% BT EHTE SRR R
Building a climate-neutral future together

P i = ik E S0 B

RAIRS

B £ AR 2 [ R TR iE AR A S HE B =20

Top-down modelling of emissions impacts of national ZEB standard implementation

B Stock turnover model B Scenario-based carbon emission B Carbon emissions gap assessment B Cumulative impact of carbon reduction
B Forecast future building floor area —— T | == S —
B e -, Fil = N . —=
Jo 1 BElE e L BT
o O | oM ) Tt === 11 AEE W ) ==
Il R
I RN N
e e W we 3 e { ELl= | =6 \

D B Building-type carbon emission B Building-type carbon emission gap
r 1F' u Cllmate-zone carbon emlsswn B Climate-zone carbon emission gap
el el e !

m l

1_

"*"w Mm i iy, L%

IH m MW\ UL”U\ M:!

EHIJHI\MH [y,

Carbon reduction pathways

» Significant impact of development scenarios on the coverage area of ZEBS
» Increasing ZEBS penetration rate significantly enhances carbon reduction
elfectiveness

Carbon emisions (100 MiCO)

» in ZEBS promotion

» Impact of macrocconomic uncertainties on ZEBS promotion effcetiveness
> Policy recommendations: developing a clear promotion roadmap and

: STEP2 STEP 3 STEP4
a Scenario Modeling of Building y Scenario-based Comparison of )’ Multi-Scenario Analysis and ZEBS \
Carbon Emissions Building Carbon Emission Promotion Recommendations '

2025%10H

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

tosss, IBECIRRERYTE 1ntep skat

Swiss Agency for Development
and Cooperation SDC



LA R SRR R
Building a climate-neutral future together

FIRER TP InTHCRAMBER N RG. ZME Bint R ESSFERY, 5P EAREMEETEME S
BIgB G 1SRN, EEHMERGIFS IR

F&:

Weiguang Cai, Chongging University, wgcai@cqu.edu.cn

Zhicheng Wu, Chongging University, wuzhicheng@stu.cqu.edu.cn

Shicong Zhang, China Academy of Building Research, zhangshicong01@126.com
Xinyan Yang, China Academy of Building Research, yangxinyan915@126.com

FIREBINE R BULIFLH I, (FE AT E B Eo

AEEW:

Chongging University

No.174 Shazhengjie, Shapingba, Chongging, 400044, China
https://www.cqu.edu.cn/

S| :

Cai,W.,Wu, Z., Zhang, S.,Yang, X. (2025). Top-down modelling of emissions impacts of national ZEB standard
implementation. Sino-Swiss Zero Emissions Building Project Research Report. Intep-Skat: Zurich

MinEHCERT R 2RI EARS SIFEREY), 5T EARTINEES S ZIRE S 1FTERNERR S FIR
H. %M E S8 0 Fin T RSN EHGR R MRBI L I0, iR D RESEH, B AP EZRI T
SRIER PR & o

T8 SEHE A WIEARS: Rik:
B (intep) S AKX BB R AT SinoSwissZEB zeb-china.org
It Skat & B AE]

PERZAMFI R

HEE R ©Chongging University, 2025



B LM MRS ITE R EHRE RN EC I HER R R IR

Top-down modelling of emissions impacts of national ZEB standard implementation

BE
EHE WK KEEER T, (FATEREERIVERT ) RE— K EMINRERKRER. T
HEBGESAE (ZEBS) HIAXERASE, BEHELESCEANIEE A9 RHBIE REXIER
B IRPIRENSINE RS, MENARESH, MIREE T —  RSERFEENSEHES
BESHHNE LM FEE, ZEAESRK, BREVNNE=/1H=EE L, REEUTAER
BEATHREETRAR S REEEN. ARFELCUT:
1) 12F ZEBS EEXRERARHFAR: 2EERRNTENEHIMEARBETENR "SHE
B BUEEZS, BRHEUEETE 2027-2030 SFEAZE 2281-2483 MtCO,, REEFEIAIZERTEE
BIZY 8-10 5, % 2060 &, WHIMEEESSER (HP) BETEZE 273-689 MtCO,,

HHNBEIAR] 79%-87%, = 2060 &, "SEEXR" [BFRER BAU BRAMEHEEIL
79 63%, L RZEXR" BR, THUMNESL 25%, XERB|HE NESHABIRZEF
ERRERIIERXR.

2) ZEBS i HRMHXIRER: EREXZEH, S6EFI1LREBXIEIL ZEBS #E LAY
RHEE DA AEE, FERX (SC) MEASX (C) BIRHEMS B TR 67.6%-90.7%%0
86.5%, MIEMIX (W) FMIEHRZEX (HSWW) AIRRIENEXIRAR, 55079 85.5%%
81.7%.

3) AEHEMEESEENRITREZNES: BENEHER, 52885 (HP) BURHHL
#HAMAE. 2 2060 F, LP BERERITHHEER 21.3 12 tCO,, M HP BERITHHENR
36.5 12 tCO,, EIBY AZEL 1.7 (5, HEERESHE, Rt mREENE, 2
SRR, 1&a0 10 FHEHATEINRITER 1.406-1.598 12 tCO,,

4) BEMAHEEEZRIRM: FRAONE, BSUERENMHEEEER, BEZ51 ZEBS Y
RH MRIDAHEE. B, EBCRHENHET M+, SERSEEBXEAIHERR.

BETHREE, FRECRMRETHIEEHHNERKE IREE, HLEREHENXREE

SRS, NLIERBIINRSERHESBRELERERZRIBEIARTE. HREREAE
ESDHTY ZEBS RUHES R, IR AEZRMM S BUFHIERRNER P ERME 7 XRNENETE
S2iF. XU ERARRE R FITHMAA R RAESRAEORXG, FEIEEmTanit MR M 7 IR
HIHHE.
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1 Introduction

1.1. Background

SARARL B RO A BRIL R T I IR B 0, (EREEPE ) OB RRR AR B H VR A% O 7 Xo} i s
0. R RT, MENRKIIREIRIEFEA S, BT TR LR, H R 55 T RERVE AL
BESEHR. MEIFRSRAY AN SR 0. Bl ExR, ARRE AR HEE &5 & HE R
BT 40%, &7 4 uRREVRVEAER] 36%. A7 4 HTMIREIRAE FH S HEBGREAAL, 2 2050 45, @HATIL
B HE I BT R 3G 22 50% 00 % T X AR AL T- o i b R i I E 5K, R AR 0. &
FEE BoR, 2022 A E @ FAT I B RUR B A 51.3 44 CO2, o A [ BE YR A O ik HE Y
48.3%. Horpr, EHISATHr BUR BRI 2021 4RGN 0.6 120, MRy 2.7%, T TUAFEAFE A IHTE 3.0%
0. HECHISL “BHR” HRIEHAR, FHFAER 2035 FSCIRE SRS HEBE @ FEAE ERRK 7% 2
10%0. X—RIIHECZZIHFR, IEHIEE R B @FIIRI E R D). BEE B8 @ SRS R 2y
KA ARSI B iy, AT ML B BE TRV AR S B HEBCE 1S AN B ROEH], K iy S AR
1) 5 K FHAS 0,

