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Estimation of Non-Residential Building Energy Consumption
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Abstract: Problem statement: China’s energy consumption is increasing with ehksgeed in recent
years. Especially since building energy consumptianght pubic eyes and became a crucial problem
of society, it forced the public to make estimatinrorder to reduce energy consumption efficiently.
However, it is very difficult to analyze a non-résntial building accurately due to China’s statsiti
collection system and the lack of national survéysproach: This study introduced a methodology of
estimating various energy consumption factors bidmg types, energy end-use (electric power,
space heating, space cooling and hot water) in pam¥ince. The unit energy consumption factors
were determined based on sample cities’ data armlification by using software analysis. Take 2006
year for example, the estimation method was intteduResults: The non-residential building energy
consumption in China in 2006 year was estimatethbymethod above mentioned. Through the result
of analysis, we found out that energy consumptiospace heating, space cooling and hot water were
greatly affected by space Heating Degree Day (HBPace Cooling Degree Day (CDD) and regional
consumer spending per person (Op&jnclusion: A series of formulas were obtained. So by using
the formulas we can not only estimate the energnsemption now, but also the energy consumption
in future. However, this is the first step of our researchnight be hoped that the further surveys
and research on energy consumption of China calobe to promote our research result.
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INTRODUCTION In order to understand the energy consumption in

non-residential building, we have to get the datst.f

_China’s building energy consumption increasesyoywever, it is very difficult to survey the energy
rapidly in resent years. It seems that a large amofl consumption of non-residential building in a wid@ge

:E: g;eeinhogiﬁsg‘zf 'Yivohricihs q[ﬁg trﬁz;irr]lecr;?slg 'erg?nigtof China. Therefore, the general method is to dlass
9y P rovinces by using cluster analysis and then prepos

change. In order to reduce China's non'reSidentiaestimation method based on the survey of sampkscit
building energy consumption, it is necessary taltu y P

on this research. in each classification.
There are several studies have been researched on

energy consumption in China. Zhou (2008) evaluated MATERIALSAND METHODS
the impact of GDP grows on energy consumption in
China’s commercial buildings. Zhao (2009) also did Non-residential building is categorized as shown i

study on energy consumption of a commercial bujdin Fig. 1, which called “public building in china. tretail,

in TianJin in China. Chen (2008) provided a mettmd non-residential buildings in China can be dividetbi8
investigate national energy consumption in thetypes, such as office, commercial, hotel and reat#y
residential building sector of China. Tonooka (2008 education facility, culture facility, hospital, esrch
Tonooka et al. (2004; 2006) researched on China’'scentre and others. In order to estimate the energy
energy consumption and focused on China’s enerdy arconsumption, there must be a clear constructioth@f
environment in rural housing and energy consumptionotal floor area and the unit energy consumptiohictv

in rural household. We also studied the Centre fois shown in chat (Fig. 2).

Energy Saving Studies of Tsinghua University (2008) According to China statistical yearbook (National
However, in all these researches, a general mdtvod Bureau of Statistics of China, 2008; National Bure&
estimating non-residential building energy consuampt ~ Statistics of China, 1998) and other literature, ca@

in China has not yet been developed. get the total floor area of non-residential buitfsector
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in China. Figure 3 shows the total floor area byding ~ «  Regional consumer spending per person (Og:-C)
types in each province. Due to the lack of survatad «  Regional energy consumption per person (Efsc)
the total floor area composition ratio could notdmme Regional space Heating Degree Day (HXR)

accurately by building types. Therefore, the Japane .  Regional space Cooling Degree Day (CRD)
total floor area composition ratio by building tgpés

used here as reference. Next we will focus on the Firstly, basing on HDD, CDD (DD), which are

calculation of unit energy consumption. . . e
The space Heating Degree Day (HDD), Spacecon5|dered as the primary indicators of energy

Cooling Degree Day (CDD) and economical indicatorsconsumpt'on’ 31 provinces are divided into 5 classe

(e1Ck4) in each province of China are selected anq(Areal’ I, 11, 1V and.\_/).'l.'he result is shown &sg. 4. .
Secondly, classification of the whole country is

shown as following: ) ) g
9 made one more time by the economical indicators

- Regional Gross domestic product per head®asing on the resultabove. (Fig. 5and 6) .
(GDP,.0) &, We surveys 300 non-residential buildings of five

