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ABSTRACT

Improving building energy efficiency is a major goal of energy policies. In recent years, various energy efficiency projects
have been underway to reduce greenhouse gases. The general method of evaluating energy savings focuses on performance
analysis of energy saving technologies. However, fluctuations in energy consumption of buildings can be caused by issues
other than changes in specific energy saving facilities. Therefore, it is cost-effective to determine energy savings through
changes in the overall building energy consumption before and after implementation of ECM (Energy Conservation Measures).
Through this, we statistically verified a method of considering outdoor temperatures when calculating the energy savings using
the energy efficiency measurement method IPMVP (International Performance Measurement and Verification Protocol). Based
on this analysis, unlike methods that assume numerous data will be highly correlated, we found that our model considering
the data resolutions of the average daily temperature and daily power consumption was the most suitable and efficient among
the models with various data resolutions. This shows that statistically appropriate results can be obtained even if there is only
small amounts of outdoor temperature and daily energy consumption data needed for energy savings assessment. It is expected
that energy management methodologies for practitioners will improve if analysis methods considering energy consumption

patterns of buildings are further developed.
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Fig. 1. Calculation equation and conceptual

diagram of IPMVP option C
(Source: EVO (2016).)

275tz flste] & AFolAM=

oA dx Bzt J‘%‘Q%ﬂ 1 I 9712 AN &

2 Bgstel AYFL W7t A 7]

Rk B3 £4 Av|7t obd AE &

A9 A avF HeS H7HE 5 e SAS A

E5 et A5 £4 Agsto] 1 Z3E AAlsta

% gk olE Bl 2712 $RY nYol Ay A

o7 HolZo g 97 3t 714 Aglet g
olg] SIS AAIStL 1 oolE distaat gk

(

FFO
oy
oo
ftlo
:le

Ol(:)-_ H HO

yA dloly g5 HLgHol whet ALt 718k, S5 718k
9 solndE Wy B Al A wEE e
(Shengwei et al., 2012). Hlx|0}l7] EAL2 A5 51gF4]
24 Pyoz PRy AR B4 4, 2
b oldA Fofe S 2¥S W= A
(Esfandiar Burman et al., 2014). o] -2 B4 AY
wog HTo|= ABHold AREYS BEF 5

ofux] Wiz mtA HHEC] AAS} Hi Q= FAl°|
(Jiangyan Liu et al., 2016). Yo7} 54839, 9l

fujru

gt QU2 HE EE0| st o 111
AT A 3AHELT 2 Al 76 gHEEC] dish A=
ZAEZ FAo] Y= Qlrt o] AT 7|Ht o JA] AR
& WSS AlEE oA g3 £4 79 AUEE
2814} st= FLS F5+ Ath(Zeyu and Ravi, 2017).

ShH, AFY oA A AY A FA5HA FE=
AL FE2 dE9 oA AHgFol I3F= 71x1= A
Hao] o3 vitE BA49] A7t FE5] o]y o] gt
8% e AE A7 714 240 gt EE=
EXS XY th(Elie and Carol, 2012). £3|, 7]AH|0]