BUM R SR T &R f ey (IPCCO Fa i, SRR RbR /2 N0t e U5 P BBk R ) e AT R0BUR
Z— 0. fEX—FERN, ARG R P IE B Sk ) s AUEH S m b e, Maisha (s R 0. B E
REFEEEIN 0 B AEFEED 0o P ERH MM H) CGEFREFEENEARPRME) (GB/T 51350-2019) 5 (&3
BRHEROT AR HEY (GB/T 51366-2019) NSl “Xbk” Hbr$eft THAMKIE 00, X LLhrifE 5
AR BEIR SRS T BB K, AR KRB SURE R HE G R E T = K0 — @it
AREGFAACH P AT R R 5 T BRI s 2l HESh E 0 f Ak DA S A AR s =2
I BEVR LR 2 S A RO AR EHE T T AR BRYR T V2 N 0. FHESES (ZEB) REE IR H s
PR HAR IR T RGPEMME R TR 0. ZEB AR ORI/ AE T, HP=2E B n] A BRI A2 DAAME 3
TEMBL, T 388 R B [T S A A i o) T P IR 3 AR HE I, X A0 2 50 1T S 30 e P
BROEE 0. ZEB ST AR AR 35 B B H R G108 5 B A, SR BRYR AL B 5 40 4 1 i Bk »
R KRR v B AR REIR 000 RBARIRELCEREEI (ZEB) TR SR B LS8 E
B, HAE AR IRE) 2 FREEIE R AR OEER 0. 2 EZR K ZEB AN KR EMEI 0. KR
WHEHBHEITH (ESAEIRTERETE ) (EPBD, EU/2024/1275) 1, CE @ @5t “inE
REFE” TR BT A “FH” 0. EEME “BOPaTFg it g, 2 2045 F520
A B FH 0o TP E R DT IRAB T RRER TR, (=107 F il = AR AT AE 7 %)
R, SN EHHEBONE MR, 143 2020 FEWE 50 ANMRTUTH . Aok, FEE M OCECR T
BE—DVE LR AR AN 2D, ZEB K AE A BRVU B S S B2 M

1.2. Purpose of the study

AR, EWAMAERTEABGES (ZEB) KW SN EE D T HOR el igie (A
RREAEFEII S5 0. =N RERSE 0 Ml BAEREIR — 1Rtk 00, FRE T —DHERNLGERINESE. ZAE
ZR[AIAE AL A A ISR 04 22 5F AT VE S AR IRAL 00 BRI S i In e 0 52 M YEE .
AR IXFPHIE FEAL A TR, B AIRAL AR ) R R0 b JBUR . 22357 5 Ao A T R 2% R Gt il 7L,



RS, RET “PAEER” Mo s AL RR . FASESRME (ZEBS) K
SRR I AR BRI fag BB, 1 Fh A @ A A AR (T 2og 5976 gt
IBhASTAC T R E ) 00 DRIUE, A4 BE NS IO SRAT B K I AT MO REJRAR B, A N A2 PPAT R
RBEIREUSRAT AL M O ER AT FE 0. SR, REFEARF CVRBIX — 5 ike i E 2, (HSLhs
WrFer, A RIERZARR T AR H MR RG], R A B S PP T ik XA O
WA EIRBE RS RG A VP Al BAR BRI, AJCik#E s ZEBS £ 45 E e X HEE N . AR I K
FUBHES Pt R A2 s SMARGERZ . L, Wi 88 s B, R4tk
HWEARAK ZEBS BURLEZ MO M5 N B RIRHE 1 54583808, iR — M AR IR R E
TR S
MRS BRI B, AR BENENE RS ZEBS R 2 MR RS N A7 EiE
AT RIRE T o 1% 0I5 iR M — AN R A VE R A A S i Hs ook A %
Ho LR A 5 S SR T AU SR AR A S L BRI SRR AR HETE: 70 5 22 72 VRl =M, AT S B A
N HE:
- BEIRKREBAFE (BEFES5HH) EFRATHRERERE THRZIBEE, IHHALEE
FRIRSRAY L XIS 8] 3 51 22 57
o B ZEBSERFABR AR SLHTRNFERT, NENFEBARABNMERE ],
R AIPS 3 - 2| PSS
* 87 ZEBS SEHERIM BRI ER R0 EEAS R SN BOBRHEICGE, Dyl E RO 5
RIAT PR PP B 2k B SRR L A RS

1.3. Objectives of the study

& E T ARIZ D 5 8 TR E IS 2 VE T H B St (B CRUREHET R SO HE K
ROVEALPHAE VST ZE P AW RO AR R B B 5k, W N ERA RS
A, LR GV E A b [ R HEBCR SR E (ZEBS) [ MR 71, I il s B2 1 S it
AR NSE . SEIIX — B R H bR, ABEERGE 1 LN =ANR RSN AR H AR
o HMEBFFEIDHIER: BT DRGHAML Y. SuE S5IFRSISHETTFE
PR, AT A AR 2 B R I 5N AROR b [ i SR R R AR 45

o BUSHRBEBEAES: £ LAFERMAEG L, ME RN ZEBS SUitiHie 5%
AREFECE AN, DB BRI IR ] E 2 B4R 5T I BRHE B

o BAHERHNE 1 EREE: WA FE SR BRHEBCIL IR B EE AT, R HE R AL ZEBS
SRR 77 B BVE R B R B R B R 3R



2 Approach and data

N RSVl E FH SRS E (ZEBS) BIBRIEHRE 71, AU 7 —NEG E B 2
(R A7 BB A A o 2R A O RREE T 2 4 R N B RS A4 b, BAD)
B 30 NMEGATEIX B AR, Kt REER G B [ TSR, DU HE 4 DX 5 A 50K
Je SREMFFE 2 57 EEIUEEA b, BIMX 5 THHEARRAMA SRR, JFEHENERA
MR IR . OE SRR ;. TERMAIZEE B, AR DL 2000-2020 4 7 52 HE AT
e, I TN 2 A 2021-2060 4, DURBHEXTBEZ “ XK SRR H br. Fig. 1 BoR T
B FMESE, TPy Bl S =AM O S BT : TI-@ZSA B ST RET IR/ ek
B 5 A s 1 ok el e Y, IO AR SR B SRAF 2 B S5 A5 AR s T2-BHR iUl =
Bl ST T1 IS B 5, 455 AN H M ZEBS sUiiik iz, MR TELERBERT
OB HE S 3t s T3-Wek v 77 R 22 S VAl o @RI XT L T2 B 2 15 SR Es B, KRG kthE
ZEBS KFUBLHE BT g SC L 98 HE R & A1 DT ik o

STEP 1 STEP 2
Construction of Building Floor Area Development Scenario Model Scenario Modeling of Building Carbon Emissions
Urban residentials Public buildings Building Energy consumption X Carbon emission

floor area intensity factors

lﬁ---- Population x Floorspace per capita T T
| Newly constructed Demolished Demolished New buildings Integrated carbon -
oy o= | s
| floorspace : floorspace emission factor

o dt

. Buildin.g Retrofitted buildings carbon
——> floorspace in use

T emissions

Existing building rn= - —
; floor space [ t— ZEBS new buildings * Electricity
,,,,,,,,,,,,,,,,,,, peee | Jetsame -
ZEBS retrofitted buildings « District heating
+News —pedrer bessseessnh Building stock
" Turnover Model Construction l
= e
Key Parameters S
New scale Penetration rate Retrofit scale 9 STEP 3 B
Carbon emissions gap assessment and target setting
Not compliant
A : > .
% th ZEBS \ . . . Analysis of ZEBS
High new W Scenario analysis =  Stage-based analysis ‘ ncdoz:ibbitions

4 High retrofit scale

construction scale . .
 $ Low penetration of o T ‘ 'S 4

Low new ZEBS Nyon - R Nygn - Riow (Time) T .
construction scale + 7 Low retrofit scale A A me B Scope of promotion
"« High penetration of = -
ZEBS - — ”n C - ) - ) 2030-2040 In 2025 Emission reduction potential ‘
Vow = Rags Vo~ Rine
. ~ 2040-2050 1n 2030
P A N /\ A 2050-2060 In2035 A . ‘
- e ong-term impac
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Fig. 1 Framework of the calculation model.

2.1. Analysis framework and model method

2.1.1.Building area estimation model construction
TR 2021-2060 4 (R G STHAR I BN A TEEE, A FTE R O B AR I Bt FREAT T 2
BESNH 0. ZEMEZOE TG E . R SBuERshaSERE, LA RIS 5T & 5721
SERIVESAL, 5 SRR SR GO RO . B RS RO IR T (b R S0 e 4E)
(R IEIR 2 R i ), HAP B S 325 JA B AL A2 4% Eq (1)1 Eq.(2)7E L

Stock?™ = Stock{™ ; + New/™ — Retire/" (1)

Stock{™ = AV x PPt (2)



Hor, Stockf™FonH ¢ FEH | REFEE TN vin MR @R ETH: New! ™ ER5H ¢ 4
55 R BUEEAR vin XN IR R R Retirel ™ Ron3 ¢ 4 | KRB E TR vin X
LR ER RSN AV SRR ¢ 50 i R vin ARSI, PP FoREE 4F 5 i
KPR vin BN HRUE.

