Sustainable Development FJ$##42 K &, 2025, 15(6), 125-139 Hans X
Published Online June 2025 in Hans. https://www.hanspub.org/journal/sd

https://doi.org/10.12677/sd.2025.156171

i X RFHEE LSS AR ST S
KEa T R R

zste, & 9 WEX, AFR, KEL ¥
MR R S BB, Wk E

WekE H . 20254E4H15H; A HM: 20254F6 H17H: KATHM: 202546 H27H

R

AR TR P X RAEE, BERARNTEAE L0 AN B HERHME WA R . @l 2R
AR AL AR, SMREFAML. BT RIFREE =B BREBHBET T ERUE. BAasR
RY], WPHMXRNEBRHIREZE S TEMAMSTEFI R, BRRINEAEANEM TR R
R R . SE0 AN R BUBRHEBURHESR KAk B v 35E0E , BB EF R DR FIH B RROLE R,
BABAT AT ORETREMRERM, 2 RESEA AR KBRS, AR eSS B A AR M
R DA R n A =2 AR A B8, D SEELI o XOR AT B AR T R 8 R RAR BRI IE A LR 2
X 5in

BB, RAMES, WX, SAaRRTReT, kRS

Analysis of Life Cycle Carbon Emission and
Study on Low-Carbon Design Strategy of
Rural Residences in Central Hunan Province

Xinyi Wang, Dan Li, Ziwen Yu, Jingjing Xu, Jinhong Zhang, Hui Xu

School of Architecture and Design, Hunan University of Science and Technology, Xiangtan Hunan

Received: Apr. 15%, 2025; accepted: Jun. 17t, 2025; published: Jun. 27t", 2025

Abstract

This study focuses on rural residential buildings in central Hunan Province, aiming to conduct an in-
depth analysis of their carbon emission characteristics and influencing factors throughout the life
cycle. Through extensive data collection and on-site investigations, a comprehensive calculation of car-
bon emissions was carried out for the three stages: building materialization (construction), operation
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and maintenance, and demolition and clearance. The research findings indicate that carbon emis-
sions from rural residential buildings in central Hunan are primarily concentrated in the building
material production and operation and maintenance stages. Energy consumption patterns and the
selection of building materials are identified as the key influencing factors. In response to the distinct
carbon emission profiles of each phase, this research proposeslow-carbon design strategies, includ-
ing: optimizing the orientation of residential buildings to maximize natural lighting and ventilation,
selecting energy-efficient and environmentally friendly building materials, such as coal gangue hol-
low bricks, recycling and reutilization of construction materials, promoting the application of renew-
able energy sources, notably solar energy and biomass energy and strengthening the durability design
of residential buildings. These strategies aim to provide a theoretical basis and practical guidance
for achieving low-carbon and sustainable development of rural residential buildings in central Hunan
Province.

Keywords

Carbon Emission, Rural Residences, Central Hunan Province, Life Cycle Assessment, Carbon
Reduction Strategies

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

ttp://creativecommons.org/licenses/by/4.0/

1. 5|8
1.1. ARER

N4 T SARASER B R BRER,  SRHCRRARAE it S k% O B BRI R R E R 4Bk K m)
RIEPES, HIMEGT R EAGRIEHRIAE L JI[1]. @SN E RGO, £ “X” HARE
SEPLE AR A S PR SCHE AT . 2022 FEEFIE AT S &Lkm%ﬁm VBN 51.3 14 tCO,, i I REYEAH K
BRI 48.3%, A B3 SR ) REAE AR HE L &7 U 59% (2] Hhdtrpde, [H 45 B ZRAEIN 2 @ik
RITR SRR, 11 B A R AR 4 1 REFE K TR, ﬁjﬂ%ﬁﬁﬁﬁﬁwﬁiﬁhﬁﬁ To WHAHLIX (22K
i BRBHTT S & BH AOAEAEBRHEIZ B o k-5 25 18] A A SR AN B 1R 45 i) %%ﬂﬁ%fﬁ&%%ﬂﬂtwméﬁ
BRI k4], BRIk, A FEET XU ot X R 8 i 4 AR o o B HE s ) S M AR A A 0 A, IR B
$E M AR BE T S, T £ AR DSBS HR A A (S 1S 2 7 58, B 0 s iil s SR Al b R H A

