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ABSTRACT

KEYW ORD

Nowadays, reduction of energy use in buildings is a big issue, especially in public buildings like schools. The

O A X| HEh,
ngAlE,

building structure is very simple in that, the room size, schedule and user number is similar across different schools. Ol A X| AH]|
There are many policies which are suitable for this kind of buildings. Investigation of energy consumption pattern in £ 4 & 24
primary school, middle school and high school in different cities of Korea has been done in this paper using statistical

data from national organization and the data from IBM and Gyeonggi Provincial Office of Education, aimed at
providing the basic data for the development of energy efficiency improvement policies of educational facilities. The

Energy Source Type,
Education Facilities,
Energy consumption,

study was divided according to climate, energy source type and public or private school, as different cities have  Statistical Analysis
different climates and accordingly different amount of energy sources are used. It was observed that, the average energy
consumption in primary school is 36.9kWh/mr, in middle school is 20.5kWh/m' and in high school 27.4kWh/m'. As

further analysis, monthly energy consumption pattern has been analyzed for one city.
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1. Introduction
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Statistical research, Literature investigation)

—

Division Contents

Investigated year 2011

Elementary school, middle
school, high school

16 City - province in Korea

Investigated City '

Establishment Type |
Offer of energy
( kWh,m? cal )

" Energy consumption characteristics of education

| {
| {
[ School Class l
| |
| |

national, public, private

General electric power. midnight
electrmty for gas heating,
i t

facilities

Figure. 1 Survey method and analysis items of data

2. ofjfx] Chel A

A% %, %, DEaol A AHGH oA e 27|k,

ASFHE), EAZRALPG), §157, I A, 445, A5h 5
o] Sch. ol elst thaFet AU A RS A HliL, BA57] A
= sho] w9l Eatslorath. WA Ao 4] Anlg e, 4
@oqy}/\ 0] AA oA AFEHS WA O 2 e kWh/nt
sk EPH‘TWE* ANAA Aoz EHsHA A
% 5740 WKFAAH TN TSt
2 F &S Hask] s 2E sEEe A
3,22 oA E 712 S, 24
vz BeElgd v A A =S A
, e ol A G A S F7Fsto] A
Table 13} Zow, chejegh w2 A
FelA st

[e)

f
L
rE
e

1‘
El
=3
o

1=

L 1o
_9.. __Q_,l _|0|v

e

8 mEa

ol
S5

a

jQ.FlE_L.

I 41 oo (A 18 :lO
2 1o

o)

borE o

2o
oo

o

lo rlo

H o

~

>,

o)

32
¥R rlo

s
==l
rir

X
>
E T
my
o
g
I
o2
r&

Table 1. Heat values(2011.12.30.)"

Heat value Conversion

keal M factor

Gas type Unit

Kerosine L 8,790 36.8 0.879

LNG Nm’ 10,430 43.6 1.043

7h2 AREEHKWh/m') = (A (') x 2 (keal/N-m') x
kWh/860kcal]/TH$] 2 () 1)

G5 AR (kWh/m?) = [AFEEFH(n’) x 1000(L/m’") x TdzF
(kcal/L) x kWh/860kcal]/=HH 2 (m?) ®)

ek of| 1 2] ARE-EH(kWh/nt') = [AF-8-H(Geal) x 1000 keal/Geal
x kWh/860kcal )/ H 2 (m) 3)

AA| A7 A EHKkWh/nt) = DYHE 2] A 2Rk Wh/nf) + 4] oF
A A (kWh/m') “4)
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Table 2. Annual average night-time and day-time electricity
consumptionsi”'”)