FEARWT I, I — Bk 2 AL 7 i RO R, DRI SRE “HRERTIIAR 7 SERT L2 4R
BHERARERFENEHF . 2% Miller 0 Al Huo et al. 0 ()77, BHRGFMHEAA— MR IES i
MIBENLAL &, 25 00 ¢ AR vin MIRERIVIERS S Y™ 3% Eq.3)M Eq.(4)1H5:

1 lifetimefi™  (lifetimel™~u)?

| e

0

202 dt 3
Viro 3)

vin __
Pt,i -

vin vin
t,i Pt—l,i

— oo (4)
1—PZ,

Retire/™ = Stock{"} ; X

Hr, p R @R o MhrlEZE, BOER /3 PYM 5 PYS, X F M t Mt — 1
50 R R, R @R G A T B RBRIIHAE: Retirel™ FoRnF0r ¢ 5 i FER
BARERIVE TN . T AR EFAE B A dr 5K b IR A ZE R, AR U BIE e
EIRL WHEER RAERITHI B i 2 @ HUT REMVE ZR I FD . mitEse s (Wi REERE. kB
MR BT 5108 30 4. 40 F£. 150 £,

2.1.2.Building carbon emission scenario modeling

NEASATE T RREFIWORAE 1, AR 7 — A B R R E RO A, L
AHEZON “REFUMAN X BEFESRIZ X ZRE WA 170 R ALE I FIEER 2021-2060 4 I &
FESAREFRH R, oG 57N, HEGAFMGR M ZEBS BiER/KY, sibitHLEE
BB U . S HUEE Y BUR S R 1% Eq.(5) 15

CEyy = [FATS" X EUITE™ + FAYT™ x EULS™™ + FAY™ x EUITS™ + FAZ x EUIZY | x 8, (5)

Horfr, FATS'. FAYP™™. FAREY. FAPS RN ES | REW (MBUEEBSAILETD 16 tHEM
Ol Rud . FrEMerF& ZEBS WESIRIAR ;. EUT AR NI S i S REFE SRS

AR FEXT R PUREFE IR HIHES, ZRE5 8 T A bRl . AN S X U 22 o HESL I
FEE R DA R S I, (RHR & B BAT R T AR (30%. 50%. 65%%5) [AHXITRER, Kb
SE AR RE RS R S B T T A RERE . TEULIERE b, B S ERNA RN “HFMR0E7 5 “geraE”,
BERIAT L)) A A DL A 8 S0~ S5 RE AR o P2 AT S B RSR M 35 . i ORHE S I 1, 1N &5
Rt — LA P EER TR (CABEE) WIE 7 EERFAT 1 2aERiE, I8 Bopit 7 xs X<
fik Z 3BT THBIE . W T RFAZHMARUE (ZEBS) KU a5, RS HET M) B FE A H A v 22 7
AR SR REFE PR (A AT VOE o

% L& B @B AT I BURE VR SR A5 i B 2 e, BRI A TR 25 S MBUH FOE AT E . 475
BRHFR 16, BHMEIR . A RERAFIHL DY SR RRUE I o b A % BB HP R B Ao, THHE %
Eq.(6)F1 Eq.(7):

Sit = Proc;e X8y + Prog;e X 86, + Prog; X 83+ Prog ;. X 6, (6)



8y = (1= Proge,) X %11:} (7

Horbr, 6,0 R | RSN ¢ MEREIRAIE T Progic~ Progics Pronic~ Prog; 73l

IR A RS AR A RE R PP I b B 8y 6,y SRR R . AT

RBRSWARN R L S, NN RS, [T EEHRERKE LS KR ETEIE;

Proce NG REIR CHFEKH. KH. Jefh. RS K PGENKHAE CGRNEBAL—IR
REVE % #  HLRE R R0%) o

2.1.3.Carbon emission difference assessment

NAEGAGAFRFEAE ZEBS #i 1E 5 FHBACE R, AR ERROE T — MM 5
(BAU) 1ENSIRELL, %10 TE LSS ZEBS BUE T AVAKZEH MRS RGRTH T A & bR
AR AT, FEbIEnE B, b T AR T ARBE R (LP)” SRR B Bk X HE
7R “mEBiE#E (HP)” 1 5. SAERUA R SMmABGE AR, LaH e 7T E#HABE . gk
KPS BT S O IRES M REIREE A A SO A B . S S 0 B e R e 2 R B E Eq.(8) A
Eq.9):

CE,, = Z Z FAY, x EUI®), x 8, (8)
i ke{renunrennew,zeb}
T T
CumACE,(t,, T) = Z ACEg, = Z (CEgpu; — CEsy) (9)
t=tg t=ty
Ho, FAY RS s T, 8 i KEE e8P k2 (O B0E/R 0% /H @/ZEBS) T

s,i,t
CumACE(to, T) R NEEHEEN ¢ B HARTEA TR, 155 s RitidEE; ACE,, FoRiEs sEFEN
tHVFE AR CEgay, %78 BAUTESRC T, 4y tBkHE. CE;, /8 LP/HP 155t F, 40 ¢l
EMUNEE 6=

2.2. Scenario design and parameter setting

5 58 BT SR R HE S - BB A BRI R A L, AT FE%F 2021-2060 A8 F AR KA SR 32 2 58
PR T AN R R BUR AR B e T R SN ARG 2 1, O OCipr M B @ M o 5 e
L ZEBS BIERNIFW . ERRHGRE R, W R O A AR BEAE 9 L 5 REVR AR ek HEI R T
AL . AT S 2R SR & @ FUERAMAUR X 2 e, R0 AR ZEBS #fE] B2 X
SRR TR AR I 5y VR RIS R THIRHRE 70 S O se 8RR oA H AR B ST RIS . Fig. 3 4t 1
i ZHAEA R 5T B REE.
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Fig. 2 Key parameter settings.

2.2.1.Building area development scenario design and parameter setting

(1) FrEssE

TR AR E T R ABE N, AR ME T “mr@ig” 5 “qUrdis” mms .
Table 1 &7~ [ & RIGKAE S FIBMEM AR NFKTFRE, XEERNSHEEESH
TEITGH B SEOEEAR TN . TR, HEE] Yu AT 2065 FREER] 77%0, 1
Tan Z5 A\ Tl 2050 SEH1IE 80%0, AW E & 2060 4, “EAR” 15 5 A3 L2 514 80%F1 75%.
TENII AL AR T, e TR @A T 2050 K8 2] 22.3 P KRR HES 5, AW FUREK “&
MK 155 N ZBUE AN 23 I KM 21 ~F 07K E NSRBI AR 7 T, ASHH F IR 500E 257
AT =R — BRSO Rk KBS 0, ZRAEMAMN. O 40 SFIKBIELR
Bl =AM RFESNT R A PO H I RIEE K 40-70 “F K SR 0. STk, ABFAR
I ZE 2060 4F, “E/AK” ST I NS a3 i S I ALK 43 A B 55 7T KA 50 S5 K

Table 1 Urbanization rate and per capita building area settings under high and low growth scenarios.

High-growth scenario Low-growth scenario
Population Urbanization rate ~ Per capita building area Urbanization rate ~ Per capita building area
(billion people) (%) (m*/person) (%) (m*/person)
UR PB UR PB

2020 141 64% 36 15 64% 36 15
2030  1.40 71% 44 18 68% 42 18
2040  1.37 76% 49 21 70% 46 19
2050  1.30 78% 53 22 73% 49 21
2060 1.19 80% 55 23 75% 50 21

(2) BUSEHIH

0 BRI OE, AR LR R T AN FIBCR DR “ R i 5 AR o A
PR . ZEIWOE R I8 T B 2 T SUE FAE R AR I SE . R (TR S S OBk
J& “+ =27 AR, +=HHEMFESOE RN G ERFSER 0.2%0. [N, 2D SR IESS,



FEYHTA L 0.5%MB0E K@K T ZIAEE 1.0%-1.5%K7KF 0. T LRI, AHREE “&/
7 Seid B TS 5 AR MO R 0 BN 0.4%F0 0.2%. (ERSRL T, oAl e 4T R HE T RE SR TIT, IF
WA A B BT RER bR, B EMREEREI T EWZ L TR .

