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o o ) TAIREE LI 1 976,570 m®  533.739
iif 19.06% , H{FRCE 16'1?%f i SLIETEA 60 mE’ Wi RAEHEMS) 2.892 m? 0.683  293.02
BUEIEEINZR 9.54kW. BT 4E 14 H I BATEMT.5) 44754 m°  10.696
FH BREPEORE L, A4ER] DITERZY 10000 FiE BATHMI0 22511 m° 5.268
HAEWR, MASE RN KHARESERERN KIBRPIK 95.288 m 93107
9540 kW-h. PIRRL I 892.160 m? 254.266
ARLREOHAF 1~2 EEFAEENE ZEPE Rst mREEECI0) 12.14m° 2088 2478.97
RS, HAE . MR AR REST & GBI FISLIREET(C15) 549.07 m®  97.734
fig- 5 ] FAE R A FARYE ) (GB 55015—2021) FifhIREET(C20) 699.38 m*  185.336
BRI OCHLAEE, 4> 9IH 3.6 F12.6. =2 K& LL I 5] PRI+ (C25) 151339 m® 443423
25 SR IR A R K ¥ ZHRHL S TR R SE. =k PR EEL(C30) 152522 m® 481970
WL ZEATERE R BN 5.20. HUYEFE AY HL 1 Ry 25 74 R AniEEE(C35) 2727.00m’ - 989.901
ARG 53.1%, T RIETH R 2R IR EET(C40) 679.30 m®  278.513
20 EMAELEHIBRRHAER R ¥ 7432 0.187 34278
SR T EE R AR R LR 1. i e
HERCR T B HE R A AR SCRRT12]. 3843 *;;1 o 36
FH 2 A /INBORE 7 e HE TR AN TR R A REBGZ S A K 2'. “ 0.3'66
BT R AR TR B I HE AR BT 3535 14140
MR 1 AL FES RSB A e, K 12 163.22 m? 5 068
B AR LN, TREE VR & FE 28R, ) R TR 3 224 m? L644 2857
9 27819 24.51%, DRIRSBTKMRHGE AT, grksr  sBs Biksbt 180884m> 0977
AR 1%. B EERAWSMETEK 1294
X AL (R As S B B, AN S 60,33 SR 5 T A Lt 4042.85 m’
PESLPREa O HA AP 1 500 km RPN AR =@ SR R AR 0.770 t 1.525
FHAG HE A AR5 51, A 16 BH EE 04 3 B i 4 B WK MBI 0.075 ¢ 0.377
KizfifE (100 km), BcHERCR B3t 117.624tCO5. PrIRHN 3.717 ¢ 22.749
SEOFEM A PR R, M A S B Pk BOEGE)198.926t 236.722  292.82
1% Low-E B85 5.854 t 11.767

HIBRHECE N 9 065.523 tCOx.




