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1 Utilisation pathways for forest wood 

Categories covered under forest wood directed to utilisation pathways: 

• Timber (i.e. sawable wood)  for solid construction wood, solid furniture wood 

• Industry wood: for all other material (fibres etc.) and energy uses 

• Industrial wood residues (sawmill by-products) can be scored by identical values as 
for industry wood 

• Wood from salvage logging can be scored by identical values as for industry 
wood 

• Forest residues are suitable for energy use and can be scored by identical values as 
for industry wood for energy purposes 

Table 1: Timber – round wood for construction 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material 

demand (effective) CRD bio 

    

kg raw material/  

kg product 

1.1 1.05 By-products from processing timber are 

usually comprehensively used; 10% of loss 

is estimated as a conservative factor. 

ifeu assumption, 

based on (Mantau 

2024) 

Raw material conservation 

factor (RCF) 

0.9 0.9 This factor refers to the material that is 

available for reuse or cascading after use, 

whereby the material loss during the utili-

sation phase and through demolition/dis-

mantling is estimated at 10%. 

ifeu assumption, 

based on (Mantau 

2024) 

CRD bio effective 0.2  

0.15 

= 1.1   – 0.9 

= 1.05 – 0.9 

 

GHG saving     

kg CO2eq/kg product 0.18 0.018 This includes the process-related emis-

sions from forest management, harvest-

ing, transport, sawing and cutting. Emis-

sion sources are machinery, energy plants 

and vehicles. 

Reduction from 2020/25 until 2050: 90% 

ifeu calculation 

based on the 

wood mass flow 

tool HoLCA 2.0 

kg CO2wood/kg product 0.18 0.018 We assume 10% loss of wood (analogous 

with CRDbio) with 50% C content, which is 

muliplied by factor 3.667 to CO2. 

ifeu assumption, 

based on (Mantau 

2024) 
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Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

credit: kg CO2eq/kg product 3.00 1.38 Assumed: steel reinforced concrete:  

4.39 kg concrete + 0.23 kg steel per kg 

wood 

the emission factor 2020/25:  

for concrete is: 0.575 kg CO2/kg  

for steel is 0.81 kg CO2/kg (assuming 80% 

from steel scrap) 

the emission factor 2050: 

for concrete is: 0.276 kg CO2/kg  

for steel is 0.13 kg CO2/kg (assuming 100% 

from steel scrap) 

ifeu calculation 

based on ecoin-

vent and on (Feh-

renbach et al. 

2021)  

plus prospective 

emission factors 

(Dittrich et al. 

2025) 

net balance -2.64  

-1.27 

= 0.18 + 0.18 – 3.0  

= 0.018 + 0.018 -1.38 

 

other environmental im-

pacts 

    

fine particulate matter 0 0 Sawmills and carpentries cause saw dust 

emissions, but these occur very locally and 

are usually larger than 2.5 µm diameter 

ifeu judgement 

novel substances 0 0 No novel substances ifeu judgement 

water (and other) toxicity 0 0 No water consumption and no other toxic 

agents 

ifeu judgement 

Aggregation 0 0 = 0 plus 0  

socio-economic criteria     

no renewable alternative, 

technically 

-1 0 There are no renewable alternatives to 

wood as a building material from a tech-

nical point of view; 

In 2050 it should be technically possible to 

have CO2-based panels 

ifeu judgement 

no renewable alternative, 

economically 

-1 -0.5 There are no renewable alternatives to 

wood as a building material from an eco-

nomic technical point of view 

In 2050, CO2-based panels will still be ex-

pensive solutions 

ifeu judgement 

 new infrastructure needed 0.2 0 An expansion of timber construction re-

quires a small-scale additional infrastruc-

ture expansion; 

it also opens up for other tree species 

(broadleaf), which requires other types of 

sawmills and product design. 

ifeu judgement 

risk of fossil lock-in effects 0 0 There is no risk of fossil lock-in effects by 

the application and expansion of timber 

use for construction. 

ifeu judgement 

https://www.umweltbundesamt.de/sites/default/files/medien/479/publikationen/texte_169-2021_flaechenrucksaecke_von_guetern_und_dienstleistungen_teilbericht_ii.pdf
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Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Aggregation -1.8  

-0.5 

= -1 - 1  + 0.2 + 0 

=  0  - 0.5 + 0 + 0 

 

TOTAL -4.24 -1.62   
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Table 2: Timber – round wood for furniture 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1.15 1.08 By-products from processing timber are usu-

ally comprehensively used; 10% of loss is esti-

mated as a conservative factor. 

ifeu assumption, 

based on (Mantau 

2024) 

Raw material conservation fac-

tor (RCF) 

0.9 0.9 This factor refers to the material that is availa-

ble for reuse or cascading after use, whereby 

the material loss during the utilisation phase 

and through demolition/dismantling is esti-

mated at 10%. 

ifeu assumption, 

based on (Mantau 

2024) 

CRD bio effective 0.25  

0.18 

= 1.15   – 0.9 

= 1.08 – 0.9 

 

GHG saving     

kg CO2eq/kg product 0.54 0.05 This includes the process-related emissions 

from forest management, harvesting, 

transport, sawing and cutting. Emission 

sources are machinery, energy plants and vehi-

cles. 

Reduction from 2020/25 until 2050: 90% 

ifeu calculation 

based on the 

wood mass flow 

tool HoLCA 2.0 

kg CO2wood/kg product 0.28 0.14 We assume 10% loss of wood (analogous with 

CRDbio) with 50% C content, which is muliplied 

by factor 3.667 to CO2. 

ifeu assumption, 

based on (Mantau 

2024) 

credit: kg CO2eq/kg product 1.41 0.22 Assumed: steel reinforced concrete:  

4.39 kg concrete + 0.23 kg steel per kg wood 

the emission factor 2020/25:  

for concrete is: 0.575 kg CO2/kg  

for steel is 0.81 kg CO2/kg (assuming 80% from 

steel scrap) 

the emission factor 2050: 

for concrete is: 0.276 kg CO2/kg  

for steel is 0.13 kg CO2/kg (assuming 100% 

from steel scrap) 

ifeu calculation 

based on ecoin-

vent and on (Feh-

renbach et al. 

2021)  

plus prospective 

emission factors 

(Dittrich et al. 

2025) 

net balance -0.59  

-0.02 

= 0.54 + 0.28 – 1.41  

= 0.05 + 0.14 – 0.22 

 

other environmental impacts     

fine particulate matter 0 0 Sawmills and carpentries cause saw dust emis-

sions, but these occur very locally and are usu-

ally larger than 2.5 µm diameter 

ifeu judgement 

novel substances 0 0 No novel substances ifeu judgement 

water (and other) toxicity 0 0 No water consumption an no other toxic 

agents 

ifeu judgement 

https://www.umweltbundesamt.de/sites/default/files/medien/479/publikationen/texte_169-2021_flaechenrucksaecke_von_guetern_und_dienstleistungen_teilbericht_ii.pdf
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Aggregation 0 0 = 0 plus 0  

socio-economic criteria     

no renewable alternative, 

technically 

-1 0 There are no renewable alternatives to wood 

as a building material from a technical point of 

view; 

In 2050 it should be technically possible to 

have CO2-based panels 

ifeu judgement 

no renewable alternative, eco-

nomically 

-1 -0.5 There are no renewable alternatives to wood 

as a building material from an economic tech-

nical point of view 

In 2050, CO2-based panels will still be expen-

sive solutions 

ifeu judgement 

 new infrastructure needed 0.2 0 An expansion of timber construction requires a 

small-scale additional infrastructure expan-

sion; 

it also opens up for other tree species (broad-

leaf), which requires other types of sawmills 

and product design. 

ifeu judgement 

risk of fossil lock-in effects 0 0 There is no risk of fossil lock-in effects by the 

application and expansion of timber use for 

construction. 

ifeu judgement 

Aggregation -1.8  

-0.5 

= -1 - 1  + 0.2 + 0 

=  0  - 0.5 + 0 + 0 

 

     

TOTAL -2.1 -0.3   
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Table 3: Particle wood panels (50% chipboard and 50% medium density fibre board) – industry wood 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1.1 1.05 By-products from processing timber are usu-

ally comprehensively used; 10% of loss is esti-

mated as a conservative factor. 

Reduction of the loss factor from 2020/25 un-

til 2050: 50% 

ifeu assumption, 

based on (Mantau 

2024) 

Raw material conservation fac-

tor (RCF) 

0.9 0.9 This factor refers to the material that is avail-

able for reuse or cascading after use, 

whereby the material loss during the utilisa-

tion phase and through demolition/disman-

tling is estimated at 10%. 

ifeu assumption, 

based on (Mantau 

2024) 

CRD bio effective 0.2  

0.15 

= 1.1  – 0.9 

= 1.05 – 0.9 

 

GHG saving     

kg CO2eq/kg product 1.54 0.15 This includes the process-related emissions 

from forest management, harvesting, 

transport, sawing and cutting. Emission 

sources are machinery, energy plants and ve-

hicles plus particle board production includ-

ing resins and glues. 

Assumption: 50% chipboard 50% medium 

density fibre board (MDF) 

Emission reduction from 2020/25 until 2050: 

90% 

ifeu calculation 

based on the 

wood mass flow 

tool HoLCA 2.0 

kg CO2wood/kg product 0.18 0.09 We assume 10% loss of wood (analogous 

with CRDbio) with 50% C content, which is 

multiplied by factor 3.667 to CO2. 

ifeu assumption, 

based on (Mantau 

2024) 

credit: kg CO2eq/kg product 1.41 0.22 Assumed: plastic and sheet metal:  

0.5 kg plastic + 0.5 kg steel per kg wood panel 

the emission factor 2020/25:  

for plastic is: 2 kg CO2/kg  

for steel is 0.81 kg CO2/kg (assuming 80% 

from steel scrap) 

the emission factor 2050: 

for plastic is: 0.3 kg CO2/kg  

for steel is 0.13 kg CO2/kg (assuming 100% 

from steel scrap) 

ifeu calculation 

based on ecoin-

vent and on (Feh-

renbach et al. 

2021)  

plus prospective 

emission factors 

(Dittrich et al. 

2025) 

net balance 0.32 0.03 = 1.54 + 0.18 – 1.41  

= 0.15 + 0.09 – 0.22 

 

other environmental impacts     

https://www.umweltbundesamt.de/sites/default/files/medien/479/publikationen/texte_169-2021_flaechenrucksaecke_von_guetern_und_dienstleistungen_teilbericht_ii.pdf
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Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

fine particulate matter 0 0 Sawmills and carpentries cause saw dust 

emissions, but these occur very locally and 

are usually larger than 2.5 µm diameter 

ifeu judgement 

novel substances 0 0 No novel substances ifeu judgement 

water (and other) toxicity 0.5 0 No water consumption an no other toxic 

agents 

ifeu judgement 

Aggregation 0.5 0 = 0 plus 0  

socio-economic criteria     

 no renewable alternative, 

technically 

-1 0 There are no renewable alternatives to wood 

panels as a building material from a technical 

point of view; 

In 2050 it should be technically possible to 

have CO2-based panels 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-1 -0.5 There are no renewable alternatives to wood 

panels from an economic technical point of 

view 

In 2050, CO2-based panels will still be expen-

sive solutions 

ifeu judgement 

 new infrastructure needed 0 0 An expansion of timber construction requires 

a small-scale additional infrastructure expan-

sion; 

it also opens up for other tree species (broad-

leaf), which requires other types of sawmills 

and product design. 

ifeu judgement 

 risk of fossil lock-in effects 0 0 There is no risk of fossil lock-in effects by the 

application and expansion of timber use for 

construction. 

ifeu judgement 

Aggregation -2  

-0.5 

= -1 - 1 + 0.2 + 0 

= 0 - 0.5 + 0 + 0 

 

TOTAL -0.98 -0.32   
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Table 4: Wood fibre: pulp and paper – industry wood 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1.5 1.25 One third of the raw material used for own en-

ergy demand. 

Reduction of the loss factor from 2020/25 until 

2050: 50% 

ifeu calculations 

based on ecoin-

vent 3.11 

Raw material conservation fac-

tor (RCF) 

0.9 0.9 This factor refers to the material that is availa-

ble for reuse or cascading after use, whereby 

the material loss during the utilisation phase is 

estimated at 10%. 

ifeu assumption, 

based on (Man-

tau 2024) 

CRD bio effective 0.6  

0.35 

= 1.1  – 0.9 

= 1.05 – 0.9 

 

GHG saving     

kg CO2eq/kg product 1.33 0.13 This includes the process-related emissions 

from forest management, harvesting, transport 

and production and packaging paper.  

Emission reduction from 2020/25 until 2050: 

90% 

ifeu calculation 

based on the 

wood mass flow 

tool HoLCA 2.0 

kg CO2wood/kg product 0.92 0.92 We assume 30% loss of wood (analogous with 

CRDbio) with 50% C content, which is multiplied 

by factor 3.667 to CO2. 

we do not assume a reduction of this process 

loss. 

ifeu assumption, 

based on (Man-

tau 2024) 

credit: kg CO2eq/kg product 4.0 1.5 We assume the substitution of plastic  

with an emission factor 2 kg CO2/kg of 2020/25 

and of 0.3 kg CO2/kg in 2050. 

ifeu calculation 

based on ecoin-

vent and on 

(Fehrenbach et 

al. 2021)  

plus prospective 

emission factors 

(Dittrich et al. 

2025) 

net balance -1.75 -0.45 = 1.33 + 0.92 - 4.0  

= 0.13 + 0.92 – 1.5 

 

other environmental impacts     

fine particulate matter 0 0 Sawmills and carpentries cause saw dust emis-

sions, but these occur very locally and are usu-

ally larger than 2.5 µm diameter 

ifeu judgement 

novel substances 0 0 No novel substances ifeu judgement 

water (and other) toxicity 0.5 0 Pulp production causes water pollution, which 

will be prevented in 2050 

ifeu judgement 

https://www.umweltbundesamt.de/sites/default/files/medien/479/publikationen/texte_169-2021_flaechenrucksaecke_von_guetern_und_dienstleistungen_teilbericht_ii.pdf
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Aggregation 0.5  

0 

= 0 + 0 + 0.5 

= 0 plus 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-1 0 There are no renewable alternatives to packag-

ing material from a technical point of view; 

In 2050 it should be technically possible to 

have CO2-based plastic 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-1 -0.5 There are no renewable alternatives to wood 

panels from an economic technical point of 

view 

In 2050, CO2-based plastic will still be an expen-

sive solution 

ifeu judgement 

 new infrastructure needed 0 0 There is no new infrastructure needed ifeu judgement 

 risk of fossil lock-in effects 0 0 There is no risk of fossil lock-in effects by the 

application and expansion of timber use for 

construction. 

ifeu judgement 

Aggregation -2  

-0.5 

= -1 - 1 + 0.2 + 0 

=  0  - 0.5 + 0 + 0 

 

TOTAL -2.65 -0.6   
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Table 5: Wood fibre: textile – industry wood 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1.5 1.25 One third of the raw material used for own energy 

demand. 

Reduction of the loss factor from 2020/25 until 

2050: 50% 

ifeu calcula-

tions based on 

ecoinvent 3.11 

Raw material conservation fac-

tor (RCF) 

0.9 0.9 This factor refers to the material that is available for 

reuse or cascading after use, whereby the material 

loss during the utilisation phase is estimated at 

10%. 

ifeu assump-

tion, based on 

(Mantau 2024) 

CRD bio effective 0.6  

0.35 

= 1.1  – 0.9 

= 1.05 – 0.9 

 

GHG saving     

kg CO2eq/kg product 3.33 0.33 This includes the process-related emissions from 

forest management, harvesting, transport and pro-

duction and packaging paper.  

Emission reduction from 2020/25 until 2050: 90% 

ifeu calculation 

based on 

ecoinvent 3.11 

kg CO2wood/kg product 0.92 0.92 We assume 30% loss of wood (analogous with CRD-

bio) with 50% C content, which is multiplied by factor 

3.667 to CO2. 

we do not assume a reduction of this process loss. 

ifeu assump-

tion, based on 

(Mantau 2024) 

credit: kg CO2eq/kg product 4.93 1.5 We assume the substitution of polyester  

with an emission factor 2 kg CO2/kg of 2020/25 and 

of 0.3 kg CO2/kg in 2050. 

ifeu calculation 

based on 

ecoinvent and 

on (Fehren-

bach et al. 

2021)  

plus prospec-

tive emission 

factors (Dittrich 

et al. 2025) 

net balance -0.68 -0.75 = 3.33 + 0.92 - 4.93  

= 0.33 + 0.92 – 2.0 

 

other environmental impacts     

fine particulate matter 0 0 Fibre factories cause saw dust emissions;  

however, exhaust air purification is mandatory and 

implemented 

ifeu judgement 

novel substances 0.5 0 Novel enzymes implemented ifeu judgement 

water (and other) toxicity 0 0 Lyocell production is significantly less waster con-

suming and polluting than any other pulp or fibre 

production  

Lyocell water  

https://www.umweltbundesamt.de/sites/default/files/medien/479/publikationen/texte_169-2021_flaechenrucksaecke_von_guetern_und_dienstleistungen_teilbericht_ii.pdf
https://www.lenzing.com/technology-production/resources/water/
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Aggregation 0.5  

0 

= 0 + 0 + 0.5 

= 0 plus 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-1 0 There are no renewable alternatives to fibres apart 

from cotton, which is environmentally crucial and 

shall not be the option to replace the large market 

volume of fossil textiles; 

In 2050 it should be technically possible to have 

CO2-based textile fibres 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-1 -0.5 No renewable alternatives to wood-based fibres 

from an economic technical point of view. 

