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Abstract

Keywords : Residentail and commercial building sector, Business as usual of the

Greenhouse gas emission, Building energy rating system, Carbon reduction potential

I. Introduction

The "Greenhouse Gas Reduction and Management Act" was enacted in 2015,
specifying that our country's greenhouse gas (GHG) reduction target is to reduce carbon
emissions below 50% than that in 2005 by 2050. To this end, the government of Taiwan
has set its national carbon reduction targets according to the six major energy
consumption sectors, which are constantly reviewed every five years. The GHG
emissions from the building and commercial building sectors account for 11.69% and
9.94% of the total carbon emissions nationwide. To allocate the carbon reduction
amount among inter-governmental authorities and to evaluate the carbon reduction
potential, this research established the business as usual (BAU) estimation model of the
future GHG emissions of the nationwide building sectors. The Monte Carlo method
and the building energy simulation technique were used to establish the energy
consumption profiles of buildings. This research further proposes economic incentives
for building GHG reduction as a reference to formulate carbon reduction policies. In
addition, the building energy rating system (BERS) is deemed an essential measure to
achieve the ultimate net zero emission goal of 2050 for the building sector. The carbon
reduction potential of implementing this system was also evaluated in this research.
I1. Method

This research reviewed and updated the previously established predicting model
of GHG emissions of the building sector in Taiwan. To this end, future climate variation
and the growth of the building sectors were both considered to increase the predicting
precision of the model. Moreover, the potential carbon reduction of implementing the
BERS till the end of 2050 was also appraised. The purposes of this research are as
follows:

1. This study applies the Monte Carlo method and uncertainty analysis to

combine future climate data with dynamic computer simulation, aiming to

estimate GHG emissions and energy demand in the residential and commercial

building sectors by 2050.

2. This study proposed feasible economic incentive mechanisms for promoting

the nation’s GHG reduction strategy.

IX



ER-RAIUR A i R ¥ ¥ A )

3. To achieve the net-zero energy building target, this study evaluates the carbon

reduction scenarios and benefits of implementing the BERS for the residential

and commercial building sectors in Taiwan in the years 2030, 2040, and 2050.

ITII. Conclusion

1. After re-calibrating the building sector’s carbon emissions’ BAU model
against the newly published national energy consumption inventory data, this
study found that the total annual building GHG emissions in 2021 is 57,986
kilotonnes COze, which is a 2.4% increment as opposed to that of 2020.
Therefore, the baseline of carbon emission projection for the following years
will be adjusted accordingly. By 2025, it is estimated that the total building
GHGs emissions will be 47,039 kilotonnes COze calculated under premises
that the equivalent CO2 emission per unit of electricity will be decreased in
the future. Excluding the reduction of GHG emissions caused by the removal
of electricity carbon emission coefficient, the residential and commercial
building sectors need to further reduce by an additional 11.9% of GHGs
emissions.

2. This study analyzed the potential carbon reduction benefits after
implementing the BERS. If we follow the carbon reduction path announced
by the National Development Council, the likely carbon reduction rate will
be 4.60% by the end of 2050, which is equivalent to 2092.40 kilotonnes COze
reduction.

3. This study proposed an implementing mechanism of multiple economic
incentive measures to promote the GHG reduction of the building sector/

IV. Suggestion

Based on this study, the amount of GHG reduction from the existing buildings

plays a significant role in achieving the ultimate net-zero goal of 2050. It is

imperative to further evaluate the potential carbon reduction by implementing the

BERS targetted to the existing buildings under various scenarios.

Organizer: Architecture and Building Research Institute, Ministry of the Interior.

Co-organizer: Taiwan Architecture & Building Center
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22,1 tRAFEETL RS AR E ﬁﬁ"’f}gﬂ
PR FREE7E AR ERAFLEERSNHERERTRER £ L

LA S R E WP o @ 22 A & i 2 A (Building Energy Codes) & ¥
R e 0 R F R L RFTs  EARCRBEAEEFE O HEANGTIRARY
FAR B2 IHEAYRLARYEAS 2R DRARLBEREY 5 o £
B~ P A~ BV RE 12 BR7ESEPIRFZH SN ;'éifﬁ s RER ST 0L

FEO0 S BRRE G FIH L DS AEN R LS BN EA TSR
i = ﬁﬂiﬂ'}ééié‘ﬁ%ﬂhz% wE (EU) R7d45 & F‘]mi* TE O
ZHR GRS AR o A 2010 E D (FEH N f.a‘ﬂ 2 ) (Energy Building
Performance Directive, EBPD ) » H ¢ =3+ TILEEEL B 7y > w2019 & pF o> 9rg R o
HiZ A B FIRITE s 422 A (Nearly Zero Energy Buildings, NZEBs ) e1i& % > 2021
EpPE S RIIFE DT ATEE A Y & F T E i 422 A (Concerted Action EPBD
2016) e = F 427 (2025 ER RFT KB Z ) KOV E A WAt B & | AT R
k45 30% o @ % AT 100 v L E/E il XS A - BAFR T A o B2
LAY PR NIRRT B F e SRET A E D RS 4
(Danish Transport and Construction Agency 2015) - 48, B p 2002 & 12 % > f )& 17 5%
ZRFFp <(€‘f‘ﬂﬁé iE6)) (EnEV) Ten (&) enpr (s > B4Rt 2 5 &
Re IR o 2% A 2016 BT B3T o (FLERITE 4L (NZEBs)
'ﬁ#%m—wa’v#v%amMﬁlglawﬁzméﬁﬁwﬁﬁ—ﬁﬁ
R ATE S Y ERATE P T5% 0 2009 & B (FE A REGE) TR 4 i
FAONRE & fe i AR A 2002 £ k0 AL FIIRENF R B R &G
BB BT ERASAREE Y R 2016& 17 1 p KA
T Y ¢ - =i JR(primary energy)# AR B E H 4 F AL R 75% 0 2009 #
A(T R AN RERZ) P R4 FTE AR 4 R A Rl o RS F 20 5
2020 & 100% @ * # i & % 0P ko 03 REE m:}Fl H > 4+ (Feist2015) » ;2 |/
Fap e " R E" (BEPOS) 8 » B R e > 25 * R B
R ESTE R gy ,m_ (BEPOSmax) » ¥ & * £ 4 i« @ % .8 11 F 424
FRG R ERY P R TR 2020 £ B 4812 A F *5 (International Energy Agency
2008) ¢ B & #2009 & 5 fxds 3 > U B i F ZEB diEimipl € 0 2R R 45

5 B (ZEHs)» i 5411 - BEMAZEBEE S o P A% ZEB ¢ (* K 40T o
FAEA TAREREE 0% AR R A E AL L ER T
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) 45 5 50% (Cui and Niu 2011) « £ R g = w{mep 8 5] 2020 & F R
% 1 ZEBs » | 2025 £ ¥ .20 % 1 ZEBs » ¥ 4 £ ;sb,@mlé * o FaE AR
g A R hiEkds FREVYE R E P OF BERE NP AR Blde S 14K
BRIV enp E 4 2020 & 2w HETeni 2z @R * ZEBs 0 2030 £ 25 2
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Building Energy Code

. Mandatory

O Voluntary

@ indevelopment

O Mo known code

@ New or updated code

Bl 2-12 7% & W2 A scifr e P
(F# %R : (International Energy Agency 2020))
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R
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(F# %R : (International Energy Agency 2022))

222 e A EF R RERFK BB B

bv £ KGERAINP o § LRI E RS % 1990 £ 3 71.2
§AoREs § 14 (MtCO2) > %2018 & F 2 B § 9 F| 92.9 MtCO: » @ 2020 £ B2
7 87.8MICO2 > 22 AR & e £ 4 E % § W% E o 12% (ECCC 2022) - 13454
TE KA 2050 EFEFE RSP AR T F AR

rﬁ'?ﬁf,;’.,:’y;yﬁi—ké;

B e R P 2 2T FREH AR b £ 5 L2019 £ 8 0 B 4o
nggﬁﬁgyzaAA)Jz?i‘3§£%&§ﬁ1§ ‘&Lgfr41%§ ey e o @ 3R B
AEAENFTR TSR kg poh s £ F R B ERL B

(Environment and Cilmate Change Canada, ECCC)~ ¢ #&# 7 &
iz % v ap i o ECCC #t 2020-2021 % i § i % (- cpt PN 3
o BILEZFHMERE
o RUEZFH O T A 2050 & F mE FE R
o FEMBZH P IR KT ATE D L NP E {5~ F LEED

(Leadership in Energy and Environmental Design, LEED)z# 3 » H ¢ R #

RIALIRES K RSN S aE R o SUE P R ok R

e B ATRIRFIRRL TR E AT FAANER 9] E R T AR
By s HEAFoT £ E L TR D RS s 9 (Energy performance
contract, EPC) » p* Fr { endt § > BB S £ & 4 40 5900 F > H ¢ 4o £ 4 g
AP LT Ao EE N FER L iaﬁy42@ﬁwoélﬁﬂ%ﬁﬁ%ﬁ
FURFENFR o g p 2014 EA a2 EifLizEAL R ¢ (Net Zero
Energy Housing Council) » 5 5 & 4% 4c £ + % 2% {1 #% ¢ (Canadian Home Builders'
Association, CHBA)# 8 2 L2 cdu @ % sy o Za £ 22 AL R ¢
A - BRI EAHEEAEE AT IR REATEITE N L ADLE
Bl 23 A EHELEFRTAEF L2 E R AP BT o 22016 £
22 Mg 4 £ % 7 FTEI LB izl *}# | (Pan-Canadian Framework on Clean
Growth and Climate Change, PCF)? { &#&37 & 2030 £ pF > #75 f1iE a2 ;?Ls]gmg e
EEF iR R o B 2-2 5 4 £ % 22 A i 20T (Energy Guide) 2. 4t o
2 2254 RN EALRRT fiiﬂ"’?ﬁﬁ"iﬁ

EATEARZE L ATH
JoF

Net Zero Energy Building FREANAEZALCENFFE LTSN E
AR LR 100% > Pl:E =2 F o 4Li2 8 o
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Net Zero Energy Building Ready

R RFFEL 2
S oF o, 3EH R BT FraEE A 5o

i%ii?»é‘iis’-@:fﬁl J%!m[@ ML :ﬁl‘mnb/}fl T 5 .ﬁL T FriEZEA S
80% it 4 o

(F# % ik: (Canada 2020))

Over 1 million homes
in Canada have an

EnerGuide label!
A L100 J7 2547 1

Net Zero

Net Zero Ready
R-2000
ENERGY STAR®

it 7EnerGuide fn 14

B 22 4 g

Soe e :‘.’-—-—-'_"

STy eaas
RATING SYSTEM %
Vimt e g almeepads
# ik R

Features of a net-zero home

Efficient Water

Reduces use of hot wates (Low flow

Heat Pump Water Heater

Efficoer electinc witter heating

Source: Adapted from Efficiency Vermont

W 2-3 e £ EFRALTZRASP IR B

Home Energy Management System
¥ wdrol

Under Slab Insualtion
Fecuste heation

il

N E S FHETZEANPRET IS RE A NGEAZ FALAATFEL

(green and inclusive community buildings) >

e

I—é ; ]II

-

1

He 1 10%E * 304 £ X R X R4
"ﬂﬁ"’ﬁii% o Wb e £ A P B 20 RE AR PP H TR G R ~ 3R

e o ¥ th s 4r £ < JLAaE 3R T 4217 (Canada Infrastructure Bank)4% 7
1oo REE T RFEPAZ DLEADRPTFE T E B 24 50k



AR R R g 2 PR 2

420165 5 R E RN EROT AR TR o B 0h 52020 E B4 be £

A AAEZRETRAAFEL20 R4 BOFT ERHL YSRGS %o

MAJOR COMMITMENTS TO CLIMATE ACTION AND ENERGY EFFICIENCY

Release of the
Canada pledged government's strengthened
ration of C net-zero climate plan - A Healthy
(with provinces/ (with provinces/ territories inicipalitie emissions by 2050, Environment and a
territories) under PCF) introduced legislation Healthy Economy
2020 I W
C . O . s e .............O
2016 |
Rev cyeling from carbon $2B through
Includes funding for cing: Energy Manager Progr: the Canada
projects led by provinces/territories, nanci sistance unc ] Infrastructure Bank
municipalities, private sector, Climate Action Incentive Fund for large-building

Indigenous groups, etc. or SMEs, MUSH. retrofits

Source: BPIE 2021a
Bl 245 £ HWEFERERATRRT ERFT R

o 4 £ L EF Bb%;hf‘%mﬁ ¢ﬁn44ﬂ.%&
1. 4 &+ 2RMAZ & szid i pb(eco ENERGY Retrofit - Homes)