. Regional income per person (Ipe) sample cities of five areas in Table 1. They argifige

Shanghai, Guangdong, Jilin and Xian.
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Fig. 1: Building classification in China
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Table 1: Final result of classification accordingetonomical indicators and DD
Variable Classification Province/city

Regional gross Area | Beijing Tianjin
Domestic product per

head (GDPp-c)

Regional income per Area Il Shanghai Zhejiang Shagd  Jiangsu Chongging Xinjiang

person (Ip-c) Hunan Hubei

Regional consumer Area lll Guangdong Fujian Yunnan Guizhou Hainan

spending per person

(Op-c)

Regional energy Area IV Hebei Shan (1) xi  Xizang imEnggu Jilin Heilongjiang Liaoning

consumption per

person (Ep-c)

HDD Area V Gansu Ningxia Qinghai Sichuan Jiangxi alsii3) xi  Henan
CDD Anhui Guangxi

parts by energy types as space heating, spacagploit
water and electric power. Owning to above reasths,
multiple regression analyses will bex8t = 32 times.
Next, taking office building as an example, anaysi
result of multiple regression analysis will be givim
coming sector.

torresponds to the city
in the same area with th

RESULTS

orresponds to the city
in the same area with th

Japanese energy consumption composition ratio by
building types is applied here as reference forsdmme
reason with total floor area by building types. And
energy consumption of Non-residential building by

Needto be| | Need to be
%2 || giscussed discussed
darea I

i=1+1 e — building types in each province can be estimatégl {H.
Energy consumption in developed provinces or cises

higher than others. For example, as a developed
province, Gangdong’s energy consumption is higher
than other provinces. Even if Beijing and Shangtrai
cities, their energy consumption is very high baeau
Fig. 6: Classification ~ according to  economical they are very developed cities.
indicators flow 2 The result of multiple regression analysis forrgpe
consumption of space heating is shown as Fig. & It
Unit energy consumption in each province isclear that the correlation coefficient is 0.927.dAie
estimated by sample city’s unit energy consumptiorstandard error of HDD is the largest one in 5 iatbics.
and the result of classification and DD value. tdes  Even the standard error of GDPp-c is also veryelaitg
to find out energy the correlation between thestofa  plays a role of reducing energy consumption of epac
and energy consumption by building types, multipleheating, which could not be eliminated.
regression analysis has been done. Take a look at analysis result of space cooing.
Multiple regression analysis of the Excel (Fig. 9) the standard error of Ep-c is the largest in 5
multivariate analysis is run separately under theindicators and followed by CDD, Op-c and Ip-c.
condition that assume these factarse,, €5, €4, Kn,Kc) ~ However, GDPp-c has a very weak influence on energy
as dependent variables and unit energy consumptiogensumption of space cooling.
(space heating, space cooling, hot water, elegtveer) Figure 10 shows the analysis result of energy
as functions. Then the factor that has a high tatiom  consumption of electric power. It could be foundtth
with the unit energy consumption can be discoveredhe correlation coefficient became 0.5082. The
through the result. However, non-residential buidgi correlation is very low compared with the analysis
can be divided into 8 parts by building types aicef above. The standard error of GDPp-c is the largest
building, followed by commercial building, hotel gin in 6 indicators. The standard error of CDD follows
restaurant, education facility, culture, hospitadl athers. GDPp-c and shows a negative influence on energy
Meanwhile, Energy consumption can be divided into 4consumption of electric power.
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Fig. 7: Energy consumption of non-residential hingdd

by building types

Heating
Parameter | Coefficient | Standard error
HDD 300.9602 1.0234
GDPp-c -1215.8569 -1.6634
Ip-c 251.0745 0.2304
Op-c 0.1032 0.5648
Ep-c -0.0168 -0.2168
Intercept 237.7147
R Square 0.8651
Multiple R 0.9247
HOD theating degree day
(CCD cooling degree day
GOPp-c regional Gross domestic product per head
p-c regional income per person
Op-c regional consumer spending per person
Ep-c regiona energy consumption per person
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Fig. 8: Space heating-multiple regression analysik