In 2050, CO2-based textile fibres will still be an ex-

pensive solution 

ifeu judgement 

 new infrastructure needed 0 0 There is no new infrastructure needed (technology 

is in place and economically operating) 

ifeu judgement 

 risk of fossil lock-in effects 0 0 There is no risk of fossil lock-in effects by the appli-

cation and expansion of timber use for construc-

tion. 

ifeu judgement 

Aggregation -2  

-0.5 

= -1 - 1 + 0.2 + 0 

= 0 - 0.5 + 0 + 0 

 

TOTAL -1.58 -0.90   
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Table 6: Basic chemicals – from wood via gasification (Methanol) – industry wood 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 2.60 1.80 The applied conversion technology gasification 

has an energetic efficiency of 51.1% MJ Metha-

nol per MJ dry wood; referring mass relations 

we apply 19.6 MJ/kg MetOH and 15 MJ/kg 

wood (air dry), Emission reduction from 

2020/25 until 2050: 50% 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0.9 0.9 This factor refers to the material that is availa-

ble for reuse or cascading after use, whereby 

the material loss during the utilisation phase is 

estimated at 10%. 

ifeu assumption 

CRD bio effective 1.7 0.9 = 2.6 – 0.9 

= 1.8 – 0.9 

 

GHG saving     

kg CO2eq/kg product 0.32 0.03 This includes the process-related emissions 

from Short rotation coppices (SRC), harvesting, 

chipping and transport. 

Emission reduction from 2020/25 until 2050: 

90% 

Well-to-wheels 

study No 5 (Prussi 

2020) 

kg CO2wood/kg product 2.93 1.46 Wood losses calculated as CO2 emissions: 

2020: (2.6 kg – 1 kg) x 0.5 kg C/kg wood x 44/12 

kg CO2/kg C 

2050: (1.8 kg – 1 kg) x 0.5 kg C/kg wood x 44/12 

kg CO2/kg C 

ifeu assumption 

credit: kg CO2eq/kg product 2.03 0.17 For 2020/25:  

1 kg MetOH = 0.375 kg C; equivalent in Eth-

ylene (0.857 kg C/kg) --> 0.438 kg Ethylene; 

plus CO2 from EoL. 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for ethylene (Dit-

trich et al. 2025) 

net balance 1.22  

1.33 

= 0.32 +2.93 – 2.03  

= 0.03 +1.46 – 0.17 

 

other environmental impacts     

fine particulate matter 0 0 There are no relevant emission sources along 

the production chain. 

ifeu judgement 

novel substances 0.5 0 The technology relies on some chemical agents 

for gas cleaning 

ifeu judgement 

water (and other) toxicity 0 0 No water consumption and no other toxic 

agents 

ifeu judgement 
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Aggregation 0.5  

0 

= 0 + 0.5 + 0 

= 0 plus 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-1 -0.5 In 2020/25 there are no renewable alternatives 

to biomass for carbon in chemical production. 

In 2050 there are still some technical bottle-

necks for full coverage while ignoring biomass 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-1 -0.5 In 2020/25 there are no economically viable re-

newable alternatives to biomass for carbon in 

chemical production. 

In 2050 there are still some economic bottle-

necks for full coverage while ignoring biomass 

ifeu judgement 

 new infrastructure needed 1 0 Basic chemicals based on wood need com-

pletely new infrastructure for provision and 

production. 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Basic chemicals based on biogenic carbon 

means persisting at least partly on the existing 

fossil infrastructure and therefore relevant 

risks of fossil lock-in effects. 

ifeu judgement 

Aggregation -0.5  

-1 

= -1 – 1 + 1 + 0.5 

= -0.5 -0.5 + 0 + 0 

 

TOTAL 2.9 1.2   
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Table 7: Biofuel – road transport – advanced biofuel from industry wood (Methanol)  

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 2.60 1.80 The applied conversion technology gasification 

has an energetic efficiency of 51.1% MJ Metha-

nol per MJ dry wood; referring mass relations 

we apply 19.6 MJ/kg MetOH and 15 MJ/kg 

wood (air dry), Emission reduction from 

2020/25 until 2050: 50% 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of mate-

rial 

 

CRD bio effective 2.60 1.80   

GHG saving     

kg CO2eq/kg product 0.32 0.03 This includes the process-related emissions 

from Short rotation coppices (SRC), harvesting, 

chipping and transport. 

Emission reduction from 2020/25 until 2050: 

90% 

Well-to-wheels 

study No 5 (Prussi 

2020) 

kg CO2wood/kg product 4.76 3.30 Applied wood completely calculated as CO2 

emissions: 

2020: 2.6 kg x 0.5 kg C/kg wood x 44/12 kg 

CO2/kg C 

2050: 1.8 kg x 0.5 kg C/kg wood x 44/12 kg 

CO2/kg C 

ifeu assumption 

credit: kg CO2eq/kg product 1.85 0.01 For 2020/25:  

1 kg MetOH = 19.9 MJ x 0.093 kg CO2/MJ (from 

RED III) results in 1.85 kg CO2eq. 

For 2050 we assume electrification with  

20 kWh corresponding with 8.5 litre petrol, 

with a density of 0.75 kg/litre. 

The emission factor for 1 kWh electricity in 

2050 is assumed to be 10 g CO2eq. 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance 3.23  

3.29 

= 0.32 +4.76 - 1.85  

= 0.03 +3.3 - 0.01 

 

other environmental impacts     

fine particulate matter 0 0 There are no relevant emission sources along 

the production chain  

ifeu judgement 

novel substances 0.5 0 The technology relies on some chemical agents 

for gas cleaning 

ifeu judgement 

water (and other) toxicity 0 0 No water consumption and no other toxic 

agents 

ifeu judgement 



ifeu  Annex – Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world 

   23 
 

Aggregation 0.5  

0 

= 0 + 0.5 + 0 

= 0 plus 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-0.2 0 In 2020/25 there are still some bottlenecks for 

full coverage with electrification in road 

transport; we assume 20% technically hard to 

cover. 

In 2050 there are no more technical bottle-

necks for full coverage with electrification 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.3 0 In 2020/25 there are still some bottlenecks for 

full coverage with electrification in road 

transport; we assume 30% economically hard 

to cover (slightly more than technically). 

In 2050 there are no more economic bottle-

necks for full coverage with electrification 

ifeu judgement 

 new infrastructure needed 1 0 Advanced biofuels based on wood need com-

pletely new infrastructure for provision and 

production. 

ifeu judgement 

 risk of fossil lock-in effects 1 0 Liquid biofuel for road transport means persist-

ing on the existing fossil infrastructure and 

therefore relevant risks of fossil lock-in effects. 

Moreover, this inhibits the electrification. 

ifeu judgement 

Aggregation 1.5  

0 

= -0.2 – 0.3 + 1 + 1 

= 0 + 0 + 0 + 0 

 

TOTAL 7.83 5.08   
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Table 8: Biofuel – aviation – advanced biofuel from industrial wood (Methanol) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 2.60 1.80 The applied conversion technology gasification 

has an energetic efficiency of 51.1% MJ Metha-

nol per MJ dry wood; referring mass relations we 

apply 19.6 MJ/kg MetOH and 15 MJ/kg wood (air 

dry), Emission reduction from 2020/25 until 

2050: 50% 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of material  

CRD bio effective 2.60 1.80   

GHG saving     

kg CO2eq/kg product 0.32 0.03 This includes the process-related emissions from 

Short rotation coppices (SRC), harvesting, chip-

ping and transport. 

Emission reduction from 2020/25 until 2050: 

90% 

Well-to-wheels 

study No 5 (Prussi 

2020) 

kg CO2wood/kg product 4.76 3.30 Applied wood completely calculated as CO2 emis-

sions: 

2020: 2.6 kg x 0.5 kg C/kg wood x 44/12 kg 

CO2/kg C 

2050: 1.8 kg x 0.5 kg C/kg wood x 44/12 kg 

CO2/kg C 

ifeu assumption 

credit: kg CO2eq/kg product 1.85 0.01 For 2020/25:  

1 kg MetOH = 19.9 MJ x 0.093 kg CO2/MJ (from 

RED III) results in 1.85 kg CO2eq. 

For 2050: residual emissions from e-fuel produc-

tion 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance 3.23  

3.29 

= 0.32 +4.76 - 1.85  

= 0.03 +3.3 - 0.01 

 

other environmental impacts     

fine particulate matter 0 0 There are no relevant emission sources along the 

production chain 

ifeu judgement 

novel substances 0.5 0 The technology relies on some chemical agents 

for gas cleaning 

ifeu judgement 

water (and other) toxicity 0 0 No water consumption and no other toxic agents ifeu judgement 

Aggregation 0.5  

0 

= 0 + 0.5 + 0 

= 0 plus 0 
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socio-economic criteria     

 no renewable alternative, 

technically 

-0.7 -0.1 In 2020/25 there are technical limits for full cov-

erage with alternative fuels in aviation; we as-

sume 70% technically hard to cover (conserva-

tively). 

In 2050 there are small technical bottlenecks for 

full coverage (10% assumed) 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.9 -0.1 In 2020/25 there are economic limits for full cov-

erage with alternative fuels in aviation; we as-

sume 90% (conservatively). 

In 2050 there are small economic bottlenecks for 

full coverage (10% assumed) 

ifeu judgement 

 new infrastructure needed 1 0.1 Advanced biofuels based on wood need com-

pletely new infrastructure for provision and pro-

duction. 

ifeu judgement 

 risk of fossil lock-in effects 1 0.1 Liquid biofuel for aviation means persisting on 

the existing fossil infrastructure and therefore 

relevant risks of fossil lock-in effects. 

ifeu judgement 

Aggregation 0.4  

0 

= -0.7 – 0.9 + 1 + 1 

= -0.1 – 0.1 + 0.1 + 0.1 

 

     

TOTAL 6.73 4.63   
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Table 9: Biofuel – shipping (maritime)  – advanced biofuel from industrial wood (Methanol) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 2.60 1.80 The applied conversion technology gasifica-

tion has an energetic efficiency of 51.1% MJ 

Methanol per MJ dry wood; referring mass 

relations we apply 19.6 MJ/kg MetOH and 15 

MJ/kg wood (air dry), Emission reduction 

from 2020/25 until 2050: 50% 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of ma-

terial 

 

CRD bio effective 2.60 1.80   

GHG saving     

kg CO2eq/kg product 0.32 0.03 This includes the process-related emissions 

from Short Rotation Coppices (SRC), harvest-

ing, chipping and transport. 

Emission reduction from 2020/25 until 2050: 

90% 

Well-to-wheels 

study No 5 (Prussi 

2020) 

kg CO2wood/kg product 4.76 3.30 Applied wood completely calculated as CO2 

emissions: 

2020: 2.6 kg x 0.5 kg C/kg wood x 44/12 kg 

CO2/kg C 

2050: 1.8 kg x 0.5 kg C/kg wood x 44/12 kg 

CO2/kg C 

ifeu assumption 

credit: kg CO2eq/kg product 1.85 0.01 For 2020/25:  

1 kg MetOH = 19.9 MJ x 0.093 kg CO2/MJ 

(from RED III) results in 1.85 kg CO2eq. 

For 2050: residual emissions from e-fuel pro-

duction 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance 3.23  

3.29 

= 0.32 +4.76 - 1.85  

= 0.03 +3.3 - 0.01 

 

other environmental impacts     

fine particulate matter 0 0 There are no relevant emission sources along 

the production chain. 

ifeu judgement 

novel substances 0.5 0 The technology relies on some chemical 

agents for gas cleaning 

ifeu judgement 

water (and other) toxicity 0 0 No water consumption and no other toxic 

agents 

ifeu judgement 

Aggregation 0.5  

0 

= 0 + 0.5 + 0 

= 0 plus 0 
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socio-economic criteria     

 no renewable alternative, 

technically 

-0.7 -0.1 In 2020/25 there are technical limits for full 

coverage with alternative fuels in shipping; 

we assume 70% technically hard to cover 

(conservatively). 

In 2050 there are small technical bottlenecks 

for full coverage (10% assumed) 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.9 -0.1 In 2020/25 there are economic limits for full 

coverage with alternative fuels in shipping; 

we assume 90% (conservatively). 

In 2050 there are small economic bottlenecks 

for full coverage (10% assumed) 

ifeu judgement 

 new infrastructure needed 1 0.1 Advanced biofuels based on wood need com-

pletely new infrastructure for provision and 

production. 

ifeu judgement 

 risk of fossil lock-in effects 1 0.1 Liquid biofuel for shipping means persisting 

on the existing fossil infrastructure and there-

fore relevant risks of fossil lock-in effects. 

ifeu judgement 

Aggregation 0.4  

0 

= -0.7 – 0.9 + 1 + 1 

= -0.1 – 0.1 + 0.1 + 0.1 

 

     

TOTAL 6.73 5.08   

 

  



28  Annex – Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world  ifeu  

 

 

Table 10: Process heat (>500°C) – industry wood 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of ma-

terial 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.09 0.01 This includes the process-related emissions 

from harvesting, chipping and transport. 

Emission reduction from 2020/25 until 2050: 

90% 

RED default values 

Well-to-wheels 

study No 5 (Prussi 

2020) 

kg CO2wood/kg product 1.83 1.83 Applied wood completely calculated as CO2 

emissions: 

1 kg x 0.5 kg C/kg wood x 44/12 kg CO2/kg C 

ifeu assumption 

credit: kg CO2eq/kg product 0.68 0.064 For 2020/25:  

0.04 kg CO2eq/MJ natural gas x 17 MJ/kg fuel-

wood. 

For 2050:  

0.21 kg CO2/kg SNG / (50 MJ/kg SNG /0.9 

thermal efficiency) x 17 MJ/kg fuelwood 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance 1.24  

1.78 

= 0.09 + 1.83 - 0.68  

= 0.01 + 1.83 – 0.064 

 

other environmental impacts     

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cursors 

for fine particulates, mitigation considered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0.25 

= 0.5 + 0 + 0 

= 0.25 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-0.7 -0.2 In 2020/25 there are technical limits for full 

coverage with alternative high temperature 

energies. 

In 2050 there are widely options (electricity, 

heat pumps for waste heat etc.), but no full 

coverage for high temperature 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-0.9 -0.5 In 2020/25 there are economic limits for full 

coverage with alternative high temperature 

energies. 

In 2050 the alternative options are affordable 

(electricity, heat pumps for waste heat etc.) 

but still an expensive option for high temper-

ature 

ifeu judgement 

 new infrastructure needed 0.5 0 Solid fuel heaters need to be implemented, at 

least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for process energy means partly 

persisting on the existing fossil infrastructure 

and therefore relevant risks of fossil lock-in 

effects. 

ifeu judgement 

Aggregation -0.6  

-0.7 

= -0.7 – 0.9 + 0.5 + 0.5 

= -0.2 – 0.5 + 0 + 0 

 

TOTAL 2.14 2.33   
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Table 11: Process heat (<500°C) – industry wood 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of ma-

terial 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.1 0.01 This includes the process-related emissions 

from harvesting, chipping and transport. 

Emission reduction from 2020/25 until 2050: 

90% 

RED default values 

Well-to-wheels 

study No 5 (Prussi 

2020) 

kg CO2wood/kg product 1.83 1.83 Applied wood completely calculated as CO2 

emissions: 

1 kg x 0.5 kg C/kg wood x 44/12 kg CO2/kg C 

ifeu assumption 

credit: kg CO2eq/kg product 0.68 0.09 For 2020/25:  

0,04 kg CO2eq/MJ natural gas x 17 MJ/kg fuel-

wood. 

For 2050:  

0,005 kg CO2/MJ heat x 17 MJ/kg fuelwood 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance 1.24  

1.76 

= 0.09 + 1.83 - 0.68  

= 0.01 + 1.83 – 0.09 

 

other environmental impacts     

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cursors 

for fine particulates, mitigation considered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0.25 

= 0.5 + 0 + 0 

= 0.25 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-0.5 0 In 2020/25 there are technical limits for full 

coverage with alternative process heat (low 

temperature) 

In 2050 there are sufficient options (heat 

pumps etc.) 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-0.7 0 In 2020/25 there are economic limits for full 

coverage with alternative process heat (low 

temperature). 

In 2050, there alternative options are afforda-

ble (electricity, heat pumps for waste heat 

etc.) 

ifeu judgement 

 new infrastructure needed 0.5 0 Solid fuel heaters need to be implemented, at 

least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for process energy means partly 

persisting on the existing fossil infrastructure 

and therefore relevant risks of fossil lock-in 

effects. 

ifeu judgement 

Aggregation -0.2  

0 

= -0.5 – 0.7 + 0.5 + 0.5 

= 0 + 0 + 0 + 0 

 

TOTAL 2.54 3.03   
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Table 12: District heat – industry wood  

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of ma-

terial 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.1 0.01 This includes the process-related emissions 

from harvesting, chipping and transport. 

