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Study on life cycle ecological benefits of prefabricated straw bale rural residences
WEI Guanglong, NI Xizhuo, YAO Sheng, WANG Chaohong
(School of Architecture and Art Design, Hebei University of Technology, Tianjin 300130, China)

Abstract: Based on the theory of and the method for the life cycle assessment (LLCA), a calculat-
ing model for carbon emissions of rural residences is established. This study selected indicators
such as CO, emission, eutrophication potential, human toxicity recommended and acidification
potential to analyze the comprehensive ecological benefits through the comparison between a pre-
fabricated straw bale residence already built in Beijing with a local normal rural residence. The
LCA software Gabi is used to evaluate the environmental effect. Results show that the amount of
CO, emission of the prefabricated straw bale residence is 33.52% of the normal rural residence in
50-year life cycle. The carbon emissions of the prefabricated straw bale residence generated in op-
eration phase is just 27. 04 % of the normal rural residence. Meanwhile the environmental effect
has been obviously reduced to 30. 99% of the normal rural residence during this time. From the
perspective of ecological benefits, the technology such as the straw bale wall, photovoltaic power
generation and air source heat pump can enjoy a vast application in the future design of rural resi-
dences.

Key words: life cycle assessment; straw bale wall; low energy consumption rural residence; car-

bon emission; ecological benefits
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Tab.1 Calculation model for carbon emission in sub stages of life cycle
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Tab. 2 Indices of environmental effect assessment

EE=E D 7E X B
AP M2 £k 1 11 Cacidification potential) kg SO, eq
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HTOX A A& (human toxicity recommended) kg 1,4-DB eq
IR F, 7 4% St Gionizing radiation) kBq U235 eq
ODP B FE I s 71 (ozone depletion potential) kg CFC 11 eq
POCP Stk 2 B A2 il 1 (photochemical ozone creation potential) kg NMVOC eq
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Fig. 2 Plan of the prefabricated straw bale residence
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Fig. 4 Photograph of the prefabricated straw bale residence
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Fig. 3 Effect drawing of the prefabricated straw bale residence



BT e A 2 R i 25 F AR A o A A A A A T Y 379

R EZE o O EFEARWMT .
D) SRR BHAEEAR S v AR G i fol L IO R 2 45
K 22 2% B HL R IR BRI

# 3 KA RESEHREEMER N E
Tab.3 Type and consumption of construction materials for

the prefabricated straw bale residence
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Tab.5 Thermal parameters for enclosure

structure of the case residences
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Tab. 6 Annual heating energy consumption of the case residences
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Fig. 7 Comparison of carbon emissions in life cycle and each

sub stage of the case residences per unit area
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Tab. 7 Carbon emissions in life cycle and each sub stage of the prefabricated straw bale residence

Yfe b Be il T B B wE .
W Bt — : e I /kgCOse
A S AR AR TR R R 4T B B
ik HE R/ kgCOs e 26 947.72 8962.77  1836.99 —147.60 84 985.1 1929.10 1 210.40 125 724
N .
ﬁ{uﬁ‘i\ﬁiﬁﬁﬁk%/ 260. 94 86.79 17.79 —1.43  822.94 18.68 11.72 1217.43
(kgCOze * m )
Bt /kgCO, e 37 599. 89 86 914. 16 1 210. 40 125 724
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Tab. 8 Carbon emissions in life cycle and each sub stage of the normal rural residence
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Fig. 8 Comparison of life-cycle carbon emissions per

unit area between the case residences and related research
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Fig. 9 Carbon emissions caused by processing and transportation

of construction materials for the prefabricated straw bale residence
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Fig. 10 Carbon emissions caused by processing and
transportation of construction materials for the

normal rural residence
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the case residences during operation phase
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Fig. 12 Comparison of environmental effect between the

prefabricated straw bale residence and normal rural residence
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Fig. 13 Environmental effect caused by water

consumption of the case residences
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Fig. 14 Environmental effect caused by power

consumption of the case residences
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