General | Midnight General | Midnight
Region |electricity |electricity)| Region electricity |electricity
(KWh/m") | (kWh/m") (kWh/m’) [ (kWh/m")
E| 42.65 0.91 E| 3010 0.10
Seoul | M| 41.68 1.38 || Gangwon | M| 32.78 9.07
H| 46.17 0.81 H| 47.03 2.56
E| 29.10 0.99 E| 3430 18.06
Busan | M| 27.89 1.76 || Chungbuk | M| 32.90 13.69
H| 4431 1.03 H| 5526 15.92
E| 28.06 0.70 E| 3581 5.67
Daegu | M| 3042 1.04 || Chungnam | M| 37.24 3.18
H| 4428 2.36 H| 5284 5.31
E| 39.58 2.32 E| 2677 8.36
Incheon | M| 38.87 2.86 Jeonbuk | M| 30.13 4.11
H| 49.86 3.15 H| 50.61 8.13
E| 3420 1.45 E| 2483 5.36
Kwangju | M| 33.94 0.65 Jeomnam | M| 27.62 4.17
H| 45.16 1.10 H| 5172 5.46
E| 3228 0.21 E| 29.86 3.32
Daejeon | M| 29.50 0.11 ||Gyeongbuk| M| 31.05 1.50
H| 44.19 142 H| 5297 5.25
E| 3146 0.62 E| 29.93 3.01
Ulsan | M| 30.60 0.46 ||Gyeongnam| M| 29.78 0.34
H| 46.95 1.26 H| 49.88 2.11
E| 3549 0.66 E| 3220 0.10
Gyeonggi| M| 34.92 2.33 Jelu M| 2994 0.23
H| 4948 2.56 H| 4225 0.57
E| 51662 | 66.76 E| 3229 4.17
Total | M| 519.23 46.88 Average | M| 3245 2.93
H| 77297 | 63.45 H| 4831 3.97

80 Midnight electricity (kWh/m’) ™ General eletricity (kWh/m’)
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Figure 2. Annual average total electricity consumptions of
elementary schools

B0 Midnight electricity (kWh/m") ™ General eletricity (kWh/m")
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Figure 3. Annual average total electricity consumptions of middle
schools

B0 Midnight electricity (kwWh/m') ™ General eletricity (kwhy/m’)
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Figure 4. Annual average total electricity consumptions of high
schools
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Table 3. Annual average gas and district energy consumptions for
heating[5,12,13]

Gas for | District Gas for | District
Region heating | heating Region heating | heating
(kWh/m") | (kWh/m’) (kWh/m") | (kWh/m")
E| 26.14 6.38 E| 48l 0.00
Seoul | M| 24.48 227 Gangwon | M| 1.20 0.00
H| 2643 2.03 H| 281 0.00
E| 106 16.60 E| 134 1.10
Busan | M| 0.66 15.00 || Chungbuk | M| 241 5.07
H| 264 0.25 H| 761 4.83
E| 13.04 46.75 E| 320 10.89
Daegu | M| 11.16 1.32 | Chungnam | M| 3.90 0.00
H| 2834 3.17 H| 9.9 0.00
E| 719 0.79 E| 031 27.82
Incheon | M| 6.89 0.27 Jeonbuk | M| 0.53 0.00
H| 19.77 0.91 H| 490 0.00
E| 477 183.64 E| 057 315.59
Kwangju | M| 2.72 0.05 Jeonnam | M| 024 11.81
H| 7.67 0.00 H| 2.69 0.00
E| 16.96 0.00 E| 1.00 125.19
Daejeon | M| 15.02 0.00 | Gyeongbuk | M| 1.37 12.31
H| 43.66 0.00 H| 699 0.00
E| 175 20.97 E| 033 31.66
Ulsan | M| 1.79 35.80 [ Gyeongnam| M| 0.17 0.00
H| 211 1.42 H| 168 0.19
E| 17.61 4.64 E| 0.3 0.00
Gyeonggi | M| 1597 333 Jelu M| 0.13 0.00
H| 21.60 4.24 H| 0.02 0.00
E | 100.203 | 792.00 E| 6.26 49.50
Total | M| 88.64 87.21 Average | M| 554 5.45
H| 18790 | 17.04 H| 11.74 1.07
50 B Elementary school Middle school B High school

25
20
15
10

Consumption of Gas (kWh/m?)
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W Elementary school Middle school  mHigh school