PATREIE R g Pt AR RN o AR H R ) A FE A
L s EiIPAMELE o33 4R * T2 A T £ L p RE
%m”ﬂTﬁﬁﬁ@Lmeﬁﬁﬂék?*“a%ﬁ?”%&@&#?i

S H o FRENRFFIRE LY > WIRAER G F AT E A

St oo F ok kR d G P H o 3R 0155 A i oo $ 2R % EnerGuide
B TR FAISHI P F WA ZRLAGIE o L RAER A Fred (805 >
FE T ° l%?rﬂklélJQT\.é T € R EARRIAEY o AT AR R

i-_‘*
g

2234 TR RCBHEITE - SIFEABE R

A ES I P GESES TN

LI 2 A B4 P2 1800 USD
(FE# o s~ > A ev 4 %)

bk 1R 94 & 3 660~5000 USD

(FiE o fFA% < A pe #ufkﬂ » B3 il fAR §)
CEHRGCRETE S B | TR E £ 350 A o

SR R) ($HASh § b R PR RS 20 F 1im? o
P r ARG RG24 125 £ ~/F -
(L7253 AR THRRERG>34
XAFA S 250 £ 2/ o
(U372 % # 2558 § 31 iR % 53 >40)
44838 (hinged z %‘F’}%ﬁ” B4 125 E RSV
door) (E-f2 45N P ec = i § P (sidelight door) » 2 4t iR & & 3
> 34)
PEERDEE TERATEYE £ 50 ~
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TR R R AFA P4 F £ 5000 ~

e BBRBE | RIEHE £ 3000 ~

T T FRBR XAFA P4 E £ 2500 ~
X (X7 | /5% 42 1000/Kw

Hz)

FEAELF(2T )| RIEAEAE £ 1000 ~

(F 4L % 7 (Audit 2022))
2. Y iHEEE = B i3l (Alberta Solar Energy Program)
fESTHIEE OB R AREOTE B R L S LR
AR AHFAFRT O MT SR e T A AT R B 4 £ % Vg
/é‘ °
o FRZAIHNEY HHRY B FTOXMAF R FfRAC
%?séﬁﬁ’fma“?’ cHP L FT AR TAIOFINTOER > AL TN
FISEF£8T LR TA2FS VR FL7TIMISE S -
o ORZRIMAE I T EBEE IR ZEHTY ’ﬁ‘%ﬁ“ﬂé 30% = HE A SR E K
N AHIRATES o H Y 5 F T A T AI0F I N T RER R
Fi9A09 F £ BT AN T E2FS VB R FIVEIMR055 2
& o ¥ tho g AR T Y eind 3 025 F £ 0T AAT R
3. 5 R £ 5B it$](Manitoba Solar Energy Program)
e X hB R4 Bk L ARE S ESBRER o FIF B RS
THR S B mff& cqEN T PR FARSHET S FEIELZHA S

R EA A R - S éfuz%nzfﬁ**”’;i-m?%%'fi
¢« - & l“ial”%ma“ﬁ":x’ii‘ré Ffri FE AT EFLEFEL 51 200kW
g ER R AR AR PRI AR EF LA E S
PR E e URE T A PR BRI

o HMF BN GRNLZREHRIETNAZTEATEEL S FEJIF L
49/’§m§@ P4 % 30,000 £ ~ o
o THNETEFTT fﬁ DB RF T g ek AT R 2500 130,000 # Ao
MEEIERE ERFTE
4, 7 P EE B & I 4 i koot 48 B4 & (British Columbia Energy Efficiency
Grants) :
BAshe £X A FNER GV T ENE R ZEEARY BB R 0 ¥ T
v B FORY G ARATES 0 A AR AT
o THFL A NIR AN I FHTEOAZTERA WFEIRBAI R
L AR} SpE > Vg E 2 250 £ & audet .
e FAAMMLRIENFEAAL A NRPMEE TRF R FHPHE
fre e THBRTAF TR ATHRVIEfTERES -
5. FTF WP AT A RS AT B4 £ (New Brunswick Energy Efficiency Grants) :



RIEPHAL M AT 2 FESASREL 2 NIRRT o B

TEFEERARER PRI P EERANIBN A RET S
Beodit 5 B EE RPN RF TR R EF 3000 £ A F Lo o
B 7 Oﬁiﬂﬁmmﬁﬁﬁﬁpﬁﬁﬁo

®

o HZXEAIBAFMB  AABAz T EI B aERE TEE N
h
(i

FRAT LS zﬁ02403;mmﬁ$wmo
6. A5 R RS AT B4 £ (Quebec Energy Efficiency Grants) :
B R T AR S AT AR AR EARD H N RE Y 2
TR TE
o FUKE I 1125000 % ~

o AR E D 120,000 £~

o HukhYp T 1,100 £~

. H%%ﬁﬁ%*ﬁii@3%%i;

o It ®E ¢ & ENERGY STAR R #if R4 % 25 2 ~

223 P AAFIFAEF R RE S HEBHB ]
PANRAEFEILRVALZRAZAE A4 ﬁs?]( R L LA
TANMEEFENZEEILT A B L, A XA E ﬁ;?] AT o F IR
HF - PR RERF I S BRSNS S G R -
PAMGKR BB 2§ R iR s X g S e o X RRRE R
P AT F R E TS LB B R R (Mlnlmum Energy Performance
Standards, MEPS) "4 4 A e v PR E2 X f (MAadiz 2017); @ &5
TR R g * 2 5%5‘2#—'%@77‘ & B T FEEe i R PRAR4) & (Energy Service
Compames ESCO)» ZiERK & hE I 2 BB PBFIFEF* 2 hih g o
POAFCREHEE A 1999 £ 424 % Top Runner s > P 248 2 X 4
Mk o BAEAE T %_gﬁsﬁﬁgjﬂfﬂ 1&g = 7z o Top Runner g 4«75 p 1 3 3 3
F2 Famkl S A LR HIRA P e AP FE ISR P AR
P H R A SRS REE SR A 1] Je,'g#'iw ’ i yx e
2375 0 @ B AFRR AT 2006 £ PRFR CRTAR T Ve~ kHE ~ BX 15 - DVD %
BoLF TS RRF SRR T%~34% o - IR DT % < 0
BADP AR RG0S o AR R Y Bl T AT R RT D
pASHEAS LT ETF (ki * £t ) (The Law Concerning
the Rational Use of Energy, 1998 ) < 2284 » % * PAL (Perimeter Annual Load )
% CEC (Coefficient of Energy Consumption) it dpthiz » % * =iz Ao
¥REE OB T (5 F PR AL KA 2 R ond o B A E R
BEAEMNE LA T P I EARAMZ N GERERS DKD&Y
’v‘i P ldpe AR OZENER > SR SRR FL AR A H
A& B4Ry > ¢ 7 T2 AEEA - ZARE R 2T F

x\’i

12



Fod v Ee s

k—-‘_’{; yﬁ%’ %)kﬁ‘aﬁﬂb/}fﬂl’é?) b nggw{'%ﬂb/)ﬁl%?){—t ,él"’}\fi"‘},@;{%ﬁ
g F o s A EWI G R ok oM A 2008 £ {8 0 B ARG (ki

FEII)PRT > R RFE O BIAFFLLAAEASFF A A fgﬁﬁ
B i dpaE ﬂmmnh#%a B raE kT RS apx | iﬂ;? /;?
SHREZEAFe R R tET o F S ERF IR AT P ERME T PI{VE
MR ekl > R T A2 RS Ry S

s aA £A n=

] A A S B N S o e

P AFTRHTE Faé A hipM2ZFRpoci&dd M @ 4(pg S
FIp Fedf 2 il 30~ SRA LAy A REAT)E RBE G5 WA RRFEE)
E3BTFECEINE LT EL T g Y A s o B P W BT
FEWLEAS SN2 L FARS T AL a it B ded BELS # A RiET o
BGPTSR 2 F P MaAb g 5 PR - ARG R I
RARIER L o CAREEERTERD ARFEZ i RA R E 0 TP M D PR
HiK e

PAGRREE) 2015 &7 3 e @& D > 2020 #1528 % F MRER
Woo PHRS 2030 # 2 0BF F ME T E R 2013 ERE 26% 0 H

ER 2013 EFRE 40% 0 SE X BEPE P ATRE 42016 £ AR
2%“%1#‘“ TOFRA K FE T ATEE AP hF R w it - RG EAP S

shs o AA

RHRLIBRPENREAEIN G MEAL PENAR(RI L) T LB

Pazgbi

o
ﬁﬁt

sk P B R T4 i 2 s R (G AR ) o~ BEMS & HEMS &7 jick
iy B IR (R 2 Rl g gmg £g)-

MEISRI A R B 2015 70 ospt 1 (e Aa R (FRASN

)Y 32016 # 40 BaaF s ARG A < H R

I ey dlomng (EFL S a8 nnn@a Ea4r 23 2#44).

i 84250 7 (BELS) s s o

B 2017 # 4 0 B o434 R H0n2 2 e H(2,000 m? b ) 3? 5 13
i# BELS ;,1;%_’ ¢RI b et i A4 (300m? 2 )R A WY G AR
P P 4 o) LAt #(BED e B g % £ s 4l o @:14 i ¥ A 2019 # 5
LR <<L**‘ ?Hb,z>> BEFBIT ARk 5 EfeE AP hd e T F
BT B )RR F MR P R RGIRAT ¢ EREEE 2 8 A4 (300m°
YLk s R 3t ) FERL I EBEDT i EER GG T & AR
%fri‘%ﬁ‘iﬁwmﬂmb ATl SE S R Sl §id) X SEE A L SEF SAN IR
;w 2 &7l PEF B ZEB 2 ZEH seil 730 2018 & 7 % % 1 =t # & & iRt 3
FE R 2020 # 14 #7224 2 H - 2030 £ 50%3TiEE A kS & ZEB L8
FTiE A% 77 Rt 2030 # i “'J 50%%7% s & ZEH 8 om TG 2R304
A FCR AR AT e 1 A B R e R A
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Flpbd b dee P oA cru A ”F'u;pw ng; p A= & 52 \BELS %
ZEB/ZEH *tH= > * P H k¥ 5 BEL e ERP AN G B
Hg_o m &Y F ZEB/ZEH =it # R v"LB“fg' BELS o % 2-4 5 = BRE4Fd

% 24P AERRFABF Y
T T T W

=Rk 6 5 1] &
i J 42 i %7 (BELs) i HAERE | 5 &
i %3 A 42 F 424 (ZEB/ZEH) % 29 & 3 &

(FH kiR 1 2477 3 5T)
o ZFHALA 5T (BELS)Z 2 # 4= it 4, #(BEI)
PATERAEAR RS AR ZHE BELS ity ¥ e AR AAR

P EaaA s LATF ATEZE AN GE AV PFL L 2 ) BELS g &3®
BIEP A BARGEAITGE AN FHENIEPAPIT o P AEHLEZ M2

BELS sti & £ A3 p ARy B2 AR5 1 TR hig R8st
B @O BEL B TEREAEASF LN ARR o RN S RERER S T A
pRr o s LzHALTELLRY T RETIRTESE» EALAS S
B TE L E R |97~ 23 KPR BEEAL LR B 2-5Pp Ao kiR
TBHS%4%*1@?ﬂKm§¢@2Spﬂﬁﬁkﬁﬂ\ﬁiﬁﬁﬁﬁﬁ
PEAEE -

E Building Mousing :"Hil-'; Howsiag Building Heusing
efficsency aen e E L
l::ﬂllq - lab:;lng ” o= L:;’?I;q —
System System System

L e T ]

SEWE - ARl AEWE L iAF SRASNE

VZEB 5  anemiiiiiiises Nearly ZEB  sisaniis® 253 ZEBReady s:eessiiis s iss

Fonus FRRTL

m25ﬂiﬁ%%ﬁBﬂS%i??ﬁ%¢ﬁﬁﬁgg

@26psﬁ3ms 9&’&9é#ﬁﬁﬂﬁw’LNI§§%ﬁoﬂ
P AR A 2013 ER AL B rehz T0E > TR L HAIE AN
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LT MR2
T Rkl F KR
0.6 0.7

* %k &k Kk 0.8
i_ * % k% 0.85 0.7 0.75
* Kk ok pazs 0.9 0.8 0.8 .
* ok grass 1.0 1.0 1.0
*  mrosTrs 14 1.1 1.1 o

