
3 Energy allocation and displacement method 
For a hypothetical system with one main product and one co-product the GHG emission intensity of the 

main product can be calculated as follows: 
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In which ε is the specific GHG emission intensity for the total system (including the product and co-

products) and the displaced product. The product share (ηp), co-product allocation ratio (rA) and 

displacement ratio (rD) are defined here as: 
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In which E is the energy content of the product (p), co-product (cp) and displaced product (dp). The 

parameters ηp and rD can be defined in terms of units (e.g. kg/kg, MJ/MJ). To avoid conversion, we use 

MJ/MJ in this example. It should be noted that ηp is inversely proportional to rA. Furthermore, equation 

1 and 2 show that while energy allocation yields strictly positive emission intensities (excluding the 

possibility that the total system is carbon negative due to the application of carbon capture and 

storage), the displacement method may give negative emission intensities. 

The difference (Δ) between the GHG emission intensity of the main product using energy allocation and 

the displacement method is expressed as: 

∆ = 𝜀𝐸𝐴 − 𝜀𝐷𝑀 =   (
1

𝜂𝑝
− 1) ∗ (𝑟𝐷 ∗ 𝜀𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 −  𝜀𝑠𝑦𝑠𝑡𝑒𝑚 )  

=  𝑟𝐴 ∗ (𝑟𝐷 ∗ 𝜀𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 − 𝜀𝑠𝑦𝑠𝑡𝑒𝑚 )  (5) 

The sign of the difference is determined by the term  𝑟𝐷 ∗ 𝜀𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 − 𝜀𝑠𝑦𝑠𝑡𝑒𝑚. Hence, energy 

allocation yields higher GHG emissions when: 

𝑟𝐷 ∗ 𝜀𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 >  𝜀𝑠𝑦𝑠𝑡𝑒𝑚 (6) 



The displacement method yields higher GHG emissions for systems in which: 

𝑟𝐷 ∗ 𝜀𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 <  𝜀𝑠𝑦𝑠𝑡𝑒𝑚 (7) 

As an illustration we take a system in which the co-product is green electricity. As electricity is often a 

direct substitute for grid electricity rd is likely equal to 1. As such, inequalities 6 and 7 reduce to a 

comparison between the emission intensity of the displaced product (grid electricity) and the energy 

intensity of the system. For systems having lower specific emission intensity than grid electricity, the 

displacement method will always yield a lower GHG emission intensity for the main product. For 

systems having higher emission intensity than grid electricity, the energy allocation method will always 

yield lower results than the displacement method. 

The size of Δ grows with higher co-product allocation ratios and increasing divergence between the 

terms 𝑟𝐷 ∗ 𝜀𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 and 𝜀𝑠𝑦𝑠𝑡𝑒𝑚. In other words, larger differences between the results of both 

methods may be expected for systems producing high amounts of co-products. Furthermore, for 

systems which are much less emission intensive than the system producing the displaced product (i.e. 

𝜀𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 ≫ 𝜀𝑠𝑦𝑠𝑡𝑒𝑚) larger differences between both methods occur for systems producing co-

products that effectively displace emission intensive products (i.e. high 𝑟𝐷 and 𝜀𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡). 

For systems with more co-products the general dynamics still hold, i.e. higher allocation ratios will lead 

to higher differences. Calculation of the sign of the difference requires, however, more parameters than 

postulated for the example system above. 

 


