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Abstract 
The present stu dy quantified the significant en vironmental impacts of a two-st ory residential 
building located in Vancouver, Ca nada, with a proj ected 60-year life span: (i) an inventory of all 
the construction materials was analyzed, covering the building structure and exterior and interior 
envelopes as well as the energy consumptio n; (ii) four types of  functional units were defined ; 
(iii) the five top building materials were exam ined, and a sensitiv ity analysis was condu cted to 
investigate the impact associated with the choi ce of buil ding materials. Two life cycle phases, 
manufacturing and operation, were more si gnificant in all of th e impact categories, and two 
building assemblies, the walls and the roof, bore most of the environmental loads. In terms of the 
sensitivity analysis, the roofing asphalt had the largest impact, dominating three of the seven 
selected impact categories. Despite different defi nitions of functional units, t he function of th e 
dwelling buildings is always the same, to provi de protection a nd housing for their habitants. 
Additionally, to improve the performance of an existing building, several strategies were proposed 
for the building renovation and maintenance, including alternative replacement materials regarding 
the building co mponents with high environmen tal burdens, good patterns of t he occupants’ 
consumption behaviors as well as considerations of the financial and environmental cost. Finally, 
limitations and challenges are discussed to explore better design decisions in future studies. 
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1 Introduction 

Sustainability has become a  global issue, with increasing 
concern and awareness about resource consumption, global 
warming, ozone depletion and other enviro nmental issues. 
In every country, the construction and building sector has 
been a major contributor to socio-economic development 
as well as a huge user of natural resources a nd energy (Asif 
et al. 2007). Especially in industrialized countries, the building 
sector, including housing, accounts for 36% of the  energy 
related to CO2 emissions and 40% of the primary energy 
consumption (International Panel on Climate Change 2011). 
Consequently, conservation in the building sector must be 
prioritized to reach a sustainable society. As the mo st 
credible tool to measure the environmental impacts of  
products over their life cycle, life cycle assessment (LCA) 

methodology can be applied to the full buil ding life cycle,  
making it possible to improve sustainability indicators and 
also minimize the environmental loads throughout a system 
(Fava 2004). The methodology has been used in the building 
sector since 1990 and is becoming more and more important 
for promoting sustainable buildings (Boonstra and Pettersen 
2003; Ding 2008). 

There have been various studies on complete LCA s 
within the residential building industry (Ortiz et al. 2009b). 
Blanchard and Peppe (1998) analyzed a 2450 ft 2 residential 
home in Michigan. The total life cycle energy was 15 455 GJ, 
and the life cycle global warming potential (GWP) was 1013 
metric tons of CO2 equivalents; in addition, different energy- 
efficiency strategies and subs titution of selected mat erials 
have been modeled to reduce the GWP and life cycle cos t. 
Peuportier (2001) compared three single-family houses (a 
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