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1. Background

The development that meets the needs of the present
without compromising the ability of the future
generations to meet their own needs. (Brundtland,
1987)
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1. Background

▪ A conceptual formula of LCSA (Kloepffer, 2008):

▪ LCSA = LCA + LCC + S-LCA

▪ LCA: Environmental life cycle 

assessment

▪ LCC: Life cycle costing

▪ S-LCA: Social life cycle assessment

Life cyclesustainabilityassessment 

(LCSA)
LCA

LCC S-LCA

LCSA

4



THE 10TH INTERNATIONAL CONFERENCE
ON LIFE CYCLE MANAGEMEN

2. Methodology
Research Design

Environmental:     EMoC

Economic:              CMoC

Social:                    SMoC

LCSA 
Framework

Case

Study
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62. Methodology
Study Scope

2. Methodology

Cradle Gate

Site

Grave

Use

Cradle

This presentation
Future work
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Environmental 
Model of 

Construction
(EMoC)

2. Methodology
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Dong et al., 2015. A life cycle assessment model for evaluating the environmental 

impacts of building construction in Hong Kong, Building and Environment.

Model structure
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8
88

EMoC

Material 

consumption

Energy 

consumption

Transportation

distance

… …

Climate change

CO2 eq

Eutrophication

N eq

Acidification

SO2 eq

Fossil depletion

Oil eq

… …

EMoC score

Midpoint Endpoint
Calculation mechanism of EMoC
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Environmental 
Model of 

Construction
(EMoC)

2. Methodology
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▪ LCIA: ReCiPe 2008

▪ UI: Microsoft Excel

▪ Size: 30 MB 

Input Worksheet 
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Environmental 
Model of 

Construction
(EMoC)
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2. Methodology

Input Worksheet 
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Environmental 
Model of 

Construction
(EMoC)

11Result Worksheet Structure 

2. Methodology
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Environmental 
Model of 

Construction
(EMoC)
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2. Methodology

Result Worksheet 
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Cost Model of 
Construction

(CMoC)
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2. Methodology

Model structure
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CMoC

Material 

consumption

Equipment

rental

On-site

labor

Environmental

Impacts (from EMoC)

Construction 

cost

External 

cost

… …

Calculation mechanism of CMoC
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Cost Model of 
Construction

(CMoC)
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2. Methodology
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Cost Model of 
Construction

(CMoC)
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Social-impact 
Model of 

Construction
(SMoC)
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2. Methodology

Dong and Ng, 2015. A social life cycle assessment model for building 

construction in Hong Kong, International Journal of Life Cycle Assessment.

❑ Microsoft Excel

❑ 7 functional worksheets

❑ sLCIA method is used in SMoC

❑ Social impacts of on-site practices 

collected from questionnaire survey

are applied as background data in     

‘Construction Worksheet’
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Social-impact 
Model of 

Construction
(SMoC)
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2. Methodology

Model structure
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Social-impact Model of Construction
(SMoC)

SMoC

Cost 

percentage

Country 

of origin

On-site

practice

… …

Fair salary

Working 

hour

Forced labor

Cultural 

heritage

… …

SMoC score

Calculation mechanism of SMoC
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Social-impact 
Model of 

Construction
(SMoC)
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LCSA 
Framework
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2. Methodology

Dong, Y. H., & Ng, S. T. (2016). A modeling 

framework to evaluate sustainability of 

building construction based on LCSA. The 

international journal of life cycle 

assessment, 21(4), 555-568.
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232. Case Study

Building type: residential building 
Location: Qingdao, China
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Construction area: 35,000 m2

No. of apartments: 204 
No. of towers: 2
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Data collection

▪ Data are collected through a questionnaire.

▪ Several rounds of consultation were carried out to 

collect more information.