Emission reduction from 2020/25 until 2050: 

90% 

RED default values 

Well-to-wheels 

study No 5 (Prussi 

2020) 

kg CO2wood/kg product 1.83 1.83 Applied wood completely calculated as CO2 

emissions: 

1 kg x 0.5 kg C/kg wood x 44/12 kg CO2/kg C 

ifeu assumption 

credit: kg CO2eq/kg product 0.68 0.09 For 2020/25:  

0,04 kg CO2eq/MJ natural gas x 17 MJ/kg fuel-

wood. 

For 2050:  

0,005 kg CO2/MJ heat x 17 MJ/kg fuelwood 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance 1.24  

1.76 

= 0.09 + 1.83 - 0.68  

= 0.01 + 1.83 – 0.09 

 

other environmental impacts     

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cursors 

for fine particulates, mitigation considered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0.25 

= 0.5 + 0 + 0 

= 0.25 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-0.5 0 In 2020/25 there are technical limits for full 

coverage with alternative district heat 

In 2050 there are sufficient options (heat 

pumps etc.) 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-0.7 0 In 2020/25 there are economic limits for full 

coverage with alternative district heat. 

In 2050, there alternative options are afforda-

ble (electricity, heat pumps for waste heat 

etc.) 

ifeu judgement 

 new infrastructure needed 0.7 0 Solid fuel heaters need to be implemented, at 

least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for process energy means partly 

persisting on the existing fossil infrastructure 

and therefore relevant risks of fossil lock-in 

effects. 

ifeu judgement 

Aggregation 0  

0 

= -0.5 – 0.7 + 0.7 + 0.5 

= 0 + 0 + 0 + 0 

 

TOTAL 2.72 2.92   
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Table 13: Space heat – industry wood  

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of ma-

terial 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.335 0.033 This includes the process-related emissions 

from harvesting, chipping and transport. 

Emission reduction from 2020/25 until 2050: 

90% 

RED default values 

for wood pellets 

 

kg CO2wood/kg product 1.83 1.83 Applied wood completely calculated as CO2 

emissions: 

1 kg x 0.5 kg C/kg wood x 44/12 kg CO2/kg C 

ifeu assumption 

credit: kg CO2eq/kg product 0.68 0.09 For 2020/25:  

0,04 kg CO2eq/MJ natural gas x 17 MJ/kg fuel-

wood. 

For 2050:  

0,005 kg CO2/MJ heat x 17 MJ/kg fuelwood 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance 1.49  

1.70 

= 0.34 + 1.83 - 0.68  

= 0.03 + 1.83 – 0.09 

 

other environmental impacts     

fine particulate matter 1 0.5 Emissions from combustion with pre-cursors 

for fine particulates, minor mitigation 

in 2050, certain mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 1  

0.5 

= 1 + 0 + 0 

= 0.5 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-0.5 0 In 2020/25 there are technical limits for full 

coverage with alternative space heat 

In 2050 there are sufficient options (heat 

pumps etc.) 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-0.7 0 In 2020/25 there are economic limits for full 

coverage with alternative space heat. 

In 2050, there alternative options are afforda-

ble (electricity, heat pumps for waste heat 

etc.) 

ifeu judgement 

 new infrastructure needed 0.7 0 Solid fuel heaters need to be implemented, at 

least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for process energy means partly 

persisting on the existing fossil infrastructure 

and therefore relevant risks of fossil lock-in 

effects. 

ifeu judgement 

Aggregation 0  

0 

= -0.5 – 0.7 + 0.7 + 0.5 

= 0 + 0 + 0 + 0 

 

TOTAL 3.49 3.20   

 

  



36  Annex – Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world  ifeu  

 

 

Table 14: Electricity – industry wood  

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of ma-

terial 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.29 0.029 This includes the process-related emissions 

from harvesting, chipping and transport. 

Emission reduction from 2020/25 until 2050: 

90% 

RED default values 

for wood chips 

 

kg CO2wood/kg product 1.83 1.83 Applied wood completely calculated as CO2 

emissions: 

1 kg x 0.5 kg C/kg wood x 44/12 kg CO2/kg C 

ifeu assumption 

credit: kg CO2eq/kg product 0.58 0.07 For 2020/25:  

0.35 kg CO2eq/kWh electricity from EU grid x 

17 MJ/kg fuelwood x 0.35 electric efficiency. 

For 2050:  

0.039 kg eq/kWh electricity from EU grid x 17 

MJ/kg fuelwood x 0.4 electric efficiency. 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance 1.55  

1.79 

= 0.29 + 1.83 - 0.58  

= 0.03 + 1.83 – 0.07 

 

other environmental impacts     

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cursors 

for fine particulates, mitigation considered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 1  

0.5 

= 1 + 0 + 0 

= 0.5 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-0.2 0 In 2020/25, there are regionally technical 

limits for full coverage with alternative elec-

tricity 

In 2050, there are sufficient options (PV, wind 

etc.) 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-0.2 0 In 2020/25 there are economic limits for full 

coverage with alternative electricity. 

In 2050, sufficient options are affordable (PV, 

wind etc.) 

ifeu judgement 

 new infrastructure needed 0.5 0 Solid fuel heaters need to be implemented, at 

least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for electricity means partly per-

sisting on the existing fossil infrastructure 

(co-firing with coal in extreme cases) and 

therefore relevant risks of fossil lock-in ef-

fects. 

ifeu judgement 

Aggregation 0.6  

0 

= -0.2 – 0.2 + 0.5 + 0.5 

= 0 + 0 + 0 + 0 

 

TOTAL 3.65 3.04   
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2 Utilisation pathways for agricultural 
crops  

Categories covered under agricultural crops (including agriwood, i.e. short rotation coppice) 
directed to utilisation pathways: 

• Vegetable oils  

‒ unspecified, European rapeseed oil serves as a reference for this  

utilised for oleochemistry and biofuels 

‒ low iLUC-risk, imported castor oil serves as a reference for this  
utilised for oleochemistry only (since the potentials are limited and reliant on im-
ports)  

‒ high iLUC risk, imported palm oil serves as a reference for this  

utilised for oleochemistry and biofuels 

• Sugar and starch plants for technical sugar, basic chemicals (methanol) and biofuels 

• Wood from Short-Rotation Coppice (also applicable to Paludiwood and so-called en-
ergy grasses wood: for fibres and all energy uses. 

 

Level 2 corresponds to the assessment level for the type of use. Unlike forest wood and 
residues and waste, crops are included in the assessment at the level of biomass production. 
This is done in an additional rating at the end of the respective Level 2 table. 

 

Table 15: Basic chemicals – vegetable oil for oleochemistry – rape seed oil 

Criterion/indicator 

LEVEL 2 

Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1.2 1.2 The conventional technology to gain vegeta-

ble oil requires 20% of feedstock for own pro-

duction 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation  

factor (RCF) 

0.9 0.9 This factor refers to the material that is avail-

able for reuse or cascading after use, 

whereby the material loss during the utilisa-

tion phase is estimated at 10%. 

Ifeu estimation 

CRD bio effective 0.3 0.3 = 1.2 – 0.9  
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GHG saving     

kg CO2eq/kg product 0.93 0.09 For 2020/25: 

0.025 kg CO2eq/MJ oil x 37 MJ/kg oil 

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 4.33 0.3 For 2020/25:  

1 kg fossil oil (lubricant) 1.4 kg CO2eq/kg 

product + 0.8 x 44/12 CO2eq/kg fossil carbon 

content. 

For 2050: value for chemical based on CO2 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -3.41  

-0.21 

= 0.93 - 4.33 

= 0.09 - 0.30 

 

other environmental impacts     

fine particulate matter 1 1 Emission source due to the agricultural pro-

duction chain. 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 1 1 Fertiliser and pesticide application ifeu judgement 

Aggregation 2  

1 

= 1 + 1 

= 1 + 1 

 

socio-economic criteria     

no renewable alternative, 

technically 

-1 0 In 2020/25 there are no renewable alterna-

tives at technical level 

In 2050 there are technical alternatives based 

on CO2 and H2 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-1 -0.5 In 2020/25 there are no renewable alterna-

tives at economic level 

In 2050 alternatives based on CO2 and H2 are 

still expensive 

ifeu judgement 

 new infrastructure needed 0 0 Established pathways ifeu judgement 

 risk of fossil lock-in effects 0 0 Since these products are bounds to carbon, 

there is no alternative to carbon; thus, lock-in 

cannot be presumed. 

ifeu judgement 

Aggregation -2  

-0.5 

= -1 – 1  - 0 - 0 

=  0 - 0.5 -0 - 0 

 

     

TOTAL -3.11 1.59   
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 LEVEL 1 Score in 
2020/25 

Score in 
2050 

Biodiversity/ecosystem ser-
vices 

4 4 

iLUC risk 0 0 

Total 4 4 

 

Total  LEVEL 2 & 1 Score in 
2020/25 

Score in 
2050 

Total score 0.89 5.59 

 

  



ifeu  Annex – Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world 

   41 
 

Table 16: Basic chemicals – vegetable oil for oleochemistry – castor oil (low-iLUC risk) 

Criterion/indicator 

LEVEL 2 

Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1.2 1.2 The conventional technology to gain vege-

table oil requires 20% of feedstock for own 

production 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0.9 0.9 This factor refers to the material that is 

available for reuse or cascading after use, 

whereby the material loss during the utilisa-

tion phase is estimated at 10%. 

Ifeu estimation 

CRD bio effective 0.3 0.3 = 1.2 – 0.9  

GHG saving     

kg CO2eq/kg product 1.48 0.15 For 2020/25: 

0.04 kg CO2eq/MJ oil x 37 MJ/kg oil 

For 2050: 

reduction to 10% 

(Seber et al. 2022) 

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 4.33 0.3 For 2020/25:  

1 kg fossil oil (lubricant) 1.4 kg CO2eq/kg 

product + 0.8 x 44/12 CO2eq/kg fossil car-

bon content. 

For 2050: value for chemical based on CO2 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -2.85  

-0.15 

= 1.48 - 4.33 

= 0.15 - 0.30 

 

other environmental impacts     

fine particulate matter 1 1 Emission source due to the agricultural pro-

duction chain. 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 1 1 Fertiliser and pesticide application ifeu judgement 

Aggregation 2  

1 

= 1 + 1 

= 1 + 1 

 

socio-economic criteria     

no renewable alternative, tech-

nically 

-1 0 In 2020/25 there are no renewable alterna-

tives at technical level 

In 2050 there are technical alternatives 

based on CO2 and H2 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-1 -0.5 In 2020/25 there are no renewable alterna-

tives at economic level 

ifeu judgement 



42  Annex – Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world  ifeu  

 

 

In 2050 alternatives based on CO2 and H2 

are still expensive 

 new infrastructure needed 0 0 Established pathways ifeu judgement 

 risk of fossil lock-in effects 0 0 Since these products are bounds to carbon, 

there is no alternative to carbon; thus, lock-

in cannot be presumed. 

ifeu judgement 

Aggregation -2  

-0.5 

= -1 – 1  - 0 - 0 

=  0 - 0.5 -0 - 0 

 

TOTAL -2.55 1.65   

 

 LEVEL 1 Score in 
2020/25 

Score in 
2050 

Biodiversity/ecosystem  
services 

2 2 

iLUC risk 0 0 

Total 2.0 2.0 

 

Total  LEVEL 2 & 1 Score in 
2020/25 

Score in 
2050 

Total score -0.55 3.65 
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Table 17: Basic chemicals – vegetable oil for oleochemistry – palm oil (high-iLUC risk) 

Criterion/indicator 

LEVEL 2 

Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1.2 1.2 The conventional technology to gain vege-

table oil requires 20% of feedstock for own 

production 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0.9 0.9 This factor refers to the material that is 

available for reuse or cascading after use, 

whereby the material loss during the utilisa-

tion phase is estimated at 10%. 

Ifeu estimation 

CRD bio effective 0.3 0.3 = 1.2 – 0.9  

GHG saving     

kg CO2eq/kg product 0.93 0.09 For 2020/25: 

0.025 kg CO2eq/MJ oil x 37 MJ/kg oil 

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 4.33 0.3 For 2020/25:  

1 kg fossil oil (lubricant) 1.4 kg CO2eq/kg 

product + 0.8 x 44/12 CO2eq/kg fossil car-

bon content. 

For 2050: value for chemical based on CO2 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -3.41  

-0.21 

= 0.93 - 4.33 

= 0.09 - 0.30 

 

other environmental impacts     

fine particulate matter 1 1 Emission source due to the agricultural pro-

duction chain. 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 1 1 Fertiliser and pesticide application ifeu judgement 

Aggregation 2  

1 

= 1 + 1 

= 1 + 1 

 

socio-economic criteria     

no renewable alternative, tech-

nically 

-1 0 In 2020/25 there are no renewable alterna-

tives at technical level 

In 2050 there are technical alternatives 

based on CO2 and H2 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-1 -0.5 In 2020/25 there are no renewable alterna-

tives at economic level 

ifeu judgement 
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In 2050 alternatives based on CO2 and H2 

are still expensive 

 new infrastructure needed 0 0 Established pathways ifeu judgement 

 risk of fossil lock-in effects 0 0 Since these products are bounds to carbon, 

there is no alternative to carbon; thus, lock-

in cannot be presumed. 

ifeu judgement 

Aggregation -2  

-0.5 

= -1 – 1  - 0 - 0 

=  0 - 0.5 -0 - 0 

 

TOTAL -3.11 1.59   

 

 LEVEL 1 Score in 
2020/25 

Score in 
2050 

Biodiversity/ecosystem ser-
vices 

4 4 

iLUC risk 2.5 2.5 

Total 6.5 6.5 

 

Total  LEVEL 2 & 1 Score in 
2020/25 

Score in 
2050 

Total score 3.39 8.09 

 

  



ifeu  Annex – Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world 

   45 
 

Table 18: Basic chemicals – technical starch – wheat/maize 

Criterion/indicator 

LEVEL 2 

Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1.2 1.2 The conventional technology to gain vegeta-

ble oil requires 20% of feedstock for own pro-

duction 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0.9 0.9 This factor refers to the material that is avail-

able for reuse or cascading after use, 

whereby the material loss during the utilisa-

tion phase is estimated at 10%. 

Ifeu estimation 

CRD bio effective 0.3 0.3 = 1.2 – 0.9  

GHG saving     

kg CO2eq/kg product 0.51 0.05 For 2020/25: 

0.029 kg CO2eq/MJ starch x 17.5 MJ/kg oil 

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 2.83 0.22 For 2020/25:  

1 kg fossil equivalent causes 1 kg CO2eq/kg 

product + 0.5 x 44/12 CO2eq/kg fossil carbon 

content. 

For 2050: value for chemical based on CO2 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -2.33  

-0.17 

= 0.51 - 2.83 

= 0.05 - 0.22 

 

other environmental impacts     

fine particulate matter 1 1 Emission source due to the agricultural pro-

duction chain. 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 1 1 Fertiliser and pesticide application ifeu judgement 

Aggregation 2  

1 

= 1 + 1 

= 1 + 1 

 

socio-economic criteria     

no renewable alternative, 

technically 

-1 0 In 2020/25 there are no renewable alterna-

tives at technical level 

In 2050 there are technical alternatives based 

on CO2 and H2 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-1 0 In 2020/25 there are no renewable alterna-

tives at economic level 

ifeu judgement 
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In 2050 alternatives based on CO2 and H2 are 

still expensive 

 new infrastructure needed 0 -0.5 Established pathways ifeu judgement 

 risk of fossil lock-in effects 0 0 Since these products are bounds to carbon, 

there is no alternative to carbon; thus, lock-in 

cannot be presumed. 

ifeu judgement 

Aggregation -2  

-0.5 

= -1 – 1  - 0 - 0 

=  0 - 0.5 -0 - 0 

 

     

TOTAL -2.03 1.64   

 

 LEVEL 1 Score in 
2020/25 

Score in 
2050 

Biodiversity/ecosystem  
services 

4 4 

iLUC risk   

Total 4 4 

 

Total  LEVEL 2 & 1 Score in 
2020/25 

Score in 
2050 

Total score 1.97 5.64 
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Table 19: Wood fibre: textile – from agriwood 

Criterion/indicator 

LEVEL 2 

Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1.5 1.25 One third of the raw material used for own 

energy demand. 

Reduction of the loss factor from 2020/25 un-

til 2050: 50% 

ifeu calculations 

based on ecoin-

vent 3.11 

Raw material conservation fac-

tor (RCF) 

0.9 0.9 This factor refers to the material that is avail-

able for reuse or cascading after use, 

whereby the material loss during the utilisa-

tion phase is estimated at 10%. 

ifeu assumption, 

based on (Mantau 

2024) 

CRD bio effective 0.6  

0.35 

= 1.5   – 0.9 

= 1.25 – 0.9 

 

GHG saving     

kg CO2eq/kg product 3.33 0.33 This includes the process-related emissions 

from forest management, harvesting, 

transport and production and packaging pa-

per.  

Emission reduction from 2020/25 until 2050: 

90% 

ifeu calculation 

based on ecoin-

vent 3.11 

kg CO2wood/kg product 0.92 0.92 We assume 30% loss of wood (analogous 

with CRDbio) with 50% C content, which is 

multiplied by factor 3.667 to CO2. 

we do not assume a reduction of this process 

loss. 

ifeu assumption, 

based on (Mantau 

2024) 

credit: kg CO2eq/kg product 4.93 1.5 We assume the substitution of polyester  

with an emission factor 2 kg CO2/kg of 

2020/25 and of 0.3 kg CO2/kg in 2050. 

ifeu calculation 

based on ecoin-

vent and on (Feh-

renbach et al. 

