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PV Technologies
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The Life Cycle of PV
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Energy Pay-Back Time
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Global Warming Potential
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GWP Benchmark (present)
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Sources: ExternE project, 2003; Kim and Dale, 2005; Fthenakis and Kim, 
2006; Fthenakis and Alsema, 2006; Fthenakis and Kim, in press.



Life-Cycle Cd emissions
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Source: Fthenakis, 2006



Normalized impact scores (CML 2) mc-Si

Most significant impacts:
global warming
acidification 
human toxicity } mostly caused by energy consumption
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Source: CRYSTALCLEAR project



CONCLUSIONS (I):
Strong points of PV technology

L i t ll ti t ti lLarge installation potential
GHG emissions reasonably low
Zero or near-zero emissions of toxic 
substances (direct emissions)( )
Potential for further improvement in  
GHG/EPBTGHG/EPBT
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CONCLUSIONS (I):
Issues which need attention

Reduce energy consumption (and GHGReduce energy consumption (and GHG 
emission) in solar cell production
Reduce dependency on scarce metalsReduce dependency on scarce metals 
(In, Te, Ag)
Cl th t i l l ( li )Close the material cycles (recycling)
Zero-emission production facilities
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FUTURE OUTLOOK –
CRYSTALCLEAR Project1 (c-Si PV)
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1http://www.ipcrystalclear.info
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FUTURE OUTLOOK –
CRYSTALCLEAR Project (c-Si PV)
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FUTURE OUTLOOK –
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c-Si PV Outlook

Energy Pay-Back Time for Future Silicon PV
(rooftop system, S.-Europe)
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• Energy Pay Back Time can be halved, to < 1 year;

• CO2-eq emission can be reduced to 15 g/kWh, with use of 
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1 T h l diff i i

FUTURE OUTLOOK - NEEDS Project2

1. Technology diffusion scenario 
analysis

3 different scenarios

2. Technology development path
Factors affecting technological 
developmentdevelopment
Technology shift 

3 Parametric LCA for each

T EC H N O L O G Y m c-Si: m ulti-c rysta lline  Literature  data
Estim ated  data
C a lcu lated data

K EY  PAR AM E T ER S U n it 2005 2010 2020 2030 2040 2050

M o du le efficien cy % 13,2% 16,0% 18,0% 21,0% 23,0% 25,0%
M o du le techn ical life years 25,00 30,00 35 ,00 40 ,00 45 ,00 50,00

M ateria l co n su m p tio n

Silicon  External 
F eedstock  

(m ass/kW p)
kg/kW p         12 ,82            7 ,82 3 ,91 3,15 2 ,90 2 ,76

W afer th ickness μm  300 ,00 180 ,00 100 ,00 100,00 100,00 100,00
K erf loss μm  200 ,00 160 ,00 150 ,00 150,00 150,00 150,00

En viron m enta l im p act g C O 2 eq/ 
kW he l 31,00 23,25 - - - 11,00

M J/kW p 26.515   19 .886     - - -   13.800 

C o st/Prices (m o d ule)  /W p 3,00 2,00 1,00 0 ,70 0 ,60 0,503. Parametric LCA for each 
scenario
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system

4. Estimate of External Costs

LCI
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Three Development Scenarios

‘Pessimistic’
Current incentives not supported long enough for PV
technology to ever become competitivetechnology to ever become competitive.
Growth of world PV market severely stunted by 2025.

‘Optimistic / Realistic’Optimistic / Realistic
c-Si, thin films and new concept devices likely to co-exist.
Initial growth according to industry (EPIA) predictions; after
2025 reduced growth rates (GP/EREC).

‘Very optimistic / Technological Breakthrough’
Bold (quadratic) annual growth rates as early as 2010.(q ) g y
By mid 2030’s large scale energy storage infrastructure
available; very rapid expansion of new concept devices after
2025.
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Cumulative Installed Capacity (World)
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Technology Specification (3 scenarios)
V.Optimistic 2025 2050
Cum. Capacity GWp 

sc-Si mc-Si ribbon 
(thick)

ribbon 
(thin) a-Si CIS CdTe DSC Conc Q-cell sc-Si mc-Si ribbon 

(thick)
ribbon 
(thin) a-Si CIS CdTe DSC Conc Q-cell

c-Si layer thickness um 100 100 150 100 100 100 100 50
Module efficiency 22% 20% 20% 12% 15% 20% 18% 10% 35% 35% 28% 25% 25% 16% 20% 25% 22% 17% 50% 50%
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c-Si layer thickness um 150 150 200 150 100 100 150 100
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Module lifetime years 10 30 30
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Preliminary Results

LCI results (‘Optimistic / Realistic’ scenario)LCI results ( Optimistic / Realistic  scenario)
with fixed background data

Comparison present, 2025, 2050
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Benchmark – Future PV Systems

GWP f diff t t h l iGWP of different energy technologies 
(source: Elaboration from Ecoinvent 2003 using IPCC method)
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UCTE mix = 454 g CO2/kWh



CONCLUSIONS (II) 
SUSTAINABILITY OF PV

Low PV life cycle emissions already todayLow PV life cycle emissions already today

Expected to further decrease by an order of 
magnitude by 2050

2 orders of magnitude lower than fossils2 orders of magnitude lower than fossils
Lower than nuclear
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