(3) ZEBS BER

BT FHRRCR AR HE (ZEBS) HIHES, AW T =M ERUK RS “AH4T ZEBS”.
YRBER” 5 “mBIER”. “APIT ZEBS” ERAEAIEAE (BAUD, (B E 2060 A& L E 14
Tk Hbr, BRI AERF A bRt “ =@ st 7 e 1M BORHES) 5 BOR k5%
RSB ARE, Rl TFSET (R @RS aa@mg B MR FxtginE
REFEREBUMIHET Bbn. “MRBEZR” AR, BT 2R S HER RS T it . %
FE BT AL H AR ) A0 G WA AR - BN 5 B BRI, AREIE AR R 2R
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Table 2 Settings for different regions and ZEBS penetration levels.

ZEBS penetration rate (%)

Low High

Developed zgggle;:?(iy Less developed Developed zgggle;:?(iy E:sZIOpe d
2020
2030  0.9% 0.5% 0.3% 2.3% 1.3% 0.8%
2040 9.1% 5.7% 3.8% 21.8% 13.8% 8.6%
2050  36.6% 29.9% 22.5% 76.2% 63.2% 50.6%
2060  48.5% 45.7% 37.6% 95.7% 89.5% 84.6%

Developed regions: Beijing, Shanghai, Tianjin, Chongqing, Jiangsu, Zhejiang, Fujian, Guangdong, Sichuan.
Moderately developed regions: Hubei, Hunan, Henan, Anhui, Jiangxi, Shaanxi, Liaoning, Hainan, Shanxi, Hebei, Shandong, Heilongjiang, Jilin.

Less developed regions: Yunnan, Guizhou, Guangxi, Gansu, Qinghai, Ningxia, Xinjiang, Nei Mongol

2.2.2.Building carbon emission scenario design and parameter setting
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3 Result analysis

3.1. Building area development scenario analysis

3.1.1.Building area development projections through 2060

(D 2HEE

AT R TAEARF @SS ST, HEEF IS 2060 F AT (Fig. 3 & Table 3).
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Fig. 3 Forecast of building area changes under high and low new construction scale scenarios.

Table 3 Statistical analysis of urban residential and public building areas under high and low growth scenarios.

2020
2030
2040
2050
2060

High-growth scenario Low-growth scenario

UR PB Total UR PB Total
32.29 13.71 68.52  32.29 13.71 68.52
43.39 1826 8196  39.44 16.57  77.20
50.86  21.46  90.46  44.27 18.62  82.39
53.85 2278 9277  46.22 1943  83.13
5224 2217 88,53  44.86 18.86  78.92
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Fig. 4 Predicted building area for each province under high and low new construction scale scenarios.



3.1.2.Building area development projections compliant with ZEBS to 2060
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Fig. 5 Projections of the changes in the areas of LCB, NZEB, and ZEB nationwide in different years.
Table 4 Statistics of the areas of LCB, NZEB, and ZEB nationwide in different years.

Low ZEBS Penetration Rate
LP-1 LP-2 LP-3 LP-4

Y025

LCB  NZEB ZEB Total LCB  NZEB ZEB Total LCB  NZEB ZEB Total LCB NZEB ZEB Total




2030 50 10 5 66 48 10 5 63 42 8 4 55 40 8 4 53
2040 528 315 170 1013 484 315 170 969 464 280 151 895 426 280 151 856
2050 2024 2076 1237 5337 1692 2076 1237 5004 1794 1876 1119 4789 1507 1876 1119 4502
2060 3868 4513 2995 11376 2915 4513 2995 10424 3391 4014 2660 10065 2571 4014 2660 9245
High ZEBS Penetration Rate

HP-1 HP-2 HP-3 HP-4

LCB NZEB ZEB Total LCB NZEB ZEB Total LCB NZEB ZEB Total LCB NZEB ZEB Total
2030 125 25 13 163 119 25 13 157 105 21 11 137 100 21 11 131
2040 1284 763 410 2457 1177 763 410 2350 1129 678 364 2171 1036 678 364 2078
2050 4617 4671 2777 12065 3873 4671 2777 11321 4091 4221 2511 10823 3450 4221 2511 10182
2060 8380 9666 6378 24424 6374 9666 6378 22418 7349 8600 5664 21614 5624 8600 5664 19889

Million m?
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Fig. 6 Forecast of the area changes of LCB, NZEB, and ZEB across the five climate zones.

Table 5 Area statistics of LCB, NZEB, and ZEB across the five climate zones.

Low ZEBS Penetration Rate

LP-1 LP-2 LP-3 LP-4
LCB NZEB ZEB LCB NZEB ZEB LCB NZEB ZEB LCB NZEB ZEB
SC 2030 3.6 0.7 0.4 3.4 0.7 0.4 3.1 0.6 0.3 2.9 0.6 0.3
2040  38.1 22.5 12.1 34.8 22.5 12.1 33.6 20.0 10.8 30.7 20.0 10.8
2050 1509 138.8 82.4 122.5 138.8 82.4 125.6 119.1 70.7 103.0 119.1 70.7
2060 2759 257.9 168.9 198.5 257.9 168.9 239.4 222.7 145.2 172.8 222.7 145.2
C 2030 127 32 5.5 233 4.0 3.0 10.6 2.1 1.1 10.0 2.1 1.1
2040 1333 80.1 44.6 125.2 80.2 43.5 118.3 71.6 38.5 108.5 71.6 38.5
2050  526.5 537.1 320.8 438.2 537.1 320.4 473.1 495.0 295.5 396.1 495.0 295.5
2060  1036.3 1173.4 779.6 771.6 1173.4 779.5 922.6 1068.1 708.5 692.1 1068.1 708.5
HSCW 2030 258 5.2 2.6 24.5 5.2 2.6 21.7 4.3 2.2 20.5 4.3 2.2
2040  264.8 157.1 84.4 242.4 157.1 84.4 233.7 140.2 75.4 214.1 140.2 75.4
2050  976.1 984.7 585.9 815.6 984.7 585.9 870.8 899.1 535.3 732.1 899.1 535.3




2060  1794.7 2046.6 1351.2 1356.8 2046.6 1351.2 1584.3 1837.7 1210.9 1205.8 1837.7 1210.9

HSWW 2030 6.9 1.4 0.7 6.6 1.4 0.7 6.0 1.2 0.6 5.7 1.2 0.6
2040  73.1 44.2 23.8 67.3 44.2 23.8 64.2 38.9 20.9 59.1 38.9 20.9
2050  289.3 3153 188.5 245.4 3153 188.5 254.1 279.0 166.8 216.1 279.0 166.8
2060  558.5 741.8 496.5 432.7 741.8 496.5 487.3 652.1 436.2 378.7 652.1 436.2

w 2030 1.4 0.3 0.1 1.4 0.3 0.1 1.1 0.2 0.1 1.1 0.2 0.1
2040 17.6 11.0 5.9 16.3 11.0 59 14.5 9.1 4.9 13.4 9.1 4.9
2050  84.5 99.3 59.8 72.0 99.3 59.8 70.4 83.8 50.5 60.1 83.8 50.5
2060  190.6 278.1 189.3 146.9 278.1 189.3 157.5 2335 158.9 122.1 2335 158.9