B A=Y oA AMgEo] AdE IS & & U=
AAEA 2712, A, FE 59| Q4T 0|2}t o
FoAE E5] 7= s ot AF AFolA oA
o= wdo] g4l Ewsa gaxrlo] g}t Deb C.
et al. (2015)2] ATONAE WA AFEF} 7142
7 S A, 7] 2&o AR Al 4|
wo) ATUAZL 71 B3 FE D YAFS oA 2
Ho] & AAAAE Ho|R| &= Ao Z YEFGTE Yoon
et al. 2017)9] ATONHE 9712, A4 Bat L A7,
84S 7Moo g shEsto] A UA] A& RS vl 24
Stk olqe ARl uix] AgTe] AT = 714
Holel Q% % 9712wt ol ARGl b 2 &
THAE o|F1 YA AEANYA] AZo] AHEH €7
2 Hlo|H 9 ST thdsHA o-&E L qlo] HEg &
8o] ojeigo] 9IS ¥ oz} ol8XES| TelHel et
S 255k Ith(Kim and Park, 2016). Woo et al. (2016)
< Hig A=Y oldA AMgol A Hf FHO IF=
wol W= ol 3 ofuA] ALST ARE FET el 24
LS At 1 23 7L, odA] AHF, b
ol 7|&7|& & oA &M EAL F&Echs ARE
AL onf] AMERE 9)7]2 HlolH = ATt YAt 7]
L ZFo|t}. Lee et al. (2014)2} Yoon et al. (2017)2 A&
9] 83t oA 4HlY F P A AHE Brtst
7| stol A w9l 71 HuE Bga v} ek Cho
(2016)= 7H SIFZ=7E =2 HolEQl 714A Als Azt
o9l W 712 ke SR o U ST WIS
asich ola 2ol AhiAl 449 WS 9 e
4 wee s gAT okt 2R HolE, &
1, A= HolA At 52 ae3o= && 7]~6L
tlolg f&of tisfie AS5AQ AHE AAlstL AUA
L o Aol

ftjo

op

http://www.ekscc.re.kr



112

2.2 OUiX| L £Y L A

ol

e

U] anvjEgF £A40 #3E A+t AlEdoldS &3t
BX A vl (Analytic Method)X} AR50 Al AH|ES E3)
B Aol= AZ2 "lAl(Empirical Method) 0.2 FES 4=
9Jth(Woo et al., 2016). A|EF|o]A BA9] A9 b

Rag WA Sfof AU ANFS RS BAR 4
A 2k 2 Ajolg BY St dof 2elel we @
T= A5 7IHARE 24)2 &85t 3o M&V 7]
Hol| oJgt o] A3t Wrke] WaAdE APH g7t w4
Q1 AlEECIA 71¥e EAIFENA &5t tHKim and
Haberl, 2015).

AERZA &3] Agsh= 1as AH] 1A AYGY
PHENS 2 EH yd& 9 247A AEF2 4 (1)
3} Zro] Hjo]AZR] BiETH(BE,)olA AtYHlETH(PE,)
FEHLE)S AT Fo= 4= ot

ER,= BE, — PE,— LE,
(1) GHG Emissions Reduction Formula

o yLﬂE Hlo] A=kl MiETH(BEy)> A9, ShHdR
AR Ee 2F, 25 B 45371 53 22 EHiAle] A
&0l ot HiE A Fu ARl 2%t wiEFE AP Sor
Skl A (2)°F Zol Hojal AYEe wiEAS
(EFp)2t 7Y =4 Quy e H22 APHT

BE, = EFpe;, X Qpyy
(2) GHG Emission Calculation Formula

of 714 o] zetel ALkl HjEASE A A Hi
izl BAE 199F e AP D5
Al A 9] Aol oJulE A gk whebd A
99 Auele WA yaEe B gEEo] o
2 Fsto] vlo|2zkel WiEFL AgHA Bk Al
2 we AR 239 299 FUFL PO 3 A
Uelo MEASE Foke Ao] B guEe] daolt

