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In this study, we proposed a model for forecasting power energy demand by investigating how outside temperature at a given
time affected power consumption and. To this end, we analyzed the time series of power consumption in terms of the power
spectrum and found the periodicities of one day and one week. With these periodicities, we investigated two time series of
temperature and power consumption, and found, for a given hour, an approximate linear relation between temperature and power
consumption. We adopted an exponential smoothing model to examine the effect of the linearity in forecasting the power demand.
In particular, we adjusted the exponential smoothing model by using the variation of power consumption due to temperature
change. In this way, the proposed model became a mixture of a time series model and a regression model. We demonstrated
that the adjusted model outperformed the exponential smoothing model alone in terms of the mean relative percentage error
and the root mean square error in the range of 3%~8% and 4kWh~27kWh, respectively. The results of this study can be used
to the energy management system in terms of the effective control of the cross usage of the electric energy together with the

outside temperature.
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<Figure 1> The Time Series of Power and Temperature in
January
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<Figure 2> The Power Spectrum of the Time Series of Power
Consumption. Note that Axes of Abscissa and
Ordinate are in the Logarithmic Scale
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at t=15

<Table 2> Slope Estimates for All Business Hours. The Estimate

Errors are in Parentheses

~low

~high

t 7. b, b,

9 19 -8.74(0.53) 17.88(2.04)

10 18 -8.24(0.54) 17.43(2.08)

11 18 -7.56(0.55) 18.42(2.27)

12 17 -6.64(0.55) 17.78(2.25)

13 13 -7.11(0.70) 14.66(1.46)

14 11 -6.87(0.82) 13.73(1.23)

15 11 -6.56(0.78) 13.27(1.30)

16 11 -6.29(0.71) 13.19(1.38)

17 11 -7.16(0.72) 12.48(1.31)

18 10 -7.00(0.66) 8.06(0.97)
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2] (6)2 Model (ol F7latd A2 Alg2 "7 =S <Table 3> Results of Experiments by Using the Two Models.
72 183k Bgo] Hu, o)A AFPE o] & We used «=0.8, and SD Stands for the Standard
T Wl wE Ay AgES v 2ygow vy Deviation
ol ol MRPE RMSE

o Sample T Model | Model | Model | Model
(t+1)=plt+1)+Ap(t), t=1,2, - () () a 0) {0)
. 3 | 0.81 445 3.86 15.92 13.58

A71M pe+ 1) Ap(t)= 2 24 () 4 (©)°IA 2 2.05 374 285 1369 | 1007
T2 5 ek A A ()= Model (D2 At 3 0.04 3.78 3.85 15.90 17.19

A (N2 AAL 2YA AFB e mYt 27 wHe 4 123 3.65 2.85 1243 9.63
EAAE Y 37 LYo B9 Egolh et 4 6 252 5.18 433 138 | 1071
(N &3 2L Agstd AE5 d= " (+1)0 7 0.16 541 5.19 15.93 15.51
Al 2ol 9k 291 Ap(t) 7t AASHE BHE&S ALt 8 0.90 4.40 4.09 11.49 10.54
& 2= 9t} 9 1.46 3.16 7.68 42 9.38

10 477 7.53 7.29 2739 27.03

mean 1.51 4.56 4.56 14.44 13.77

= SD 137 1.25 1.69 5.81 5.38

3. MBI

N4 Ake F R Model ()7 (]S Wyl ey S R 00009 = 5%77@ Hde, daos

o =2 o T o o)
2ol AgeeT, AN RRe) A5 GhE g o LT Ak Qi olte g e wsbh
o= A Hrg Adukx o7 wol ARgEE Hit A WA A AL 2 IS VA wEs A

. _ - = R e = oF 304804 (7]