B 2-6 P & BELS 4 %[
(FAL KR & p A AT F 47 2022)

o P AERNAREAERZ THEE TR N

P~ ZEB RBZER RN DT IR ML X Z B E S 0B 227 7 0 %
ZEB % 5.2 T Z WP hod 2-5-4p% a2 S G FIAE E g o A - e
AL MR ZEFNRA2ZEH)Z THEERP (TR KR 1 p 2Z A7 T 47
2022)

% 2-6 T o Bl 2-8 B A P A¥ Az ZEH (A R £ R
REEIEFEANTT AN RLE o

..-i!- ZEB Ready ..-A!- Nearly ZEB ‘__.il_
ZEB ZEB ZEB
B50% t&TRILE— EwT /D% raTeLe—\  |Ewel00% ez L £~
EWlAFLOD
R

2 || Jo
al : __‘I DD gy
= - DD =]
4 [:C][::j i
B 2-7PF ~ ZEB A~ % 4| B & T &
(FHR KR (P A2 R T 57 2022)
2 25 B L2 R TR BHASE %P ZEB
EJCN T
ZEB FRA N REEAN )gzmpparﬁu,ﬁka:;bi{ 100% > B
EERAER | EAEFa LR

fﬁﬁv

ZEB Nearly #- ZEB Ready % » £ 4 TR iR R AL 25% 0+ ,T&,{
ERRRER | R FEN T5% L T LT R Eéililié‘fﬁl g
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RN T s B R 2P

ZEBReady | #EBELS3 B AR 2 %7 Rk 3 k4o i £ &
BERRAER | i S0%
(FH &R 0 p AZ AR 5 2022)
% 2-6 PHAE LR TR FAEE % ZEH
EN L&
ZEH é#*a@*éﬁuﬁgwk%’*fiﬁﬂi1%%’W
EaRAz EXEFAEEA
ZEH Nearly | #- ZEH Ready # » £ 2 i Rt » 2 440 - RE o
MR RALE | 75%0 > LT R RER -
ZEH Ready % BELS 52 A% 2 2%V RFHE DAL F
BENRALZ | & 20%
(FH &R p A2 AT 47 2022)

:

I

i

'

f

1 Energy saving:

: a. Load reduction (improved
. heat insulation and solar

| shading, etc.)

1 b. Useof natural energy

: (except renewable energy)
1¢. Equipment and systems

f
l
I
1
1

with improved efficiency
'
Reduction of
0% or ntore

Benchmark primary
energy consumption

Energy supply

i
a

Energy consumption

B 2-8 Lz ZEH 47 |enas R * £ 3
(F# &k : (Y. Li, W. Gao et al. 2020))

F B ZEB £ ZEH endfads p & pcft 2015 & pr o # 2 dads FH) fﬂiu
2020 ﬁa—;mu%fr- Y G AL 50%ATEE L R PR R ARE S TR
jads 3 2030 # ’ﬁ FrazZ AN L2 E R ER R RE > P 2 A TR
Hfpd a2 24202018 #p A ZEBY ZEHZ | ¢ 590 F fphidad = %>
ZEB R4 2 220202 P> @ ZEH R4 16%FmiE2 a2 ¢ 44 ZEH &% » ¥ 4+
P SRR B E AR S e o

PALIEHZEBRR  ERAEL L EAMER oL | ¢ ’A\‘%!],T‘ZEB
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2020 E 42> EiwATE duE A e A & 1000 T > 5F 0w s \f—ﬁfﬂ‘ﬁw@&#é F At
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LN S F

Fra gl o o nbL"ﬂ(Zero Energy Buildings, ZEBs) @ & ¥ » iz & H f & &
¥t 2w g 4 - MR R(non-renewable primary energy, NRPE)&ri# * Z -] 3% 60
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e # ZEBs 4 1 PR o

RORBFHANEACERENNM 2019 F 40 EBT (K FHLE
AFEEY st ZEB g B4 0 ¥4 BER aug iR
BER % % % 40 % 2-10 #777 - 4] & £58.2017 & 1 * B 4ofxd ZEB 2% » ZEB
PO A ApATE 20% 0 2 ac iR * 2 frdgiE BER 1++3 iz o0 2001 # - i
B #9742 A A i ,)gw#ﬂ_%*riﬁfi‘ F] (2= A &5 K 3% ) (Building Design
Criteria for Energy Saving, BDCES) © » # & f#75 #1 {fr3 3 2 A ¥ & 43
BT R R MR R KHRE > BEHAAITEER 6 27 A
o o35 (1) 4B S0 P e F/k A (2) A42E 3000 F 2 5F ey /A
TRz (3) 424 2000 > oF ﬁv;ﬁf;/ﬁéﬁr%&% » (4) 42iF 500 - = 5F
, ;\—%’i@} TRk S (5)HH/E R (oF o d)e (5) Fetb B /e
T G oEAZIE 3000 Tk e /R 8 (d0p % NF ) 2(6) Hd fRATE
10000 = = 5t e F e~ sRfot T 3 o ;;%{/{4'\2020 £ B4Ry ® o
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#1500 T = f rd b ehdTa s JiR 758 114 ZEBs o

25



&R 2 R 2P

/-—v‘v-
AR

Passive
Minimize energy use for
heating/cooling
(High insulation performance)

+

it recovesry vendilston
oquIpMmant

* Energy efficiency grade 1**

Active

Generate energy from
renewables

= Building

(Solar power, geothermal heat)

L

Stoam heat secund

—
Highly \
rsulating mol ‘ —
Highly efficient
wAndow Highly insulating
walbagpar

=]

Power supphad from solar col
'Warm watér by solar heat collection

Frissh air warrniod up by wasto bty
usng heat exchanger ’

Zero Energy

System (BEMS). Classified into five grades based on energy independency.

Energy efficiency grade

Grade 1**" or higher

(* Saving 80% of energy compared to |

Grade 7)
¥ Korea's energy efficiency grade:
Highest: Grade 1™

- Lowest Grade 7

Energy Independency

100% or higher 1
80 ~ 100% 2
60 ~ 80% 3
40 ~ 60% 4
20 ~ 40% 5

B 2-15 3 BI$HE B 22 ok R ek rimi s

or higher and equipped with a Building Energy Management

Zero Energy Grade

(FAF# : (Korea 2020))
£ 2-105 ME A BER A 2 it £ R £
27 A RER* £ (KWh/m?)
BER % & Y AazeR
1+++ <60 <80

1++ 60 < x <90 80 < x <140

1+ 90 <x< 120 140 < x < 200

1 120 < x < 150 20 < x < 260

2 150 < x < 190 260 < x < 320

3 190 < x < 230 320 < x < 380

4 230 < x <270 380 < x < 450

5 270 < x < 320 450 < x <520

6 320 < x < 370 520 < x < 610

7 370 < x < 420 610 < x < 700

(F#LF# : (The Ministry of Land 2018))
® i Rt/ de AL i E RS

BRFAAE2010 23 F T (PR AR AR RE) K NFI2035 87 £ 4
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REfSMA @imkﬂ‘* FRF fE AR A AR BB Y
AR g2 g % F 42 (Huang and Hwang 2016) > 2+ F#L 8_ix CanESM =
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% 32 2R hZ PGk

TAPRG | R T F ATk TR FORRP R Gk
# # (kgCO2¢/B) (kgCO2e/ B)
(Bn) (B2) (B3)
2005 0.555
2006 0.562
2007 0.558
2008 0.555
2009 0.543
2010 0.534
2011 0.534 1 8790
2012 0.529 1.7529 I o
2013 0.519 (7 Feladk B R % 2019) (”ﬁiﬁf%é%
2014 0.518 )
2015 0.525
2016 0.530
2017 0.554
2018 0.533
2019 0.509
2020 0.502

(?‘#i Kt (eI R R 2019)~ ((Frelak B REF 2019~ (24 p RRF ER) (S8R
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(Bepm, § 74 etal 2017)

AR IPRBEFR N 2 MR

E
H

PR LR EFRPN AL iz E
AMRE > 2L EY RET O e +F BiER3 1000 BE 6] XU EpF L
AazTg BIFR AN PR S8 Thod 3-3 9757 ¢

% 33 ALz RARMEEZPFIEFER T

x| B < I3 1
3 I o o I S EL bl
B =R B A
P T )
PO 47.8 | 129.3 m 90.42 -
.2 . = I& e S s -42 .
WWR) 0 0.65 Bty A& 0.425 | 0.075
3% i'ﬁ E & N T o
ﬁ?i%f* 35 | 68 | WmXK Bureny A 515 | 0.55
WIY P IS iE e s =
] e ¢ T
% (SHGC) 0.5 | 0.85 BErny LA 5 0.675 | 0.0583
R E R 0 2 ﬁ;ﬁ Bareny B4 G 1 0.3
?I. 3 :L(" ,‘g %4 :?&: N P P
WROEE D 05 | a5 | wmk | #eedass | 2 | 05
U &)
fx(x) = —8x + 40
oh o g x:PS 4 & & (cm)
0 0.05 m - -
(PS # & ) fr(): 5 % R Sl
(%)
EHS A ISR eI - -
CRBA 1 7 A R 4 1
= j ¢l R
%%%fﬂ% 4 16 | Wm? BTk A 10 2
%R Bk .
F &}g‘ TR 36 | 144 | wme | Beedmss | o | 18
RERP %A | 32 | 128 | W/m? BETenF A 8 1.6
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B B R R 2 R L
KA BRER | 16 6.4 W/m? BErend A T 4 0.8
BES R o
(gop) 2.73 | 3.00 - ¥51 B -
(FR & 0 K87 3 KD
£ 34 U ZHIRET S
541 %4 2 %43 5 4] 4 545 54 6
T 51 ke 51k |3% 1R 1R [3%1Fk|3% 1k
® AE(m?) | 47.87 76.86 84.66 87.06 115.34 129.31
B (1) 190 130 120 200 200 160
(FA KR RT3 3 AR
(2) THEEFS
CALZ LA A HNAF A EEES Y P BRI BN
R PRI R A ATHERTAREN G RER L0 50
T 7 AP R 0 AT 7 $* ASHRAE Standard 55 #73% ) chdu i 473

BT 23288 > §F 2P TR BAACE A 80% # 47 F AR B g
oA kN TR R (Too) 3 °F F 3908 (Tom) i e > 4ot 7 » @ 80%¢:h

5‘1&%%}.} y]‘ 7‘% T0c+3.50C °

Toc=0.31xTom + 17.8 ;T\: 3-1

(z) Az23A£RPE
Az 7 A4 a " EnergyPlus #t > #1000 B 2 X5 &E 4 P a3 = F
2§ %iE i J)‘_.L EnergyPlus {5 #-¢ 3+ 5 TR D Pg RiEET
DEDZ AN 0 B E DT AN %um’%mﬁnﬁﬁl";v%mﬂb/&‘% R
(Energy Use Intensity, EUI) » 3§ ® 1000 i % 6| cn EUL & # > (¥ 5 3% 4 g2 T 2
iz BUL 23 £ A P A2 e 7 REAZ BN 382
NgeT N30 g o

vaE A

v 3-2

Eres,HVAC,yr: Zregion(EUIres,region,HVAC,yr X Ares,region,yr)

EUI ( ¢ A\'ﬁt‘ﬁ’\m) As B & A2
3_7}§7rFF' W THyrt AR - &£

L¥ 5 Bresivac S % 2 234240 ) EULegvac & % A2 3
f s TH res N & L2 IR o T AL region K& A~ ¢ S

I 4

s

) Lz FoHFRI2LAR2
H2RPFHAFT S VKB 99 & AW 2R EFD DR A
dod 35 RRBAMT FEAC GERMG SFECTA GG f o LR A

AT RORBCR PRGNS g A w SR TR (P ST S R 2 IR TR o
BN ABEE G EF L ERE - X PN AAR A EPFEY RPN
Feh™ kR - E AR A B A Rk A AR 99 & 2 ehE
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i
1
el

e

3 A B8 X B 109 & T AL F B % B 89 - 99 # ehid £ % (EAEI G
FRE 10 £ B A 50R W ff 12 I8%HERH & o Bt 99 £ 2 {5k et
FEARFHEAREEDADE AR ff 0 T P AREEE XA T B E(F T
FRELARE 2022 PIFHELEER2RNAZHEFR A A KA CHFEER