4) SA7NL wiEEANA BAAs 95

$)9) e e A2 54 W Hole} Qojok Tk

6) T 24 A, BE AL 790t Autdoz tiy M| EA L=

Journal of Climate Change Research 2021, Vol. 12, No. 1

Al WP E (03A-004-Ver01)
5) A& £°l, 18E AulnA AfYo]l 1HEE EYF wA Ardelzta gtk

ol

PE,= PEg; , + PEpp,+ PEgey,, + PE,.; ,

(3) Formula for the project emissions

S A (3)9] AAUIETH(PE)S HE(PEe,y), SH A
E(PEFFy) A, 2 5 22 AuiA|(PEsemy)S] AHE-
YUl FZ(PErery)°l 2J3F HHE%‘% Abgstoof sh=d &
A AAS JAARIA} Stz R0 Wedor Hug T
= AF7100 ot /\}%% BE7F aEY wEhA, AE
£ Ay F8& &5t A=AHL =5 ¢
Al A A 3N AN & EAEES =
H7} AuAs B2 AF JEE EXstofof
St} SEAYE A&t Adt Zo] o] Z2 24E WSS
At AFA ofH - H-EAAY] wA7F 2A5te] M&V
o] ditt =97F #E3] APHL A= AAolo.

S, EVOOlA Al&tsto] Hgstal Qe Hi#AQl oy
A 587t 22 EZ2] IPMVP (International Performance
Measurement and Verification Protocol)of| A= oL X €&
S AR 7] FAZ AAISHL Ak ol S
.9_ .2.7(—1 7375']9,] Hbﬂjq- E:]o] o] Oui' 1471-El= /\]—?—- Héﬁ
Mz o2y Zest 2 qtky gs|a gtk SAHS
AEstEH ECM &7 3A 9] AIxE Zatet ‘:‘r%*ﬁ& /‘]"SJ'
= JLP5toof st HTF AHAoA 9] ofv
A aH|T} 00 Ao A8 toke Jﬂre}uma} o
Auss SAHES S 9tk 84 A% 4
7F AE S A A= ol O*Eﬂxﬂ Ue B

4% ECM 3=HEE ARG 4 AT tiF
Al S 8oF Sh= of2fZo] Utk ECM AA| 9] A50]
T dEYE AF &4 A BY ZE SE
(retrofit-isolation) &-410] ZA5}2|qH6) of x| AH|o] FaF
o ZL OO WS 5 2o okn A% AXe] 4
71—%:2_ 73;(—16‘}]0}:6]-__ 75101— }d CL]— D7]— k]iﬂ]‘j—
Table 13} o] A C= HAA ALY oy A Anl=kat 4
85 SAsto] AuFS 245k w4 D= X*Xﬂ A&
ge = shE S4gke] ofd AlEdlold @ &8t
(EVO, 2016). m2hA], A&7 of7of| 9= A= I_H(X*Xﬂ)«l
;Q7PE]= /R]—X% 7]1:1-1_2 ‘.‘%/‘Rj C’E]-_T_L ‘@- Z,\__ %\ u:] Hﬂo]/\g].
I B 7|7k9] oA A%HEA0
=l sAFc® A

_L4
oft
lo
E

Jl

AxHonL 4

7I*Holct.



AB0|LX| HUY WIS 9

£ gAHolch. i, o] T3t Aol WE =

Hagol HAR ot e A Adel
AR 2 ARRRA AR

£ 397} o

R}
I
i)
o
o
o

1o

ol

Q7|2 FHE 230 et 37 113

A FA0 EREE FHast T 4 e FEolTe vz
ol 5 Sict. AYAel L= Bolal UARE AR 71
oA AFste 7L FEe A S97A S5o] 7}
S At ol wet A, AR, AHA 52
Bt 9712 §E ARESIE At mEkA, dE BE
oAA] B2 24 e oA £uF #4 s E
o] o] go] o7leg AdEHos AT 5 Y= &
Hol e W & At YAl V1€ A7 B
off wheh Tt 9712 HEE FHstaL 71l o] F &&
o] 7Fs ¥t 7P Fofdt 9712 STt ofd AUA ¥
51717F o3l e S Qe wehA o] 22 BHS 2
& 5 Qe W2 YT AVeEs e B4 A9
Aaste AL 171 o9 Azht olst A¥ do|
B S SESII o5 HIF O o] 4] JEE At

£ Zoleta & 4 Utk

Oli' ol o

O.