2021)  

plus prospective 

emission factors 

(Dittrich et al. 

2025) 

net balance -1.60 -1.67 = 3.33 - 4.93  

= 0.33– 2.0 

 

other environmental impacts     

fine particulate matter 0 0 SRC with low input for cultivation; 

Sawmills and carpentries cause saw dust 

emissions, but these occur very locally and 

are usually larger than 2.5 µm diameter 

ifeu judgement 

novel substances 0 0 No novel substances ifeu judgement 

https://www.umweltbundesamt.de/sites/default/files/medien/479/publikationen/texte_169-2021_flaechenrucksaecke_von_guetern_und_dienstleistungen_teilbericht_ii.pdf
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water (and other) toxicity 0.5 0 Pulp production causes water pollution, 

which will be prevented in 2050 

ifeu judgement 

Aggregation 0.5  

0 

= 0 + 0 + 0.5 

= 0 plus 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-1 0 There are no renewable alternatives to fibres 

apart from cotton, which is environmentally 

crucial and shall not be the option to replace 

the large market volume of fossil textiles; 

In 2050 it should be technically possible to 

have CO2-based textile fibres 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-1 -0.5 No renewable alternatives to wood based fi-

bres from an economic technical point of 

view. 

In 2050, CO2-based textile fibres will still be 

an expensive solution 

ifeu judgement 

 new infrastructure needed 0 0 There is no new infrastructure needed (tech-

nology is in place and economically operat-

ing) 

ifeu judgement 

 risk of fossil lock-in effects 0 0 There is no risk of fossil lock-in effects by the 

application and expansion of timber use for 

construction. 

ifeu judgement 

Aggregation -2  

-0.5 

= -1 - 1  + 0+ 0 

=  0  - 0.5 + 0 + 0 

 

TOTAL -2.5 -1.82   

 

 LEVEL 1 Score in 
2020/25 

Score in 
2050 

Biodiversity/ecosystem ser-
vices 

2 2 

iLUC risk   

Total 2 2 

 

Total  LEVEL 2 & 1 Score in 
2020/25 

Score in 
2050 

Total score -0.5 0.18 
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Table 20: Basic chemicals – from agriwood via gasification (Methanol)  

Criterion/indicator 

LEVEL 2 

Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 2.60 1.80 The applied conversion technology gasifica-

tion has an energetic efficiency of 51.1% MJ 

Methanol per MJ dry wood; referring mass 

relations we apply 19.6 MJ/kg MetOH and 15 

MJ/kg wood (air dry), Emission reduction 

from 2020/25 until 2050: 50% 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0.9 0.9 This factor refers to the material that is avail-

able for reuse or cascading after use, 

whereby the material loss during the utilisa-

tion phase is estimated at 10%. 

ifeu assumption 

CRD bio effective 1.7 0.9 = 2.6   – 0.9 

= 1.8 – 0.9 

 

GHG saving     

kg CO2eq/kg product 0.32 0.03 This includes the process-related emissions 

from Short rotation coppices (SRC), harvest-

ing, chipping and transport. 

Emission reduction from 2020/25 until 2050: 

90% 

Well-to-wheels 

study No 5 (Prussi 

2020) 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 2.03 0.17 For 2020/25:  

1 kg MetOH = 0.375 kg C; equivalent in Eth-

ylene (0.857 kg C/kg) --> 0.438 kg Ethylene; 

plus CO2 from EoL. 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for ethylene (Dit-

trich et al. 2025) 

net balance -1.71  

-0.14 

= 0.32 – 2.03  

= 0.03 – 0.17 

 

other environmental impacts     

fine particulate matter 0 0 SRC with low input for cultivation; 

There are no relevant emission sources along 

the production chain. 

ifeu judgement 

novel substances 0.5 0 The technology relies on some chemical 

agents for gas cleaning 

ifeu judgement 

water (and other) toxicity 0 0 No water consumption and no other toxic 

agents 

ifeu judgement 

Aggregation 0.5  

0 

= 0 + 0.5 + 0 

= 0 plus 0 
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socio-economic criteria     

 no renewable alternative, 

technically 

-1 -0.5 In 2020/25 there are no renewable alterna-

tives to biomass for carbon in chemical pro-

duction. 

In 2050 there are still some technical bottle-

necks for full coverage while ignoring biomass 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-1 -0.5 In 2020/25 there are no economically viable 

renewable alternatives to biomass for carbon 

in chemical production. 

In 2050 there are still some economic bottle-

necks for full coverage while ignoring biomass 

ifeu judgement 

 new infrastructure needed 1 0 Basic chemicals based on wood need com-

pletely new infrastructure for provision and 

production. 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Basic chemicals based on biogenic carbon 

means persisting at least partly on the exist-

ing fossil infrastructure and therefore rele-

vant risks of fossil lock-in effects. 

ifeu judgement 

Aggregation -0.5  

-1 

= -1 – 1  + 1 + 0.5 

=  -0.5 -0.5 + 0 + 0 

 

TOTAL -0.01 -0.24   

 

 LEVEL 1 Score in 
2020/25 

Score in 
2050 

Biodiversity/ecosystem ser-
vices 

2 2 

iLUC risk   

Total 2 2 

 

Total  LEVEL 2 & 1 Score in 
2020/25 

Score in 
2050 

Total score 1.99 1.76 
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Table 21: Biofuel –– road transport - vegetable oil– rapeseed oil 

Criterion/indicator 

LEVEL 2 

Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1.2 1.2 By conventional technology to gain biodiesel 

requires 20% of feedstock for own production 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0  Ifeu estimation 

CRD bio effective 0.3 0.3 = 1.2 – 0.9  

GHG saving     

kg CO2eq/kg product 0.93 0.09 For 2020/25: 

0.025 kg CO2eq/MJ oil x 37 MJ/kg biodiesel 

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 3.48 0.3 For 2020/25:  

1 kg diesel causes 1.4 kg CO2eq/kg product + 

0.8 x 44/12 CO2eq/kg fossil carbon content. 

For 2050: value for e-fuel based on CO2 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -2.55  

-0.21 

= 0.93 - 3.48 

= 0.09 - 0.30 

 

other environmental impacts     

fine particulate matter 1 1 Emission source due to the agricultural pro-

duction chain. 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 1 1 Fertiliser and pesticide application ifeu judgement 

Aggregation 2  

2 

= 1 + 1 

= 1 + 1 

 

socio-economic criteria     

no renewable alternative, 

technically 

-0.2 0 In 2020/25 there is a certain gap of covering 

no renewable alternatives at technical level 

In 2050 there will be electric mobility 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.3 0 In 2020/25 a full coverage of road transport 

with renewable alternatives is still costly 

In 2050 there will be electric mobility 

ifeu judgement 

 new infrastructure needed 0.2 0 Widely established pathways ifeu judgement 
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 risk of fossil lock-in effects 1 0 Liquid drop-in biofuel are lock-in for combus-

tion engines and fossil fuels 

ifeu judgement 

Aggregation 0.7  

0 

= -0.2 – 0.3 +0 .2 + 1 

=  0 - 0 -0 - 0 

 

     

TOTAL 1.35 2.99   

 

 LEVEL 1 Score in 
2020/25 

Score in 
2050 

Biodiversity/ecosystem ser-
vices 

4 4 

iLUC risk 0 0 

Total 4 4 

 

Total  LEVEL 2 & 1 Score in 
2020/25 

Score in 
2050 

Total score 5.35 6.99 
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Table 22: Biofuel– aviation transport – vegetable oil– rapeseed oil 

Criterion/indicator 

LEVEL 2 

Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1.2 1.2 By conventional technology to gain bio-

diesel requires 20% of feedstock for 

own production 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation 

factor (RCF) 

0 0  Ifeu estimation 

CRD bio effective 1.2 1.2   

GHG saving     

kg CO2eq/kg product 0.93 0.09 For 2020/25: 

0.025 kg CO2eq/MJ oil x 37 MJ/kg bio-

diesel 

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 3.48 0.3 For 2020/25:  

1 kg diesel causes 1.4 kg CO2eq/kg 

product + 0.8 x 44/12 CO2eq/kg fossil 

carbon content. 

For 2050: value for e-fuel based on CO2 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -2.55  

-0.21 

= 0.93 - 4.33 

= 0.09 - 0.30 

 

other environmental im-

pacts 

    

fine particulate matter 1 1 Emission source due to the agricultural 

production chain. 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 1 1 Fertiliser and pesticide application ifeu judgement 

Aggregation 2  

2 

= 1 + 1 

= 1 + 1 

 

socio-economic criteria     

no renewable alternative, 

technically 

-0.7 -0.2 In 2020/25 there are still relevant bot-

tlenecks for full coverage with PtL in 

aviation; we assume 70% technically 

hard to cover. 

In 2050 there are no more technical 

bottlenecks for full coverage with PtL 

ifeu judgement 
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 no renewable alternative, 

economically 

-0.9 -0.25 In 2020/25 a full coverage of aviation 

with renewable alternatives is still very 

costly 

In 2050 there will be economic viable 

options 

ifeu judgement 

 new infrastructure needed 0.2 0 Widely established pathways ifeu judgement 

 risk of fossil lock-in effects 1 0 Liquid drop-in biofuel are lock-in for 

combustion engines and fossil fuels 

ifeu judgement 

Aggregation -0.4  

-0.45 

= -0.7 – 0.9 + 0.2 + 1 

=  -0.2 – 0.25 -0 - 0 

 

     

TOTAL 0.25 2.54   

 

 LEVEL 1 Score in 
2020/25 

Score in 
2050 

Biodiversity/ecosystem ser-
vices 

4 4 

iLUC risk 0 0 

Total 4 4 

 

Total  LEVEL 2 & 1 Score in 
2020/25 

Score in 
2050 

Total score 4.25 6.54 
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Table 23: Biofuel – road transport – vegetable oil– palm oil (high-iLUC risk) 

Criterion/indicator 

LEVEL 2 

Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1.2 1.2 By conventional technology to gain biodiesel 

requires 20% of feedstock for own production 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0  Ifeu estimation 

CRD bio effective 1.2 1.2   

GHG saving     

kg CO2eq/kg product 0.93 0.09 For 2020/25: 

0.025 kg CO2eq/MJ oil x 37 MJ/kg biodiesel 

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 3.48 0.3 For 2020/25:  

1 kg diesel causes 1.4 kg CO2eq/kg product + 

0.8 x 44/12 CO2eq/kg fossil carbon content. 

For 2050: value for e-fuel based on CO2 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -2.55  

-0.21 

= 0.93 - 3.48 

= 0.09 - 0.30 

 

other environmental impacts     

fine particulate matter 1 1 Emission source due to the agricultural pro-

duction chain. 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 1 1 Fertiliser and pesticide application ifeu judgement 

Aggregation 2  

2 

= 1 + 1 

= 1 + 1 

 

socio-economic criteria     

no renewable alternative, 

technically 

-0.2 0 In 2020/25 there is a certain gap of covering 

no renewable alternatives at technical level 

In 2050 there will be electric mobility 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.3 0 In 2020/25 a full coverage of road transport 

with renewable alternatives is still costly 

In 2050 there will be electric mobility 

ifeu judgement 

 new infrastructure needed 0.2 0 Widely established pathways ifeu judgement 
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 risk of fossil lock-in effects 1 0 Liquid drop-in biofuel are lock-in for combus-

tion engines and fossil fuels 

ifeu judgement 

Aggregation 0.7  

0 

= -0.2 – 0.3 +0 .2 + 1 

=  0 - 0 -0 - 0 

 

     

TOTAL 1.35 2.99   

 

 LEVEL 1 Score in 
2020/25 

Score in 
2050 

Biodiversity/ecosystem ser-
vices 

4 4 

iLUC risk 2.5 2.5 

Total 6.5 6.5 

 

Total  LEVEL 2 & 1 Score in 
2020/25 

Score in 
2050 

Total score 7.85 9.49 
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Table 24: Biofuel – aviation transport – vegetable oil– palm oil (high-iLUC risk) 

Criterion/indicator 

LEVEL 2 

Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material demand 

(effective) CRD bio 

    

kg raw material/ kg product 1.2 1.2 By conventional technology to gain bio-

diesel requires 20% of feedstock for own 

production 

Well-to-wheels 

study No 5 

(Prussi 2020) 

Raw material conservation factor 

(RCF) 

0 0  Ifeu estimation 

CRD bio effective 1.2 1.2   

GHG saving     

kg CO2eq/kg product 0.93 0.09 For 2020/25: 

0.025 kg CO2eq/MJ oil x 37 MJ/kg biodiesel 

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 

(Prussi 2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 3.48 0.3 For 2020/25:  

1 kg diesel causes 1.4 kg CO2eq/kg product 

+ 0.8 x 44/12 CO2eq/kg fossil carbon con-

tent. 

For 2050: value for e-fuel based on CO2 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity 

(Dittrich et al. 

2025) 

net balance -2.55  

-0.21 

= 0.93 - 4.33 

= 0.09 - 0.30 

 

other environmental impacts     

fine particulate matter 1 1 Emission source due to the agricultural pro-

duction chain. 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 1 1 Fertiliser and pesticide application ifeu judgement 

Aggregation 2  

2 

= 1 + 1 

= 1 + 1 

 

socio-economic criteria     

no renewable alternative, techni-

cally 

-0.7 -0.2 In 2020/25 there are still relevant bottle-

necks for full coverage with PtL in aviation; 

we assume 70% technically hard to cover. 

In 2050 there are no more technical bottle-

necks for full coverage with PtL 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.9 -0.25 In 2020/25 a full coverage of aviation with 

renewable alternatives is still very costly 

ifeu judgement 
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In 2050 there will be economic viable op-

tions 

 new infrastructure needed 0.2 0 Widely established pathways ifeu judgement 

 risk of fossil lock-in effects 1 0 Liquid drop-in biofuel .are lock-in for com-

bustion engines and fossil fuels 

ifeu judgement 

Aggregation -0.4  

-0.45 

= -0.7 – 0.9 + 0.2 + 1 

=  -0.2 – 0.25 -0 - 0 

 

     

TOTAL 0.25 2.54   

 

 LEVEL 1 Score in 
2020/25 

Score in 
2050 

Biodiversity/ecosystem ser-
vices 

4 4 

iLUC risk 2.5 2.5 

Total 6.5 6.5 

 

Total  LEVEL 2 & 1 Score in 
2020/25 

Score in 
2050 

Total score 6.25 9.04 
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Table 25: Biofuel – wheat – road transport – starch crop 

Criterion/indicator 

LEVEL 2 

Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1.67 1.67 By conventional technology to gain bioetha-

nol requires 67% of feedstock to CO2 by fer-

mentation 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0  Ifeu estimation 

CRD bio effective 1.67 1.67   

GHG saving     

kg CO2eq/kg product 0.8 0.08 For 2020/25: 

0.065 kg CO2eq/MJ oil x 20 MJ/kg bioethanol 

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 2.52 0.5 For 2020/25:  

1 kg petrol causes 1.5 kg CO2eq/kg product + 

0.8 x 44/12 CO2eq/kg fossil carbon content. 

For 2050: value for e-fuel based on CO2 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -1.71  

-0.42 

= 0.8 – 2.52 

= 0.08 - 0.50 

 

other environmental impacts     

fine particulate matter 1 1 Emission source due to the agricultural pro-

duction chain. 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 1 1 Fertiliser and pesticide application ifeu judgement 

Aggregation 2  

2 

= 1 + 1 

= 1 + 1 

 

socio-economic criteria     

no renewable alternative, 

technically 

-0.2 0 In 2020/25 there is a certain gap of covering 

no renewable alternatives at technical level 

In 2050 there will be electric mobility 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.3 0 In 2020/25 a full coverage of road transport 

with renewable alternatives is still costly 

In 2050 there will be electric mobility 

ifeu judgement 

 new infrastructure needed 0.2 0 Widely established pathways ifeu judgement 
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 risk of fossil lock-in effects 1 0 Liquid drop-in biofuel are lock-in for combus-

tion engines and fossil fuels 

ifeu judgement 

Aggregation 0.7  

0 

= -0.2 – 0.3 +0.2 + 1 

=  0 - 0 -0 - 0 

 

     

TOTAL 2.65 3.25   

 

 LEVEL 1 Score in 
2020/25 

Score in 
2050 

Biodiversity/ecosystem ser-
vices 

4 4 

iLUC risk 0 0 

Total 4 4 

 

Total  LEVEL 2 & 1 Score in 2020/25 Score in 2050 

Total score 6.65 7.25 
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Table 26: Biofuel– road transport – advanced biofuel from agriwood (i.e. short rotation coppice) (Methanol) 

Criterion/indicator 

LEVEL 2 

Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 2.60 1.80 The applied conversion technology gasifica-

tion has an energetic efficiency of 51.1% MJ 

Methanol per MJ dry wood; referring mass 

relations we apply 19.6 MJ/kg MetOH and 

15 MJ/kg wood (air dry), Emission reduction 

from 2020/25 until 2050: 50% 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of 

material 

 

CRD bio effective 2.60 1.80   

GHG saving     

kg CO2eq/kg product 0.32 0.03 This includes the process-related emissions 

from Short rotation coppices (SRC), harvest-

ing, chipping and transport. 

Emission reduction from 2020/25 until 

2050: 90% 

Well-to-wheels 

study No 5 (Prussi 

2020) 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 1.85 0.01 For 2020/25:  

1 kg MetOH = 19.9 MJ x 0.093 kg CO2/MJ 

(from RED III) results in 1.85 kg CO2eq. 

