+«K" E/(Wem?-K") F/(Wem*?+«K")
1 0.2 0.05 1.0 1.2 0.1 0.15
2 0.4 0.10 2.0 1.8 0.3 0. 30
3 0.6 0.15 3.0 2.4 0.5 0. 45

%3 EXRBE
Tab. 3 Orthogonal test table

ETRE2 A B C/(Wem?*-K" D/(Wem?*+«K?" E/(Wem?*-K " F/(Wem?*+«K?"
1 1€0.2) 1(0.05) 1(1.0) 1(1.2) 1¢0. D 1€0.15)
2 1 1 2(2.0) 2(1.8) 3(€0.5) 3(0.45)
3 1 2(0.10) 1 3(2. D 3 2(0.30)
4 1 2 3(3.0) 1 2€0.3) 3

5 1 3(0.15) 2 3 2 1

6 1 3 3 2 1 2

7 2€0. 4 1 1 3 2 3

8 2 1 3 1 3 2

9 2 2 2 2 2 2

10 2 2 3 3 1 1

11 2 3 1 2 3 1

12 2 3 2 1 1 3

13 3(0.6) 1 2 3 1 2

14 3 1 3 2 2 1

15 3 2 1 2 1 3

16 3 2 2 1 3 1

17 3 3 1 1 2 2

18 3 3 3 3 3 3
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Fig. 5 Results of orthogonal experiment carbon emissions from heating and carbon emissions from cooling
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Fig. 6 Results of orthogonal experiment total energy consumption and total carbon emission
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carbon emissions by heat production
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Fig. 10 Comparison of the degrees of impact of

factors on carbon emissions
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Tab. 4 Analysis of variance for building carbon emissions
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Fig. 11 Comparison of energy consumption and carbon

emissions before and after optimization
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