34 360 LEAD LG fFE SN 4T 5 o

ERBLZG M (AP F o)=L R AR LG (mY ) E R

AT Prone,yr (*) ;¢ 3-3
% 35 LEAH AR UG A
H i~ im¥A
FEAS TR B4 R 79 # 2 R 89 # 2 R/ 99 &
T R 24.8 26.1 27.9
Fra 22.7 26.8 27.1
A 20.1 27.9 30.0
305 26.0 37.6 352
¥ 26.2 36.1 35.3
R0 Bk 26.8 35.3 37.2
T R 23.8 35.2 38.6
W a B 26.1 37.4 39.1
£ P2 29.0 447 36.8
L B 19.6 28.6 32.9
7 i 0B 25.9 34.9 35.7
350 B 22.0 32.1 33.5
% 2% 25.2 34.9 37.0
Z Bk 22.0 28.3 35.5
R 23.7 32.1 36.7
2 % B 24.3 32.2 34.5
e 24.1 36.4 37.1
£ 22.6 31.1 35.3
EE 21.5 28.8 34.4
g 23.6 32.7 36.6
BB 21.4 36.6 35.9
RS 21.6 34.5 35.8
ECEES 24.1 31.7 33.2
(FA &R (Frcti ik 2010))
% 36 AhFEEFACENMER (Him:+1)

# B de i R 3
2022 23,522 23,515 23,504
2023 23,501 23,489 23,470
2024 23,492 23,473 23,444
2025 23,466 23,439 23,397
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ER-RAIUR A i R ¥ ¥ A )

2026 23,441 23,404 23,348
2027 23,411 23,363 23,290
2028 23,378 23,316 23,223
2029 23,340 23,263 23,149
2030 23,300 23,205 23,065
2031 23,256 23,140 22,974
2032 23,208 23,069 22,874
2033 23,155 22,990 22,765
2034 23,082 22,891 22,639
2035 23,008 22,790 22,508

(FHELXR:(MRFELR € 2022)

BEAOE LG UL EEA T TS PR EISPLEREELD
AR SR FE LT RGR f BF A L E R DA G T
FBHENFRINFFNLERPFEASF R H BT ARG A FTR(P I
2022) 0 et Az A L ERATH ZRE e fE 0 o7 A 370

2 370z EEZAHAS FeH (= m?)

¥ M R ¥
2006 10,747,169 2,420,385 4,292,964
2007 12,329,176 2,971,380 3,577,855
2008 11,308,200 2,269,796 2,531,793
2009 9,020,523 2,338,207 2,159,242
2010 7,276,971 2,939,887 3,098,232
2011 7,060,244 2,443 911 3,199,423
2012 8,436,459 2,810,155 3,797,646
2013 8,676,531 3,649,427 3,794,341
2014 8,649,361 4,206,703 4,451,226
2015 9,227,750 4,552,873 4,441,098
2016 9,880,939 3,816,174 3,309,471
2017 7,955,465 3,456,547 3,555,380
2018 7,994,051 3,656,672 4,454,171
2019 7,905,948 3,650,917 3,172,821
2020 6,963,372 4,138,829 4,631,690
2021 7,351,159 4,027,792 4,241,324
2022 7,633,999 3,786,151 4,011,077

(FHRFR T (P iR 2022))
dFEAFT UGN LEEAY e ROz FREAERT A EHE 0 &R
2006 & B4 ERE T AR E L B E > ¢ RATH G AR 3 RRIED A
SR e R0 AR P ARG Z B ERTH Z AR G i R A R
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MY B R R E L ATHOHR G A A B AR
FI Ak G R AR G R Wiz E R - 2R

fApde 319 -

o

£ 3-8 0% ARFHMMNFa iR (Fx:m?)

# ¥ v % % e
2022 10,747,169 2,420,385 4,292,964
2023 12,329,176 2,971,380 3,577,855
2024 11,308,200 2,269,796 2,531,793
2025 9,020,523 2,338,207 2,159,242
2026 7,276,971 2,939,887 3,098,232
2027 7,060,244 2,443,911 3,199,423
2028 8,436,459 2,810,155 3,797,646
2029 8,676,531 3,649,427 3,794,341
2030 8,649,361 4,206,703 4,451,226
2031 9,227,750 4,552,873 4,441,098
2032 9,880,939 3,816,174 3,309,471
2033 7,955,465 3,456,547 3,555,380
2034 7,994,051 3,656,672 4,454,171
2035 7,905,948 3,650,917 3,172,821
2036 6,963,372 4,138,829 4,631,690
2037 7,351,159 4,027,792 4,241,324
2038 7,633,999 3,786,151 4,011,077
2039 7,706,158 4,351,793 4,267,750
2040 7,647,620 4,461,889 4,332,011
2041 7,589,081 4,571,986 4,396,272
2042 7,530,543 4,682,082 4,460,533
2043 7,472,004 4,792,178 4,524,794
2044 7,413,465 4,902,275 4,589,055
2045 7,354,927 5,012,371 4,653,316
2046 7,296,388 5,122,467 4,717,577
2047 7,237,849 5,232,563 4,781,838
2048 7,179,311 5,342,660 4,846,099
2049 7,120,772 5,452,756 4,910,360
2050 7,062,234 5,562,852 4,974,621
2039 7,003,695 5,672,949 5,038,882
2040 6,945,156 5,783,045 5,103,143
2041 6,886,618 5,893,141 5,167,404
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RN R vk 2 R 2T

2042 6,828,079 6,003,238 5,231,665
2043 6,769,541 6,113,334 5,295,926
2044 6,711,002 6,223,430 5,360,187
2045 6,652,463 6,333,527 5,424,448
2046 6,593,925 6,443,623 5,488,709
2047 6,535,386 6,553,719 5,552,970
2048 6,476,848 6,663,816 5,617,231
2049 6,418,309 6,773,912 5,681,492
2050 6,359,770 6,884,008 5,745,753

(TR KR 2P FHER)
(%)2036 3 2050 # Gz F R4 2 G2
B 2R AT R LN e P B D 2035 &5 45 3 2050 & -
AFETRY AP s aai s S REF(CDH)» 23 C U TR B E i 8
P (RCPAS)HZ A 4c i R ARAPHIF RIS NARF R > 40T B 3-50 hiai
d 2036 3 2050 ERF2Z2A4En g FHAXINAEEFF TR EAR
FiEz * BHMEEE LB A7

30

y =0.00157359- 0.85661128
25 R? = 0.66730965

20

15

10

2 2HEUT (kWh/m?)

0 5000 1[?000 15000 20000
CDH#%23" C(k - hr)
Bl 35 #¢Y adsRAFa@ER kTR EULILE B
(FHR KR A~ Pz“f{f“—l)
FI* i Agfme A ok 2036 1 2050 & © ERBL SR 23C
TEFHGI AR LB RZ2BELRE 0 40E 390
% 392036 2 2050 £ ¢ R ITALLRARAAER

¥ A IMEKWh/m?) | * REWh/m?) | =2 FR(kWh/m?)
2036 16.04 14.85 21.43
2037 15.94 14.66 21.30
2038 17.90 17.06 24.66
2039 17.22 16.57 24 .88
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2040 15.87 14.78 22.20
2041 16.79 16.02 23.89
2042 16.57 15.54 23.66
2043 15.35 14.02 21.45
2044 16.50 15.46 23.50
2045 15.88 14.84 22.45
2046 15.44 14.40 22.00
2047 15.89 14.72 22.46
2048 16.88 15.63 22.80
2049 16.10 15.15 23.28
2050 15.92 14.98 22.86
(FH KR A7 R
¥ A 3R(KWh/m?) | ¢ I/KWh/m?) | & % (kWh/m?)
2036 39.42 43.83 54.94
2037 38.07 43.11 54.80
2038 43.37 49.30 62.33
2039 42.02 48.74 64.33
2040 38.72 44.32 56.60
2041 40.49 46.75 60.45
2042 40.17 45.30 61.49
2043 39.25 43.23 57.03
2044 40.23 45.40 60.15
2045 39.60 44.40 58.04
2046 37.69 42.18 56.02
2047 38.23 42.43 56.65
2048 40.99 45.85 58.61
2049 39.05 44.16 59.02
2050 38.61 44.14 59.39

(FH KR chrT§ KIL)

332 iz Endtts
SRR LI PRI FL N R A B E g
BPBE-ZRFGHAME2EDRYPER TV 2ERP 0 RPN

—‘:;J-g A oL

Eres,light ZZi (Ares,i X Ires,light,i X tres,light,i X 365) 5\“ 34

—/t! v ’i—r'ffirl?ix‘%“ ')—L:Zr" K k’&izﬁ& A ;‘}‘f% ’Ires,light}:’r f_l_zﬁ’@pg %ﬁi ’tres,light:;'g p P@p‘ifﬂi
B A2 BP BAZ EFR 4o 4 3-10 o
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ER-RAIUR A i R ¥ ¥ A )

=

2 310 L2 RRP HREPR

i B2 BP HA leighd (W/m?) | Ti05p Rp i * il
tres,light,i (hr)
R 11.30 6.0
h 7.50 2.5
o 7.50 2.5
- 8.36 4.0
= 7.97 1.5
T 5.93 0.5
FAL kR (384 . 2005)
ERE G Al RROZAGHRL LRELFL 0 L LT
IR B IR e % R 05 E Arpac BAT L AR S 0 AR 4 ‘L;L 1A

F\—:‘i‘iﬁ_‘;ﬁ.mnzg{& v do 311’7"137@5{;‘%?‘1#%“7“1‘1:‘]@
¥ iRE 2w FF o Aot 312 I T ped REFERE 2 RS mﬁ't
Avresi = Ares X Z j(RAj X RAi,j)

He » A XA U"fi’*rfi‘?—lil“ 7,;1:)&2,—1:1@_J,L 7,}1:.,—,14?‘;
%é—*&vJ’T&,KI’mﬁébLl}l

% 311 G2 T REPERBALT

P Raj & #h j 20t b Ragg %

TG A z¥ (%) P B Raj

GRS A 1,203,262 19%
S 2,860,518 45%

T 5 b 2,315,056 36%

( ‘f'j\/},ﬁ’? (F\ J(‘*K“}\*% 2006))
% 3-12 2 FREFEZRE ® M 5 Raij

RE\R A F %L =% SV
Z B 17% 26% 27%
Y. 16% 12% 11%
S 10% 8% 9%
"z 36% 35% 38%
a7 7% 9% 7%
£ 14% 10% 8%

(FA KR : AR KR)

A KB ARG (BAUigting)2- 85 F > BR A KRR A FRERE
B2 RTOERPBIEFFRIRIF o ARA T FLEERDELZH
R R R Rt B L N R L LS N ¥
%F‘ifﬁs\;{»?i y HI SR EREB Y - & \,%%i;LW&}%@i&i;%fl\iﬁé‘/\

JoGDP BB g2 A TG A ERA B F LA P o

3332z RrE LG
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i
1
el

BUEAEWTE P RRIAD FAGAF RO RAE KBRS

podm s  ZHFHE ad”‘«c&"'nzﬂr}ﬁ’gﬁ R BRAMEE S#cH FAP R
FU R TR RE P PN RE P BT AL TF S TR o
AR BRAEE c AT RE LR AT 5

@'j H%L E‘; Eres,app,yrZZk(w k ﬁ'_\&%; ’;‘E Xbi;jﬁqﬁ H k t:gtxbg(yr) 5\“ 3-6

—,ﬂ»é ’Eres,appg f]__zm;igi ’Tﬁ%‘kﬁ‘%\% Ffﬁéﬁﬁ“mﬁ%
3-13 0 “35fet SHeRY T4 3140

DA RR EBE R R T A

% 3-13 H 23 F 2#4£0 (H=:KkWh)

FLKA 2014 8 s E4c g 20158 5 &4 § 2016 5 ;&4 8
T8 78 75 73
T A 281 326 303
T % 65 62 63
ik 2 4 41 41 43
RS 50 74 86
T k4 403 401 396

(FA &k - (% F and tha g 2017))
% 3-14 #58) F A o Kk

TR A AR () #=F =3 ¢ (2) =G ok

(&) (2)=(1)/100
T8 353.4 3.53
T AR 183.1 1.83
ER 77.8 0.78
N 107.2 1.07
RS 46.6 0.47
Tk # 129.7 1.30
pENAY 2 54.7 0.55

KOKREEF A UM e P B

(FH KR (BY

7 2019))

F’E&% 7 Hﬁgﬂéi%’-‘g’ E’Klzf:f;&i:;_‘lGDP

e W“\F‘i%’h@:a» gﬁ—j—ggkq;\ ai&-%i(hv/!{,% %j_,nbﬂli7 A,
EAKRAE % 2 S i (BAUequip)2- 8 5 + 'F)\QL‘;'L\ R RE K H 24 khrx
SRR A 2018&[717}‘}7 - EEBT ’;‘j\%ﬁ;ﬁ Ly & £ 1.6 %2 i#