For 2050 we assume electrification with  

20 kWh corresponding with 8.5 litre petrol, 

with a density of 0.75 kg/litre. 

The emission factor for 1 kWh electricity in 

2050 is assumed to be 10 g CO2eq. 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -1.53  

0.02 

= 0.32 - 1.85  

= 0.03  - 0.01 

 

other environmental impacts     

fine particulate matter 0 0 There are no relevant emission sources 

along the production chain – assuming that 

SRC are not intensively fertilised. 

ifeu judgement 

novel substances 0.5 0 The technology relies on some chemical 

agents for gas cleaning 

ifeu judgement 

water (and other) toxicity 0 0 No water consumption and no other toxic 

agents 

ifeu judgement 

Aggregation 0.5  

0 

= 0 + 0.5 + 0 

= 0 plus 0 

 

socio-economic criteria     
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 no renewable alternative, 

technically 

-0.2 0 In 2020/25 there are still some bottlenecks 

for full coverage with electrification in road 

transport; we assume 20% technically hard 

to cover. 

In 2050 there are no more technical bottle-

necks for full coverage with electrification 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.3 0 In 2020/25 there are still some bottlenecks 

for full coverage with electrification in road 

transport; we assume 30% economically 

hard to cover (slightly more than techni-

cally). 

In 2050 there are no more economic bottle-

necks for full coverage with electrification 

ifeu judgement 

 new infrastructure needed 1 0 Advanced biofuels based on wood need 

completely new infrastructure for provision 

and production. 

ifeu judgement 

 risk of fossil lock-in effects 1 0 Liquid biofuel for road transport means per-

sisting on the existing fossil infrastructure 

and therefore relevant risks of fossil lock-in 

effects. Moreover, this inhibits the electrifi-

cation. 

ifeu judgement 

Aggregation 1.5  

0 

= -0.2 – 0.3  + 1 + 1 

=  0 + 0 + 0 + 0 

 

     

TOTAL 3.07 1.82   

 

 LEVEL 1 Score in 
2020/25 

Score in 
2050 

Biodiversity/ecosystem ser-
vices 

2 2 

iLUC risk   

Total 2 2 

 

Total  LEVEL 2 & 1 Score in 
2020/25 

Score in 
2050 

Total score 5.07 3.82 
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Table 27: Biofuel – aviation (result transferable to maritime transport) – advanced biofuel from agriwood  (Methanol) 

Criterion/indicator 

LEVEL 2 

Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 2.60 1.80 The applied conversion technology gasifica-

tion has an energetic efficiency of 51.1% MJ 

Methanol per MJ dry wood; referring mass 

relations we apply 19.6 MJ/kg MetOH and 15 

MJ/kg wood (air dry), Emission reduction 

from 2020/25 until 2050: 50% 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of ma-

terial 

 

CRD bio effective 2.60 1.80   

GHG saving     

kg CO2eq/kg product 0.32 0.03 This includes the process-related emissions 

from Short rotation coppices (SRC), harvest-

ing, chipping and transport. 

Emission reduction from 2020/25 until 2050: 

90% 

Well-to-wheels 

study No 5 (Prussi 

2020) 

kg CO2wood/kg product   No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 1.85 0.01 For 2020/25:  

1 kg MetOH = 19.9 MJ x 0.093 kg CO2/MJ 

(from RED III) results in 1.85 kg CO2eq. 

For 2050 we assume electrification with  

20 kWh corresponding with 8.5 litre petrol, 

with a density of 0.75 kg/litre. 

The emission factor for 1 kWh electricity in 

2050 is assumed to be 10 g CO2eq. 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -1.53  

0.02 

= 0.32 - 1.85  

= 0.03 - 0.01 

 

other environmental impacts     

fine particulate matter 0 0 There are no relevant emission sources along 

the production chain – assuming that SRC are 

not intensively fertilised. 

ifeu judgement 

novel substances 0.5 0 The technology relies on some chemical 

agents for gas cleaning 

ifeu judgement 

water (and other) toxicity 0 0 No water consumption and no other toxic 

agents 

ifeu judgement 

Aggregation 0.5  

0 

= 0 + 0.5 + 0 

= 0 plus 0 

 

socio-economic criteria     
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 no renewable alternative, 

technically 

-0.7 -0.2 In 2020/25 there are technical limits for full 

coverage with alternative fuels in shipping; 

we assume 70% technically hard to cover 

(conservatively). 

In 2050 there are small technical bottlenecks 

for full coverage (20% assumed) 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.9 -0.25 In 2020/25 there are economic limits for full 

coverage with alternative fuels in shipping; 

we assume 90% (conservatively). 

In 2050 there are small economic bottlenecks 

for full coverage (25% assumed) 

ifeu judgement 

 new infrastructure needed 1 0 Advanced biofuels based on wood need com-

pletely new infrastructure for provision and 

production. 

ifeu judgement 

 risk of fossil lock-in effects 1 0 Liquid biofuel for shipping means persisting 

on the existing fossil infrastructure and there-

fore relevant risks of fossil lock-in effects. 

ifeu judgement 

Aggregation 0.4 -0.45 = -0.7 – 0.9  + 1 + 1 

=  -0.25 – 0.2 + 0 + 0 

 

     

TOTAL 1.97 1.36   

 

 LEVEL 1 Score in 
2020/25 

Score in 
2050 

Biodiversity/ecosystem ser-
vices 

2 2 

iLUC risk   

Total 2 2 

 

Total  LEVEL 2 & 1 Score in 
2020/25 

Score in 
2050 

Total score 3.97 3.36 
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Table 28: Process heat (>500°C) –from agriwood  

Criterion/indicator 

LEVEL 2 

Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of 

material 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.085 0.01 This includes the process-related emissions 

from harvesting, chipping and transport. 

Emission reduction from 2020/25 until 

2050: 90% 

RED default values 

Well-to-wheels 

study No 5 (Prussi 

2020) 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 0.68 0.064 For 2020/25:  

0,04 kg CO2eq/MJ natural gas x 17 MJ/kg 

fuelwood. 

For 2050:  

0,21 kg CO2/kg SNG / (50 MJ/kg SNG /0,9 

thermal efficiency) x 17 MJ/kg fuelwood 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -0.60  

-0.06 

= 0.08  - 0.68  

= 0.01 – 0.064 

 

other environmental impacts     

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cur-

sors for fine particulates, mitigation consid-

ered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0.25 

= 0.5 + 0 + 0 

= 0.25 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, tech-

nically 

-0.7 -0.2 In 2020/25 there are technical limits for full 

coverage with alternative high temperature 

energies. 

In 2050 there are widely options (electricity, 

heat pumps for waste heat etc.), but no full 

coverage for high temperature 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-0.9 -0.5 In 2020/25 there are economic limits for full 

coverage with alternative high temperature 

energies. 

In 2050 the alternative options are afforda-

ble (electricity, heat pumps for waste heat 

etc.) but still an expensive option for high 

temperature 

ifeu judgement 

 new infrastructure needed 0.5 0 Solid fuel heaters need to be implemented, 

at least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for process energy means 

partly persisting on the existing fossil infra-

structure and therefore relevant risks of 

fossil lock-in effects. 

ifeu judgement 

Aggregation -0.6  

-0.7 

= -0.5 – 0.7  + 0.5 + 0.5 

=  -0.2 - 0.5 

 

     

TOTAL 0.31 0.49   

 

 LEVEL 1 Score in 
2020/25 

Score in 
2050 

Biodiversity/ecosystem ser-
vices 

2 2 

iLUC risk   

Total 2 2 

 

 

Total  LEVEL 2 & 1 Score in 
2020/25 

Score in 
2050 

Total score 2.31 2.49 
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Table 29: Process heat (<500°C) –from agriwood  

Criterion/indicator 

LEVEL 2 

Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of 

material 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.085 0.01 This includes the process-related emissions 

from harvesting, chipping and transport. 

Emission reduction from 2020/25 until 

2050: 90% 

RED default values 

Well-to-wheels 

study No 5 (Prussi 

2020) 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 0.68 0.064 For 2020/25:  

0,04 kg CO2eq/MJ natural gas x 17 MJ/kg 

fuelwood. 

For 2050:  

0,21 kg CO2/kg SNG / (50 MJ/kg SNG /0,9 

thermal efficiency) x 17 MJ/kg fuelwood 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -0.60  

-0.06 

= 0.08  - 0.68  

= 0.01 – 0.064 

 

other environmental impacts     

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cur-

sors for fine particulates, mitigation consid-

ered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0.25 

= 0.5 + 0 + 0 

= 0.25 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, tech-

nically 

-0.5 0 In 2020/25 there are technical limits for full 

coverage with alternative high temperature 

energies. 

In 2050 there are sufficient options (elec-

tricity, heat pumps for waste heat etc.) 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-0.7 0 In 2020/25 there are economic limits for full 

coverage with alternative high temperature 

energies. 

In 2050 there are alternative options afford-

able (electricity, heat pumps for waste heat 

etc.) 

ifeu judgement 

 new infrastructure needed 0.5 0 Solid fuel heaters need to be implemented, 

at least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for process energy means 

partly persisting on the existing fossil infra-

structure and therefore relevant risks of 

fossil lock-in effects. 

ifeu judgement 

Aggregation -0.2  

0 

= -0.5 – 0.7  + 0.5 + 0.5 

=  - 

 

     

TOTAL 0.71 1.20   

 

 LEVEL 1 Score in 
2020/25 

Score in 
2050 

Biodiversity/ecosystem ser-
vices 

2 2 

iLUC risk   

Total 2 2 

 

 

Total  LEVEL 2 & 1 Score in 
2020/25 

Score in 
2050 

Total score 2.71 3.2 
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Table 30: District heat  – agriwood (i.e. short rotation coppice) 

Criterion/indicator 

LEVEL 2 

Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of ma-

terial 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.085 0.01 This includes the process-related emissions 

from harvesting, chipping and transport. 

Emission reduction from 2020/25 until 2050: 

90% 

RED default values 

Well-to-wheels 

study No 5 (Prussi 

2020) 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 0.68 0.17 For 2020/25:  

0,04 kg CO2eq/MJ natural gas x 17 MJ/kg fuel-

wood. 

For 2050:  

0,005 kg CO2/MJ heat x 17 MJ/kg fuelwood 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance -0.60  

-0.16 

= 0.08  - 0.68  

= 0.01 – 0.17 

 

other environmental impacts     

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cursors 

for fine particulates, mitigation considered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0.25 

= 0.5 + 0 + 0 

= 0.25 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-0.5 0 In 2020/25 there are technical limits for full 

coverage with alternative district heat 

In 2050 there are sufficient options (heat 

pumps etc.) 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.7 0 In 2020/25 there are economic limits for full 

coverage with alternative district heat. 

ifeu judgement 



70  Annex – Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world  ifeu  

 

 

In 2050, there alternative options are afforda-

ble (electricity, heat pumps for waste heat 

etc.) 

 new infrastructure needed 0.7 0 Solid fuel heaters need to be implemented, 

investments in pipes and grids   

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for process energy means partly 

persisting on the existing fossil infrastructure 

and therefore relevant risks of fossil lock-in 

effects. 

ifeu judgement 

Aggregation 0  

0 

= -0.5 – 0.7  + 0.7 + 0.5 

=  0 + 0 + 0 + 0 

 

     

TOTAL 0.91 1.09   

 

 LEVEL 1 Score in 
2020/25 

Score in 
2050 

Biodiversity/ecosystem ser-
vices 

2 2 

iLUC risk   

Total 2 2 

 

Total  LEVEL 2 & 1 Score in 
2020/25 

Score in 
2050 

Total score 2.91 3.17 
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Table 31: Space heat – agriwood (i.e. short rotation coppice) 

Criterion/indicator 

LEVEL 2 

Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of 

material 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.1 0.01 This includes the process-related emissions 

from harvesting, chipping and transport. 

Emission reduction from 2020/25 until 

2050: 90% 

RED default values 

for ood pellets 

 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 0.68 0.17 For 2020/25:  

0,04 kg CO2eq/MJ natural gas x 17 MJ/kg 

fuelwood. 

For 2050:  

0,005 kg CO2/MJ heat x 17 MJ/kg fuelwood 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance -0.58  

-0.16 

= 0.1- 0.68  

= 0.01 – 0.17 

 

other environmental impacts     

fine particulate matter 1 0.5 Emissions from combustion with pre-cur-

sors for fine particulates, minor mitigation 

in 2050, certain mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 1  

0.5 

= 1 + 0 + 0 

= 0.5 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, tech-

nically 

-0.5 0 In 2020/25 there are technical limits for full 

coverage with alternative district heat 

In 2050 there are sufficient options (heat 

pumps etc.) 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.7 0 In 2020/25 there are economic limits for full 

coverage with alternative district heat. 

ifeu judgement 
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In 2050, there are alternative options af-

fordable (electricity, heat pumps for waste 

heat etc.) 

 new infrastructure needed 0.7 0 Solid fuel heaters need to be implemented, 

at least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.7 0 Solid biofuel for process energy means 

partly persisting on the existing fossil infra-

structure and therefore relevant risks of 

fossil lock-in effects. 

ifeu judgement 

Aggregation -0.2  

0 

= -0.5 – 0.7 + 0.7 + 0.5 

= 0 + 0 + 0 + 0 

 

     

TOTAL 1.42 1.34   

 

 LEVEL 1 Score in 
2020/25 

Score in 
2050 

Biodiversity/ecosystem ser-
vices 

2 2 

iLUC risk   

Total 2 2 

 

Total  LEVEL 2 & 1 Score in 
2020/25 

Score in 
2050 

Total score 3.42 3.34 
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Table 32: Electricity – from agriwood (i.e. short rotation coppice)  

Criterion/indicator 

LEVEL 2 

Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation 

factor (RCF) 

0 0 Energetic use means no conservation of ma-

terial 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.09 0.01 This includes the process-related emissions 

from harvesting, chipping and transport. 

Emission reduction from 2020/25 until 2050: 

90% 

RED default values 

for wood pellets 

 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 0.58 0.07 For 2020/25:  

0,35 kg CO2eq/kWh electricity from EU grid x 

17 MJ/kg fuelwood x 0.35 electric efficiency. 

For 2050:  

0,039 kg eq/kWh electricity from EU grid x 17 

MJ/kg fuelwood x 0.4 electric efficiency. 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance -0.49  

-0.07 

= 0.09 - 0.58  

= 0.01 – 0.07 

 

other environmental im-

pacts 

    

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cursors 

for fine particulates, mitigation considered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 1  

0.5 

= 1 + 0 + 0 

= 0.5 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-0.2 0 In 2020/25 there are technical limits for full 

coverage with alternative district heat 

In 2050 there are sufficient options (heat 

pumps etc.) 

ifeu judgement 
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 no renewable alternative, 

economically 

-0.2 0 In 2020/25 there are economic limits for full 

coverage with alternative district heat. 

In 2050, there alternative options are afforda-

ble (electricity, heat pumps for waste heat 

etc.) 

ifeu judgement 

 new infrastructure needed 0.5 0 Solid fuel heaters need to be implemented, at 

least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for process energy means partly 

persisting on the existing fossil infrastructure 

and therefore relevant risks of fossil lock-in 

effects. 

ifeu judgement 

Aggregation 0.6  

0 

= -0.5 – 0.7 + 0.5 + 0.5 

= 0 + 0 + 0 + 0 

 

     

TOTAL 1.61 1.18   

 

 LEVEL 1 Score in 
2020/25 

Score in 
2050 

Biodiversity/ecosystem ser-
vices 

2 2 

iLUC risk   

Total 2 2 

 

Total  LEVEL 2 & 1 Score in 
2020/25 

Score in 
2050 

Total score 3.61 3.18 
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3 Agricultural residues 

Categories covered under agricultural residues (including catch-crops and landscape mate-

rial) directed to utilisation pathways: 

• Straw scored for basic chemicals, advanced biofuel and solid fuel (not applied for 

space heat) 

• Manure via digestion (biomethane) for basic chemicals and energy options 

• Landscape material via digestion (biomethane) for basic chemicals and energy op-
tions or via gasification (biomethanol) for basic chemicals. 

• Catch crops via digestion (biomethane) for basic chemicals and energy options or via 

gasification (biomethanol) for basic chemicals. 

 

Table 33: Basic chemicals – from straw via hydrolysis (Ethylene)  

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 2 1.5 The applied biochemical conversion technol-

ogy has an energetic efficiency of 50% MJ 

Ethanol per MJ dry straw; Efficiency en-

hanced from 2020/25 until 2050: 50% 

Ifeu data base 

Raw material conservation fac-

tor (RCF) 

0.9 0.9 This factor refers to the material that is avail-

able for reuse or cascading after use, 

whereby the material loss during the utilisa-

tion phase is estimated at 10%. 

ifeu assumption 

CRD bio effective 1.1 0.6 = 2   – 0.9 

= 1.5 – 0.9 

 

GHG saving     

kg CO2eq/kg product 1.03 0.03 This includes the process-related emissions 

from collecting, baling and transport conver-

sion to ethylene  

Emission reduction from 2020/25 until 2050: 

90% 

Ifeu data base 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 
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Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

credit: kg CO2eq/kg product 4.97 0.17 For 2020/25:  

1.83 kg CO2eq/kg Ethylene + C content 

(85,7%) to CO2. 

ifeu calculation 

based on ecoin-

vent,  

plus prospective 

emission factors 

for ethylene (Dit-

trich et al. 2025) 

net balance -3.94  

-0.14 

= 1.03 – 4.97  

= 0.03 – 0.17 

 

other environmental impacts     

fine particulate matter 0 0 There are no relevant emission sources along 

the production chain. 

ifeu judgement 

novel substances 0.5 0 The technology relies on some chemical 

agents for gas cleaning 

ifeu judgement 

water (and other) toxicity 0 0 No water consumption and no other toxic 

agents 

ifeu judgement 

Aggregation 0.5  

0 

= 0 + 0.5 + 0 

= 0 plus 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-1 -0.5 In 2020/25 there are no renewable alterna-

tives to biomass for carbon in chemical pro-

duction. 