High ZEBS Penetration Rate

HP-1 HP-2 HP-3 HP-4
LCB NZEB ZEB LCB NZEB ZEB LCB NZEB ZEB LCB NZEB ZEB
SC 2030 8.8 1.8 0.9 8.3 1.8 0.9 7.4 1.5 0.7 7.0 1.5 0.7
2040 91.6 53.9 29.0 83.6 53.9 29.0 80.9 48.0 25.8 73.9 48.0 25.8
2050 325.8 302.7 179.4 267.1 302.7 179.4 287.5 270.6 160.3 236.7 270.6 160.3
2060  604.2 568.3 370.6 439.4 568.3 370.6 524.5 491.2 319.0 382.8 491.2 319.0
C 2030  31.3 6.3 32 29.8 6.3 32 26.3 5.3 2.6 24.9 5.3 2.6
2040 3275 195.6 105.1 300.3 195.6 105.1 288.2 174.0 93.6 264.5 174.0 93.6
2050  1216.7 1226.6 729.9 1016.0 1226.6 729.9 1082.2 1117.9 665.6 909.5 1117.9 665.6

2060  2260.1 2532.5 1671.0 1700.0 2532.5 1671.0 1990.7 2277.5 1500.4 1508.2 2277.5 1500.4

HSCW 2030 64.6 12.9 6.5 61.4 12.9 6.5 54.2 10.8 5.4 51.3 10.8 5.4
2040 6485 382.9 205.8 593.7 382.9 205.8 572.1 341.6 183.7 524.3 341.6 183.7
2050  2228.0 2213.1 1313.0 1869.5 2213.1 1313.0 1987.0 2019.8 1199.0 1677.3 2019.8 1199.0
2060  3870.3 4343.6 2846.8 2956.1 4343.6 2846.8 3418.8 3903.4 2553.5 2628.6 3903.4 2553.5

HSWW 2030 17.1 35 1.7 16.3 35 1.7 14.8 3.0 15 14.0 3.0 15
2040 176.6 106.2 57.1 162.5 106.2 57.1 155.2 93.6 50.3 142.7 93.6 50.3
2050  656.1 705.2 420.6 558.1 705.2 420.6 576.3 624.0 3722 491.5 624.0 3722
2060 1216.2 1596.1 1063.7 948.3 1596.1 1063.7 1060.9 1402.5 934.0 830.0 1402.5 934.0

w 2030 3.3 0.7 0.3 3.1 0.7 0.3 25 0.5 0.3 24 0.5 0.3
2040 39.6 24.8 13.4 36.6 248 13.4 32.6 20.6 11.1 30.1 20.6 11.1
2050 190.2 2234 134.5 161.9 2234 134.5 158.3 188.6 113.6 135.3 188.6 113.6
2060 428.8 625.6 425.9 330.5 625.6 425.9 354.5 5253 357.5 274.6 5253 357.5

Million m?

3.2. Carbon emission scenario analysis

3.2.1.Analysis of energy consumption and carbon emissions in the national building sector

AFEI T 12 FERT, SEEFET] CEERNEFD £ 2060 4 5 G U5 A5 BB
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b, RAEFTE BRI 2030 SRR E TG K (14%-24%), {HZE 2060 4, HP 5 LP &5 FHIfE
MR R % 0%-10%, 111385 BAU & A 4%-19%1I38 K

FEWRHEBOT I, 52 REVR S M RF SRR A (VIR B, BRI IR I /] (2027-2030 4F) Sz 5T RE R
FE (292040 ). B IEFIBRATIRITE 2027-2030 £E1AIA B (2281-2483 MtCO.), LLAEFEIAIE
PRI T 29 8-104F. 18U S5, HECERGE FR%, 22060 5 [% 2 273-689 MtCOHTE [ . 5 2020 F=FEHE
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Fig. 7 Comparative analysis of the overall trends in energy consumption and carbon emissions across 12
scenarios at the national level.
Table 6 Energy consumption and carbon emissions statistics at the national level for 2025, peak carbon emission year, and

2060 under 12 scenarios.

BAU-1 BAU-2 BAU-3 BAU-4 LP-1 LP-2 LP-3 LP-4 HP-1 HP-2 HP-3 HP4
Building sector energy consumption
2025 779 783 738 742 779 783 738 742 779 783 738 742
Peak value 876 889 788 799 870 883 78 796 864 877 782 793
Peak time 2040 2041 2038 2038 2039 2039 2037 2037 2038 2038 2036 2036
2060 740 748 654 661 679 689 600 609 608 622 538 550
Building sector carbon emission
2025 2393 2405 2271 2283 2390 2402 2268 2280 2388 2401 2267 2279
Peak value 2460 2483 2293 2310 2447 2469 2285 2302 2440 2460 2281 2298
Peak time 2030 2030 2028 2028 2029 2030 2028 2028 2029 2029 2027 2028
2060 681 689 605 612 448 455 402 408 298 304 273 278
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Fig. 8 Changes in energy consumption and carbon emissions in the building sector relative to 2020 under
different scenarios at key years.
Table 7 Energy consumption and carbon emissions statistics at the national level for 2025, peak carbon emission year, and

2060 under 12 scenarios.

BAU-1 BAU-2 BAU-3 BAU-4 LP-1 LP-2 LP-3 [LP4 HP-1 HP-2 HP-3 HP-4
Building sector energy consumption
2020 677 677 677 677 677 677 677 677 677 677 677 677
2030 834 842 771 778 833 841 770 778 833 841 770 777



2060 740 748 654 661 679 689 600 609 608 622 538 550
Energy consumption reduction rate (compare to 2020)

2020 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
2030  23% 24% 14% 15% 23%  24% 14% 15% 23% 24%  14% 15%
2060 9% 10% -4% -2% 0% 2% -11%  -10% -10% -8% 21%  -19%
Building sector carbon emission

2020 2106 2106 2106 2106 2106 2106 2106 2106 2106 2106 2106 2106
2030 2460 2483 2284 2305 2446 2469 2271 2292 2437 2459 2263 2284
2060 681 689 605 612 448 455 402 408 298 304 273 278
Carbon emission reduction rate (compare to 2020)

2020 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
2030  17% 18% 8% 9% 16%  17% &% 9% 16% 17% 7% 8%
2060  -68%  -67% -T1%  -T1%  -79% -78% -81% -81% -86% -86% -87% -87%

3.2.2. Analysis of energy consumption and carbon emissions at the climate zone level

EAEX Z T, & X R M E L 2 A XRZER (Table 8). FEAKX (O
FEREAIX (HSCW) 2 KIREFEIR S HEBOR, HIKZEMIERX (SC). HARFTA T 5e3 w2
2060 4F % X B B REFIHECE R ik T B, (H T BEAUTREEDE ZEBS MIHE T 7. DIFEARKX (C) A
B, 2060 FEAREFELE BAU 5 R T 216-247 Mtce 2 [8], TfifE HP &5 R [#Z 178-206 Mtce; 2060
FRRHEBUE BAU 1550 R AT 274-313 MtCO-2 [A],  TifE HP 1&5¢ F WERHREFE S 106-118 MtCO2. I
Hel 1ok E, AESEXAIRIEATEZES . M™EKX (SC) I SR 77, HBHRCT g
EANTF 67.6% (BAU-2) % 90.7% (HP-3) ZI[A], FEAX (C) AIEMEAX (HSCW) HF&IE 1
P, R alisE] 86.5%1 86.8%. AHILZ R, EIMAIEIX (HSWW) FHEAX (W) K
B MBEAS, 2058 81.7%H1 85.5%. X —&5 KM, fEmBEFENALT RIEMIX, i ZEBS #E) 5L
LIRS IC AR

Table 8 Predicted building energy consumption and carbon emissions in 2060 for different climate zones under various

scenarios.

