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Abstract: Reducing carbon emissions in the building sector is an important measure towards achieving the goal of
carbon neutrality. To avoid issues such as environmental burden shifting and market promotion difficulties, zero-
carbon buildings should be studied from of a life cycle perspective, and both their environmental and economic bene-
fits should be considered. In this paper, the environmental impacts and cost of a zero-carbon single family residence
R-CELLS, which was a competition entrant for Solar Decathlon China and designed for extremely cold regions,

were evaluated in a relative complete life cycle, and adjustments to the building prototype were made to enhance its
market promotion potential based on the evaluation. Results show that R-CELLS reached the nearly zero energy build-
ing standard through passive design, and its photovoltaic electricity generation capacity was nearly 5 times that of its
electricity consumption. In addition, environmental-friendly materials were selected to reduce its carbon emissions.
The building was expected to pay back carbon emissions and primary energy consumption after 7 and 15 years of op-
eration, respectively. Ultimately, the building would achieve negative carbon emissions and positive energy, high-
lighting its environmental benefits. The initial cost of R-CELLS was 23 800 ¥ /m”, and to enhance its market attrac-

tiveness, two low-configuration scenarios were proposed based on the analysis of its environmental impacts and cost
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composition, with the premise of achieving zero carbon emission and zero primary energy consumption in its life

cycle (50 years) . When only the renewable energy system was adjusted, the initial cost was reduced to 22 500 ¥ /m’.

When all the component systems were adjusted, the initial cost was reduced to 10 300 ¥ /m’. In comparison, the sec-

ond scenario significantly enhanced the economic benefits of R-CELLS. Based on the calculation results and com-

bined with the relevant reviews, the setting of embodied carbon emission benchmark for zero-carbon buildings in

China was discussed, and recommendations for the decision-making approaches of zero-carbon buildings were pro-

posed to balance the environmental and economic benefits, providing a reference for the performance assessment and

configuration scenario selection of zero-carbon buildings in the future.

Keywords: zero-carbon building; life cycle assessment; life cycle cost; Solar Decathlon China
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o | EDURYE PV il A E |2 TR 459% 01 % PV,
e h GEREDGIR SEFEXMBL | TCE L EGR IEE XL

2 10 SAIREC T %€ B B0 LCA I LCC 14545
B Hh B & s 36 kgCOseq/ (m” - a) , s —
KREFEN 462 M/ (m” + a) 5 L2 B W 7EIBAT 49
SRS IRHERL , 1217 50 4EJR AL —URBERE ; BIHA K
A 1.03 Jionm®, A i AR Bl 0.32 J70/m’.
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Tab.9 Background data of LCA and LCC