In 2050 there are still some technical bottle-

necks for full coverage while ignoring biomass 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-1 -0.5 In 2020/25 there are no economically viable 

renewable alternatives to biomass for carbon 

in chemical production. 

In 2050 there are still some economic bottle-

necks for full coverage while ignoring biomass 

ifeu judgement 

 new infrastructure needed 1 0 Basic chemicals based on wood need com-

pletely new infrastructure for provision and 

production. 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Basic chemicals based on biogenic carbon 

means persisting at least partly on the exist-

ing fossil infrastructure and therefore rele-

vant risks of fossil lock-in effects. 

ifeu judgement 

Aggregation -0.5  

-1 

= -1 – 1  + 1 + 0.5 

=  -0.5 -0.5 + 0 + 0 

 

     

TOTAL -2.84 -0.54   
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Table 34: Biofuel– road transport – from straw via hydrolysis (Ethanol) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 2 1.5 The applied biochemical conversion tech-

nology has an energetic efficiency of 51.1% 

MJ Ethanol per MJ dry straw; Efficiency en-

hanced from 2020/25 until 2050: 50% 

Ifeu data base 

Raw material conservation fac-

tor (RCF) 

   ifeu assumption 

CRD bio effective 2 1.5   

GHG saving     

kg CO2eq/kg product 0.63 0.03 This includes the process-related emissions 

from collecting, baling and transport con-

version to ethanol  

Emission reduction from 2020/25 until 

2050: 90% 

Ifeu data base 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 2.49 0.5 For 2020/25:  

1 kg EtOH = 26,78 MJ x 0,093 kg CO2/MJ re-

sults in 1,85 kg CO2eq substituted per kg 

EtOH. 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for ethylene 

based on (Dittrich 

et al. 2025)  

net balance -1.86  

-0.47 

= 0.37 – 2.03  

= 0.03 – 0.17 

 

other environmental impacts     

fine particulate matter 0 0 There are no relevant emission sources 

along the production chain. 

ifeu judgement 

novel substances 0.5 0 The technology relies on some chemical 

agents for gas cleaning 

ifeu judgement 

water (and other) toxicity 0 0 No water consumption and no other toxic 

agents 

ifeu judgement 

Aggregation 0.5  

0 

= 0 + 0.5 + 0 

= 0 plus 0 

 

socio-economic criteria     

 no renewable alternative, tech-

nically 

-0.2 0 In 2020/25 there are still some bottlenecks 

for full coverage with electrification in road 

transport; we assume 20% technically hard 

to cover. 

ifeu judgement 
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In 2050 there are no more technical bottle-

necks for full coverage with electrification 

 no renewable alternative, eco-

nomically 

-0.3 0 In 2020/25 there are still some bottlenecks 

for full coverage with electrification in road 

transport; we assume 30% economically 

hard to cover (slightly more than techni-

cally). 

In 2050 there are no more economic bottle-

necks for full coverage with electrification 

ifeu judgement 

 new infrastructure needed 1 0 Advanced biofuels based on wood need 

completely new infrastructure for provision 

and production. 

ifeu judgement 

 risk of fossil lock-in effects 1 0 Liquid biofuel for road transport means per-

sisting on the existing fossil infrastructure 

and therefore relevant risks of fossil lock-in 

effects. Moreover, this inhibits the electrifi-

cation. 

ifeu judgement 

Aggregation 1.5  

0 

= -0.2 – 0.3  + 1 + 1 

=  0 + 0 + 0 + 0 

 

     

TOTAL 2.14 1.03   
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Table 35: Process heat (>500°C) – from straw   

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of 

material 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.088 0.01 This includes the process-related emissions 

from collecting, baling and transport. 

Emission reduction from 2020/25 until 

2050: 90% 

RED default values 

for straw pellets 

 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 0.68 0.06 For 2020/25:  

0,04 kg CO2eq/MJ natural gas x 17 MJ/kg 

fuelwood. 

For 2050:  

0,005 kg CO2/MJ heat x 17 MJ/kg straw 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance -0.59  

-0.06 

= 0.09 - 0.68  

= 0.01 – 0.0 

 

other environmental impacts     

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cur-

sors for fine particulates, mitigation consid-

ered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0.25 

= 0.5 + 0 + 0 

= 0.25 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, tech-

nically 

-0.7 -0.2 In 2020/25 there are technical limits for full 

coverage with alternative high temperature 

energies. 

In 2050 there are widely options (electricity, 

heat pumps for waste heat etc.), but no full 

coverage for high temperature 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-0.9 -0.5 In 2020/25 there are economic limits for full 

coverage with alternative high temperature 

energies. 

In 2050 the alternative options are afforda-

ble (electricity, heat pumps for waste heat 

etc.) but still an expensive option for high 

temperature 

ifeu judgement 

 new infrastructure needed 0.5 0 Solid fuel heaters need to be implemented, 

at least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for process energy means 

partly persisting on the existing fossil infra-

structure and therefore relevant risks of 

fossil lock-in effects. 

ifeu judgement 

Aggregation -0.6  

-0.7 

= -0.7 – 0.9  + 0.5 + 0.5 

=  -0.2 – 0.5  + 0 + 0 

 

     

TOTAL 0.31 0.48   
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Table 36: Process heat (<500°C) – from straw   

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of ma-

terial 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.088 0.01 This includes the process-related emissions 

from collecting, baling and transport. 

Emission reduction from 2020/25 until 2050: 

90% 

RED default values 

for straw pellets 

 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 0.68 0.06 For 2020/25:  

0.04 kg CO2eq/MJ natural gas x 17 MJ/kg fuel-

wood. 

For 2050:  

0.005 kg CO2/MJ heat x 17 MJ/kg straw 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance -0.59  

-0.06 

= 0.09 - 0.68  

= 0.01 – 0.0 

 

other environmental impacts     

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cursors 

for fine particulates, mitigation considered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0.25 

= 0.5 + 0 + 0 

= 0.25 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-0.5 0 In 2020/25 there are technical limits for full 

coverage with alternative high temperature 

energies. 

In 2050 there are sufficient options (electric-

ity, heat pumps for waste heat etc.) 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-0.7 0 In 2020/25 there are economic limits for full 

coverage with alternative high temperature 

energies. 

In 2050 there are alternative options afforda-

ble (electricity, heat pumps for waste heat 

etc.) 

ifeu judgement 

 new infrastructure needed 0.5 0 Solid fuel heaters need to be implemented, at 

least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for process energy means partly 

persisting on the existing fossil infrastructure 

and therefore relevant risks of fossil lock-in 

effects. 

ifeu judgement 

Aggregation -0.2  

0 

= -0.5 – 0.7  + 0.5 + 0.5 

=  0 + 0 + 0 + 0 

 

     

TOTAL 0.71 1.19   
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Table 37: District heat – from straw   

Criterion/indicator Score in 2020/25 Score in 

2050 
 

Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation 

factor (RCF) 

0 0 Energetic use means no conservation of ma-

terial 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.088 0.01 This includes the process-related emissions 

from collecting, baling and transport. 

Emission reduction from 2020/25 until 2050: 

90% 

RED default values 

for straw pellets 

 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 0.68 0.09 For 2020/25:  

0,35 kg CO2eq/kWh electricity from EU grid x 

17 MJ/kg straw x 0.35 electric efficiency. 

For 2050:  

0,039 kg eq/kWh electricity from EU grid x 17 

MJ/kg fuelwood x 0.4 electric efficiency. 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance -0.59  

-0.06 

= 0.09 - 0.68  

= 0.01 – 0.068 

 

other environmental im-

pacts 

    

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cursors 

for fine particulates, mitigation considered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0.25 

= 0.5 + 0 + 0 

= 0.25 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-0.5 0 In 2020/25 there are technical limits for full 

coverage with alternative district heat 

In 2050 there are sufficient options (heat 

pumps etc.) 

ifeu judgement 
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 no renewable alternative, 

economically 

-0.7 0 In 2020/25 there are economic limits for full 

coverage with alternative district heat. 

In 2050, there alternative options are afforda-

ble (electricity, heat pumps for waste heat 

etc.) 

ifeu judgement 

 new infrastructure needed 0.7 0 Solid fuel heaters need to be implemented, 

investments in pipes and grids   

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for process energy means partly 

persisting on the existing fossil infrastructure 

and therefore relevant risks of fossil lock-in 

effects. 

ifeu judgement 

Aggregation 0.0 

 

 

0 

= -0.5 – 0.7 + 0.7 + 0.5 

= 0 + 0 + 0 + 0 

 

     

TOTAL 0.91 1.19   
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Table 38: Electricity – from straw   

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of ma-

terial 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.088 0.01 This includes the process-related emissions 

from collecting, baling and transport. 

Emission reduction from 2020/25 until 2050: 

90% 

RED default values 

for straw pellets 

 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 0.58 0.07 For 2020/25:  

0.35 kg CO2eq/kWh electricity from EU grid x 

17 MJ/kg straw x 0.35 electric efficiency. 

For 2050:  

0.039 kg eq/kWh electricity from EU grid x 17 

MJ/kg fuelwood x 0.4 electric efficiency. 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance -0.49  

-0.06 

= 0.09 - 0.58  

= 0.01 – 0.07 

 

other environmental impacts     

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cursors 

for fine particulates, mitigation considered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0.25 

= 0.5 + 0 + 0 

= 0.25 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-0.2 0 In 2020/25 there are technical limits for full 

coverage with alternative district heat 

In 2050 there are sufficient options (heat 

pumps etc.) 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.2 0 In 2020/25 there are economic limits for full 

coverage with alternative district heat. 

ifeu judgement 
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In 2050, there alternative options are afforda-

ble (electricity, heat pumps for waste heat 

etc.) 

 new infrastructure needed 0.5 0 Solid fuel heaters need to be implemented, at 

least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for process energy means partly 

persisting on the existing fossil infrastructure 

and therefore relevant risks of fossil lock-in 

effects. 

ifeu judgement 

Aggregation 0.6 

 

 

0 

= -0.5 – 0.7 + 0.5 + 0.5 

= 0 + 0 + 0 + 0 

 

     

TOTAL 1.61 1.19   
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Table 39: Basic chemicals (biomethane) – from manure  

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 0 0 Carbon in manure decays fastly and is not 

available for other uses than biogas 

ifeu assumption 

Raw material conservation fac-

tor (RCF) 

0.9 0.9  ifeu assumption 

CRD bio effective -0.9 -0.9   

GHG saving     

kg CO2eq/kg product 1.5 0.25 Assuming 30 g CO2eq/MJ for 50 MJ/kg bio-

methane 

for 2050: 

reduction by 90% 

Ifeu data base 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 4.0 0.4 For 2020/25:  

1 kg biomethane = 50 MJ; for substituted 

methane 0.08 kg CO2eq/kg  

For 2050: 

reduction by 90% 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for ethylene (Dit-

trich et al. 2025) 

net balance -2.5  

-0.25 

= 1.5 – 4.0 

= 0.15 – 0.4 

 

other environmental impacts     

fine particulate matter 0 0 There are no relevant emission sources 

along the production chain. 

ifeu judgement 

novel substances 0.5 0 The technology relies on some chemical 

agents for gas cleaning 

ifeu judgement 

water (and other) toxicity 0 0 No water consumption and no other toxic 

agents 

ifeu judgement 

Aggregation 0.5  

0 

= 0 + 0.5 + 0 

= 0 plus 0 

 

socio-economic criteria     

 no renewable alternative, tech-

nically 

-1 -0.5 In 2020/25 there are no renewable alterna-

tives to biomass for carbon in chemical pro-

duction. 

In 2050 there are still some technical bottle-

necks for full coverage while ignoring bio-

mass 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-1 -0.5 In 2020/25 there are no economically viable 

renewable alternatives to biomass for car-

bon in chemical production. 

In 2050 there are still some economic bot-

tlenecks for full coverage while ignoring bi-

omass 

ifeu judgement 

 new infrastructure needed 1 0 Basic chemicals based on wood need com-

pletely new infrastructure for provision and 

production. 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Basic chemicals based on biogenic carbon 

means persisting at least partly on the exist-

ing fossil infrastructure and therefore rele-

vant risks of fossil lock-in effects. 

ifeu judgement 

Aggregation -0.5  

-1 

= -1 – 1  + 1 + 0.5 

=  -0.5 – 0.5 + 0 + 0 

 

     

TOTAL -3.9 -2.15   
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Table 40: Biofuel – road transport – from manure (Biomethane CNG)  

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 0 0 Carbon in manure decays fastly and is not 

available for other uses than biogas 

ifeu assumption 

Raw material conservation fac-

tor (RCF) 

   ifeu assumption 

CRD bio effective 0 0   

GHG saving     

kg CO2eq/kg product 1.5 0.15 Assuming 30 g CO2eq/MJ for 50 MJ/kg bio-

methane 

for 2050: reduction by 90% 

Ifeu data base 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 4.7 0.47 For 2020/25:  

1 kg biomethane = 50 MJ; for substituted 

transport fuel: 0.094 kg CO2eq/kg fuel 

For 2050: 

reduction by 90% 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for ethylene (Dit-

trich et al. 2025) 

net balance -3.2  

-0.32 

= 0.37 – 2.03  

= 0.03 – 0.17 

 

other environmental impacts     

fine particulate matter 0 0 There are no relevant emission sources 

along the production chain. 

ifeu judgement 

novel substances 0.5 0 The technology relies on some chemical 

agents for gas cleaning 

ifeu judgement 

water (and other) toxicity 0 0 No water consumption and no other toxic 

agents 

ifeu judgement 

Aggregation 0.5  

0 

= 0 + 0.5 + 0 

= 0 plus 0 

 

socio-economic criteria     

 no renewable alternative, tech-

nically 

-0.2 0 In 2020/25 there are still some bottlenecks 

for full coverage with electrification in road 

transport; we assume 20% technically hard 

to cover. 

In 2050 there are no more technical bottle-

necks for full coverage with electrification 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.3 0 In 2020/25 there are still some bottlenecks 

for full coverage with electrification in road 

ifeu judgement 



90  Annex – Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world  ifeu  

 

 

transport; we assume 30% economically 

hard to cover (slightly more than techni-

cally). 

In 2050 there are no more economic bottle-

necks for full coverage with electrification 

 new infrastructure needed 1 0 Advanced biofuels based on wood need 

completely new infrastructure for provision 

and production. 

ifeu judgement 

 risk of fossil lock-in effects 1 0.5 Liquid biofuel for road transport means per-

sisting on the existing fossil infrastructure 

and therefore relevant risks of fossil lock-in 

effects. Moreover, this inhibits the electrifi-

cation. 

ifeu judgement 

Aggregation 1.5  

0.5 

= -0.2 – 0.3 + 1 + 1 

=  0 + 0 + 0.5 + 0 

 

     

TOTAL -1.7 0,18   
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Table 41: Process heat (>500°C) – from manure (Biomethane) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 0 0 Carbon in manure decays fastly and is 

not available for other uses than bio-

gas 

ifeu assumption 

Raw material conservation fac-

tor (RCF) 

   ifeu assumption 

CRD bio effective 0 0   

GHG saving     

kg CO2eq/kg product 1.5 0.15 Assuming 30 g CO2eq/MJ for 50 MJ/kg 

biomethane 

for 2050: 

reduction by 90% 

Ifeu data base 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 3.75 0.38 For 2020/25:  

1 kg biomethane = 50 MJ; for substi-

tuted natural gas: 0.075 kg CO2eq/kg 

fuel 

For 2050: 

reduction by 90% 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance -2.25  

-0.23 

= 1.5 – 3.75  

= 0.25 – 0.38 

 

other environmental impacts     

fine particulate matter 0 0 Low emissions from biomethane com-

bustion  

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0.25 

= 0.5 + 0 + 0 

= 0.25 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, tech-

nically 

-0.7 -0.2 In 2020/25 there are technical limits 

for full coverage with alternative high 

temperature energies. 

In 2050 there are widely options (elec-

tricity, heat pumps for waste heat 

etc.), but no full coverage for high 

temperature 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-0.9 -0.5 In 2020/25 there are economic limits 

for full coverage with alternative high 

temperature energies. 