r
r.Vl

= = oS =
o]5 flsto] & AFolAE FLe Ao HlW &4
3.1 5M [jato] Mxap ZHH| o] 7}sotaA o] AE MES ERsty = He
HAS ior BAS Wstach. B4 tael st
B ATE Ut ARONRE AST ABRE  me] 48 AM A2ge 201240 AAH0H o) |
o} ofuA] A dHe i‘%ﬂoi B & Qe HHE £%9 Y 59 20144 o) F s Ade] M @
2&2 ft 14 ®ipolx} B mEuER]l 972 A8 A Aad”o] 28EHT 1, AEE MY AuF JEI}
o QoI ol APES AL o] FY BEADE T 5ol o) 5U 2] oA AS AL @
of tigt &= = Zolth. A7t ‘a9 22 ATH AT 4 A= IA dolH MES SHsta itk 3t b
o EAY SE gAu uHont ug Aoy
Table 1. Overview of IPMVP options
IPMVP Option Definition Typical applications
A. Savings are determined by field measurement of the key A lighting retrofit where the power draw is the key

Retrofit-isolation:
Key parameter

measurement of the project.

parameter(s), which define the energy consumption and
demand of the ECM’s affected system(s) or the success

parameter measured and secondly, lighting
operating hours are estimated based on facility

schedules and occupant behavior.

B. Savings are determined by field measurement of the

Retrofit-isolation:
All parameter

measurement system.

energy consumption and demand and/or related
independent or proxy variables of the ECM affected

Application of a variable speed drive and controls

to a motor to adjust pump flow.

Savings are determined by measuring energy

C.

Multifaceted energy management programs affecting

consumption and demand at the whole facility utility

Whole facility
meter level.

many systems in a facility.

Savings are determined through simulation of the energy

D.

Calibrated simulation

consumption and demand of the whole facility, or of a

sub-facility.

Multifaceted energy management programs effecting
many systems in  a facility but where no meter

existed in the baseline period.

(Source: EVO (2016).)
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Fig. 3. Distribution of power consumption according to
temperature during summer and winter
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Table 2. Result summary (R*2 mean by condition)
Temperature by time Daily maximum Daily lowest Daily average
Category
zone temperature temperature temperature
Summer model 0.580 0.582 0.585 0.608
Winter model 0.543 0.653 0.627 0.660
Integration model 0.569 0.691 0.688 0.707
4.2 E% A H §1|0-" [H%I_} é% RA2 for 2018 summer data

4.1 oA wel B Aele AFsn Bk Ay ]
4ol BAE 9lsto] 4B X §uME UE YWS T i ) E E
wole] 258 Byl 48AA R 7 Byl s

o ARAS AL o] FALS FHsle] 1 Fol 2
H

&
&K

temperature
°
3

A7 AL gro] wet 1 A Zo|7t A
S QIS 4 Ut ThSo] IP L YA AL BPEE F : 0
A}Eﬂ gjsto] o] 2Ald AL 24749} ABALE AL 137]0] - | ' :
gt 324 Ao R2 S AR EER Yehd gz}, '

daily_max_temp daily_mean_temp daily_min_temp hourly_temp
data

building Humanities and Social Sciences [ Science and Engineering

Fig. 7. Summer season model by main use of
buildings

http://www.ekscc.re.kr




118

R*2 for 2018 winter data
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buildings)
Temperature by time Daily maximum
zone temperature

Category Humanities Science Humanities Science

and Social and and Social and
Sciences Engineering Sciences Engineering
Summer
0.613 0.588 0.638 0.592
model
Winter
0.562 0.531 0.687 0.604
model
Integration
0.574 0.546 0.697 0.674
model
Daily lowest Daily average
temperature temperature
Category Humanities Science Humanities Science
and Social and and Social and
Sciences Fngineering Sciences Engineering
Summer
0.663 0.618 0.685 0.624
model
Winter
0.661 0.579 0.695 0.612
model

Integration

0.712 0.677 0.734 0.686
model
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