. —IRHE y i
%H ToeHER H KT Wt A -
ARG —1.09 kgCOeq/kg | 22.46 MI/kg [80.00 JTIL/E| 0
AR 3.30 kgCOseq/kg | —2.71 MI/kg  [10.00 FTTT/E| 0
MW 6.56 kgCOeq/m® | —121.88 MJ/m® | 0.11 JiiG/m*| 0
LA | -3.66 kgCOeq/m® | 7530 MJ/m*> | 0.03 JiJt/m?| 1
FRERHR | 2.03 kgCOeq/m® | 155.96 MJ/m? | 0.02 J7JG/m*| 2
MDF # | -0.06 kgCOseq/m? | -0.87 MI/m* |0.01 Jijt/m*| 2
EHAR| 16.66 kgCOLeq/m® | 77.84 MJ/m* |0.02 Jit/m?| 1
AHiHE | -5.61 kgCOeq/m® | 11528 MJ/m* [0.02 JiJt/m?| 1
FHAEB K 361.00 kgCOeq/E |14 562.00 MI/E| 2.00 JIG/E | 3
EREEHR | 15.45 kgCOseq/m® | 190.58 MJ/m? | 0.10 J7JG/m*| 0
FRERAR) 20.88 kgCOseq/m? | 375.92 MI/m® |0.01 Jiot/m?| 1
ERER T | 950.00 kgCOeq/FE |43 536.00 MI/#E| 8.00 JIJG/BE | 0
A5 K| 950.00 kgCOLeq/BE 43 536.00 MI/BE| 2.00 JToG/8E | 0
SNASHERA| 107.00 kgCOeq/ £ | 1925.00 MI/E |9.75 Tiou/E | 3
—RHTR| 138.00 kgCOeq/E | 2 895.00 MI/E | 6.00 TIL/E | 3
AR 138.00 kgCOeq/E | 2 895.00 MI/ES | 2.00 TG/ | 3
R e — — 22.60 Jio/| —
B R — — 13.00 J5 o0/ —
PV 2 | 141.47 kgCOseq/m? | 1 732.34 MJ/m? |0.07 Jiot/m*| 1
ZHLIE [2 700.00 kgCOeq/E 46 574.00 MI/E(13.76 Jiot/E| 3
WIRE IR 250.79 kgCOseq/m? | 3 698.70 MI/m? | 0.16 Ji7t/m?| 1
WEiERAL 73.00 kgCOseq/E | 954.00 MI/A | 0.80 JIot/E | 1
10 BEHFEBHLCAFLCCIHESER
Tab.10 LCA and LCC results under Scenario B
B THERL/ (kgCOqeq + —IKHEFRE/ ﬁiizli/
(m*-a)™) MJ - (m*-a)") | Jigt-m?)
A 30.33 685.16 0.84
il 0.69 6.70 0.19
i 371 55.80 0.42
iB47 -35.45 -474.60 -0.02
Qb E 4.18 -18.89 0.02
B -3.70 —266.47 -0.10
it -0.24 -12.30 1.35

423 FRFBE Feg#R LCA & LCC it

i 8 Fos, ST EMLI, WAL TR AB 1
BT T BB IR RS 3 BRI T 69% A1 80% ;5 A= BBk
WAL % A MBRHERREAR T 14%, 7% B &5 T
26% , BARM BEA AR T 33%F1 63%, B hsHEL
SIRIREART 179%F0 1%; WFL T A B A= BB —ik
REFE M IIRRAR T 79070 2% , BR BB B2 BIREAR T 31%
1 63%, Bt —IRREFEAT BIFEAR T 14%F0 32%. JAC
T BTSRRI LT 80%; IR 7% A B IIHIAR L
A BNEAR T 5% 57% , BB A LT 31%F
63%, A AT RARER T 6% 59%. JsBC ) 2 A f
EribcHE R S B — R REREXIE T &, WL T % B
(ARG AR BT o B ST A 2, FE AR A 1 (2
EMFIRTE.

B9 S 3 FPCE T A0 R 0% PR R M ALK,

A TTERS L. FERRHERCO T, 3 FRECE N Ho i A=
TARGE G eI 5 Iy 58 o b i i) P PR e T
RY, N 33%; I TR A PSR E RS R
Btk 42%. fE—IKRBFEJTIAT, 3 FPHCHE T 45 F1]
ARG A IR TR REIR R BT R  E  E
24%, TEWC 758 A B W S AR 12%F1 5%. FE
BCAS TSI, JE 5 BB S A P R s SR A
PRI R 50, B R B Wb H s (R A
I8 R 5.
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Performance comparison at different life cycle stages
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Fig.9 Contribution comparison of component systems
under different scenarios
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Fig.10 Comparison of accumulative environmental im-
pacts and cost in life cycle under different scenar-
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CELLS M LCA 158l A LB 0 £, T
A T AR IRAS A 22 53 , v B RDRL A 7 PR
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Fig.11 Embodied carbon emission benchmark values of
new ordinary buildings in Europe
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Fig.12 Scenario comparison based on Pareto analysis
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Fig.13 Comparison between observed and predicted op-
erational carbon emissions
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