In 2050 the alternative options are af-

fordable (electricity, heat pumps for 

waste heat etc.) but still an expensive 

option for high temperature 

ifeu judgement 

 new infrastructure needed 0.5 0 Solid fuel heaters need to be imple-

mented, at least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for process energy means 

partly persisting on the existing fossil 

infrastructure and therefore relevant 

risks of fossil lock-in effects. 

ifeu judgement 

Aggregation -0.6  

-0.7 

= -0.5 – 0.7  + 0.5 + 0.5 

=  -0.2 – 0.5  + 0 + 0 

 

     

TOTAL -2.9 -0.93   
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Table 42: Process heat (<500°C) – from manure (Biomethane) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 0 0 Carbon in manure decays fastly and is not 

available for other uses than biogas 

ifeu assumption 

Raw material conservation fac-

tor (RCF) 

   ifeu assumption 

CRD bio effective 0 0   

GHG saving     

kg CO2eq/kg product 1.5 0.15 Assuming 30 g CO2eq/MJ for 50 MJ/kg bio-

methane 

for 2050: 

reduction by 90% 

Ifeu data base 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 3.75 0.38 For 2020/25:  

1 kg biomethane = 50 MJ; for substituted 

natural gas: 0.075 kg CO2eq/kg fuel 

For 2050: 

reduction by 90% 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance -2.25  

-0.23 

= 1.5 – 3.75  

= 0.25 – 0.38 

 

other environmental impacts     

fine particulate matter 0 0 Low emissions from biomethane combus-

tion  

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0.25 

= 0.5 + 0 + 0 

= 0.25 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, tech-

nically 

-0.5 0 In 2020/25 there are technical limits for full 

coverage with alternative high temperature 

energies. 

In 2050 there are sufficient options (elec-

tricity, heat pumps for waste heat etc.) 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.7 0 In 2020/25 there are economic limits for full 

coverage with alternative high temperature 

energies. 

ifeu judgement 
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In 2050 there are alternative options afford-

able (electricity, heat pumps for waste heat 

etc.) 

 new infrastructure needed 0.5 0 Solid fuel heaters need to be implemented, 

at least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for process energy means 

partly persisting on the existing fossil infra-

structure and therefore relevant risks of 

fossil lock-in effects. 

ifeu judgement 

Aggregation -0.2  

0 

= -0.5 – 0.7  + 0.5 + 0.5 

=  - 

 

     

TOTAL -2.45 -0.23   
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Table 43: District heat –from manure (Biomethane) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 0 0 Carbon in manure decays fastly and is not 

available for other uses than biogas 

ifeu assumption 

Raw material conservation 

factor (RCF) 

   ifeu assumption 

CRD bio effective 0 0   

GHG saving     

kg CO2eq/kg product 1.5 0.15 Assuming 30 g CO2eq/MJ for 50 MJ/kg bio-

methane 

for 2050: 

reduction by 90% 

Ifeu data base 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 3.75 0.38 For 2020/25:  

1 kg biomethane = 50 MJ; for substituted nat-

ural gas: 0.075 kg CO2eq/kg fuel 

For 2050: 

reduction by 90% 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance -2.25  

-0.23 

= 1.5 – 3.75  

= 0.25 – 0.38 

 

other environmental im-

pacts 

    

fine particulate matter 0 0 Low emissions from biomethane combustion  ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0.25 

= 0.5 + 0 + 0 

= 0.25 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-0.5 0 In 2020/25 there are technical limits for full 

coverage with alternative district heat 

In 2050 there are sufficient options (heat 

pumps etc.) 

ifeu judgement 

 no renewable alternative, 

economically 

-0.7 0 In 2020/25 there are economic limits for full 

coverage with alternative district heat. 

ifeu judgement 
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In 2050, there alternative options are afforda-

ble (electricity, heat pumps for waste heat 

etc.) 

 new infrastructure needed 0.7 0.5 Gas heaters need to be implemented, invest-

ments in regional/local pipes and grids   

still an issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 1 0 Biomethane for district heat energy means 

partly persisting on the existing fossil infra-

structure and therefore relevant risks of fossil 

lock-in effects. 

ifeu judgement 

Aggregation 0.5 

 

 

0.5 

= -0.5 – 0.7 + 0.7 + 1 

= 0 + 0 + 0.5 + 0 

 

     

TOTAL -1.75 0.28   
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Table 44: Space heat –from manure (Biomethane) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 0 0 Carbon in manure decays fastly and is not 

available for other uses than biogas 

ifeu assumption 

Raw material conservation fac-

tor (RCF) 

   ifeu assumption 

CRD bio effective 0 0   

GHG saving     

kg CO2eq/kg product 1.5 0.15 Assuming 30 g CO2eq/MJ for 50 MJ/kg bio-

methane 

for 2050: 

reduction by 90% 

Ifeu data base 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 3.75 0.38 For 2020/25:  

1 kg biomethane = 50 MJ; for substituted 

natural gas: 0.075 kg CO2eq/kg fuel 

For 2050: 

reduction by 90% 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance -2.25  

-0.23 

= 1.5 – 3.75  

= 0.25 – 0.38 

 

other environmental impacts     

fine particulate matter 0 0 Low emissions from biomethane combus-

tion  

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0.25 

= 0.5 + 0 + 0 

= 0.25 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, tech-

nically 

-0.5 0 In 2020/25 there are technical limits for full 

coverage with alternative space heat 

In 2050 there are sufficient options (heat 

pumps etc.) 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.7 0 In 2020/25 there are economic limits for full 

coverage with alternative space heat. 

ifeu judgement 
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In 2050, there alternative options are af-

fordable (electricity, heat pumps for waste 

heat etc.) 

 new infrastructure needed 0.7 0.5 Solid fuel heaters need to be implemented, 

investments in pipes and grids   

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 1 0 Solid biofuel for process energy means 

partly persisting on the existing fossil infra-

structure and therefore relevant risks of 

fossil lock-in effects. 

ifeu judgement 

Aggregation 0.5 

 

 

0.5 

= -0.5 – 0.7 + 0.7 + 1 

= 0 + 0 + 0.5 + 0 

 

     

TOTAL -1.75 0.28   
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Table 45: Electricity – from manure (Biomethane) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 0 0 Carbon in manure decays fastly and is not 

available for other uses than biogas 

 

Raw material conservation fac-

tor (RCF) 

    

CRD bio effective 0 0   

GHG saving     

kg CO2eq/kg product 1.75 0.18 Assuming 35 g CO2eq/MJ for 50 MJ/kg bio-

methane 

for 2050: 

reduction by 90% 

RED default values 

for biomethane 

 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 1.94 0.217 For 2020/25:  

0.35 kg CO2eq/kWh electricity from EU grid x 

50 MJ/kg Biomethane x 0.4 electric efficiency. 

For 2050:  

0.039 kg eq/kWh electricity from EU grid  

x 50 MJ/kg Biomethane x 0.4 electric effi-

ciency. 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance -0.19  

-0.04 

= 0.09 - 0.58  

= 0.01 – 0.07 

 

other environmental impacts     

fine particulate matter 0 0 Low emissions from biomethane combustion  ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0.25 

= 0.5 + 0 + 0 

= 0.25 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-0.2 0 In 2020/25 there are some technical limits in 

some regions for full coverage with renewa-

ble electricity  

In 2050 there are sufficient options (PV, wind 

etc.) 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.2 0 In 2020/25 there are some economic limits 

for full coverage with alternative district heat. 

In 2050, alternative can cover the whole of 

Europe 

ifeu judgement 
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 new infrastructure needed 0.5 0.5 At least local/regional grad grids need to be 

maintained, adapted; as well as new gas 

power plants; applies also for 2050 

ifeu judgement 

 risk of fossil lock-in effects 1 0 Gas based electricity means persisting on the 

existing fossil infrastructure and therefore 

relevant risks of fossil lock-in effects. 

ifeu judgement 

Aggregation 1.1 

 

 

0.5 

= -0.2 – 0.2 + 0.5 + 1 

= 0 + 0 + 0.5 + 0 

 

     

TOTAL 0.91 0.46   
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Table 46: Basic chemicals – from landscape material via digestion (biomethane)  

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0.9 0.9 This factor refers to the material that is avail-

able for reuse or cascading after use, 

whereby the material loss during the utilisa-

tion phase is estimated at 10%. 

ifeu assumption 

CRD bio effective 0.1 0.1 = 2   – 0.9 

= 1.5 – 0.9 

 

GHG saving     

kg CO2eq/kg product 1.5 0.15 This includes the process-related emissions 

from collecting, baling and transport conver-

sion to ethylene  

Emission reduction from 2020/25 until 2050: 

90% 

Ifeu data base 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 4.0 0.4 For 2020/25:  

1.83 kg CO2eq/kg Ethylene + C content 

(85.7%) to CO2. 

ifeu calculation 

based on ecoin-

vent,  

plus prospective 

emission factors 

for ethylene (Dit-

trich et al. 2025) 

net balance -2.5  

-0.25 

= 1.5 – 4  

= 0.15 – 0.4 

 

other environmental impacts     

fine particulate matter 0 0 There are no relevant emission sources along 

the production chain. 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0  

0 

= 0 plus 0 

= 0 plus 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-1 -0.5 In 2020/25 there are no renewable alterna-

tives to biomass for carbon in chemical pro-

duction. 

In 2050 there are still some technical bottle-

necks for full coverage while ignoring biomass 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-1 -0.5 In 2020/25 there are no economically viable 

renewable alternatives to biomass for carbon 

in chemical production. 

In 2050 there are still some economic bottle-

necks for full coverage while ignoring biomass 

ifeu judgement 

 new infrastructure needed 1 0 Basic chemicals based on lino-cellulosic ma-

terial need completely new infrastructure 

for provision and production. 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Basic chemicals based on biogenic carbon 

means persisting at least partly on the exist-

ing fossil infrastructure and therefore rele-

vant risks of fossil lock-in effects. 

ifeu judgement 

Aggregation -0.5  

-1 

= -1 – 1  + 1 + 0.5 

=  -0.5 -0.5 + 0 + 0 

 

     

TOTAL -2.9 -1.15   
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Table 47: Biofuel– road transport – from landscape material via hydrolysis (Ethanol) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material demand 

(effective) CRD bio 

    

kg raw material/ kg product 2 1.5 The applied biochemical conversion tech-

nology has an energetic efficiency of 51.1% 

MJ Ethanol per MJ dry straw; Efficiency en-

hanced from 2020/25 until 2050: 50% 

Ifeu data base 

Raw material conservation fac-

tor (RCF) 

   ifeu assumption 

CRD bio effective 2 1.5   

GHG saving     

kg CO2eq/kg product 0.63 0.03 This includes the process-related emissions 

from collecting, baling and transport con-

version to ethanol  

Emission reduction from 2020/25 until 

2050: 90% 

Ifeu data base 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 2.49 0.5 For 2020/25:  

1 kg EtOH = 26.78 MJ x 0.093 kg CO2/MJ re-

sults in 1.85 kg CO2eq substituted per kg 

EtOH. 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for ethylene 

based on (Dittrich 

et al. 2025)  

net balance -1.86  

-0.47 

= 0.37 – 2.03  

= 0.03 – 0.5 

 

other environmental impacts     

fine particulate matter 0 0 There are no relevant emission sources 

along the production chain. 

ifeu judgement 

novel substances 0.5 0 The technology relies on some chemical 

agents for gas cleaning 

ifeu judgement 

water (and other) toxicity 0 0 No water consumption and no other toxic 

agents 

ifeu judgement 

Aggregation 0.5  

0 

= 0 + 0.5 + 0 

= 0 plus 0 

 

socio-economic criteria     

 no renewable alternative, tech-

nically 

-0.2 0 In 2020/25 there are still some bottlenecks 

for full coverage with electrification in road 

transport; we assume 20% technically hard 

to cover. 

ifeu judgement 
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In 2050 there are no more technical bottle-

necks for full coverage with electrification 

 no renewable alternative, eco-

nomically 

-0.3 0 In 2020/25 there are still some bottlenecks 

for full coverage with electrification in road 

transport; we assume 30% economically 

hard to cover (slightly more than techni-

cally). 

In 2050 there are no more economic bottle-

necks for full coverage with electrification 

ifeu judgement 

 new infrastructure needed 1 0 Advanced biofuels based on wood need 

completely new infrastructure for provision 

and production. 

ifeu judgement 

 risk of fossil lock-in effects 1 0.5 Liquid biofuel for road transport means per-

sisting on the existing fossil infrastructure 

and therefore relevant risks of fossil lock-in 

effects. Moreover, this inhibits the electrifi-

cation. 

ifeu judgement 

Aggregation 1.5  

0.5 

= -0.2 – 0.3  + 1 + 1 

=  0 + 0 + 0.5 + 0 

 

     

TOTAL 2.14 1.03   
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Table 48: Biofuel– road transport – from landscape material via fermentation (biomethane) 

Criterion/indicator Score in 

2020/25 
Score in 

2050 
Explanation Source 

Cumulated raw material de-
mand (effective) CRD bio 

    

kg raw material/ kg product 1 1  Ifeu data base 

Raw material conservation fac-
tor (RCF) 

   ifeu assumption 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 1.5 0.15 Assuming 30 g CO2eq/MJ for 50 MJ/kg bio-

methane 

for 2050: reduction by 90% 

Ifeu data base 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 4 0.4 For 2020/25:  

1 kg biomethane = 50 MJ; for substituted 

CNG: 0.08 kg CO2eq/kg fuel 

For 2050: 

reduction by 90%. 

ifeu calculation 
based on RED III 
emission factors,  
plus prospective 
emission factors 
for ethylene 
based on (Dit-
trich et al. 2025)  

net balance -2.5  
-0.25 

= 1.5 – 4  
= 0.15 – 0.4 

 

other environmental impacts     

fine particulate matter 0 0 There are no relevant emission sources 
along the production chain. 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 No water consumption and no other toxic 
agents 

ifeu judgement 

Aggregation 0.5  
0 

= 0 plus 0 
= 0 plus 0 

 

socio-economic criteria     

 no renewable alternative, 
technically 

-0.2 0 In 2020/25 there are still some bottle-
necks for full coverage with electrification 
in road transport; we assume 20% techni-
cally hard to cover. 

In 2050 there are no more technical bot-
tlenecks for full coverage with electrifica-
tion 

ifeu judgement 

 no renewable alternative, eco-
nomically 

-0.3 0 In 2020/25 there are still some bottle-
necks for full coverage with electrification 

ifeu judgement 
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in road transport; we assume 30% eco-
nomically hard to cover (slightly more 
than technically). 

In 2050 there are no more economic bot-
tlenecks for full coverage with electrifica-
tion 

 new infrastructure needed 1 0.5 Advanced biofuels based on wood need 
completely new infrastructure for provi-
sion and production. 

ifeu judgement 

 risk of fossil lock-in effects 1 0 Liquid biofuel for road transport means 
persisting on the existing fossil infrastruc-
ture and therefore relevant risks of fossil 
lock-in effects. Moreover, this inhibits the 
electrification. 

ifeu judgement 

Aggregation 1.5  
0.5 

= -0.2 – 0.3  + 1 + 1 
=  0 + 0 + 0.5 + 0 

 

     

TOTAL 0.0 1.25   
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Table 49: Process heat (>500°C) – from landscape material via fermentation (biomethane) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of 

material 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 1.5 0.15 Assuming 30 g CO2eq/MJ for 50 MJ/kg bio-

methane 

for 2050: reduction by 90% 

RED default values 

for straw pellets 

 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 3.75 0.375 For 2020/25:  

1 kg biomethane = 50 MJ; for substituted 

natural gas: 0.075 kg CO2eq/kg fuel 

For 2050: 

reduction by 90% 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance -2.25  

-0.25 

= 1.5 – 3.75 

= 0.15 – 0.375 

 

other environmental impacts     

fine particulate matter 0 0  ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0  

0 

= 0 + 0 + 0 

= 0 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, tech-

nically 

-0.7 -0.2 In 2020/25 there are technical limits for full 

coverage with alternative high temperature 

energies. 

In 2050 there are widely options (electricity, 

heat pumps for waste heat etc.), but no full 

coverage for high temperature 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.9 -0.5 In 2020/25 there are economic limits for full 

coverage with alternative high temperature 

energies. 

ifeu judgement 
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In 2050 the alternative options are afforda-

ble (electricity, heat pumps for waste heat 

etc.) but still an expensive option for high 

temperature 

 new infrastructure needed 0.5 0 At least local/regional gas grids need to be 

maintained, adapted; as well as new gas 

power plants; applies also for 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Gas based heat means partly persisting on 

the existing fossil infrastructure and there-

fore relevant risks of fossil lock-in effects. 

ifeu judgement 

Aggregation -0.6  

-0.7 

= -0.7 – 0.9  + 0.5 + 0.5 

=  -0.2 – 0.5  + 0 + 0 

 

     

TOTAL -1.85 0.08   
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Table 50: Process heat (<500°C) – from landscape material via fermentation (biomethane) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of 

material 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 1.5 0.15 Assuming 30 g CO2eq/MJ for 50 MJ/kg bio-

methane 

for 2050: 

reduction by 90% 

RED default values 

for straw pellets 

 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 3.75 0.375 For 2020/25:  

1 kg biomethane = 50 MJ; for substituted 

natural gas: 0.075 kg CO2eq/kg fuel 

For 2050: 

reduction by 90% 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance -2.25  

-0.25 

= 1.5 – 3.75 

= 0.15 – 0.375 

 

other environmental impacts     

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cur-

sors for fine particulates, mitigation consid-

ered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0  

0 

= 0 + 0 + 0 

= 0 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-0.5 0 In 2020/25 there are technical limits for full 

coverage with alternative high temperature 

energies. 