%2 # IVSEL, & B INAA L IX S o s SRR HE O3 s HEV S o 61
R HEfsR, 459 RE A 3295.687tCO, . ¥4 4613
ke —_ BeHEcR, At tCO2 . MAMH S HLES 14 038.548 tCO,. . HEHFUHRIL[H
(tCO5)  (tCOy) i 4706.038 tCO,.. HIFHAEREIFIBIKE 258.913
Homko HMEBOE 12,1321 21.716 (COse . EATHIBEMBEERR 16982.2841COs,.
I B k1] 180.920 m® 22,615 2.5 HRIERNBEHIALER
IR 1037.530mT 19921 13209 HUAR 2 G e e T G SRR PR 51
Eps! Hof& 776.810 m® 14.915 433’ f%?ﬂ@ﬁﬁl@%@ﬁ%ﬁﬁ%iﬂ 19559.104t, )
(60T 37 IRSRAERL 21763681, 45 bHRHHEREHEC A
BRI 978,590 3719 Tk, ASC R E AIRHERHE R 6 7 0
U2 46231 FRBPRIIO A BRI A T B ORI
BB, T 12447 ¢ 43.565 241.2331C0,, HE HT I8 5F BRI 2 544.696
FREARHE 0.004 t 0.011 (€O,
i T % 13.071 t 30.194  149.60
;gﬁ ?ﬂﬁgﬂi 0.366t 0.878 26 ?iﬁﬂa BBMA T
AR 88.240 m’ 15,707 TR ZE 0 R, ﬂié%’éﬁiﬁéiﬁiﬁﬁﬁﬁiﬁﬂF
10924 ¢ 95 935 WS ER 23992799 tCO, BRHERIEAR A 38.51
JEI T4 12.200 t 30.866 keCOz-(m™a) ", Hrh iz 47 B Be 5 I fie ik
ANHITFHR 0.656 1.535 63.99%, R JE#EMETSEmmE, S
PR 37,640 m 1425 34.16%, i [ BoARBRAL B By Br (% FEn] g3
4 2 954,350 m” 10.931 MRS RE), 5 A 0.94%F1 0.91%. B T4k
Hfb HAGSREIN 212163 5T 708285 204684  CEFPAAES RSO ETEAR, (st Hr B
FHEF HABSRME 157.225 J59C 395.940 T HE ke o AH b 58 R SRR I &, [RGB A T B Bk
HEEER 6.735 TG 20.675 HEAlc& 5 AR IH ey, B A2 ™ 5 i f o B A ik
Aii 1.684 J G 3.231 HEBC 77 F SO, LR EM A B AT
oAtk RIS 156,089 FIG  918.709 AR R Tk 980 S 3 3] A A SR A i ] 30l HE ik A

23 BENHBRHALER

Jiti T3 R HR it T AL Y 5 BE B BEAE TR A SC
BR[1S]. i T s i A E At s it A AR HE T
R B it 1 B0 37 5 40 S8 X ML AR il s RN AR H b T
giit, HARZER I 2.
2.4 BATHBRHEA LR

B4 T BEWcHE L 36 25 AR BE ANV | B
HUBE RS . SRR AN T A BEUR AR . AR
AU TE, R DeST 2.0 B vy E i, A
P, A A SR R S IE 12 1T B ik

10.61%, ki B 2. AR IRAMFIE R 7244 11
TR, e s S i H n] R34,

3 BREHEB AL

MG S B 2R R SUR AL, BEBURTIL, SMiE . b
ML IR 4 B R RER, s BEAD HE 7y
e 1 25 LR (0 i SFUBA UL Ji 8 BAA7 TR FR AR 34 Bk
HERAE b5 R R AR Y 22 57
3.1 BT

EPIEFORA LR R, FEIECN 650

®2 BEMRBHME

Sy E| eHERE F THFER WHE R/ (tCOy) HIH(CO,)
HUAH HL 0.703 5 kgCO4 (kW-h) ™! 251 972.037 kW-h 177.262 248.455
MU 2.936 kgCO, kg™ 3877.12 kg 11.383
HLAE 3.107 kgCO4 kg™ 11 636.118 kg 36.153
I s FH 0.703 5 kgCO4 (kW-h) ™! 33 182.438 kW-h 23.344

e T 335 0.179 kgCO4,-(t-km) ™! 1 750 t-km 0.313




62 TR RFZHR (FTRR) 2024

m’, FAEREYI A R ZE R Y. RSk 17]++
A i B, AT B R A S SRR ) T A i ] A
WK A 11.375tCOy, AT WLl As I AN BH .

M HERRHE B3R o T O, AR DX Y
WRHECR 7R 0.703 5 kgCO4e (kW-h) ™, Alf5A 43
A F R HEEBIR RS 50a & Hi B A AR BN
258913 tCOy. HI TAHIAMH FH A AR Ha it A AT AR
R 60m®, BRIHERA K, Rt B ik
b AR T AR (I 0 ) S R AR T AR pl e e AR AL )
RARTFHRE TR L. 43R RIS 60, 190,
320, 450, 580, 710 m’ YGik RGEHImREHER, I
DI K PHAE IR R GG O e, He A B T
RUEIIRHEE bR AR LR, 455 L3k 3.