25

3. Case study
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26Input data

Dong, Y., Liu, P., Hossain, M. U., Fang, Y., He, Y., & Li, H. (2021). An Index of Completeness (IoC) of life cycle 

assessment: Implementation in the building sector. Journal of Cleaner Production, 283, 124672.
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Material Energy Waste Total

Impact Category Unit Per GFA (m2) Per GFA (m2) Per GFA (m2) Per GFA (m2)

Climate change kg CO2 eq 281.5438227 8.318235282 0.558103552 290.4202

Ozone depletion kg CFC-11 eq 1.48928E-05 1.2518E-08 1.67232E-07 1.51E-05

Human toxicity kg 1,4-DB eq 152.1028481 1.496645103 0.054169118 153.6537

Photochemical oxidant formation kg NMVOC 0.804509047 0.039716416 0.006164149 0.85039

Particulate matter formation kg PM10 eq 0.694123619 0.02178414 0.001629535 0.729372

Ionising radiation kg U235 eq 61.421857 0.022013409 0.051399005 61.49527

Terrestrial acidification kg SO2 eq 1.056188565 0.06687138 0.003462953 1.126523

Freshwater eutrophication kg P eq 0.141373331 0.000874346 4.40922E-05 0.142292

Marine eutrophication kg N eq 0.046870379 0.001533558 0.000199954 0.048604

Terrestrial ecotoxicity kg 1,4-DB eq 0.029784714 0.00016637 6.39635E-05 0.030015

Freshwater ecotoxicity kg 1,4-DB eq 3.555483285 0.022125385 0.001328065 3.578937

Marine ecotoxicity kg 1,4-DB eq 3.67050329 0.022110126 0.001281858 3.693895

Agricultural land occupation m2a 4.48854606 0.201019967 0.019312245 4.708878

Urban land occupation m2a 1.742625533 0.058660618 0.078361088 1.879647

Natural land transformation m2 0.044617778 0.001096392 -0.003171194 0.042543

Water depletion m3 2.636889785 0.019516768 0.013440354 2.669847

Metal depletion kg Fe eq 78.46379173 0.032604934 0.020712286 78.51711

Fossil depletion kg oil eq 79.18522343 2.01702697 0.355269093 81.55752

28Model Results- Environmental Impacts
Midpoint Characterization
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29Model Results- Environmental Impacts
Midpoint Normalization

Climate change Ozone 
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Human 

Health

Ecosystems

Resources

Endpoint Weighting

Model Results- Environmental Impacts
Endpoint Weighting
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Model Results- Economic Impacts

Construction cost: 3939 RMB/m2 (609USD/m2)

External cost: 

External Cost (USD)

Human health 6.10E+11

Ecosystem 4.47E+15

Resource depletion 3.94E+04

Total external cost: 4.47E+15

Item

Cost 

(USD)
Human health (DALY) 60000

Ecotoxicity (species*yr) 1.75E+11

Resource depletion (US$) 1

Heijungs (2008)
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Model Results- Social Impacts

1

1 Freedom of association and collective

bargaining
-0.841280879

2 Child labor 0.445878866

3 Fair salary 0.82858335

4 Working hours 0.81588582

5 Forced labor -0.303017749

6 Equal opportunities/discrimination 0.155558646

7 Health and safety 0.712213723

8 Access to material resources (e.g. sanitation,

school)
0.265081793

9 Cultural heritage 0.025395059

10 Safe / healthy living conditions 0.406861602

11 Community engagement 0.236498444

12 Local employment 0.854448308

13 Public commitments to sustainability issues 0.279345652
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Social Impact CharacterizationCharacterization results are between

-1 to 1.

1 is the best performance.

-1 is the worst performance.
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44%

38%

18%

Single Score

Worker Local Community Society

Model Results- Social Impacts

Social single score: 1.44

Single score results are from 

-5 to 5.

5 is the best performance.

-5 is the worst performance.
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Conclusions

▪ The studied building has 290 kg CO2 eq/m2.

▪ The normalization results show that marine toxicity, 

human toxicity and freshwater ecotoxicity are most 

influential impact categories.

▪ Endpoint results show that Human health and 

Resources are more impacted by the project than 

ecosystem.

▪ External costs are much larger as compared to the 

construction costs.

▪ Social single score is 1.44, indicating the social impacts 

of this project is positive.

▪ The project has more impacts to Worker and 

Community than to the Society.
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Conclusions

▪ Future work:

▪ To study the downstream stages of the 

building project, including use, end-of-life.

▪ To conduct more case studies of LCSA.
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Thank you!

yhdong@qust.edu.cn
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