BAU-1 BAU-2 BAU-3 BAU-4 LP-1 LP-2 LP-3 LP4 HP-1 HP-2 HP-3 HP4
Energy consumption (Mtce)

SC 132 134 115 116 122 125 106 108 109 113 95 98
C 244 247 216 219 224 229 198 202 201 206 178 182
HSCW 233 236 207 209 215 220 191 194 195 198 173 176
HSWWwW 95 95 84 85 85 87 75 76 73 75 65 66
w 35 36 31 31 33 34 29 29 30 30 26 27
Carbon emission (MtCO»)

SC 144 146 125 127 73 74 64 65 47 49 42 43
C 309 313 274 278 199 202 178 181 115 118 106 108
HSCW 167 169 149 151 122 124 110 112 &9 91 81 82
HSWW 45 46 42 42 40 41 38 38 35 35 33 33
A\ 16 16 14 14 14 14 12 12 12 12 11 11

3.2.3.Analysis of energy consumption and carbon emissions by building type
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Fig. 9 Predicted energy consumption and energy intensity of urban residential and public buildings under
different scenarios.
Table 9 Predicted energy consumption and peak time of urban residential and public buildings in key years under different

scenarios.
UR PB UR PB UR PB UR PB
EC EUl EC EUI EC EUl EC EUI EC EUI EC EUI EC EUl EC EUI
BAU-1 BAU-2 BAU-3 BAU-4
2020 3.1 9.5 2.5 18.0 3.1 9.5 2.5 18.0 3.1 9.5 2.5 18.0 3.1 9.5 2.5 18.0
2030 3.8 8.7 3.0 164 3.8 8.8 3.0 16.6 3.4 8.8 2.7 163 34 8.8 2.7 16.6
Peak 4.0 7.9 34 148 4.1 7.9 34 15.1 3.5 8.1 2.9 15.1 3.5 8.1 2.9 15.1
Peak time 2040 2049 2041 2048 2038 2048 2039 2048
2060 33 6.2 33 148 3.3 6.3 33 149 28 6.3 2.8 147 29 6.4 2.8 14.9
LP-1 LP-2 LP-3 LP-4
2030 3.8 8.7 3.0 163 3.8 8.8 3.0 16.6 3.4 8.7 2.7 163 34 8.8 2.7 16.5
Peak 4.0 7.9 33 149 40 8.0 33 150 3.5 8.1 2.8 149 3.5 8.3 2.9 15.2
Peak time 2039 2043 2039 2044 2037 2042 2037 2042
2060 3.0 5.7 2.9 13.2 3.1 5.8 3.0 134 2.6 5.7 2.5 13.1 2.6 5.8 2.5 13.3
HP-1 HP-2 HP-3 HP-4
2030 3.8 8.7 3.0 163 3.8 8.8 3.0 165 3.4 8.7 2.7 163 34 8.8 2.7 16.5
Peak 3.9 7.9 32 148 4.0 8.1 33 15.1 3.5 8.2 2.8 15.1 3.5 8.3 2.8 15.4
Peak time 2038 2041 2038 2041 2036 2039 2036 2039
2060 2.7 5.2 2.5 114 28 53 2.6 11.7 23 5.1 2.1 11.2 24 53 2.2 11.6
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kgCO/m?. F| 2030 4F, HIFAEFEMBRABREE A HBIGK, REFEIAF] 9.6 ACMibRERE, BrRHFBOR
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JBREE A 53.3 kgCO2/m?, FRFFBIEAE HIILAE 20312032 4E. F 2060 4F, AILEFBAIEE 2.7
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Fig. 10 Predicted carbon emissions and carbon intensity of urban residential and public buildings under
different scenarios.
Table 10 Predicted carbon emissions and peak time of urban residential and public buildings in key years under different

scenarios.
UR PB UR PB UR PB UR PB
CE CElI CE CElI CE CElI CE CElI CE CElI CE CElI CE CElI CE CEI
BAU-1 BAU-2 BAU-3 BAU-4
2020 8.3 257 8.5 62.1 8.3 257 8.5 62.1 8.3 257 8.5 62.1 8.3 257 8.5 62.1
2030 9.6 222 9.7 533 9.7 224 99 539 8.7 223 8.7 534 8.8 226 8.8 54.0

Peak 9.6 21.8 9.7 523 9.8 21.6 99 520 8.7 22.7 8.7 55.0 838 230 8.8 55.0




Peak

time 2031 2031 2032 2032 2029 2028 2029 2029

2060 3.1 6.0 29 13.1 32 6.1 29 132 27 6.0 25 13.1 28 6.1 25 13.2
LP-1 LP-2 LP-3 LpP-4

2030 9.5 219 9.7 533 9.6 22.1 99 539 85 220 8.7 534 8.6 222 8.8 54.0

Peak 9.5 219 9.7 522 9.6 21.7 99 529 8.6 233 8.7 554 8.7 23.1 8.8 55.0

EE?: 2030 2031 2031 2031 2027 2028 2028 2029

2060 2.0 37 17 79 20 3.8 1.8 80 1.7 3.8 1.5 78 1.7 38 15 8.0
HP-1 HP-2 HP-3 HP-4

2030 9.4 21.8 9.7 53.0 95 220 9.8 537 85 219 8.7 53.1 8.6 22.1 8.8 53.8

Peak 9.4 21.8 9.7 53.0 95 220 9.8 526 8.6 233 8.7 553 87 23.0 838 55.8

EE?: 2030 2030 2030 2031 2027 2028 2028 2028

2060 1.2 2.3 1.0 4.5 1.2 24 1.0 46 1.0 23 08 44 1.1 24 09 4.6

3.3. Carbon emission difference assessment

3.3.1. Scenario-based comparison of national building energy consumption and carbon emission

Fig. 11 Fl Table 11 &7 7 AR 5 N A B @ 501 ReIRTHFEABRHE O AT i . A B R BE
KE, AREMESTERIIBIREHEAEZIH BEN &SR . %5 ZEBS dniEfE safE 5 ous 5
AR TE, AEUETEFE R BIIE FM, F7AeX (ESR) B, IFHATRIB HE D E MBI Al .
FEARHES I 5¢ (LP) T, TWRERCRBERTANZ A58 . DL BAU-1 & BAU-4 X}t SCLP-1 & SCLP-4 /y
%, 2030 FE T REE VLY 0.3 - 0.4 Mtce, ESR A 0.1% - 0.1%; 2040 “E 15 g EJu A 5.4 - 6.1 Mtce,
ESR 4 0.8% - 0.9%; 20504E{5 At N 27.4 - 30.9 Mtce, ESR N 4.2% - 4.5%; 20604ETi i N 51.7 -
61.1 Mtce, ESR N 9.1% - 9.6%. XEXMLEFKIABTBL, EEHI0E 5 RERTRTHE i 1Y 2R 2000 I 25 1
SR fEmE R (HP) **F, 5Rei it —B 8. UL BAU-1 & BAU-4 %ftt SCHP-1 % SCHP-4
B, 2030 FEHITREREIEE N 8.1 - 9.7 Mtce, ESR N 0.1% - 0.1%; 2040 EFTHER A 13.1 - 14.7 Mitce,
ESR N 2.0% - 2.1%; 2050 “EF AN 61.9 - 69.8 Mtce, ESR A 9.4% - 9.9%; 2060 ETifit &N
111.2 - 131.2 Mtce, ESR N 19.0% - 20.6%. 5 LP & S=AHLL, HP & R=7E 2060 1T RE 8 EL8 LP
TH S 2 f5, WonH ZEBS ki i ] S5t A cSui sy ok i 2 38 RE R A o

A EESR U TORHRRO T, AR = N 2R 2, ZEBS FrEHET KXo J) BT
T HETECUEE AR FA) PR ARG AT IR e I ] R 2 AT RE 31 1 BB AR . A IR 1 5t (LP) R, BRHRC R tHmib

(CERP) il [A1ZA 80, s R B B ig5% . LL BAU-1 2 BAU-4 % Lt SCLP-1 & SCLP-4 i,
2030 EMI IR ETEE Y 13.0-14.6 MtCO2, CERP A 0.8%; 2040 Fmk &N 61.6-71.7 MtCO-,
CERP }y 3.9%4.0%; 2050 “EfFEE N 150.0-173.6 MtCO2, CERP N 13.1%-13.4%; 2060 EHik )ik
HeE A 202.3-234.5 MtCO2, CERP A 38.4%-38.9%. RILLEH, RHESERT, 5 PR /1
WD RE, R HEELE 2060 405 B4 ERCHER I BOR S . BT s (HP) ** K, BridHE
OB N . Ll BAU-1 & BAU-4 %ttb SCHP-1 & SCHP-4 Afl, 2030 4 IR Bl A 20.9—
23.7 MtCO2, CERP A 1.2%; 2040 FHIEHEE A 109.8-127.5 MtCO2, CERP H 7.0%-7.1%; 2050 4F
BRI N 269.8 - 310.8 MtCO2, CERP N 23.4%-24.1%; 2060 “EfkHHEE Ny 332.0-385.1 MtCO:,
CERP 4 63.3%—63.8%. 5 LP F5tAHEL, HP H5AE 2060 FHJEHAFEL )y LP B L6 fFLL L, &
78T ZEBS 9 FEHE T A8 s R SR TR R 2 TR
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Fig. 11 Comparison and analysis of energy consumption and carbon emissions differences in the national
building sector under different scenarios.
Table 11 Comparison of energy consumption and carbon emissions in the national building sector under different scenarios
(with ESR and CERP).