#3 APREEXKRRGHHMLER

KFHABIEIR WeHERC bR/ A2/
RGAAYmM® kgCO,e-(m*-a)”! %
0 38.92 _

60 38.51 ~1.05

190 37.61 -3.37

320 36.72 -5.65

450 35.82 -7.97

580 34.92 -10.28

710 34.03 -12.56

M 3 A, ARGEEESTH 60 m® YEIR HL AR
FHE T AR SR RG W icHERCE LR, B
SR R G AR A IG, S A7 TR AR SRR HE R AR
SRR BLR YRR T AL(710 m?) AR
BRER ARG, BRI HE R oK, SHRMEE
AL GR 12.56%.

32 $hE

AR g 8 LA M SR FH BT 2D (5.0 mm)+ T AL
RAERHEIR S B 71(20.0 mm)+/K D3 (10.0
mm)+ Il IR BE 1 Wk (240.0 mm)+ G LR 4 R
RS C #Y(20.0 mm)+HLRRPH (5.0 mm), fEHRR
B 0.59W-(m*K) . AT IRTERE R T
TR RE - RTER A3 R 40 B3 i DL )3 A ek 1 %8k
RGN EE AL S, TR, R
JEA RS 5 B HE R T AR 4R, LIRS A
AN K S R HE OSSR FAE A B TR HE U A,
I AR B R FUE A A IHE S R (GR 4). 3R 4
AL U, R D AR AN R R I TR B - ) e o 4

NELFG LA SR EE L T, AR TR AR M ik
HEMCR AR AT T B e, b DL TR B e b B e Dl
OB

®4 IMEMBIELEEMER

FRERY RHERCE AR, AR
K . o
W-(m-K) kgCO,.'(m™a) %
IIREEL®IEE  0.16 38.51 _
Al T ot i3 0.43 40.75 5.82
TR ik 0.74 41.48 7.71
3.3 95

AL FUARI R BCN 0.27, M BRI
2644.17m%, SN RRIFN 8393.34m%, HhL N
0.32, 4. ®. P9, dbEIE 518 035, 0.31,
0.27. 0.32, SMEHMIIHN 6 K, IMEILIRREL
27 W-(m*K) ', WA (AT ARG ) (GB
50189—2015) 1 & PA W b X SN (B R B KT
3.0W-(m™K) " BB ELR. ARG @A 1L
MAEKYE CEERRFERNEARIRHE) (GB/T
51350—2019) 1 ohEatE A R B L R R, pnifErb &
AV L XA L AN B A VR B KT 2.2
W-(m*K) ', SAGOEFIEERRE 27
W-(m>K) " AHZERR, R 5 0 g 4 3 2R 8
WEH 1.8, 2.1, 2.4, 3.0W-(m>K) " #EA TR
B, SRR SN E RO E, DI EREL
3.0W-(m*K) N FEMEE, THELER LK S,

x5 EERRUTUEELER

HMETEIREREY WeHER bR/ AL/
W-(m>K)! kgCOye: (m*a)”! %
3.0 38.72 -
2.7 38.51 -0.54
2.4 38.31 -1.06
2.1 38.10 -1.60
1.8 37.90 -2.12
MR 5 AT, Rl AL R R BUNREAR, BN

HIRRHE B AR DD, (HHCRANE .
34 WRAER

R B 1 5 A B B D HE VS T, b IR AR
53. 1% b5 I A G 38 25 I8 5 R TR HE Al H R B As
PR, HS5RERIT I, 2RIk, WK 6
AT, b 5 AR T s PR A s D, H
PR 2 b R PRI R 25 S PR RE R EUCE =, R S0FH



%2 4

PNV, 45 BV HIX S (SRR HERC T35 SRR HEVE T 72 63

REVR. A% 2 €0 8 SRR HE O 3¢ F JE R B > T
8.02%. A It B FRAC Ve b X T SR FH b 5 B sl HL A
P RERL LS T, DA SR AR HE .