1.2. IR

1) &4 A SARHBOT A bR v

W E RS H AR AR RE DT T WAL BRI 1 R JIFR . 2014 47 CRESRRCHE AT S AR 1)
(CECS 374:2014) A4 r [ gt SO BRI e 2R FH 2 S0 4 A= i J S B B SR IR BR R AR, 42 Hh S 25 4
%5 BIM BLAGE XA THRAESE, BOE T @SR T R ARG EAR[S]. 2019 FF CRIUBRCHERUT FoAR
GB/T 51366-2019) #— %B%JJTETL SUBRHE TSR T3, AT AR B AR A TSGR BR ¥ (6]

FE] A A 56 T B SRR HE SOV S 5 A% B b AR R AR FH A 7 48 B A A T, e FI s 2 0] S FH A
JURRAL T SRR 7], AR SELER AR A AR A A B AU SE I sh A BRI S8 S B B 4Rk AT [9]. B RT, VR
zﬁmemTL SFUBCHE SOV B0 7 R TS B, 45 H T B AR w1 DG 5 i [R] 3% 5 R QU SR [ 10], I

B B R - &1,

2) BRI BBH

DOI: 10.12677/5d.2025.156171 126 CIESES 93


https://doi.org/10.12677/sd.2025.156171
http://creativecommons.org/licenses/by/4.0/

Foth 5

EHUE SRR BIM AT 45 & BUACTS e SRR AHE T 05 20k @ Y B BOssHE O SRR 12] . AHSCHT
FOB R EAZ P BORHE T A 5, TR E B HRBORIR, RS TR 5 AR SR, AN
T A B HEBG T FOD IR, 3 B LI ST TR A (Ul T T R R Y B SR E 13

3) BATEY P BBRERBRT R

P BB ARO AR AT ROK . BB e IR R LR A REIR R SR I
Al P E) (R 23 R HETBCRE [ 141 BIML B0OR AT SIS H i 5 SR RE YA FH 15 00 0 F S5, 3 el U e AL
R, PHETREFIEE R OL15]

4) TrBRIEEIBARHBIT T

S VR DA RO T 5 € B FUR FEMIRER B BORHEBUNTHSA S 161, A5 i SUIRER AL B By
Beilt— b oy RN EFURF Y MAR A BE T, @R R HHEHZE17].

grl, BUAWHI R BGE R MNER R, (AR i XA o sy (A B A 3 T ik
HESH, IR, USSR RBE BN,

1.3. Fsz B4R

BT R AT M P DOR M B R Y, T A SRR BEG, I RE W BU 24 i BHE TR R
TR, PR EBAEEM A S, TS BRI T AR S HUR 7 W b B A5 19 (B
HERSCR, 5 B AR DA 3 XA AE R FAREEANGG | F TG AN 2 55 i R, B P 8 A L P e SRS
TRl D U b DA RSB ARIROTT 5, HR FAE T R T8 m A X

1.4. ff3EEEE

ARSI FURESR QR & 1 o

W AR LD
BB 5 R B
TR T
¥ ¥ )
ETIIEENEEIRESTY
| FFRCENEE l
TR 557
1
¥ ¥ )
EimmEET E3
¢
wllelle) [SIENE|X] @] E]
RN\ el ||| | {m]| |25
BN A e (||| | ||| || 2
mlwlw| [E(E(E|Z] |w)Z]a
||
TREANES
ok O
e Cma H ST )
;” —] ﬁ? Bt | Comre Y(EnEr e Eme
e poll H I rrem
TRIE SRR EHEK
TFREENET l
o o P A OB S W T ST
Y Y Y
Cmtge) _#mewe O s i N G .
T T T
o ot |—> - T Hrt
e || || 2R mow || # | | e | | & || s
e | i | | A ok ([ | | poe | e || 2am
o || v | | 92 | o wins || o | | mic | ||| oo
s (| || % wn ||&| | = ||%|| 7%
; n "

Figure 1. Framework of the study
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Table 1. Statistics from field surveys
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Figure 2. House layout typology
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Figure 3. Research site map
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Table 2. Coefficient of the shape of the house and the window-to-wall ratio
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Figure 4. 3D model
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Table 3. Carbon emissions from building materials
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Table 4. Carbon emissions from the transportation process
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BRSO R R Is i (FE 21) 0.286 1 30 8.58
A S Bt ZE IS (B 8t) 0.179 27.5 30 147.68
FRILE TR B (L E 461) 0.057 331.5 30 567.21
Bt 723.46
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Table 5. Carbon emissions from the use of machinery
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Table 6. Carbon emissions from energy during the operational phase
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Table 7. Carbon emissions at each stage of the case study farmhouse
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HEI BB B - 0 0
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ST B
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Figure 5. Proportion of carbon emissions from case study farmhouse building materials
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