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Abstract In this study it is attempted to estimate the possible change in energy use for resi-
dential and commercial sector in Korea under a future climate change senario. Based on the
national energy use and observed temperature data during the period 1991~2010, the optimal
base temperature for determining heating and cooling degree days (HDD and CDD) is calcu-
lated. Then, net changes in fossil fuel and electricity uses that are statistically linked with a
temperature variation are quantified through regression analyses of HDD and CDD against the
energy use. Finally, the future projection of energy use is estimated by applying the regression
model and future temperature projections by the CMIP5 results under the RCP8.5 scenario.
The results indicate that, overall, the net annual energy use will decrease mostly due to a large
decrease in the fossil fuel use for heating. However, a clear seasonal contrast in energy use is
anticipated in the electricity use; there will be an increase in a warm-season demand for cool-
ing but a decrease in a cold-season demand for heating.
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Fig. 1. Time-series of energy uses by three sectors (e.g.,
transportational, industrial, and residential and commercial
sectors) in Korea for the period 1991~2010 (top) and their
respective mean seasonal cycles (bottom).
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Fig. 2. Time-series of total energy use (black), carbon fuel
(red), and electricity (blue) use in residential and commercial
sectors.
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Fig. 3. Scatter diagram of monthly air temperature in Korea vs. energy use per capita by (left) carbon fuel and (right) electricity
in Korea. Vertical gray lines indicate the base temperatures yielded by Eq. (1) that are used for the calculation of HDD and

a

DD.

AA 7

s 2

A
8

-

g 2 AR S|
< ol #] Aulo] Hojgk HES o
ol AE AREFS A EE Ad 2087
S7VEFEAI7Y FEHAHEIZE 5 A8 A
87 kTOE/year), A7t AIAAE F718te FAHE
ERATE 1990 4t o] % AT AR
AANE Holu, A-AME-e] S7Z Qs F o=
AHlE okt 7S YR 2000t HAE
A g Aanle] A-AH Mol Y& FaA 344
AS v} HSHAl ALH AT HUwe UE
W, o521 Y dyA] Fod 9 2z Huig=
Ho} F5lo] yEephdt}

7123 o|A &nHle] FAES Lolrr] 98 Fig
30 Sk AF 7]t 1909 99 oA LnF
7] AT E ettt 24 7)7F St 1209 9
U2 A ol= A3 A 8(linear trend)e] WER=H],
ol& Uit 2bsle] Wt o] 4] siele] W
3} 7k 714dshA o9l gl T|ldtal B 4
ATk wetA 7129 Hisah AHE oA AH| e
H3lE £ o HasA xdsh] Qs olvA an
I 71 A5 BFA B 7|7 Feke] AP TS
AABIALE A5} A AR BF 7|23 F
gk Aol el 7b7] e i o EA4
< Uehdth g dike] B0z AMEE s
AS5] ARERFE 7l FEs o Fade B
oh FA ARG HA ARERF] oF 18 FElE U
et vi$- A Ad F715 #8184 Qluh whE,
A8 AR 7P 9 Y A W 2 G
R olg57] wlie & d#R v Felo HE U
Ho] Yehdtt,

ojggl 7|2 &M EERFE, oHA| 2|

[

=

il
N r:_,

AN HE 2
r

e x

N

=

7] 4458 7] 21247 45 (2014)

o] 71 WEo g vREE FH3. 71&dE
o 9t oA AH] B Q&2 = (Heating Degree
Days; HDD) ¥ Y=< (Cooling Degree Days: CDD)
o] MFE AREEte] B aFF oz FeFsld 4 gl
th(Quayle and Diaz 1980). HDD9} CDDE Whilo]
A% 7NE7(Thue) ZFE S AW 7] 2AXN(T -
Touse)Z AIXF=M HDDY CDD7} &5 2zt
W Yol g o] molRg ojulsit). o 7)A 7]
F7|ee dutdgow HDDS CDD BF 18°CE Al
g3k, 717d- ol BAANA AFshe AEE o]
£ 7Wto g At SRR o] 7]E7 &S AEe]
9, AFFE, 94 71554 Tl wgt Zaxe
2 = Fybl gtk o] Ao = Belzer et al
(1996)°] ANAIgH W2 F-AFSHA Fig. 40 Vebd 9
W 713} U] AL B JARRY 71 g4
2 7FE7]eL AEsTh WA of Eq. ()3 2
12 VES S 71gstar, 71 A57T AX s WY
el A 0.1 Aoz 7|F7]e AAsla AR
Mg RHRA oz Agste] Bo] U] ALEFS
HANZ A=, SAZFE Y explained variace”t
71 &) 715 HDD % CDD Al4te] 7]&7]28
AA3HATE olu, Fig. 39] Kol upel 7ro] A<l
S} A Age] &M FErt o2 AS st
NN&E7)eS g ALkt

E:a‘T_ Tbase‘+b’ (])

q7|M, E= AUAFL, Te 712, Thwe 71571
2, a9} b= 3ALTE 9n S

AXr Az A8 E 23.8°C, AHL 15.7°C7F HDD
¢} CDD 249 #4 &7z FAHAY. +74
H 71E712E3} Fig 49 Uehd dhite 7129 3



BAE AFE AR QA - /AE 05D 519

Seasonal cycle of near-surface air temperature (RCP8.5)
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Fig. 4. Mean seasonal cycles of 2-meter air temperature in
Korea for the present climate (1991~2010) and future
climates (from 2010s to 2040s) from the 27 climate models
that participated in the CMIP5 under the RCP8.5 scenario.
The dotted and dashed lines indicate the base temperature
for the calculation of HDD and CDD.
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Table 1. Statistics of seasonal means of 2-meter air
temperature in Korea for the period 1991~2010.

Average lo Linear trend
[°C] [°C] [°C/decade]
Winter 0.88 0.80 0.29
Spring 11.71 0.68 0.28
Summer 23.45 0.77 0.32
Autumn 14.22 0.69 0.55*

*Trend significant at 95% confidence level.

Table 2. Log-linear regression results.

Dependent variables**

Independent —
variable Log carbon. fuels Log electr.lclty
per capita per capita
HDD (23.8°C) 0.0596197 -
HDD (18°C) 0.0556981 0.0123504
HDD (15.7°C) - 0.0127685
CDD (18°C) - 0.0164635
CDD (15.7°C) - 0.0165095
Constant*** 2.85629 2.59484

*All regression values are significant at 99.9% confidence
level; **unit is [10~*TOE/person/month]; ***Y-intercept
value of regression of HDD (23.8°C) and CDD (15.7°C),
representing temperature insensitive energy demands.
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(a) Change in electricity use by heating and cooling
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for heating and cooling and (b) carbon fuel for heating
attributable to climate change.
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