FAE(BE R 2019)0 85 A kT - Eirz RE ugju,;;wm :

Eres,app,yr: )Y k( ﬁ?{: kK & f::»'%;‘ AL X = i/‘:’jq;ﬁqﬁ Kﬁi k \,:v %:)X = ﬂt er(1.016)yr—2018
;v 3-7

HY yriv & ARE- & ~yr=2018> @ #H, 2 85 Q40T P o
A RERAERE bR R

&Aowa R T R P G p  s

7 R T;Li&ﬁlf’i?}ﬁ

i 3415 45w 0 B HBES
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PR R Rk B R LR

-
ERELN

CRBAFL (R

7 2019)2 =
9.13% » 141/ 2022 3 2033 & fi

ok

o AR S e d 2021 & B ATHE
2)}}’5"’5'&,3&52]%‘;\:_&‘7’(:

Hyr = 0.3135 pyr + 1.9827Hyr-1 - 0.9859 Hyr2 + yr ;v 3-8
ﬂﬂ’H-%wﬂ’“&h@E%uﬁﬁ—wé&JMfﬁﬁﬁﬁﬁimtéﬁakr&;
AL -
% 315 A kP2 KAEY 2t
Nk
i = () W ) | ERR
#(F)
2022 8,184,123 9.13 822,285
2023 8,229,572 9.13 826,852
2024 8,268,111 9.13 830,724
2025 8,299,850 9.13 833,913
2026 8,324,695 9.13 836,409
2027 8,342,489 9.13 838,197
2028 8,352,772 9.13 839,230
2029 8,355,293 9.13 839,483
2030 8,350,011 9.13 838,952
2031 8,336,845 9.13 837,630
2032 8,315,801 9.13 835,515
2033 8,286,901 9.13 832,612
*R % k4 1 1) 2033 &
(FA KR AP FHER)
d%*%%%ﬁ@ﬁﬁ&%ﬂ%é%Fﬁﬁxlmﬁﬁ S R U
ENCRER | PR “fﬂﬂ‘"@ﬁ:\aﬁ%‘r B 2B S e g0 o 2005 1 2021 & 2
G S NCRER R R R A ) 36’91&“&@‘4@%’* 2033 & =35
Bdm frdn s 6 17 £2. % #c o fl aE F' LA DL Am 7‘]%25’% kixEERAT

JoiEEME MR * 2] 9.13%3

-i"flsv’

T 2033 £ > F A

Boid ff

.9%yzﬂB3ﬁgnrﬁi,¢ﬁ’ﬁw 2033 &P 30k G ff 5 88.75 m? o 4[]

s
Bl

3-7> @ 2033 £ 524

\ifa “’t”"ﬁ'{#&ll"ﬁj,]_iﬂal_%\ 3-16 ©

x106

-] ©0 WO

BEERPR(P)

/

790
- 785
- 780
- 775
- 770
- 765
- 760
- 755
- 750
- 745
- 740
735

x10°

- - kBAK
——— 8B B

8 8 {3 @ A (m)

2005 2007 2009

® 3-6 2005 x 2021

2011 2013 2021

&
ERERE GG ML 2R ERY

2015 2017 2019
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~

= ﬁr‘. £ ﬁS yr=Ares,yr/pyr

Hyr = i:’j%v [EN; ﬁ‘ 2033 X Ares,yr

e opet ¥ HRACHE Hy B oyr#2 P HIERE

o ff 2033 12033 & 2L A ff 0 & 89.95mY 4 o

S Aresyr 1 yr £ 218

i
1
el

FH T (PoFIR S @ 2021, poFIIR 2 TP 2T F R 2021))

9

8

7

ARTE P BMEERP)

=]

>

=) ) ) A, G Oy ) Y & Py
e ] P s A ] A A , ?. . ?. . ?.' ?. ?.
P RPN, B LIPS L RS TR, s, i, g, g, P,
v v v v

W 3-7 2034 3 2050 & X k = i iz

(34 T AT g Em)
% 3-16 i7* 2033 & “30E Qs FREL AR A&

P AR L 7 () A ()
2034 809,468,779 0,121,243 8,288,474
2035 809,281,548 9,119,133 8,286,556
2036 808,226,585 9,107,246 8,275,754
2037 806,748,567 9,090,591 8,260,620
2038 804,882,125 9,069,560 8,241,509
2039 802,662,295 0,044,546 8,218,779
2040 800,017,623 9,014,746 8,191,699
2041 797,018,729 8,980,954 8,160,993
2042 793,701,194 8,043,571 8,127,023
2043 790,029,116 8,902,193 8,089,423
2044 786,074,235 8,857,629 8,048,927
2045 781,836,799 8,809,881 8,005,539
2046 777,280,819 8,758,543 7,958,888
2047 772,478,790 8,704,433 7,909,718
2048 767,358,369 8,646,735 7,857,288
2049 762,028,828 8,586,681 7,802,717
2050 756,454,231 8,523,865 7,745,636

(%4 FH AP f g

3.3.4 G #ok4 i i
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LA E R R R R ]

‘_;?

ook fe i & Rk parikip Aok 4 > Rapp ko Li??ﬂd@?
EARTRIE 2017)0 & A& p DA kR R E 289 2 A Ta e ok
B 3T s TRger ok @ THLREEY K o Re KAR S Fikik R r
PRE QR TAEY KRR T0% 0 FU RaEF L E PR E 204 &
RREF R RS THEW g 2P P AT FF AT RLPH Y K o R
2007 & SRRk F kR AT K B2 Gl A R R AT MR
B ik (17% )~ k38 (15% )~ i (20% )~ e 2 (21%) 1 2 # ) (27% )
EAIGRDE 2007) HRa d EEE A T f? Fiprz e R F it &
AEpkipEGkr B gf%;}f;\ﬁ el B oA o ATEC R Ao 3t 3-11 +E 12021 &
PFL 617 &L/ A= Bk 2021 ErlfszE A E poRiEECOkY EHTL 617
N/ F 5 eB] 3-8 Hrm o FRL o BT d A58 3212358 0 2 FE AL #
kg kg

PRE RSB RET LR L/yr) = & AF p kgt (/A P) %365 (P) X
EJRE ;43411

EAEpAEHORY BL/AP)=12143x & ~EA 23924 (L/4 %) £ 3-12

70 ¢
S
X 60 L "ommmm
= o’
o 50 F e'.'
% o
B o’
VS 40
w30 f
% 20 |
d
é 10 f
0 1 1 1 1 1 J

2000 2010 2020 2030 2040 2050 2060

W 38 WifarAkizas x5 p 4 ik # kg
A REaEARE LY AR Ft ATy Y TERAA ER P -
39 2 PFEARE S BT AR RECR B TIH0nF LR A A (AR
GRE 2010) B AT A 3-17 0 FRANHORBIR AR 22 2 KR
3-18(3 A e k% ae #1 2018, IR G R R 2019) o Gz 2. > R E F KR
(Eres,pHW) 2. F‘L—% v iR H g /}5’1?\! R RAY BrgoRk o o d oo ;9 3-19 22 250 3.

2038 @ 18 o

*»
£

20317 LiERCREEL R Y R &
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FZF Py

- o ib%ﬁ.gqﬁu

R BfAS 2 % (COP) A2 DV EVE

<Al A T AR 860 kcal/kWh 0.36 3096 kcal/kWh

Al AR AR E 860 kcal/kWh 0.26 2236 kcal/kWh

® AR E A 860 kcal/kWh 0.90 774 kcal/kWh

) ) 8942 kcal/ & L3
XARLETFHLKE o 0.75 6707 kcal/ & X 27(m°)
L ET
‘ 12000 kcal/ &
Rt R AT R S 0.75 9000 kcal/& X #7(L)
L ET
(FRL iR (A A 2016))
4 318 LR EY 2 S
- TR az* =y
‘%ﬂd‘gg*ﬁ;%- _%.; g; :i'd‘ggiﬁj%_ 2 ;$
<Al A T AR 15,99, it 3 ErAGR R 29.8%
5.9%

AR T ARE TR ERE 51%
T AR E A 213% | B RAKE 3.3%
X AR ATERE 23.4% His (BBFAREFERLE) 2.9%

(FAR KR (LR
ok BERERR RO

WA BT RRKE B G EL BkE Y RS

#1 2018,
B R o d 2R T
RE FE ok B 2022)F 4e4v$ 0 R TR AR 5 39°Co d 4
BIIRAE R - F

;/’?‘f‘ﬁﬁﬂb F ko 2019))
L 22°C (4 p %

3-17 #¢ kg

I~
E 4

7 ek B

#dkR

B % 55°C(Z F A 2006) c @ £k Benfff A K7 A 5 A 60 F- 5 ERAR
KB R T RIS 5 Bk K

B ERHAT A A WP o

CE AR E

) AR

dOTRE R B AR R g U SRR s ks M R

g i
60 /\

2L 5

FE= - "!1\'_"?\'

kB2

Y S ARG R B

—’J‘ai?f’v LU S RS
P limssstin b E o ¥ SHBE L o AL UPETH
PR 2 ERCRALR -
FETRER J\%}J\’E
3-20 5 4

3-19 #r7 o

gt Hok B
Bokg o #ok B
AR EE A
B e # (3 & A 2006) GEE

2T B RT
ig ok e FR H

S
ad

AT ELE

13 - d‘ﬁﬂmlﬁ)&r}:’q‘&’q‘ﬂ/ﬂ\/é‘l»k’}_‘-&

55

(2014)enzezt3*
1P| 5mE 24

-t

SAL AL ER
Bl a2 THKERE SRR
Eo FABIFLHET

[N ,%—l,{ﬁ—r

R 1
| PRI T A
R

<RI A

IVERY g &J.}i—

Mo 2R
S f 2
4 4 Esoa
A 5 &iT

ok oo
Hoe oz 4

£ (KWh)4e 2 5 3-

365 =% /71‘/6»&1@'('1 LL)‘L E ° ’J'm ’ Z\



GNP E R R A R 2R

3-20 2 & S HAHTHKRFLTFR LETEKRES €7 ﬁé%‘%wzéf&%@é_i » B A
THEE 317 ERHLRBE LA LB T2t 5> Ti5E L 27
?éf@ KEANFE(R 3200k RF KB ERAE2AE DR T HE SR L I Ao
3-14 o
Z 3-19pFH AT AR B RS L BB L

i R * 24 PR Y 34 E ) (kWh)
FE MR E V<60 22 M EE V=60 o2
1 & Est24=0.0715+0.0304x V3 Est24=<0.11+0.0281x V3
) 0.0715+0.0304x V3 < Egu = 0.11+0.0281x V3 < Egu <
> 0.0845+0.0359xV2/3 0.13+0.0332x V23
3 0.0845+0.0359% V3 < Egu =< 0.13+0.0332%x V3 < Eg24 <
> 0.0975+0.0415% V3 0.15+0.0383x V%3
4 0.0975+0.0415%x V3 <Eg 4 < 0.15+0.0383%x V3 <Equ=
> 0.1105+0.0470x V3 0.17+0.0434x V*3
& 0.1105+0.0470xV*3 < Est24 < 0.1740.0434x V3 <Equ=<
5 & 0.1235+0.0525x V3 0.19+0.0485%x V3

(FH KR (GASE R A 2014)
# 3-20 B 7R B EATREN T

fie ? gt 13mm 7&? 13mm 1,3.-@ "g 19mm w\%‘ 19mm %% ?
#iv £ (kWh/ 4 =x) 0.0096 0.0054 0.0126 0.0047
2 é»a'ﬁ iz &
v 1Bf (5)%% A 63 19 15 3
0

(FAL kR © (2 F 4 2006) ~ 2FTF % K1)

AT RO B F RAIF A T E(KWh) = S (F 8420 B (kKWh/ 4 S)x 8 #
k% B F(%)x F A REAFIE(R)x 2RA ()< ERATHREL L2y
= F 2 (%)) & 3-13

LEFHCR R FRBI LD R(R L) = N (L #F 8k BT 55#0e 5 /2 #1)
THEOKBIIOREE) X F A AL B KW/ A ) xS K 3 F(%)x £ 4 pa
ARip 2 B(Z) X REA T (X)) x 860.42 (kcal/kWh)/ T #7#4-k B & J1 4 & (keal B
LA XL BECR B Az S8 2 5 (%)) & 3-14

B o B A DERPIRP(K) D AL BERKE AE PRS- 0 ATILE A B X £ KR 365 %

BRORAKEY “%f TUERAYTERT O BAIUTHALREY G A EIEEAEY
e T E U %@7&%@1@%%%@%# v 3 S Rt a8 3-15 2 a5 3.