Consumption of District Heating (kWh/m?)
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Figure 7. Annual energy consumption breakdown of elementary
schools
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Table 4. Energy use intensity (kWh/m)

k| Figmean | Sebon) Total
Seoul 76.07 69.81 75.44 221.32
Busan 47.74 45.30 4823 141.27
Daegu 88.55 4393 78.16 210.64
Incheon 49.87 48.89 73.69 172.45
Kwangju 224.07 37.36 53.92 315.35
Dacjeon 49.45 44.63 88.28 182.36
Ulsan 54.79 68.65 51.74 175.18
Gyeonggi 61.40 56.55 77.88 195.83
Gangwon 46.93 43.05 56.86 146.84
Chungbuk 54.80 54.07 83.61 192.48
Chungnam 55.58 4432 68.14 168.04
Jeonbuk 63.25 3477 63.64 161.66
Jeonnam 346.35 43.84 59.87 450.06
Gyeongbuk 159.37 46.23 65.21 270.81
Gyeongnam 64.93 30.27 53.87 149.07
JeJu 3243 30.29 42 .84 105.56
Total 1,475.58 741.96 1,041.38 3,258.92
Average 92.22 46.37 65.09 67.89
Ratio 43.54 24.16 32.30 100%
A2 G5 ST o] A ACR AlmHLt,
3.4. A9 734 oA AL
Table 5= A= 2-F- 158w o] A5 A5G o 47|
AHEERS LEPATE A7 ot of| L XA Al St o] H 9
Z-Z-055tu7} ZF2E 366,764 kWh, 242,693 kWh, 704,461

kWhE AH&-oFlom, 375t o] 79 290,769 kWh, 291,994
kWh, 704,880 kWhs AHE5I4ch Et =Hstuw= 345883
kWh, 141,829 kWh, 362,432 kWhE AR&stgich AH4d4E &
ARe A2 stw 242} 1,313,918 kWh, 1,287,643kWh,
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S gk off A2 xIsgsba] ZTt.

°£°

R8s

Table 5. Energy consumption profile depending on the type of
education facilities (kWh)

Electricity Miscellaneous

Division 3:3; _rtllgg Ijlléghct; glmt; Gas | District Total
E | 223,571 | 13,334 | 110,285 | 19,574 | 366,764

Private | M | 192,880 | 19,900 | 29,911 2 242,693 (1,313,918
H | 523,347 | 58,921 |122,189| 4 704,461
E | 217,834 | 22,678 | 50,082 | 175 | 290,769

Public | M | 227,946 | 16,778 | 47,223 47 | 291,994 (1,287,643
H | 524,957 | 27,823 |152,020 | 80 | 704,880
E | 220,125 | 30,676 | 95,078 4 345,883

National| M | 117,834 | 6,125 | 17,870 0 141,829 | 850,144
H | 291,028 | 19,926 | 51,478 0 362,432
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Figure 11. Electricity consumptions of schools in Gyeonggi Province
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Figure 12. Gas consumptions of schools in Gyeonggi Province
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Table 6. Energy use intensity of schools in Gyeonggi Province for
each season (kWh/ nr)

Division Eleércnlir;otai\ry lgfgg(l:f SI;I;I%I; 1 Total Average
Spring 20.7 18.7 259 65.3 21.8
Summer 12.6 12.2 18.1 429 14.3
Fall 14.0 13.7 19.6 473 15.8
Winter 26.2 23.8 321 82.1 274

Table 7. Monthly energy use intensity of schools in Gyeonggi Province
(kWh/ m)

Division Elgﬂlegé?ry g%gg(l)? High School| Total | Average
Jan. 9.2 9.1 12.2 30.5 10.2
Fab. 8.3 6.8 9.3 24.4 8.1
Mar. 84 7.1 10.2 25.7 8.6
Apr. 72 6.8 9.5 23.5 7.8
May. 5.1 4.8 6.2 16.0 53
Jun. 4.7 4.6 6.4 15.8 5.3
Jul. 49 4.6 6.5 16.0 5.3
Aug. 3.0 3.0 5.2 11.2 37
Sep. 4.0 4.5 6.9 154 5.1
Oct. 44 4.1 5.7 14.2 4.7
Nov. 5.6 5.1 7.0 17.7 5.9
Dec. 8.7 7.9 10.6 27.2 9.1
Total 73.6 68.3 95.8 237.6 79.2

Average 6.1 5.7 8.0 19.8 6.6
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Figure 13. Monthly energy use intensity of schools in Gyeonggi
Province
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