Fo6 MIEARBHEBITELSER

B bR/
ZslH| ARfl > 2%
25 kgCOn-(ma)” A2 %
3 S R 41.87 -
53. 1% IR 38.51 -8.02

4 S

K AR SCHR HY 00 35 T S (0 S SRR B HE i
TRk, PIEEEA BIRRIEHELS S Mg T
N, SR )z T A ) [k e 7 B A 2R T (2
RZEHEY)), [ERRE AW . 298 2 TP B A ) i
TR A R BH REYGAR AR, JARR AT 12.56%
(S5 RAUE ASE A ). T REZBOEFAE
RALAE TR, PR FEREZ A, HE
T HE R 25 AN HHTR]. 78 2= T AU AR (15 L
IJZ 5 Lo e U2 B S I TOU e OR A 1 A ik
R, BRSO A, (B EE R TR
AR AR AR, Fr e nT L, 2 T0UHAT 55
KBTI HEE /1.

AR g 0 3 S04 A1 8 T HIE TS 3 3 A 50 B S 0
A B TR A5 3 R B M b L B 1 15 44
A IR R PVRIRYE, 1S E IR ERE.
{BAERRHE O3 22 JE M R S ik i A8 1k, LA
AR FEAR % XA . ARG @ SR A
SREE LRI, HARHE N T4 270 kgCOsem
A TF20 5 % AR EE T F5 1 295 kgCO,-m ™ 1 336
kgCOem >, DRI/ B R A i i A B ik
WO, LA ERSRERE S R AR LT S, A
sk SNSRI HE R I . A S TE R sk
S, ANGE AT SR A AR E - X R R &
fL. SREE R HTR AR, DARRARERSmCHERL.

AN RRIRFHETES 1 5 HAG AR BN L RAK,
X ] BE -5 B I b X B 33 AR | S S XL
WA %, SR Msh— e g FHIES TN 1
TR HAEF, (15 REREREAT BEAME 1 R BUE 1k
FeA B AL, AR R RN, RSN T
AN 3 P S5 A AR AR USHEVE S 5T

SR FH b 5 A 104 S SRURFIE OR300 2 5

D B IRAYS L IX 23 AR A = N R 2K )
17, PR 0 2R e 091 RE AR X R0 oy JAL B e
HEBGE R, ARek IR 53.1%H 15 K,
ZEAPERE RN 5.20, fcHERCREAR RT3 >
T 8.02%. JEFAGEEAHEFHIFEHIE YT RERCRIT
ATl =S P3N 2. BEERIE B, 254
PERE R B 2 S AW B, #4( FH X e s i,
FHHL TR D, WcHER s D,

5 g

(1)ZR SR 2 i o U R e AR o e
B TTR B, A 63.99%. HUJE@M A =iz
Wk B, (5 34.16%. 14T BRI s HAGE
AT FTREAIR, Xk U A 2R Ak (i R
BORA 5, WA . REHAELIR MRS, AT,
SR SFURSAL A AT PR B ) IRk E AT RA .

OTER RV HIX, MR | KEHBEGIRAR
HA B B HEROCR . A IR 5 PR BORMIL B
HET R 1 9 S S A ek vl ek B DB HE T T SR A
TR B AT U HE LA R AR

G)RETRBIETN 4 RoxOENE AR
TSI, SR T BdiHE I RO, =2t
TN RERAS, AR iy e SR e i o) SO Rak D
J1o M et FEE S .

SE 3 Hk:

(1] WE5AE, BOEA, RER, % SOEFTTRERARTEIM
BN E SIS AT AP AR IBCHETE 1 PEAG 0], 1R A 9,
2022, 52(4):83-89, 131.

21 e, kol el Ry o A mcHRow
Fe M 5 B S D). P4 LSRR 2 4 (A AR
Z£0), 2021, 53(5):737-745.

[3] WUXY, PENG B, LIN B R. A dynamic life cycle carbon
emission assessment on green and non-green buildings in
Chinal[J]. Energy and Buildings, 2017, 149:272-281.

(4] HZR. S AR A R HR S AR i 0 AR oF
FED]. dbat: LSRR, 2021.

