
1 

Consequential LCA and its 

consequences for LCA practice 

Reinout Heijungs 

 

 

Institute of Environmental Sciences 

 

 

Department of Econometrics and OR 



2 2 

Contents 

• Requirements to do LCA 

• Requirements to do ALCA/CLCA 

• Methodology, method, data and software 

• The impact function 

• “LCA” as a triangle 

• Axiomatic LCA 

• Conclusion 

 



3 3 

Requirements to do LCA 

• Doing LCA from a practitioner’s point of view 

the customer: 

LCA question the consultant: 

LCA expertise 
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Requirements to do LCA 

• So, what do you need to do LCA? 

– 1: LCA question 

– 2: LCA software 

– 3. LCA expertise 
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Requirements to do ALCA/CLCA 

• Reconsider this in the light of the ALCA/CLCA debate 

• Is it still  

– 1: LCA question 

– 2: LCA software 

– 3. LCA expertise 

• Or are there more/other steps? 

• And which existing steps will change? 
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Requirements to do ALCA/CLCA 

• 1. LCA question 

• ALCA and CLCA answer different questions 

– ALCA: which impacts can be attributed to a product? 

– CLCA: what are the consequences of a change of 

products? 

ILCD, General Guidance for Life Cycle Assessment - Detailed Guidance, 2011 
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Requirements to do ALCA/CLCA 

• 2. LCA software 

• Let’s postpone this one for a while 
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Requirements to do ALCA/CLCA 

• 3. LCA expertise 

• Yes, we need to train our students/empolyees/ourselves 

to do ALCA, to do CLCA, and to choose when to do 

what 

• A task for universities, UNEP/SETAC, ILCA, etc. 
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Requirements to do ALCA/CLCA 

• 2. LCA software 

• Is it just a question of adding a feature?  
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Requirements to do ALCA/CLCA 

• But what is behind this new feature? 

– different methodological choices (partitioning vs. 

substitution)? 

– different databases (marginal vs. average)? 

– different data linkages (constrained vs. market mix)? 

– different calculation formulas (𝐁𝐀−1𝐟 or CGE)? 

– different impact assessment methods (CGWP vs AGWP)? 

– etc. 
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Requirements to do ALCA/CLCA 

• So we subdivide 

– 2. LCA software 

• into  

– 2a. LCA method 

– 2b. LCI data 

– 2c. LCIA methods 

– 2d. LCA software 

• Let’s see 
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Methodology, method, data and software 

 
LCA methodological principles 

LCI method 

LCI data LCIA data 

LCA software 

LCIA method 
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Methodology, method, data and software 

• So, primordial to everything is “methodological 

principles” 

• This is not the same as “method” 

– methodological principles lead to a method 

• Example: 

– 𝐠 = 𝐁𝐀−1𝐟 is a “method” 

– linear attribution is a “methodological principle” 
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Methodology, method, data and software 

 

METHODOLOGIE 
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The impact function 

• An often-cited illustration of the difference between 

ALCA and CLCA 

Weidema, Danish Environmental Protection Agency (2003) 
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The impact function 

• But this is an answer 

– what is the question? 

Weidema, Danish Environmental Protection Agency (2003) 

42 
42 
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The impact function 

• Suppose we know an “impact function” (γ) 

– it maps a bundle of products (f) onto an impact (g) 

• Mathematically: 

– g = γ(f) 

– γ: f  g 

• Here: 

– impact = γ(products) 

– γ: products  impact 
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The impact function 

• Whole system 

 

impact 

 

 

 

 

products 
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The impact function 

• ALCA 

 

impact 

 

 

 

 

products 

1 unit of product impactALCA 42 

car 
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The impact function 

• CLCA 

 

impact 

 

 

 

 

products 

Δ 1 unit of product Δ impactCLCA 

42 
Δcar 
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LCA as a triangle 

 

𝑎 = 4 

𝑏 = 3 

𝑐 = 5 
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LCA as a triangle 

• The “impact” (𝑐) depends on the “products” (𝑎 and 𝑏) 

• Remember Pythagoras? 

– 𝑐 = 𝑎2 + 𝑏2 

– 𝛾 𝑎, 𝑏 = 𝑎2 + 𝑏2 

• Let’s try to use this “impact function” (𝛾) to derive  

– “CLCA” 

– “ALCA” 
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LCA as a triangle 

• “CLCA” 

• Change 𝑎 by a certain amount (Δ𝑎), and see how 𝑐 

changes (Δ𝑐) 

Δ𝑎 

Δ𝑐 

𝑏 = 3 

𝑎 = 4 

𝑐 = 5 

Δ𝑐 = 𝑎2 + 2𝑎 Δ𝑎 + Δ𝑎 2 + 𝑏2 − 𝑎2 + 𝑏2 
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LCA as a triangle 

• “ALCA” 

• Select a part of 𝑎 (𝛼), and find out which part of 𝑐 (𝛾) 

belongs to it 

𝑎 = 4 

𝑏 = 3 

𝑐 = 5 

𝛼 

𝛾 

𝛾 =?× 𝛼 
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Axiomatic ALCA 

• How to find the question mark? 

• No causality, because no change 

• We rely on 

– intuitively nice properties 

• LCA of cup-and-saucer=LCA of cup + LCA of saucer 

– consistency requirements 

• LCA of whole world gives all impacts 

• An axiomatic set-up is needed 
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Axiomatic ALCA 

 

Klostermann & Tukker, Springer (1998) 
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Conclusion 

• What changes in LCA practice is not obvious: 

– not just plugging in marginal data in existing formulas 

– not just using marginal characterisation factors 

• But really going back to the drawing room 

– 1: get rid of ISO-LCA (not founded, unclear wrt ALCA and 

CLCA) 

– 2: develop a “scientific” method for CLCA 

– 3: develop an “axiomatic” method for ALCA 

• We’ll see where they agree and where they differ 
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Conclusion 

• Danke schön 

• Merci beaucoup 

• Grazie 
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