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Wender et al 2017 (accepted) 



Impact Category Unit a-Si CdTe Multi- Si Ribbon-Si Single-Si 
Mean SD Mean SD Mean SD Mean SD Mean SD 

Agricultural land  m2a 4.9E-4 1.9E-4 6.9E-4 2.0E-4 1.2E-3 3.6E-4 1.0E-3 3.0E-4 1.1E-3 3.5E-4 

Climate change kg CO2 eq 1.6E-2 4.1E-3 1.3E-2 2.5E-3 1.9E-2 4.0E-3 1.7E-2 3.6E-3 2.2E-2 4.8E-3 

Fossil dep kg oil eq 4.1E-3 1.1E-3 3.3E-3 6.8E-4 5.0E-3 1.1E-3 4.4E-3 9.1E-4 5.8E-3 1.3E-3 

Freshwater ecotox kg 1,4-DB eq 7.3E-6 2.4E-6 7.7E-6 2.3E-6 9.4E-6 2.8E-6 9.6E-6 2.7E-6 9.5E-6 2.7E-6 

Freshwater eutroph kg P eq 1.7E-5 1.0E-5 2.0E-5 2.1E-5 1.8E-5 1.0E-5 1.7E-5 1.1E-5 1.9E-5 1.2E-5 

Human toxicity kg 1,4-DB eq 8.5E-3 3.6E-3 1.1E-2 4.8E-3 1.1E-2 4.1E-3 1.1E-2 4.0E-3 1.1E-2 4.6E-3 

Ionising radiation kBq U235 eq 2.1E-3 2.5E-3 2.2E-3 3.2E-3 2.8E-3 2.9E-3 2.6E-3 2.8E-3 3.6E-3 4.5E-3 

Marine ecotox kg 1,4-DB eq 9.1E-5 4.0E-5 1.1E-4 5.8E-5 1.5E-4 7.5E-5 1.6E-4 7.3E-5 1.5E-4 6.9E-5 

Marine eutroph kg N eq 5.6E-6 1.5E-6 6.2E-6 1.6E-6 8.8E-6 2.1E-6 8.8E-6 2.1E-6 9.8E-6 2.3E-6 

Metal Dep kg Fe eq 9.0E-3 2.5E-3 8.5E-3 2.1E-3 7.1E-3 1.9E-3 6.9E-3 1.9E-3 7.2E-3 2.0E-3 

Natural land trans m2 2.4E-6 1.5E-6 1.9E-6 1.6E-6 2.8E-6 2.8E-6 2.5E-6 2.4E-6 3.0E-6 2.5E-6 

Ozone Dep kg CFC-11 eq 9.5E-10 3.2E-10 9.6E-10 2.9E-10 3.4E-9 9.28E-10 3.36E-9 8.85E-10 3.28E-9 8.40E-10 

Particulate matter  kg PM10 eq 4.7E-5 1.2E-5 3.8E-5 7.9E-6 5.0E-5 1.0E-5 4.8E-5 9.8E-6 5.9E-5 1.3E-5 

Photochem kg NMVOC 5.8E-5 1.5E-5 5.1E-5 1.1E-5 8.0E-5 1.7E-5 7.7E-5 1.6E-5 8.9E-5 2.0E-5 

Terrestrial acid kg SO2 eq 1.2E-4 3.1E-5 1.1E-4 2.3E-5 1.4E-4 2.9E-5 1.3E-4 2.7E-5 1.6E-4 3.4E-5 

Terrestrial ecotoxicity kg 1,4-DB eq 2.4E-6 9.8E-7 3.0E-6 1.3E-6 3.5E-5 3.4E-5 3.9E-5 3.0E-5 3.4E-5 2.8E-5 

Urban land occup m2a 1.9E-4 5.7E-5 1.8E-4 4.6E-5 2.1E-4 5.3E-5 1.9E-4 5.1E-5 2.3E-4 6.5E-5 

Water Dep m3 8.9E-2 2.6E-2 5.9E-2 1.4E-2 3.1E-1 8.8E-2 2.3E-1 5.7E-2 2.9E-1 7.7E-2 

 
• Multiple indicators (& units) 
• Uncertainty 
• Decision Makers 
• Not single optimization 
• Best compromise 
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1 Water depletion 0.26 CdTe / A-Si 

 2 Terrestrial ecotoxicity 0.37 A-Si / CdTe 

3 Marine eutrophication 0.40 A-Si / CdTe 

4 Ozone depletion 0.48 A-Si / CdTe 

5 Agricultural land occupation 0.51 A-Si / CdTe 

6 Photochemical oxidant 0.54 CdTe / A-Si 

7 Climate change 0.56 CdTe / A-Si 

8 Fossil depletion 0.57 CdTe / A-Si 

  9 Particulate matter formation 0.67 CdTe / A-Si 

10 Terrestrial acidification 0.73 CdTe / A-Si 

11 Marine ecotoxicity 0.75 A-Si / CdTe 

12 Metal depletion 0.78 Ribbon-Si / Single-Si 

13 Freshwater ecotoxicity 0.79 A-Si / CdTe 

14 Urban land occupation 0.83 CdTe / A-Si 

15 Human toxicity 0.84 A-Si / CdTe 

16 Natural land transformation 0.84 CdTe / A-Si 

17 Ionising radiation 0.85 CdTe / A-Si 

18 Freshwater eutrophication 0.88 A-Si / Ribbon-Si 
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Prado-Lopez et al 2015 
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Freshwater Eutrophication kg P eq 



P
ro

b
a
b
ili

ty
 D

e
n
s
it
y
 

𝑆𝐷𝐵  
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A 

Water Depletion, m3 

  

  

Monte Carlo sample 

B 

Stochastic multi attribute analysis (SMAA): 
Outranking 

Prado-Lopez et al 2014 
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Stochastic multi attribute analysis (SMAA): 
Weights 
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Ravikumar et al 2017 (in prep) 



• LCA for technology design 
• Feedback: Data/experiment prioritization 
• Inclusion of stakeholder values 
• Incorporation of uncertainty in the decision 

 

Final remarks 
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