excel
Cooling
Parameter Coefficient Standard error
oD 16.1932 0.2381
GDPp-c 33,0476 0.0285 100 .
Ipc 4.6542 0.1858 H
= 80
Op-c 38.1634 -0.2360 il o
= ¢
Ep-c -0.0097 0.3095 z 60 -
< -
Intercept -97.3308 EN ot
2 —
R Squere 0.6764 2 20 hets | * | ¢ Theoretichi value
Multiple R 0.8224 = F o + }
B cqrrelatiop value
i Z o
HDD : heating degree day = 0 20 40 60 80 100
CDD : cooling degree day Real values (MJ m2. year)
(GDPp-c : regional Gross domestic product per head
ip-c ¢ regional income per person
Op-c : regional consumer spending per person
Ep-c : regional energy consumption per person

Fig.
excel

9: Space cooling-multiple regression analysgiih

Electric power

B4
HOD : heating degree day

(COD : cooling degree day

GOPp-c : regional Gross domestic product per head
ip-c : regional income per person

Op-c : regional consumer spending per person

Ep-c : regional energy consumgtion per person

Real values (MJ m=. year)

Parameter | Coefficient | Standard error
HDD -31.8235 -0.3139
oD -145.1777 -0.6610 b S Lokl
GDPo-c 49,9180 1.4795 ¢
Ip-c -95.4473 -0.1151 150 ——
Op-c -0.0105 -0.1707 2 DS SR
= 100 A1
Ep-c -0,0064 -0,3056 = T
Intercept 29.4098 = S
= 80
R Square 0.2582 2 *| Theoreligal value
Multiple R 0.50: < 9 —— conelatijn value
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Fig. 10: Electric power-multiple regression anaysi

with excel

Hot Water
Parameter Coefficient Standard error
HDD -0.5468 -0.3731
coD 9.1698 1.0068
GDPp-c -0.7567 -0.2147 ®
Ip=c 1.0419 0.2354
Op-c 0.0002 0.1718 T T
Eoc 0.0000 -0.1223 T . T
Intercept -0.6969 le
R Square 0.2199 THeorefical dalue
| Muttile R 0.4690 chrreigtion laiue
# . 05 1 15 2 25 3 35
EEE : ’Lzzﬂ&ﬂgzzz:izaz Real values (MJ m™. year)
GOPp-c : regional Gross domestic product per head
Ip-c : regional income per person
Op-c * regional consumer spending per persan
Ep-C : regional energy consumption per person

Fig. 11: Hot water-multiple regression analysis hwit

excel

Figure 11 shows the analysis result of energy
consumption of hot water. Correlation coefficiest i
0.4690. The standard error of CDD is the largestion
6 indicators and followed by HDD.

DUSCUSSION

In conclusion, on the one hand, it is clearly
revealed that energy consumption of space heating,
space cooling and hot water were greatly affectged b
HDD and CDD, but order of other factors is irregula
On the other hand, the Figure 10 showkat energy
consumption of electric power is greatly affecteg b
GDPp-c because of the high value of standard error.
The relation of energy consumption and each fazaor
be made into an equation by the coefficient in¢hat
above. So, non-residential building energy consionpt
of space heating of office can be estimated with
formula followed:

Y =300.960 HDD- 1215.8569 GDPp c+251.074!
xlp-c+0.103% Op- ¢ 0.0168 Ep € 237.71

Once we have gotten the factors above, energy
consumption can be estimated in this way.

CONCLUSION

In this study, we collected the CDD, HDD and five
economical indicators’ data of 2006 year. Then we

calculated the non-residential building energy
consumption in 2006 year. We still made the
mathematical models to understand the relation of

energy consumption and these factogs,.6, €, €4, Ky,

Kc, vop, cop) A series of formulas like the example
above are obtained. The factors can be predicted by
their potential trends separately. So by using the
formulas we can not only estimate the energy
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consumption now, but also the energy consumption i National Bureau of Statistics of China, 2008. China

future. However, this is the first step of ouraasch. It Statistics Yearbook. China Statistics Industry Bres
is hoped that the further surveys and researcmergg ISBN: 978-7-5037-5530-9.
consumption of China can be done to promote ouTonooka, Y., 2008. Present Situation in China Byer
research result. and Environment in Rural Housing. Architectural
Institute of Japan, Japan, ISBN: 978-4-37366-5.
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