160 X AR AT UE RICLIEARBANRZT Y EHRRERZIAHFLE 3 E

o 3-17 2 250 3018 B fd T TAREBZ LR E BTV IFE N 2RT

CERER R AN 39 R R 2RAMERBELNERNSESN 32035 -

-
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By

i
1
ey

Eres va(KWh/yr)=[( > Bl # i e -k i % -k £ (Liyr) x-k s £ (keal/kgK) x-k
B R Ggm) xERRCEM < TRUTHKFHE FWA AR E
(kcal/kWh))]/1000 X315

Eres wau(kWh/yr)=[( 2 B & 4L * K& (L/Yr) xof et #(keal/kg K) >k e
B RGym) xEAEARCEER < EHAATHLEL 2 FWMAISRE
(kcal/kWh))]/1000 + & = T sk 4i #u3F 4 4‘:%“* i’{z £ (kWh/=) x 2B = #i(*)

Ao+ ERAT AR B P AL T 2 (KWh) 7 3-16
Eres =z (B X #1(m®)=[( 2 B & &8k 8% -k £ (Liyr) x-k vt #(keal/kgK) x
K m? &(kg/m3) SRR EEK) XX ARLEFKLEYL 2 F)/(A N E (kcal & X
21)))/1000 + % AR L ErE-K B2z F AP L LT E(RE L) & 3-17

Eres vens (B L 8F(22))=[(2 B & £FEH-LAY k£ (Lyr) <kt #(keal/kg'K)
XLw@&&wﬂx R R(K) < it ARk B 2 F)(R D # E (keal/ R
L AM)V/I000 + 7 i X #7#-k B2 f ARBAT A4 T R (R 3 318

Enlciiey %L" R §§ i & Eres,pHW,elec,yr = Eres #1 (kWh/ yr) + Eres »#3 (kWh/ yr) 3¢ 3-19
i Eﬂ 5y g'ﬁ'%ﬁ‘ ’J( g%) At :%_ Eres ,DHW,gas,yr = = Eres = 21 ér()i X 15‘l"l') + Eres 1 xér(& X 15‘l"l')
;v 3-20

#o¢ ookt g ] (kealkgK) s AR RCC): 2RTDE R L 22°C(A A p kKT EAokF
F2022)> K TR R G 40°C DRE R S 55°C(F & A 20006) & 2o TogdE A e 7R L 478
kWh/= 5 ¥ =i ik A 2 # 8 (Keal/ & §) ¢ 5 42 # 8 (kcal/kg) 2 T 32525 COP» 7 o ok B4
2 % 24 B (keal/kg) ¥ T ¥arc % COP 4r# 3-17 #7357 o
335 iz EE NG
};-;I’f"ii:’fiﬁi%;sé%g/w\ﬁjﬁl)}*@ksg /Fﬁ._prm" ,t‘lp ’%E_“ 97}
PR T f‘a@f@“—’“%iwﬁwﬁ oM LA RN B A LA AR B E
RELerpl MR G 2 F uaapm.g’a;}&,m Ha fE%kT s
P2 (34E) + &2 mw £ 342 6674.57 MI (F7 5 2018) » Fpt 57
T LR (TLE S K E A AL o
EIRE S FORp g zwa:fﬁﬂ**ﬁ'%sﬂﬁ% » F B
I
3

b

\
7

:1

Rz
A2 FAETFHMECEFSELEM 0l 38 2 7 ol = (kWh) 22 3 #7
E > (m?) BRT 4 Bl asEpFa é‘éfé_:}ﬁf% v w4 e iE L 860 F + /R
PE R e E 8900 FF/BRE > HE RS AT & 321 frow e
% 321 A AP RFRSES #}‘é@“’nuﬁl/ﬂ PR (3R » #1=661 *)
EnRNFEAD | F2E &Ry gk 2%
¥E (MI/2)

FoAE LR AR LR
(KWh/ =) (/=)
& F AT (348) 6674.57 1854 kWh 179.2 m’
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]’_,_'r;‘;‘;: ;#E»{‘a‘\gx z iﬁkﬁ{/ﬁ"; 2 lﬂ e

(TR &R (7 7 2018))
i RAELLS TTE LT - Nl

Eres,cook,elec,yr = /F\' «f;' @_#‘: ?_‘ 'E_ X ’\:a&_, f’?“ JJ& ’H 5 : = & yr 5\“ 3-21

Eres,cook,gas,yr = & 4”” Jel 2 %1"‘ #q ‘E_ X (1 - a_, l“/% 'g % ) X ﬂc yr 3\: 3-22

He o AR 3200 RRBEE FAY ST 10622 B AFA(EL A 2019) 0 B A
REARAGEE F L 205% P OERART S p R LG A kS BcR e - H 3 Hy,

AR -

2

EFNBRG RS RBE G TE AN EFI A
BrE o doV 323 8950 324 BT FE L ETEE LY
i N2 #8F F WP E (GHGrs) » 1+ E 2=

& kgCOae/yr °

336 2HBFFHERELIG
d-rs b S

ey
-

B3 s yrez LT 8=

;'_2 iK Fm %—": X ;'l 'E__ Eres,gas,yr(m?’/-g: ) = Eres,DHW,gas,yr + Eres,cook,gas,yr 5\“ 3-24

IR R yr ERF F F WMECE B E GHG restotalyr (kgCO2e/yr)=
(EREA % ?_, ’E"_ Eres,elec,yr>< ?_, 4 #kﬁy\ % gI(Bl,yr)‘i‘ EREE AL ) ?'1,‘%
Eres gasyrx 18 ﬁ AT xH %t T OBTRR R TR ﬁ((BZ,yr)‘i‘ A2 IR Y AL
Eres,gas yrX X ,’/" ;‘/f: Foatx= ?J" ;%EF\&E& '/,/éf‘-g((B?;,yr) 3\: 3-25

¥ GHG # 4% £ 4 B 5 4 A A E 51§ N b (LRSI RS 2019) i KX

BE LB 0.56 0 = sp g N 0.44 i BT i By 2t AU 17529 (kgCO/mY) & x> 3

2R B Tl By 12 1.8790 (kgCO/mP) % » (7 Feladh B 3% 2019); THhyr 2 A K F - &6
"GHG', %7 R id R 5 i il > 4 A Y B B2 Bl ® -

e e

éﬁ’ﬁé@ﬁ%ﬁﬂﬁéiﬁ%%kﬁ%%ﬁﬁiﬁﬁi#ﬁé E L
BEFHAGHEA %%*ﬁiéiﬁ%'iéﬁ%ﬁ%k’% 2B RPEER
KE LRI R p S F ik E D 4 PR R R FrcakiRF B ROk
DTN F P GG E R E Mg o n‘vaﬁﬁv BokF kA ~ERERE

LR 2 I -] ’f+-&§ﬁﬁ“f (ﬁ“"a Rae ik 2018)
B o T HRAIE AR A R S o

3AlFEZRTHERZHE

#1735 EnergyPlus 1 }_Ei‘ﬁf Wt t #2BpFf &2 ARG F ¥
Sz R R en Rl Bk R AATEAS PR RF T
FRNFAR 2B AR o TR LN KR e TP BFECR(ENM AR
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1
el

RP CFPERETAL 2R AN BRER AT RN F P F R
FLRRMEZA LGP EFZFLRPE T Z T MEAREAT 2 ER

e Lo BT B AT EFTFMAEGREL R FrF R 2 G N
ARBFEEA LAEHEGE - HinARicB 39

AR Ko Bk
A % 1000 18 75 3%
EEE
e v
| 422 i J& A EnergyPlus
 BREE L e rmien
LR BRSO -
oo ke e
' AL AL
5ARE  RRE
%2 3 EUI %7 oo - !
& IE
< A ; - N
,“Hh:::;:::::——’: ;'F:—L'f]i: 3 _}{." %ﬁ-
i AiEE
e || MERERE 2 WA

HIEESKATARGHREH MmBFRHRITHEF
W 39 2AF FEA AN ED
(FA R A L)
AT BE A BB G AR T EEFF TR (WWR) s g i@
% 3 (U E) ~ 33 P 534 1§ 5 (Solar heat gain coefficient, SHGC) ~ ¢k & 5 /5% & v ~
MR RES UE) EEHRBES (UB) 2R ot #FF gt
&%%ﬁﬁ”ﬁi*ﬁﬁ@H&i#1%0%@ﬁ%m’uﬁ@¥ﬁm%%9ﬂ
N2ZFEAWEABLE o FEATA S G 02 CAVFVWV & VRF A #8253 4 4
s B A R R E R %““ﬂ‘éﬂ‘$£aia$%ﬁ#ﬁw_
WL ARG GFHUA SR 2@ ? B2 BARRLF T R AT AR
FAENBTR d T3 %j“ﬂb;"_ EXPIErF RE L E Gy GRS 3
FARR 0 FIL R AR P E B R A POEE 0 LA R K BT £
&D“m°&*’éagiiﬁv%”aﬂﬁaﬁ’%%%%iﬁv%ﬁﬁmi
Z 87 I en% it 8 (RCP2.6 ~ RCP4.5 ~ RCP8.5) » 14 & w] i £ & &k A 52 B #-4f
WA R R F R P R B P 2 8 (L AR T 454 2036 1 2050 &
#2 03] 7 4 g RCP4S ¥ it » Fpt > A F2 4 #uﬁ&”%gﬁ
294,000 X 2 BB E 0 MR RFE R SO AR S Y R R T A kM
BEEARFGRM I 2I UL VSR LR %%m%%%gﬂﬁﬁ%
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2006 7,510,355 308,526,038 17,460,518 748,086,974 41.2%
2007 6,042,372 311,228,908 18,878,411 754,254,107 41.3%
2008 7,194,119 313,888,840 16,109,789 760,281,972 41.3%
2009 6,426,630 321,566,623 13,517,972 766,487,923 42.0%
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2018 4,633,881 331,292,164 16,104,894 785,218,051 42.2%
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Ecom,refri,yr + Ecom,other,yr 5\“ 3-33
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2005 44.6 27.2 0.5 9.6 3.3 3.5 7.1 4.2
2006 42.5 26.2 0.4 11.1 4.2 3.6 8.2 3.7
2007 445 24.6 0.2 10.9 4.2 3.6 7.4 4.5
2008 45.5 24.0 0.2 12.5 3.6 3.3 6.6 4.3
2009 427 24.6 0.3 13.6 3.6 3.2 6.3 5.7
2010 437 24.8 0.3 13.3 3.6 3.1 6.2 5.0
2011 46.1 233 0.3 12.1 3.5 3.2 6.4 5.1
2012 46.05 | 22.98 0.34 12.09 341 3.22 6.39 | 5.51
2013 45.17 | 23.01 0.31 12.71 3.51 3.23 6.43 5.63
2014 48.30 | 20.51 1.13 9.46 4.39 3.22 6.76 | 6.23
2015 4790 | 19.55 0.76 9.93 4.27 3.38 6.85 7.35
2016 50.48 | 17.49 0.77 10.55 4.28 3.79 6.53 6.11
2017 51.39 | 16.10 0.75 10.63 4.62 3.38 6.75 6.38
2018 50.73 | 16.66 0.94 11.09 423 341 7.14 | 5.80
2019 52.80 | 14.78 0.90 10.37 4.56 3.56 7.44 | 5.59
2020 56.42 | 13.34 0.50 9.81 4.05 3.43 7.25 5.20
TiaE | 4743 | 21.20 0.54 11.23 3.96 3.38 6.86 5.39
(FR J R (mana b 2020, SASSA R A 2021))
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GHGcom,elec,yr:Ecom,total,yr X ﬁ],yr 3\: 3-35

GHGcom,total,yr = GHGcom,elec,yr + GHGcom,other,yr 5\“ 3-36

2 GHGcom clec 7 ﬁ;‘ ﬁ% 4T TR R zZ ‘;f" 'EE’E: ; GHGcom,total,yr Y S yr # ?\3 }i = ﬁ“:&
EE 7?‘ 'Eﬁ#& ‘g’:_‘ ﬂ] ,;h ERE = lffﬁi GHGcom,other,yr E ;
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T
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350 LZEEFMBARGHS LR