QA WM& (MRPE, mean relative percentage error)@} 33 =4, d o= . e = MRl;l; oF 39, 8%(_402L
- - 78X} = 0o =
A Ht L XHRMSE, root mean square error) & AH8-35}%1 3%) ]DjejRMSE; i 27quh( i 14kWh) = zﬂ;' -
S <] 0, = 0]O. 6 o
A2 AR AL BolE] {p0)li=1 2, . n} = Model x}f{ Lﬁ] A}§ 9_0,] 59 OT)LEO A AL Y-S 9
~ ol Al A LEE Al T LE%
()& A8 t =45 E t=n—1714 d33 275 (p J;}ﬁ . Hl o 5310: . ﬁqﬁl\/lc()delu(l)jy A
ks) 3 = = ks
(t+l)|t=t0, -,n—1} 2 3, MRPES} RMSEE 7}H7} -’: Mode ‘(H) 'S 1= A= |EnA; aﬂ—,
HE 95 AL ZE R st Model ()2 <=
VRPE— 1 ”2*:1 (p(t+1)*};(t+1) 100 %O] lﬁ%‘% & 9\)\14 ?]Z‘i% 2= %3?]'01] e Ay
oty S p(t+1) ’ AHEEE TR 1 &3 B9 oF gl 2=
& sk ¥ EERG Ys oneit
RMSE= \/ Z{p t+1)—p(t+1)}2 (8)
Of ty 70
©] @ —o— MRPE (1)

= ~ ~adj = 7] —a— MRPE (Il
2 #9184 @aA penma e e i
AHE-3HH Model (Dol tigh o= A7) Hu), ] \o\o —e— RMSE (Il

[/
/

oolz Aea 1094 2w A AFgF AAA o _ .
olElo] tisted Model ()T} (INE AF&3te] &5 (1, =1 30 Te— T3
—94) B¢ AF52E o2k T BY o=

n ¢ 0.20-
TS vlasly] 918k MRPESF RMSEE F3l9li, % W | 4
o e e AHg ] 8 A% HAL JBE Heh Fors] a o
(u]
7] a1 - iy
0.10] .\'::E\ERH
r= Ap(t)/p"™ (t+1) < 100 9) . -
0.2 04 0.6 0.8
< AXrst e, 1 A3E <Table 3> YERHAT o

<Table 3>< %311 A 37HAE & 5 Atk A, 2= (Figure 5> Plots of MRPE and RMSE Versus o for Two
Halol] w2 A ALEFFo] £ oSl HAE YT Models



The Forecasting Power Energy Demand by Applying Time Dependent Sensitivity between Temperature and Power Consumption 135

3 (e Zygo] v/l oo e S v
W7 kel 0.1 < a <099 st F R o=

<Figure 5>l YEPH AT
#holl diate Model (11)©]
o} oA SEE 1%
A AdiA e o i A
& Uehds o gt

b
=2
1o
o
JE e

SO ﬂ]& Oﬂ;
in)
o,
o
il
e
JZi
o

L
)
e
>
N
rr
L il
= 9
:\‘: w2
R <
& =
It o

o
R o > (r)f;
M1 o> 1 oo

%9,
o

K3)
il
o
Ay
)
o
U g
i
ol
_0|L

REEEE
of A Lg%

ofk
2,
o
“wH =
fo
k1
(]
rE
ot
2
=
g lo fu
e B offt ol > I o i

<
=

1
RS AREate] oS oAt

: At #'d(radial basis func-
tion)S AHE-SIS A, Wi/l GE H§ S 0=8.0 1¥

o

¢

w2

<

=

By

ofl
ot 1

[e)
i A W v =508 A& TE HESE <Table 3>
o] Ag9 sds dHolHE AMESIHen, 1 AdE
<Table 4>°] YE}JTE
<Table 4>l &

0 =
o

R&o] SVR II &

ot} olgjs A= A 234dA AF

A 7L oju] o M2 A AMEE gHE X6
o]

HEde Y58k, wEka] SVRe &%= JaFo] 3
SVR 11+ 34 (over-fitted)® L@ o2 758 = gt}

53k <Table 3>} <Table 4>5 H]13l| HH SVR E3o]

A7HE By &5 a35 F71s Model (IDET A
HEQ ool Htp 5% A5S UYEhdS & 5 9k

<Table 4> Results of Experiments by Using SVR Together
with SVR and Ap(t), Denoted as SVR Il. SD
Stands for the Standard Deviation

S | MRPE RMSE
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1 0.85 1.36 2.99 6.05
2 1.06 2.10 426 8.22
3 0.53 0.70 2.37 3.24
4 0.54 1.50 2.02 5.85
5 1.23 1.74 5.07 7.96
6 1.39 2.83 4.01 8.22
7 1.5 1.72 437 5.06
8 1.45 1.80 433 5.44
9 0.62 5.36 1.00 7.47
10 1.84 491 6.65 16.3
mean 1.10 2.40 3.71 7.39
SD 0.46 1.54 1.64 3.54
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