[5] ROBATIM, DALY D, KOKOGIANNAKIS G. A method
of uncertainty analysis for whole-life embodied carbon
emissions (CO,-e) of building materials of a net-zero
energy building in Australia[J]. Journal of Cleaner
Production, 2019, 225:541-553.

[6] WANG T, SEO S, LIAO P C, et al. GHG emission



64 TR (BT 2024

reduction performance of state-of-the-art green buildings:
review of two case studies[J]. Renewable and Sustainable
Energy Reviews, 2016, 56:484-493.

[77 KANG Y T, XU W, WU J L, et al. Study on
comprehensive whole life carbon emission reduction
potential and economic feasibility impact based on
progressive energy-saving targets: a typical renovated

energy office[J]. of Building
Engineering, 2022, 58:105029.

(8] wil, WEM, EfHaG % SOffatall co,
HE BN 5 s BT I]. R R A 2,
2021, 27(6):436-441.

(91 AhEESE. EHAVS HIX G SR P 2540 T REAA R AR
FEBFFED]. P PULd iR R, 2019.

[10] SU X, TIAN S C, SHAO X L, et al. Embodied and

operational energy and carbon emissions of passive

ultra-low Journal

building in HSCW zone in China: a case study[J]. Energy
and Buildings, 2020, 222:110090.
[11] DONG Z, ZHAO K, LIU Y Q, et al. Performance

investigation of a net-zero energy building in hot summer

and cold winter zone[J]. Journal of Building Engineering,
2021, 43:103192.

[12] kA7, EROE. @5 TRBHEIO TR M]. dbst: Al
Rl HRiAE, 2022.

[13] 5KZEAF, FBoRIR, FERUE. W RN & RS bk
HEF R B [T, TR TR, 2020, 34(3):51-55.

[14] XU L, ZHANG S F, YANG M S, et al. Environmental
effects of China’s solar photovoltaic industry during
2011-2016: a life cycle assessment approach[J]. Journal
of Cleaner Production, 2018, 170:310-329.

[15] WriLas s UAR i 4 SRl . Wi VA e i LAt 1
BUbk & JESEHTERM]. Jbat: R Rk, 2018.

[16] WANG J Y, WU H Y, DUAN H B, et al. Combining life
cycle assessment and Building Information Modelling to
account for carbon emission of building demolition waste:
a case study[J]. Journal of Cleaner Production, 2018,
172:3154-3166.

[17] i, ZRAh 1, A2, ESREARTRE KXHEARDHAL T
MHM]. dbst: HE ST Tl s ik, 2011.

Analysis of carbon emission and carbon reduction potential of green buildings
in hot summer and cold winter zone: a case of the Science and
Technology Service Building of Ningbo University

SUN Jiewei, YAN Xiaodong
( School of Civil & Environmental Engineering and Geography Science, Ningbo University, Ningbo 315211, China )

Abstract: An existing green building is selected as case study to study the life cycle carbon emissions of green
buildings in hot summer and cold winter zone in China. The total life cycle carbon emissions of 23 992.779
tCO,. and the average annual carbon emission index per unit area of 38.51 kgCO,.-(m*a)” are obtained by
combining the process-based method and input-output method. In order to explore the carbon emission reduction
potential of various green building technologies, a calculation method for carbon emission reduction of green
building technologies based on roof, exterior wall, exterior window and air conditioning system was proposed.
The simulations were carried out from four aspects: adding photovoltaic panel roof, changing exterior wall
material, adopting exterior window with different heat transfer coefficient, and replacing in situ source heat
pump with ordinary air conditioning. The carbon emission intensity of those simulations was compared with that
of the original green building. The results show that ground source heat pump and solar photovoltaic panel have
better carbon emission reduction potential, which can reduce carbon emissions by 8.02% and 12.56%
respectively. Considering the carbon implied by the external wall material, the selection of the material has a
great influence on carbon emission, while the change of the heat transfer coefficient of the external window has
no obvious influence on carbon emission.

Key words: green buildings; carbon reduction potential; life cycle assessment; DeST simulation
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