'izgrsrm;g;_:g%ﬁ#k%;%iﬁxg B faikd Tm b dmF - LR HF AIE Y
a@,@ﬁWﬁ‘%ﬁﬁaﬁﬁﬁﬁﬁ EM AT EERE D BV EE L AL
AP EREFRE LA LN R AT TS B L 2 L
A BERFZHERETIRG FFIAZEE LR FE- HEEF LA ERES
B MR ARRZBRERE TR CAFE ELFALTINPE R F Wy
?im’M“Aﬁ’ftE%fJ’é%#ﬁﬁ@iiﬁﬁﬂﬁﬁﬁ°*FQﬁ
BELERFHELTH BEE B GBI A Y A AR ¢ § 4D
GDP~ % fif%ir»r? PRI F(res) e R ZEF ST P FINFFAETATLT 52
MERr (*F) ’I, B o deT A 329 Ak EFR Y & 3-15-

% 329 rRAMAR® (*F) A2 xi
E i PR R P HE() L ENGE T
2009 896,890 11.49%
2010 886,566 11.17%
2011 817,863 10.15%
2012 870,218 10.63%
2013 870,057 10.50%
2014 863,418 10.30%
2015 876,539 10.35%
2016 874,973 10.22%
2017 875,279 10.12%
2018 922,361 10.56%
2019 898,290 10.17%
2020 889,808 9.96%
2021 822,301 9.13%

(FH KR (PFFFFATATL L))
TR S i % B R e 7 ROE > A B3 E 2005 £ 1 2020
M:}ELI;; PR BHGET S MBEREOE THRMF o BT R P

7

ﬁimﬁ%l“ﬁﬁ“mégii’ﬂ@iivmélﬂﬁoﬁ*ﬁ%ﬂﬁﬁﬁ
zﬂ*ﬁ#k*u e S A fwi?;é.ﬁ? PR AT S iR R R
ZREF MR RN AL TR \y 51 RN e TS R

%:iﬂﬁﬁk&??&ﬁJ7ﬁ?ﬁ BAA KOG IR RY AT LR
BEHIINEFEH D - Bt I A R o iE2 B FE SN

=z
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FZF Py

2018 —
2 : Eres,actual,yr Eres,actual,yr—l

_ yr=2008 Eres,ext,yr - Eres,est,yr—l

BV
Vo= 20052020 3t 3-37

T est 2 HAdE B E 5 T % actual 2 F B E

oy
2
=\

FeE IR R yr &2 B0F 7 F B8 (GHGres otalyr) B 7 o Ji f5 ehid 2

=iy
ik i ;} % #k ’\I’E' (GHG res,total yr);hl ; % 3( Yres %ﬁ‘;‘ m i
GHGres,total,yr (kgCOze/yr)= GHG’res,total,yr x (1'}"Yres) ;7\" 3-38

352 BEEAE TS WP RGN R

N E 2 4L 5 ‘“LA& ik ommEn2 L5pn @i, ’g,l‘zéjﬁﬁl‘giﬂl_iiiﬁ—
ANERGE 5 R iR S FERESAS O EA2Z R F ML
&ﬁwf*w’ﬂ@ﬁ%%ﬁﬂﬁk@%ﬁﬁéﬁ%ﬁ¢~ﬁ%ﬁ%\§ﬁ~§
Ferd 2 H @6 2E40 3 wad Aoap s E]a: z. fF¥EE o 4ry 341 &ordby BARE ¥
Pﬁiiz»fKFﬁiﬁéiEafb;H"sfzf%;‘g’w;gﬁﬁfgofpzifiﬁviﬁm AR ERM2Z 2R/
5 PRIEE f %""}Q‘”"’]"!%”ﬁ?’]‘i‘%}‘%“&f?‘p}1 PRI &)
ﬂmﬁﬂﬂ’w ST OE AR T F MG S AR (SET A 2P 2018)2
FrE T Eur TRMFTR ke A FE A LT £ 330 2 4 fFRyp e B AL
FEEETRE M 'F,‘»Jf*-l- 2_ ik Y5 o

0330 PEEAT TREMFRT L FRIORER

Mf £ (7 £ % (98-107) * 7 .,
& kA % ;E\ ,s«;ﬁh ’ ( VTR
e 22 AR R 88. % 4%k
BN e kS 53.54.55.F 8 % &4+
B Ry )7 ¥ 821.% 7 " RUIRFEE
¥ g ¥R 223 Eizé:&ftﬁi%% SHAR 2R
HEF . &7 % 8 (08
Ho4f B2 24 % o
FA ’ 107) * 2 &
X PRA% ¥ LRI R
P 5 i 911.2 734 b
92.FF 2 RIAL A
948 & 2 it fFapL 7 F
H 4 4F FEPTFHIL E2 RAE B AT RELF ES R ik P
K : A
=
(FR&R: 27 FRa (8T 4 27 2018)
% 331 ¢t ¥ AgR2ZE 3 EAF
, Wbt | 27 2021 £ B | AHE
. * o2 RE - I35 EUIL B o
R - \:j £ A I (KWh/n?) 1 EUI FapEtd #
‘ (kWh/m?) (kWh) (m?)
FERIFRGEF27) 46 | 24% | 2391
B e 219.7 4,580,698,582 | 81,028,674
B |F R )| 33 [ 17% | 205.6
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ER-RAIUR A i R ¥ ¥ A )

=

EE(E (R
EREERE] 5 | 5 146.7

3 S
ERE(ERERE) 82 | 42% 217.2
HENFH 29 | 15% 219.3

ap(- SR 14 [ 17% | 1720
(- ALk

15 | 18% 181.5

AR |k AE) 181.2 1,882,763,867 | 81,028,674
iz A ) Lk
:2@ B 54 | 65% 183.5
Bie(- &= o
() 67 | 40% 76.6
FROAFHEE
11 | 7% 52.4
2R |15 R) ’ 67.1 2,946,989,685 | 81,028,674
FRFHF .
() 55 | 33% 63.3
BR(g ¢ B) 35 | 21% 59.4
B /\_"
f;ﬁ RO 113 [100% 152.6 152.6 7,826,895,945 | 81,028,674
FrEwFr)| 32 | 27% 156.1
Frg | Fra(k# ¥r)| 69 | 58% 202.8 195.9 2,977,641,785 | 81,028,674
Fr(Fg: <) 19 | 16% 238.0
Y 778,635,022

REE U LR Y A (TR kR AR R A ABF R RE P E )

2021 E A G| A RZAKRZ T T b LE T Q""}@‘%P%‘*ﬁ‘%‘
FRRHEgRyeAz» LR LI EBAPIP 2 &% 2 95622%10.1%
3.85% ~ 2.43% ~ 5.92%% 3.81% ©

dRzEerEr 2 SR RAGH LS AL EHEN
22 fE T RFRD T ERES L S b AP R
F* 2009 £ 3 2021 £d 57Dk f‘%wjb’%ffugiﬁiﬁ
?‘ﬂ‘ﬂ(éi%**” 2P 2021)1F 5 A kA P

_"_35-&' 4"&57??/?’5— °

P

RESR R
ISR a1
3 »}ﬁ_ﬁﬁugq ?,

Z_ kL ivljg,__@.

s N

B GO

TN
‘*‘I

ﬁc

_ actaul ,com,yr .
O, =———— 3¢ 339

estimate,com, yr

HoY » T yr ARG ER(F ~E); 3BT ¥k E 2 2&% ¢ E£(KWh); T ik actual 5 7%
* R R THcom A EEA THoestimate F AT FRAANZIFRTTE o
mofraE 22 i ¢ R HTE B A S
8 y=0.020911"yr - 41.168 (R>=0.8258) 3¢ 3-40
HuPENPPZLFEAFURMFEL FTREEBEREDP FEA2L & §
X AP ztgR AR GHE* TE 0 40T

estimate,com,yr

X

Eestlmatel SRS, T Eemmatel SRS, yr—1
estimate,com,yr—1 ;\] 341

GHG £ elec,yr— Z Eestimate,i e f,yrX Bl,yr 5\“ 3-42
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NS

T i

GHG s smroteeyr 77 B yr & £ 20 % L3042 0 3 § MR 5 B 58 &2 7 TR G
PR ER G B ENE B EF Y DA 0T A 3320
% 3-32 BRRBEFW 2L LEANEERFL T T
. emus | FERH | EREKT - e v
B~ GWh GWh GWh GWh GWh GWh
2009 1,391.2 4,690.7 32425 2,779.0 5,927.0 26,121.5
2010 1,494.6 4,629.6 3,220.7 2,884.0 6,412.0 27,256.0
2011 1,534.2 4,485.8 3,176.2 2,830.0 6,207.1 27,537.4
2012 1,552.2 44242 3,113.0 2,848.0 6,307.0 27,486.7
2013 1,608.6 4,366.0 3,115.1 2,899.3 6,522.8 27,3415
2014 1,678.5 4,300.4 3,084.8 2,915.4 6,756.9 27,719.2
2015 1,765.9 4308.1 3,083.5 2,976.9 7,006.2 27,996.8
2016 1,861.3 4,350.7 3,105.2 3,062.4 7,132.7 28,445.6
2017 1,899.5 4264.1 3,049.3 3,077.9 7,439.4 28,587.3
2018 1,933.6 4,162.0 3,033.7 3,096.2 7,705.3 27,185.0
2019 2,078.9 4,946.6 32824 2,914.3 7,720.7 25,777.7
2020 2,028.6 4,815.1 3,190.4 2,977.6 7,697.8 25,506.5
2021 1,882.8 4,580.7 2,947.0 2,977.6 12,388.1 7,826.9
(FHR &R (8T 4 272 2021)
353 BENMPATALNAPZARERF HETRE
% PRTEZF B RERN AFT 2T ';,,mxs; T BT 2GR

T T ’A\WJ'“‘?E]%/\%?W”‘S e E EINP AR R Y4 HARZLT A4
F4
4

Foenpaes 24 (WRT L) ¢ anFoR s
B 5412 ARIMA 3
AN FEEBB T 2 FH
LR S8 S RELATE I i SRR

IE_‘\‘?"ETF/\*}‘-?G’J" PESRRIE

( Auto regressive Integrated Moving Average model ) »

o ARIMA #-3] erd 4 a3t % pr il B 502 2

T

i

B4

PpihH FHFA,T 0 % ARIMAHAIZ # % = a8k ¥ 24 7 5 ARIMA
(prd>q)> #¢ AR %5 g w§F (Autoregressive) > p & p ‘?"Epﬂ?ﬁi ; MA

i T## T35 (Moving AverageModel ) » q 2 ## T35 #c-d 2 @® 2 & 5 T4
Boiriaeng & =clic (FEdic) o H Y 7 g REg ) | & - 1A ) B mi;‘i#f-:[&_:}#
B e eif fp 2 5N i it B0 :1. awf ARIMA H-3:& (735 2 o @ %o B4R ¥ =

G GFAAT URT LR G B R IR e R AT 4 LT P 2
Ad w L EREFFT A KEF S i&#%f_#&#ﬂ W2 riE 22 HN (R PR,
¥ F A etal 2020) > H 3 HA AL 4T £ 3-33 % o

#3-33 Hi aihiEet w2 L E TR
WAL RE S W R
e i X,=1.600xXy.1-0.601xXy2+€,
X,=1.826xXy.1-0.83 1xX,2+€,
X,=1.033xX,.1+0.414x X, 2-0.446 %X, 3+€,
X,=0.770%X,.1+0.962xX,.2-0.778 %X, 3+€,

A

BOh R AT TR
e g % Al
R
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AR R P ek 2 R 2

% X,=1.313xXy.1+0.310xXy2-0.624xXy 3-+&y

L X,=1.561 x Xy.1-1.001 x Xy 2+1.194 x Xy3-0.797 x Xyate, &
y>2021 FF X,=0

PARARF X,= 1.82627xXy.1-0.82884x X,

R AL 1 X,=1.92xX,.1-0.494xX, 2ty

He X 22 emmiEr gL Hriod TRyl A75-8 T

yoigmAad o A e iAo ALE THRYLEFER o

(FH &R (PR, £ BE etal 2020)
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Fr g GNP EF el AsTR

& _‘4_.]’\3 %KFn/n_i)“F g A RIEPR

ii%é%ii%@ifﬁ%%’Awﬁﬁiiﬂnzﬁ%vmgiﬁz
FRERCE AR AR FA R FREZEE L 22 a5 Fh
FERRET AR, R FRR OEFF RREPPITEESELIR
%«DHMiﬁﬁ@wﬁaA&;qHIM(%mm&wahwg4Uﬂa72%5

