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A Study on the pattern of energy consumption of apartment in
winter with Automatic Meter Reading Systems

ABSTRACT

According to the importance of greenhouse gas emissions, it grows day by day, the goverment is promoting to prepare the specific policy
implementation to enhance building energy-saving design standars as the development agenda. In this study, the statistical analysis was
performed by Descriptive statistics, Regression analysis, and Hypothesis testing to collect to generate and storage energy usage data in
real time to settle parameter setting to affect energy consumption under energy-guzzling apartment not single building. This study is
expected to be utilized as the basis for the optimum energy-saving design of the future of the building or facility energy costs rise and
the demand for energy-efficient and stable management.
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Table 1. Variable selection and statistical techniques

Independent variable Dependent variable Statistics technique
- Tenant characteristics (number of household members, age)
- Weather conditions (temperature, humidity, and wind speed) Energy consumption Descriptive statistic
- Time (month / day, day of week, time) - Electricity consumption Regression analysis
- Space (top / middle / lowest side / center) - Gas consumption Hypothesis testing(t-test)

- Interior Building Material(installing corridor windows or not )
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Fig. 1. Automatic Meter Reading Systems schematic
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Table 2. Sample building information

Classification Contents Remarks
Total floor area/Building 5,242.785 m?
The number of layers 15 stories
(Household) (75households)
Area of supply space 67.76 m? Heating area
(Area of exclusive use space) (46.90 m?) (41.57 m?)
Buildi imuth
U dl.ng azilmut south-south-west
orientation
Man:108
Number of occupant 200 Members Wo 112
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Table 3. Input variables calculated heating load
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Application Design Design Equipoint Un!t ture 20115 &-83to] Aot Fig 33 22 FFHEE Fig.
outdoor space Heating } e
targetarea | mperature | temperature |""PE™ | | ad 49} o] 3D 2 Bdyskar gbXML(Green Building XML)S
Apartment Houses, 113°C 20°C 16°C 51.4 kecal/ ii'a- -‘ﬂ DeSigIl Bu11der(v3 O)E A}%—‘S‘]—O:] l:i]:]— e }%S]’ﬂ] A]“%
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Table 4. Input variables produce hot water load
Month Jan Feb Mar Apr May Jun Jul Aug Sep Sep Oct Dec
Hot water 1 0.99 087 | 076 | 063 | 051 | 035 | 031 | 040 | 054 | 063 | 098
load factor
Time 0~3 3~6 6~9 9~12 12~15 15~18 18~21 21~24
Use rate 0.1 0.4 1 0.6 0.5 0.5 1 0.1

Fig. 3. Shape information of the building

Fig. 4. 3D Modelling of the building
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Fig. 5. Zoning of the building



Table 5. Simulation input variables

Input value Value
Clothing (clo) 1.00
Setting internal temperature (C) 20
Lighting (lux) 100
Occupants Number of occupants
energy consumption (W/m?) 5
Lighting Radiant fraction 0.42
Visible fraction 0.18
Equipments | energy consumption (w/m?) 2.16
energy Radiant faction 0.20
Air change rate (Air change/h) 0.70
] Type Radiant/ Convective
EZ?E:E Location floor
Heating Radiant Fraction 0.2
City gas COP 0.8
Type Instantaneous
DHW CoP(%) 84.3
Delivery Temperature(C) 60

Table 6. The simulation results

Average consumption
/households - day

1.45 Nm?

Classification | Gas(heating) consumption

Gas(Heating) | 9777.75 Nm3(102.00 Gcal)
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Fig. 6. Energy consumption according to the unit household
personel

Table 7. Winter average energy consumption per capita

Classification Electricity Gas Total
Average 23046 kwh | 7731 N’ ;
consumption
Ton of Ol 0.24 TOE 0.01 TOE 0.25 TOE
Equivalent

* TOE = fuel quantity (¢, kg, Nm’, kWh) x toe + 1,000toe/kgoe toe
referred by energy fundamental law Clause I, Article V, Electricity
(kwh): 0.215, gas (Nm?) :1.055
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Fig. 7. Electric (left) and gas (right) usage according to average
age
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Table 8. Energy consumption correlation coefficient according to

weather condition

. Electricity consumption Gas consumption
Classification - - - - - -
Covariance Correlation coefficient Covariance Correlation coefticient
Temperature -0.025 -0.083 -0.332 -0.762
Humidity 0.151 0.171 0.295 0.281
Wind velocity -0.013 -0.334 -0.019 -0.354
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Fig. 12. Monthly total energy consumption
Fig. 11. Simple regression analysis of the line fit
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Fig. 16. Household arrangement
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Table 10. Electricity usage t-test results

Classification No. 1 household | No. 5 household
Average 4.738 4.396
Dispersion 1.090 1.085
Number of observation 2160 2160
Pooled Dispersion 1.088
hypothesis average 0
difference
the degree of freedom 4318
t statistics value 10.770
P(T<=t) one-tailed test 5.190E-27
D | e
P(T<=t) two tailed test 1.038E-26
eyt




2
N
I'Olt
o
o[o\;
1

Table 11. Gas usage t-test results

Table 12. Electricity usage t-test results

Classification No. 1 household | No. 5 household Classification Jan 1. 2011 Jan 1.2012
Average 1.861 1.518 Average 24.056 23.978
Dispersion 2.393 1.871 Dispersion 19.906 19.859
Number of observation 2160 2160 Number of observation 216 216
Pooled Dispersion 2.132 Pooled Dispersion 0.867
hypothesis average 0 Hypothesis average difference 0
difference The degree of freedom 215
the degree of freedom 4318 t statistics value 0.497
t statistics value 7.731 P(T<=t) one-tailed test 0.309
P(T<=t) one-tailed test 6.549E-15 t Dissmiss value one-tailed test 1.651
t Dissmiss value 1,645 P(T<=t) two tailed test 0.619
one-tailed test t Dissmiss value
P(T<=t) two tailed test 1.309E-14 two tailed test 1971
e
Table 13. Gas usage t-test results
Classification Jan 1. 2011 Jan 1.2012
AREOZ I8k X7 1oluR], W Fo 2 QIgH 7RouR|e] AHY Average 11.234 10.021
Lo FEFS vRIvke AE F4E F ATk Dispersion 22.904 21.226
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4.5 SESHX|Z QIst oKX HIZ 2A Pooled Dispersion 0.626
B AP 2011 8¢9 T Al W) E=HR] 2 ofufR]o] Hypothesis average difference 0
|88 IS Fsle] AE T AR o B Sl X357 The degree of freedom 215
232 A5k e Br = A3 AR Q18 217221 At t statistics value 4.386
U duRA7asy ) et HeA] AR )2 Stk a8 oy P(T<=t) one-tailed test 9.004E-06
R7|AA BEE10] B3 749 oJske] 2431 2y A= t Dissmiss value one-tailed test 1.651
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