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Agenda

1) THEMIS LCA model framework

2) Vintage capital modelling approach for global-scale LCA

3) Introducing LCA in a energy-economy model
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THEMIS

• Integrated hybrid LCA model 

framework

• Described by Gibon et al. 

(2015)

• Used in report by UNEP 

International Resource Panel 

(Hertwich et al. 2016)

• Mainstream databases 

(Ecoinvent, EXIOBASE) with 

adaptations for world regions 

and future scenarios
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THEMIS technology change and 

variation
• Electricity mix employed depends on region, scenario 

and year

• Electricity supply technologies

– Variations in key parameters (e.g., efficiency, load factors, 

emission factors)

– Successive technology generations (e.g., poly-Si  thin-film PV)

• For selected materials production

– Aluminium, copper, nickel, iron and steel, metallurgical grade 

silicon, flat glass, zinc and clinker

– Reduced emission intensities, increased efficiencies of 

production

Gibon et al. 2015; Hertwich et al. 2016
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Vintage capital modelling approach

• To address impacts of future scenarios on large scales
– Capture timing of activities: attributing construction, operation 

and end-of-life activities to appropriate years

– Analyse activities with technology data pertaining to appropriate 
years

– Capture basic transition dynamics (if present)

• Key elements of approach
– Tracking of capacity additions and operating capacity

– Consider distribution of emissions by life cycle stages

– Consider replacement at end-of-life

– From THEMIS: life cycle inventories as functions of time
Arvesen and Hertwich 2011; Hertwich et al. 
2015; Arvesen et al., under review
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Matrix-based computation

 , , , , , , , , , , , , , ,

, , , , , , , , , , , , , , , , , ,

, , , , , , , , , , ,

,K K U U

new repl

t r p cons s t r p cons s t r s t r s

exist exist

t r p oper s t T r p oper s t T r s t T r p oper s t T r s

decom

t r p eol s t r p eol s t r s

K K

K U t

K

   

    

  



 



      



 

   


    


  

x x

x x x

x x

, r , ,T R s S   

 , , , , , , , , , , , , , , , , , , ,s t r p s t r p cons s t r p oper s t r p eol s

t T r R p P t T r R

s S         

  

    

      x x x x x

Arvesen et al., (under review)

 , , , , , , , , , , , , , , , , r , , ,fd phase

t r s p t r s p s t r s s p t T R s S p P             y A y b

1

, , , , , , , , ,( ) , , r , , ,t r s p s t r s p t T R s S p P          x I A y



7

Net impacts of mitigation instead of  

baseline (mitigation - baseline) for global 

electricity supply

Hertwich et al. (2015)
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Net impacts of mitigation instead of  
baseline (mitigation - baseline) for global 
electricity supply
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Introducing LCA in energy-economy 

models
• Collaboration under ADVANCE EU project

– Potsdam Institute for Climate Impact Research, operating the 

model REMIND

– Norwegian University of Science and Technology, operating 

THEMIS

• Integrated energy-economy models are widely used, e.g. 

by IPCC:

Figure: IPCC AR5-WGIII
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LCA energy data for use in energy-

economy models

Distinguish:

• Construction 

(C) and 

operation (O)

• Energy carrier 

(stacked 

column 

categories)

• Emission 

source 

(background 

colour)

  Solar PV 0.130   CSP 0.081   Hydro 0.175   Wind onshore 0.034

  Wind offshore 0.045   Coal 0.142   Coal CCS 0.261   Gas 0.107

  Gas CCS 0.145   Nuclear 0.049   Bio crop 0.316   Bio crop CCS 0.368

  Bio res. 0.190   Bio res. CCS 0.223
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Preliminary results
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Matrix-based computation

• Energy accounting approach of Arvesen and Hertwich (2015)

• Material accounting approach of Singh et al. (2015) Arvesen et al. (under review)
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Global scenario results for 2050 from 

REMIND

Pehl et al. (under review)

Content removed from presentation slides distributed online 
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Impact on optimal technology choice

Pehl et al. (under review)

Content removed from presentation slides distributed online 
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