Comparison of energy consumption differences (Mtce)

Comparison of carbon emission differences (MtCO2)

A SCgay-1-SCrp.1 ESR A SCgay-1-SCup-1 ESR A SCgay-1-SCrp.1 CERP A SCgay-1-SCup-1 CERP
2030 0.4 0.1% 1.0 0.1% 14.5 0.8% 234 1.2%
2040 6.1 0.8% 14.7 2.0% 70.6 3.9% 125.8 7.0%
2050 30.9 4.3% 69.8 9.7% 171.9 13.2% 308.5 23.6%
2060 61.1 9.3% 131.2 20.1% 2334 38.7% 382.9 63.5%
A SCgau-2-SCrp-2 ESR A SCgau-2-SCrp-2 ESR A SCgau-2-SCrp-2 CERP A SCgau-2-SCrp-2 CERP
2030 0.4 0.1% 1.0 0.1% 14.6 0.8% 23.7 1.2%
2040 6.1 0.8% 14.7 2.0% 71.7 3.9% 127.5 7.0%
2050 30.4 4.2% 68.8 9.4% 173.6 13.1% 310.8 23.4%
2060 58.6 8.9% 126.1 19.0% 234.5 38.4% 385.1 63.0%
A SCgau-3-SCrp3 ESR A SCgau-3-SChp-3 ESR A SCgau-3-SCrp3 CERP A SCgau-3-SChp-3 CERP
2030 0.3 0.1% 0.8 0.1% 13.0 0.8% 20.9 1.2%
2040 5.4 0.9% 13.1 2.1% 61.6 4.0% 109.8 7.1%
2050 27.8 4.5% 62.8 10.2% 150.0 13.4% 269.8 24.1%
2060 53.8 9.6% 115.7 20.6% 202.3 38.9% 331.9 63.8%
A SCgay-4-SCLp4 ESR A SCgau-4-SCrp-4 ESR A SCgay-4-SCLp4 CERP A SCgau-4-SCrp-4 CERP
2030 0.3 0.1% 0.8 0.1% 13.1 0.8% 21.2 1.2%
2040 5.4 0.8% 13.1 2.0% 62.6 4.0% 111.3 7.0%
2050 274 4.4% 61.9 9.9% 151.6 13.3% 271.9 23.8%
2060 51.7 9.1% 111.2 19.6% 203.3 38.5% 3339 63.3%

1 & SCLP-4 A, 2030 4

3.3.2.Scenario-based comparison of urban residential and public building energy consumption and carbon

emission
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3.2Mtce, ESR %N 0.8%; 2050 £ EE N 13.4 - 14.9Mtce, ESR 214 3.8% - 4.1%; 2060 T fEE
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0.1% - 0.1%; 2040 FI5EERA 7.1 - 7.9 Mtce, ESR ZI°4 2.0%; 2050 FFHER N 30.4 - 33.8 Mtce,
ESR Z1°N 8.6% - 9.3%; 2060 1At E N 48.9 - 56.3 Mtce, ESR 41N 17.1% - 17.8%. AILEHER
S S N RILE R H, 2060 17 HE &G H N 62.3 - 74.9 Mtce, ESR 295 22.1% - 22.9%.
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Fig. 12 Comparison and analysis of energy consumption differences between urban residential and public
buildings under different scenarios.
Table 12 Comparison of energy consumption differences between urban residential and public buildings under different
scenarios (with ESR and CERP).

Urban residential Public building

A SCgau-1-SCrp-1 ESR A SCgau-1-SChp-1 ESR A SCgau-1-SCrp-1 ESR A SCgau-1-SChp-1 ESR
2030 0.2 0.1% 0.5 0.1% 0.2 0.1% 0.4 0.1%
2040 3.2 0.8% 7.9 2.0% 2.8 0.9% 6.9 2.1%
2050 14.9 39% 338 8.9% 16.0 4.7% 36.0 10.7%
2060 263 8.0%  56.3 17.3%  34.8 10.6% 749 22.9%

A SCgau-2-SCrp-2 ESR A SCgau-2-SChrp-2 ESR A SCgau-2-SCrp-2 ESR A SCgau-2-SChrp-2 ESR
2030 0.2 0.1% 0.5 0.1% 0.2 0.1% 0.4 0.1%
2040 3.2 0.8% 7.9 1.9% 2.8 0.8% 6.8 2.0%
2050 14.8 38% 335 8.6% 15.6 4.6% 353 10.3%
2060  25.6 7.7% 549 16.6%  33.1 10.0%  71.2 21.5%

A SCgau-3-SCrp-3 ESR A SCgau-3-SChp-3 ESR A SCgau-3-SCrp-3 ESR A SCgau-3-SChp-3 ESR
2030 0.2 0.1% 0.5 0.1% 0.1 0.1% 0.4 0.1%
2040 29 0.8% 7.1 2.0% 2.5 0.9% 6.0 2.1%
2050 13.5 4.1%  30.6 9.3% 14.2 5.0% 32.1 11.2%
2060 234 83% 50.1 17.8% 304 10.9% 655 23.5%

A SCgau-4-SCrp4 ESR A SCgau-4-SChp.4 ESR A SCgau-4-SCrp4 ESR A SCgau-4-SChp.4 ESR
2030 0.2 0.1% 0.5 0.1% 0.1 0.1% 0.4 0.1%
2040 29 0.8% 7.1 2.0% 2.5 0.9% 6.0 2.1%
2050 13.4 4.0% 304 9.1% 14.0 4.8% 31.5 10.8%
2060  22.8 8.0% 489 17.1% 289 10.3% 623 22.1%

Mtce



Fig. 13 1 Table 13 J&7x | AN[FI1E 5t H IR EAF @ A & 3L @ S IR AR et Lo Hr o ZEAIRAHE
JUiEsC (LPY T, 3R 4 @SR Bk s B i (RE 238 . DA SCBAU-1 % SCBAU-4 Xt SCLP-
1 & SCLP-4 N, 2030 SEMRIEHEETEE N 12.9-14.5 MtCO:, JdFHEZE (CERP) ZIA 1.5%; 2040 £
BRI N 41.5-48.3 MtCO2, CERP 414 5.3%5.4%; 2050 ERHHEE Ny 82.7-96.0 MtCO., CERP
21N 14.7%—14.9%; 2060 Sk AEE N 102.9-119.2 MtCO2, CERP ZI°4 37.4%-37.8%. HEIRAILE
S HR) 8 Ok A W ARG T I B A A R, (R R DI AN B, 2060 AR B R G L Y 99.4-115.3
MtCO2, CERP #]}y 39.4%-40.1%. TEm#E) 5= (HP) T, EESUMHERUTI B R0 5 38, L
SCBAU-1 % SCBAU-4 *ftt SCHP-1 % SCHP-4 A5, 2030 385 3 2 3K i e HF & VG Ly 16.8—
19.0 MtCO2, CERP £1°4 1.9%; 2040 F-trjkflF &N 66.2-76.8 MtCO., CERP ]y 8.5%8.6%; 2050
FERRIFEE N 141.0-162.9 MtCO2, CERP )4 24.9%-25.5%; 2060 FEWRIFE N 167.7-194.4 MtCO:,
CERP 214 61.0%61.6%. AFLEFAESHE 15 5 N AR N, 2060 -Gkl & 70 FEl Dy
164.2-190.7 MtCO, CERP ZJ°4 65.1%—65.8%.
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(b) Comparative scenario analysis of public building carbon emissions

Fig. 13 Comparison and analysis of carbon emission differences between urban residential and public buildings
under different scenarios.
Table 13 Comparison of carbon emission differences between urban residential and public buildings under different scenarios
(with ESR and CERP).