CDH2s € #2000 #pF % 6 173% > RAF AR Z A4 E 7 BE2 2L o 0T

N
fobe

e NIy I & % FAMPE R AR LT AES -

-8 Gz Rz iR ERRESE
W*&ér&i%wwﬁﬁzﬁﬁﬁ%ﬁzﬁmw@iﬁnégmzm;lm
BEFof o AT EAZEHFEIREND DA B LG f(£ 35 113 &
mma@ﬁ&rmmfg SRPMEE ARG RGN G E AT E G A A
fo b RN AR A L E RATRIZ W F o fA (P 53R 2022) 0 40k 3-7

T Tﬁﬁnzﬁ%ﬁ@ﬁ AROCZHEFEGHAS G AT RN 3 F D
FrE AT e F o AN mMEdEE o R Sdod 3-8 F 0 £iE
%“ﬁ&mw—ﬁﬁﬂlﬁmﬁz%mﬁﬁﬁ At FAKR LTS o
fof et ARA A HETRRFEELR § 2022)2 A 2k Ao ff2 k4
BRETUENL RS G208 F G 2GR Bl 4-2 97T o

H P jE 2002 £ 3 2050 &£ A K4 v P dh i AoR] 4-1 Arn o d 2 b e A
2 EL i Ry ‘?»Fn*n‘-' » 41 * EnergyPlus 7 %o® ji gt & d1 2 &
FEZAEGE R SRS SRIPLAENED I N T
LALGIE R AT A F b 4-4 -

24000

23603.121
'D/rr" \V’m"“

3m°/ff 23173552 ey

BATH(TA)

21500 .
210
»
21000 \\
20500 N

20447.17

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Bld-1 A k1o ?fup
(FHRIR: (ARFELER E 2022)
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EEmf (G ¥Hm
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.
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%
F43 2K % = Bt
(s 2P R
AR 2Rz Az AME L E L PR K Ti5E #12 3x103(kWh/yr) &
WA EE 1T % tG R e o W A4 Y LY AR LR R (3
SR AR A AR B DA S SR BN o d B E &g
FIEEFEAR TR ZAS EHFF GERAR Ty BRI LT 98B
ZAFART P EF O e AR FWAZHETEZEE A JL2005 £ 3
2035 & s £ L%‘Lp:f 20.0% > H ¢ > 3‘;;’%%5?%_%'{ 711.1% > e 4L g & &
792% FAE AT S E T 31.6% BT AE T 420% FAELT AL T 26.4%:
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Frk GFIRFEEF R AR

32050 pr2 Gz 4L R AER S 930.0% B 3 RET R AL T 257%
BT AET 21% FRETFET T33% FORHET A E T 288% 0 14
R AR 181% HP RE LN S EFEAF 0 HRFLF LB )’%afu#,?\
THAEE 1.6%2 i3 B E(EL R 2019) -

AORBER X ETE RG0S R ARSIl 4-5 fm o H P Rt L #FR R
RAMTZ P REEE F PR R A 4] o d AR A rdeh 2021 £ 3
2M4&éﬂﬁﬁ%0@?ﬁ%iﬁ§‘Nﬂy4%¥ﬁﬁjm4iuﬁﬁigrg
B S o R VL ETE R ARF R Y A Bk S B RPN R
%ﬁﬁi’é@ﬂ?%’%ﬂi ﬁﬁﬁ.2m1ﬁé4@%$%,%@q&
EARE > LARF ORI 41 A v it P o T —’ﬁ DA g ARRE T R ER2
FrAs DR

\v

o 80
Ei y = SE+08x - 9E+11 _
70 | REi=08182  _____-==="T
ot ===
= | .-
E 50 t
L)
%1.') 40 +
Ilﬂ) i0 b
#
20 }
L4 X8
10 f —HEETE
TEaTE - - Linear (T H)
0
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
%
L, 12 7
Flad 622 L80T8 A KRR
(FHEXR: 277 858)
2 -
% M 24 2
24 i Aol 23.
23 —_— BTSN T L 23
2
S = 2
= bt
i 22 22 o
# <
® 2 215 |
id 4
w21 | 21
il
s 21 | 20.5
ey
;g 20 | L 20
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2005 2010 2015 2020 2025 2030 2035 2040 2045 10<0

£
P45 2RE22 BHRIEIEETF WP EE 2HA ¢ &2 4F
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9

iy

41 2RETHKRT LITE T AT

e B g 2 R L

(FRXR AT R

)

T TER

Ffupais

PN AR RT AR AT RRCER Al RRCER Al
7 R R F A R BE A
H B tCO, B tCO,
2005 5,484 844 9,614,382 5,782,866 10,866,004
2006 5,529,071 9,691,909 5,829,496 10,953,624
2007 5,570,057 9,763,753 5,872,709 11,034,821
2008 5,603,379 9,822,164 5,907,842 11,100,835
2009 5,636,993 9,881,085 5,943,282 11,167,428
2010 5,669,877 9,938,727 5,977,953 11,232,574
2011 5,709,061 10,007,413 6,019,266 11,310,201
2012 5,742,283 10,065,648 6,054,293 11,376,017
2013 5,774,804 10,122,653 6,088,581 11,440,444
2014 5,808,435 10,181,605 6,124,039 11,507,069
2015 5,831,988 10,222,891 6,148,872 11,553,731
2016 5,860,746 10,273,301 6,179,193 11,610,703
2017 5,896,686 10,336,300 6,217,085 11,681,903
2018 5924308 10,384,720 6,246,209 11,736,626
2019 5,952,641 10,434,384 6,276,081 11,792,755
2020 5,980,552 10,483,310 6,305,509 11,848,052
2021 6,005,830 10,527,620 6,332,161 11,898,130
2022(f) 6,026,986 10,564,704 6,354,465 11,940,041
2023(f) 6,044,664 10,595,692 6,373,104 11,975,063
2024(f) 6,061,459 10,625,132 6,390,812 12,008,336
2025(f) 6,063,839 10,629,303 6,393,321 12,013,050
2026(f) 6,029,021 10,568,271 6,356,611 11,944,073
2027(f) 5,976,982 10,477,052 6,301,745 11,840,978
2028(f) 6,004,087 10,524,564 6,330,323 11,894,676
2029(f) 6,040,332 10,588,098 6,368,537 11,966,481
2030(f) 6,029,899 10,569,811 6,357,537 11,945,813
2031(f) 6,018,268 10,549,421 6,345,273 11,922,769
2032(f) 6,004,535 10,525,350 6,330,795 11,895,564
2033(f) 5,989,514 10,499,018 6,314,957 11,865,804
2034(f) 5,973,154 10,470,341 6,297,708 11,833,394
2035(f) 5,955,547 10,439,479 6,279,145 11,798,514
2036(f) 5,936,749 10,406,526 6,259,325 11,761,272
2037(f) 5.916,759 10,371,487 6,238,249 11,721,671
2038(f) 5,895,446 10,334,128 6,215,779 11,679,448
2039(f) 5,870,785 10,290,899 6,189,777 11,630,592
2040(f) 5,845,500 10,246,578 6,163,119 11,580,500
2041(f) 5,821,251 10,204,071 6,137,552 11,532,460
2042(f) 5,792,395 10,153,489 6,107,128 11,475,293
2043(f) 5,762,881 10,101,755 6,076,011 11,416,824
2044(f) 5,730,842 10,045,594 6,042,231 11,353,352
2045() 5,696,941 9,986,168 6,006,488 11,286,190
2046() 5,661,201 9,923,520 5,968,806 11,215,386
2047(f) 5,624,027 9,858,358 5,929,612 11,141,741
2048(f) 5,585,304 9,790,479 5,888,784 11,065,026
2049(f) 5,545,052 9,719,921 5,846,345 10,985,283
2050(f) 5,503,433 9,646,968 5,802,465 10,902,832

iz

SR R T
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BRCERFE2P G EARACTINMZBER R R S5 oR
4-7 #70 c BIP A KR F E2 30 0 L F i RBITHE L RCPAS - R & Ak f 1%
2Pk o FMBEAI R BT A F T SR T 0 B F e

Mg T2 ARF oA KA T P HREE Y E R “‘—L-’f?_viégllﬁ - ER ]
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£ 5 TP 2000 £ 3 2005 £z EWE G R T 2006 £ 20 6] o Bl 49 A F
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2024 22.99% 10.3% 7.9% 8.8%
2025 30.65% 13.8% 10.5% 11.7%
2026 38.31% 17.2% 13.2% 14.7%
2027 45.98% 20.7% 15.8% 17.6%
2028 53.64% 24.1% 18.4% 20.5%
2029 61.30% 27.6% 21.1% 23.4%
2030 69.0% 31.0% 23.7% 26.4%
2031 65.5% 34.5% 26.3% 29.3%
2032 62.1% 37.9% 28.9% 32.2%
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2047 10.3% 89.7% - 76.2%
2048 6.9% 93.1% - 79.1%
2049 3.4% 96.6% - 82.1%
2050 0.0% 100.0% - 85.0%
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2 54 G22AARTFEZE 1 5E I+RZ BRY F o H
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& # ) ¥ 150) & # 1+x@")
2022 2,343,935 26,942 80,825

2023 70,463,265 1,619,845 4,859,536
2024 70,703,609 2,438,055 7,314,166
2025 70,934,613 3,261,361 9,784,084
2026 71,143,724 4,088,720 12,266,159
2027 71,330,668 4,919,356 14,758,069
2028 71,499,858 5,752,862 17,258,586
2029 71,648,453 6,588,364 19,765,091
2030 71,778,826 7,425,396 22,276,187
2031 71,872,875 7,063,369 24,783,750
2032 71,948,148 6,698,621 27,290,677
2033 71,986,458 6,329,844 29,787,500
2034 72,000,114 5,958,630 32,275,913
2035 71,983,461 5,584,924 34,750,636
2036 71,889,625 5,205,800 37,184,289
2037 71,758,159 4,825,118 39,590,708
2038 71,592,144 4,443,650 41,967,808
2039 71,394,696 4,062,112 44,313,949
2040 71,159,459 3,680,662 46,621,714
2041 70,892,715 3,300,178 48,891,528
2042 70,597,629 2,921,281 51,122,421
2043 70,271,008 2,544,295 53,309,040
2044 69,919,231 2,169,907 55,453,184
2045 69,542,323 1,798,508 57,552,267
2046 69,137,080 1,430,422 59,600,931
2047 68,709,952 1,066,189 61,602,026
2048 68,254,504 706,081 63,547,297
2049 67,780,456 350,589 65,443,199
2050 67,284,610 - 67,284,610

SE A L 2040 2050 & G2 E P
(FHR KR : 2577 FIL)

2 SSPERAAKTFETE I BE IR BHAF B #

PN Fratd A %} ZR
7 23 1a@) | 1ta@) 1 5 () 1+ (nd)
2022 26,942 80,825 5,627,545 6,267,921
2023 1,619,845 4,859,536 11,293,947 12,579,121
2024 2,438,055 7,314,166 16,998,705 18,933,041
2025 3,261,361 9,784,084 22,738,991 25,326,532
2026 4,088,720 12,266,159 28,507,531 31,751,491
2027 4,919,356 14,758,069 34,298,928 38,201,909
2028 5,752,862 17,258,586 40,110,329 44,674,608
2029 6,588,364 19,765,091 45,935,644 51,162,803
2030 7,425,396 22,276,187 51,771,633 57,662,888
2031 7,063,369 24,783,750 57,599,408 64,153,824
2032 6,698,621 27,290,677 63,425,706 70,643,113
2033 6,329,844 29,787,500 69,228,521 77,106,249
2034 5,958,630 32,275,913 75,011,792 83,547,617
2035 5,584,924 34,750,636 80,763,245 89,953,545
2036 5,205,800 37,184,289 86,419,247 96,253,161
2037 4,825,118 39,590,708 92,011,958 102,482,284
2038 4,443,650 41,967,808 97,536,527 108,635,512
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2039 4,062,112 44,313,949 102,989,145 114,708,600
2040 3,680,662 46,621,714 108,352,576 120,682,352
2041 3,300,178 48,891,528 - 126,557,863
2042 2,921,281 51,122,421 - 132,332,628
2043 2,544,295 53,309,040 - 137,992,788
2044 2,169,907 55,453,184 - 143,542,996
2045 1,798,508 57,552,267 - 148,976,566
2046 1,430,422 59,600,931 - 154,279,623
2047 1,066,189 61,602,026 - 159,459,546
2048 706,081 63,547,297 - 164,494,965
2049 350,589 65,443,199 - 169,402,589
2050 - 67,284,610 - 174,169,163
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2035 34.23 1,043.71 1459.23 2.47%
2040 45.12 1,405.99 1964.40 3.22%
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