Urban residential Public building

A SCgau-1-SCrp-1 CERP A SCgau-1-SChp-1 CERP A SCgau-1-SCrp-1 CERP A SCgau-1-SChp-1 CERP
2030 143 1.5% 18.8 1.9% 0.1 0.0% 4.7 0.5%
2040 475 5.3% 75.7 8.5% 23.1 2.5% 50.1 5.5%
2050  94.7 14.7% 161.0 251% 773 11.6% 147.5 22.2%
2060  118.1 37.6% 192.5 61.3% 115.3 39.8% 190.5 65.8%

A SCgau-2-SCrp-2 CERP A SCgau-2-SChrp-2 CERP A SCgau-2-SCrp-2 CERP A SCgau-2-SChrp-2 CERP
2030 145 1.5% 19.0 1.9% 0.1 0.0% 4.7 0.5%
2040 483 5.3% 76.8 8.5% 23.4 2.5% 50.6 5.5%
2050  96.0 14.7% 162.9 249% 776 11.5% 147.9 21.9%
2060  119.2 37.4% 194.4 61.0% 115.3 39.4% 190.7 65.1%

A SCgau-3-SCrp-3 CERP A SCgau-3-SChp-3 CERP A SCgau-3-SCrp-3 CERP A SCgau-3-SChp-3 CERP
2030 129 1.5% 16.8 1.9% 0.1 0.0% 4.1 0.5%
2040 415 5.4% 66.2 8.6% 20.1 2.6% 43.6 5.6%
2050  82.7 14.9% 141.0 255% 673 11.9% 128.8 22.8%
2060  102.9 37.8% 167.7 61.6% 994 40.1% 164.2 66.2%

A SCpau-4-SCrp-4 CERP A SCgau-4-SChp-4 CERP A SCgau-4-SCrp-4 CERP A SCgau-4-SChp-4 CERP



2030  13.0 1.5% 17.0 1.9% 0.1 0.0% 4.1 0.5%

2040 422 5.4% 67.2 8.5% 20.4 2.6% 44.1 5.5%

2050  83.9 14.8% 142.7 253%  67.7 11.7% 129.2 22.4%

2060  103.9 37.6% 169.4 61.2% 994 39.6% 164.4 65.5%
MtCO2

4 Discussion

4.1. Analysis of the impact of cumulative carbon reduction under different scenarios

Fig. 14. Fig. 15l Table 14 &7~ T AFE 5 F A FASE X ) R H IR HER L H S o Hr. 7ERHE
oS (LP) R, EEESET RIFHIRHEETE 2060 457 TGN 3340-3867 MtCO2. AS[ES %X
AT R B2 R FEAR X (O Tk, HaESERNY 44%, RiFEAEN 1469-1701
MtCOz; HIZEHAAIX (HSCW), RitdFEN 762-869 MtCO2, (54 22.5%22.8%; ™5
X (SC) RiTWHEE N 934-1097 MtCO2, (5% 28%; TMEMAREIX (HSWW) FIEFIX (W) **
ITTERE /N, 205N 147-166 MtCO. (4] 4.2%4.4%) F130-36 MtCO. (£]0.9%). " LLEH, TEAK
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X (O RIS, G 46%, RiHEHEDN 2691-3117 MtCO2; E A4 X (HSCW)
() B HE RN 1411-1609 MtCO., /5 EL#) 23.9%-24.2%; ZFEX (SC) M EiHiHERE AN 1370-1604
MtCO2, HEE%) 23.5%23.8%; HMABEX (HSWW) FHEAIX (W) KFFERAR, 25N 296-
341 MtCO: (Z] 5.0%-5.2%) Hl 62-76 MtCO2 (£] 1.1%). BARINE, LM &2 w1
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Fig. 14 Comparison of cumulative carbon emissions reductions in the national building sector under different
scenarios.
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Fig. 15 Comparison of cumulative carbon emissions reductions in different climate zones under different
scenarios.

Table 14 Comparison of cumulative carbon emissions reductions in the national building sector and different climate zones
under different scenarios.

Cum-CER Ratio Cum-CER Ratio Cum-CER Ratio Cum-CER Ratio

SCBAUI-SCLPI SCBAUZ-SCLPZ SCBAU3-SCLP3 SCBAU4-SCLP4
China 3832 100.0% 3867 100.0% 3340 100.0% 3832 100.0%
SC 1082 28.2% 1097 28.4% 934 27.9% 1082 28.2%
C 1685 44.0% 1701 44.0% 1469 44.0% 1685 44.0%
HSCW 862 22.5% 869 22.5% 762 22.8% 862 22.5%
HSWW 166 4.3% 163 4.2% 147 4.4% 166 4.3%
w 36 0.9% 36 0.9% 30 0.9% 36 0.9%

SCpau1-SCup1 SCpau2-SChpr2 SCgaus-SChpr3 SCpau4-SCrps
China 6688 100.0% 6740 100.0% 5837 100.0% 5884 100.0%
SC 1585 23.7% 1604 23.8% 1370 23.5% 1387 23.6%
C 3088 46.2% 3117 46.2% 2691 46.1% 2718 46.2%
HSCW 1597 23.9% 1609 23.9% 1411 24.2% 1422 24.2%
HSWW 341 5.1% 335 5.0% 302 5.2% 296 5.0%
W 76 1.1% 76 1.1% 62 1.1% 62 1.1%

MtCO2

4.2. Impact of different timing of ZEBS promotion on cumulative carbon emissions
reductions

Fig. 16 1 Table 15 AT AN [EIHE I 5 ZEB St s 4 B @ 050 1) R i 52 ma . 7ERAE 15
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Fig. 16 Impact of different timing of ZEBS promotion on cumulative carbon emissions reductions.
Table 15 Impact of different timing of ZEBS promotion on cumulative carbon emissions reductions.

SCgaut- SCpau2- SCpaus- SCpaus- SCgaut- SCpau2- SCpaus- SCpaus-

SCip SCip SCurps SClps SCupy SCup2 SCups SCups
2025 3832 3867 3340 3372 6688 6740 5837 5884
2030 3301 3345 2866 2905 5609 5676 4873 4934
2035 3049 3098 2640 2684 5090 5168 4409 4478
AlT2025-1T2030 531 522 474 467 1079 1064 964 951
AlT2025-1T2035 782 769 700 688 1598 1572 1428 1406

MtCO:

4.3. Multi-scenario sensitivity analysis

AT TR USR5 BT (Sensitivity Analysis) 753, RIS 3 ZEIRF) K 5 AR A0 x0T 4 [ 2 S HE
MR FERE . iR, RFF AR R AL, 0 B — PR 2 B U 4 IR 5 e AR A 2R 34T
Pah, @i IR AT S B AR AR R, A W7 % DR 30 4 I e SRR R U AR FE . A AE AR [
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Fig. 17 Results of multi-scenario sensitivity analysis.

5 Conclusions and policy implications

5.1. Main conclusions

KT E RGPS T FHECE AR HE (ZEBS) 78+ BRI 2808, B kT i 0
Tk P ISR AR S . S — B s, ABFRME T — MBS TR ST S 2R
AITIEEEREY . SR B B N5, R 2021-2060 4, FEAHAGHLBLRL 7R RS A3k
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7] ZEBS #1855t T BRHARBENIE 5 98HRE 77, AT ATPAL HAEAS BB B s s st S 4 1 I8 S
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U T TR R (K ), S5 SO BUR B e MBS H brE 1a) B AR SC it BE AR SR AL 1 O 1) Hih =
B, PR EES R
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X —ZE R0, PR OIUE . R ) FE NG Y e 7K P AE AR SR 2 i Ja B ) 4 R 3 S
235 FAEM
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5.2. Policy implications
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