In 2050 there are sufficient options (elec-

tricity, heat pumps for waste heat etc.) 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-0.7 0 In 2020/25 there are economic limits for full 

coverage with alternative high temperature 

energies. 

In 2050 there are alternative options afford-

able (electricity, heat pumps for waste heat 

etc.) 

ifeu judgement 

 new infrastructure needed 0.5 0.5 At least local/regional gas grids need to be 

maintained, adapted; as well as new gas 

power plants; applies also for 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Gas based heat means partly persisting on 

the existing fossil infrastructure and there-

fore relevant risks of fossil lock-in effects. 

ifeu judgement 

Aggregation -0.2  

0.5 

= -0.5 – 0.7  + 0.5 + 0.5 

=  0 + 0 + 0.5 + 0 

 

     

TOTAL -1.45 1.28   
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Table 51: District heat – from landscape material via fermentation (biomethane) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of ma-

terial 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 1.5 0.15 Assuming 30 g CO2eq/MJ for 50 MJ/kg bio-

methane 

for 2050: 

reduction by 90% 

RED default values 

for straw pellets 

 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 3.75 0.375 For 2020/25:  

1 kg biomethane = 50 MJ; for substituted nat-

ural gas: 0.075 kg CO2eq/kg fuel 

For 2050: 

reduction by 90% 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance -2.25  

-0.25 

= 1.5 – 3.75 

= 0.15 – 0.375 

 

other environmental impacts     

fine particulate matter 0 0  ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0  

0 

= 0 + 0 + 0 

= 0 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-0.5 0 In 2020/25 there are technical limits for full 

coverage with alternative district heat 

In 2050 there are sufficient options (heat 

pumps etc.) 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.7 0 In 2020/25 there are economic limits for full 

coverage with alternative district heat. 

ifeu judgement 
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In 2050, there alternative options are afforda-

ble (electricity, heat pumps for waste heat 

etc.) 

 new infrastructure needed 0.7 0.5 At least local/regional gas grids need to be 

maintained, adapted; as well as new gas 

power plants; applies also for 2050 

ifeu judgement 

 risk of fossil lock-in effects 1 0 Gas based heat means partly persisting on 

the existing fossil infrastructure and there-

fore relevant risks of fossil lock-in effects. 

ifeu judgement 

Aggregation 0.5 

 

 

0.5 

= -0.5 – 0.7 + 0.7 + 1 

= 0 + 0 + 0.5 + 0 

 

     

TOTAL -0.75 1.28   
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Table 52: Electricity – from landscape material via fermentation (biomethane) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of ma-

terial 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 1.75 0.175 This includes the process-related emissions 

from collecting, baling and transport. 

Emission reduction from 2020/25 until 2050: 

90% 

RED default values 

for straw pellets 

 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 1.94 0.22 For 2020/25:  

0.35 kg CO2eq/kWh electricity from EU grid x 

17 MJ/kg straw x 0.35 electric efficiency. 

For 2050:  

0039 kg eq/kWh electricity from EU grid x 17 

MJ/kg fuelwood x 0.4 electric efficiency. 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance -0.19  

-0.04 

= 1.75 - 0.194  

= 0.175 – 0.22 

 

other environmental impacts     

fine particulate matter 0 0  ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0  

0 

= 0 + 0 + 0 

= 0 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-0.2 0 In 2020/25 there are some technical limits in 

some regions for full coverage with renewa-

ble electricity  

In 2050 there are sufficient options (PV, wind 

etc.) 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.2 0 In 2020/25 there are some economic limits 

for full coverage with alternative district heat. 

ifeu judgement 
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In 2050, alternative can cover the whole of 

Europe 

 new infrastructure needed 0.5 0.5 At least local/regional gas grids need to be 

maintained, adapted; as well as new gas 

power plants; applies also for 2050 

ifeu judgement 

 risk of fossil lock-in effects 1 0 Gas based electricity means persisting on the 

existing fossil infrastructure and therefore 

relevant risks of fossil lock-in effects. 

ifeu judgement 

Aggregation 1.1 

 

 

0.5 

= -0.2 – 0.2 + 0.5 + 1 

= 0 + 0 + 0.5 + 0 

 

     

TOTAL 1.91 1.46   
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Table 53: Basic chemicals – from catch crops (ligno-cellulosic, herbaceous) via digestion (biomethane)  

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0.9 0.9 This factor refers to the material that is avail-

able for reuse or cascading after use, 

whereby the material loss during the utilisa-

tion phase is estimated at 10%. 

ifeu assumption 

CRD bio effective 0.1 0.1 = 1 – 0.9 

= 1 – 0.9 

 

GHG saving     

kg CO2eq/kg product 1.5 0.5 This includes seeding and harvesting, collect-

ing, baling and transport digesting to bio-

methane 

Emission reduction from 2020/25 until 2050: 

90% 

Ifeu data base 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 4.0 0.4 For 2020/25:  

1 kg biomethane = 50 MJ; for substituted me-

thane 0.08 kg CO2eq/kg  

For 2050: 

reduction by 90% 

ifeu calculation 

based on ecoin-

vent,  

plus prospective 

emission factors 

for ethylene (Dit-

trich et al. 2025) 

net balance -2.5  

-0.2 

= 1.5  – 4  

= 0.15 – 0.4 

 

other environmental impacts     

fine particulate matter 0.5 0.5 Agricultural practices, partly fertilising. ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0.5 

= 0.5 + 0 + 0 

= 0.5 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-1 -0.5 In 2020/25 there are no renewable alterna-

tives to biomass for carbon in chemical pro-

duction. 

In 2050 there are still some technical bottle-

necks for full coverage while ignoring biomass 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-1 -0.5 In 2020/25 there are no economically viable 

renewable alternatives to biomass for carbon 

in chemical production. 

In 2050 there are still some economic bottle-

necks for full coverage while ignoring biomass 

ifeu judgement 

 new infrastructure needed 1 0 Basic chemicals based on ligno-cellulosic ma-

terial need completely new infrastructure for 

provision and production. 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Basic chemicals based on biogenic carbon 

means persisting at least partly on the exist-

ing fossil infrastructure and therefore rele-

vant risks of fossil lock-in effects. 

ifeu judgement 

Aggregation -0.5  

-1 

= -1 – 1  + 1 + 0.5 

=  -0.5 - 0.5 + 0 + 0 

 

     

TOTAL -2.4 -0.7   
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Table 54: Biofuel– road transport – from catch crops (ligno-cellulosic, herbaceous) via hydrolysis (Ethanol) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1  Ifeu data base 

Raw material conservation fac-

tor (RCF) 

   ifeu assumption 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 2 0.2 This includes seeding and harvesting, col-

lecting, baling and transport digesting to bi-

omethane 

Emission reduction from 2020/25 until 

2050: 90% 

Ifeu data base 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 4.0 0.4 For 2020/25:  

1 kg biomethane = 50 MJ; for substituted 

CNG: 0.08 kg CO2eq/kg fuel 

For 2050: 

reduction by 90% 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for ethylene 

based on (Dittrich 

et al. 2025)  

net balance -2  

-0.2 

= 2  – 4  

= 0.2 – 0.4 

 

other environmental impacts     

fine particulate matter 0.5 0.5 Agricultural practices, partly fertilising. ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0.5 

= 0.5 + 0 + 0 

= 0.5 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, tech-

nically 

-0.2 0 In 2020/25 there are still some bottlenecks 

for full coverage with electrification in road 

transport; we assume 20% technically hard 

to cover. 

In 2050 there are no more technical bottle-

necks for full coverage with electrification 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.3 0 In 2020/25 there are still some bottlenecks 

for full coverage with electrification in road 

transport; we assume 30% economically 

ifeu judgement 
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hard to cover (slightly more than techni-

cally). 

In 2050 there are no more economic bottle-

necks for full coverage with electrification 

 new infrastructure needed 1 0.5 Advanced biofuels based on wood need 

completely new infrastructure for provision 

and production. 

ifeu judgement 

 risk of fossil lock-in effects 1 0 Liquid biofuel for road transport means per-

sisting on the existing fossil infrastructure 

and therefore relevant risks of fossil lock-in 

effects. Moreover, this inhibits the electrifi-

cation. 

ifeu judgement 

Aggregation 1.5  

0 

= -0.2 – 0.3  + 1 + 1 

=  0 + 0 + 0.5 + 0 

 

     

TOTAL 1.0 2.25   
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Table 55: Biofuel– road transport – from catch crops (ligno-cellulosic, herbaceous) via fermentation (biomethane) 

Criterion/indicator Score in 

2020/25 
Score in 

2050 
Explanation Source 

Cumulated raw material de-
mand (effective) CRD bio 

    

kg raw material/ kg product 1 1  Ifeu data base 

Raw material conservation fac-
tor (RCF) 

   ifeu assumption 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 1.5 0.15 This includes seeding and harvesting, col-
lecting, baling and transport digesting to 
biomethane 

Emission reduction from 2020/25 until 
2050: 90% 

Ifeu data base 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 4.0 0.4 For 2020/25:  

1 kg biomethane = 50 MJ; for substituted 

CNG: 0.08 kg CO2eq/kg fuel 

For 2050: 

reduction by 90% 

ifeu calculation 
based on RED III 
emission factors,  
plus prospective 
emission factors 
for ethylene 
based on (Dit-
trich et al. 2025)  

net balance -2.5  
-0.25 

= 1.5  – 4  
= 0.15 – 0.4 

 

other environmental impacts     

fine particulate matter 0.5 0.5 Agricultural practices, partly fertilising. ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  
0.5 

= 0.5 + 0 + 0 
= 0.5 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, 
technically 

-0.2 0 In 2020/25 there are still some bottle-
necks for full coverage with electrification 
in road transport; we assume 20% techni-
cally hard to cover. 

In 2050 there are no more technical bot-
tlenecks for full coverage with electrifica-
tion 

ifeu judgement 

 no renewable alternative, eco-
nomically 

-0.3 0 In 2020/25 there are still some bottle-
necks for full coverage with electrification 

ifeu judgement 
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in road transport; we assume 30% eco-
nomically hard to cover (slightly more 
than technically). 

In 2050 there are no more economic bot-
tlenecks for full coverage with electrifica-
tion 

 new infrastructure needed 1 0.5 Advanced biofuels based on wood need 
completely new infrastructure for provi-
sion and production. 

ifeu judgement 

 risk of fossil lock-in effects 1 0 Liquid biofuel for road transport means 
persisting on the existing fossil infrastruc-
ture and therefore relevant risks of fossil 
lock-in effects. Moreover, this inhibits the 
electrification. 

ifeu judgement 

Aggregation 1.5  
0.5 

= -0.2 – 0.3 + 1 + 1 
=  0 + 0 + 0.5 + 0 

 

     

TOTAL 0.5 1.8   
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Table 56: Process heat (>500°C) – from catch crops (ligno-cellulosic, herbaceous) via fermentation (biomethane) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of 

material 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 1.5 0.15 This includes seeding and harvesting, col-

lecting, baling and transport digesting to bi-

omethane 

Emission reduction from 2020/25 until 

2050: 90% 

RED default values 

for straw pellets 

 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 3.75 0.375 For 2020/25:  

1 kg biomethane = 50 MJ; for substituted 

natural gas: 0.075 kg CO2eq/kg fuel 

For 2050: 

reduction by 90% 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance -2.25  

-0.23 

= 1.5  – 3.75  

= 0.15 – 0.38 

 

other environmental impacts     

fine particulate matter 0.5 0.5 Agricultural practices, partly fertilising. ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0.5 

= 0.5 + 0 + 0 

= 0.5 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, tech-

nically 

-0.7 -0.2 In 2020/25 there are technical limits for full 

coverage with alternative high temperature 

energies. 

In 2050 there are widely options (electricity, 

heat pumps for waste heat etc.), but no full 

coverage for high temperature 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-0.9 -0.5 In 2020/25 there are economic limits for full 

coverage with alternative high temperature 

energies. 

In 2050 the alternative options are afforda-

ble (electricity, heat pumps for waste heat 

etc.) but still an expensive option for high 

temperature 

ifeu judgement 

 new infrastructure needed 0.5 0 Solid fuel heaters need to be implemented, 

at least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for process energy means 

partly persisting on the existing fossil infra-

structure and therefore relevant risks of 

fossil lock-in effects. 

ifeu judgement 

Aggregation -0.6  

-0.7 

= -0.7 – 0.9  + 0.5 + 0.5 

=  -0.2 – 0.5  + 0 + 0 

 

     

TOTAL -1.35 0.58   
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Table 57: Process heat (<500°C) – from catch crops (ligno-cellulosic, herbaceous) via fermentation (biomethane) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of 

material 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 1.5 0.15 This includes seeding and harvesting, col-

lecting, baling and transport digesting to bi-

omethane 

Emission reduction from 2020/25 until 

2050: 90% 

RED default values 

for straw pellets 

 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 3.75 0.375 For 2020/25:  

1 kg biomethane = 50 MJ; for substituted 

natural gas: 0.075 kg CO2eq/kg fuel 

For 2050: 

reduction by 90% 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance -2.25  

-0.23 

= 1.5  – 3.75  

= 0.15 – 0.38 

 

other environmental impacts     

fine particulate matter 0.5 0.5 Agricultural practices, partly fertilising. ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0.5 

= 0.5 + 0 + 0 

= 0.5 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-0.5 0 In 2020/25 there are technical limits for full 

coverage with alternative high temperature 

energies. 

In 2050 there are sufficient options (elec-

tricity, heat pumps for waste heat etc.) 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-0.7 0 In 2020/25 there are economic limits for full 

coverage with alternative high temperature 

energies. 

In 2050 there are alternative options afford-

able (electricity, heat pumps for waste heat 

etc.) 

ifeu judgement 

 new infrastructure needed 0.5 0.5 Solid fuel heaters need to be implemented, 

at least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for process energy means 

partly persisting on the existing fossil infra-

structure and therefore relevant risks of 

fossil lock-in effects. 

ifeu judgement 

Aggregation -0.2  

0.5 

= -0.5 – 0.7  + 0.5 + 0.5 

=  0 + 0 + 0.5 + 0 

 

     

TOTAL -0.95 0.69   
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Table 58: District heat – from catch crops (ligno-cellulosic, herbaceous) via fermentation (biomethane) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of ma-

terial 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 1.5 0.15 This includes seeding and harvesting, collect-

ing, baling and transport digesting to bio-

methane 

Emission reduction from 2020/25 until 2050: 

90% 

RED default values 

for straw pellets 

 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 3.75 0.375 For 2020/25:  

1 kg biomethane = 50 MJ; for substituted nat-

ural gas: 0.075 kg CO2eq/kg fuel 

For 2050: 

reduction by 90% 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance -2.25  

-0.23 

= 1.5  – 3.75  

= 0.15 – 0.38 

 

other environmental impacts     

fine particulate matter 0.5 0.5 Agricultural practices, partly fertilising. ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0.5 

= 0.5 + 0 + 0 

= 0.5 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-0.5 0 In 2020/25 there are technical limits for full 

coverage with alternative district heat 

In 2050 there are sufficient options (heat 

pumps etc.) 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.7 0 In 2020/25 there are economic limits for full 

coverage with alternative district heat. 

ifeu judgement 
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In 2050, there alternative options are afforda-

ble (electricity, heat pumps for waste heat 

etc.) 

 new infrastructure needed 0.7 0.5 Gas heaters need to be implemented, invest-

ments in regional/local pipes and grids   

still an issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 1 0 Biomethane for district heat energy means 

partly persisting on the existing fossil infra-

structure and therefore relevant risks of fossil 

lock-in effects. 

ifeu judgement 

Aggregation 0.5 

 

 

0.5 

= -0.5 – 0.7 + 0.7 + 1 

= 0 + 0 + 0.5 + 0 

 

     

TOTAL -0.25 1.78   
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Table 59: Electricity – from catch crops (ligno-cellulosic, herbaceous) via fermentation (biomethane) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses from processing – by-products are 

used 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0 Energetic use means no conservation of ma-

terial 

 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 1.75 0.175 This includes the process-related emissions 

from collecting, baling and transport. 

Emission reduction from 2020/25 until 2050: 

90% 

RED default values 

for biomethane 

 

kg CO2wood/kg product 0 0 No forest wood ifeu assumption 

credit: kg CO2eq/kg product 1.94 0.22 For 2020/25:  

0.35 kg CO2eq/kWh electricity from EU grid x 

17 MJ/kg straw x 0.35 electric efficiency. 

For 2050:  

0.039 kg eq/kWh electricity from EU grid x 

17 MJ/kg fuelwood x 0.4 electric efficiency. 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

for heat pumps 

net balance -0.19  

-0.04 

= 1.75 - 0.194  

= 0.175 – 0.22 

 

other environmental impacts     

fine particulate matter 0.5 0.5  ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0  

0 

= 0.5 + 0 + 0 

= 0.5 + 0 + 0 

 

socio-economic criteria     

 no renewable alternative, 

technically 

-0.2 0 In 2020/25 there are some technical limits in 

some regions for full coverage with renewa-

ble electricity  

In 2050 there are sufficient options (PV, wind 

etc.) 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.2 0 In 2020/25 there are some economic limits 

for full coverage with alternative district heat. 

ifeu judgement 
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In 2050, alternative can cover the whole of 

Europe 

 new infrastructure needed 0.5 0.5 At least local/regional grad grids need to be 

maintained, adapted; as well as new gas 

power plants; applies also for 2050 

ifeu judgement 

 risk of fossil lock-in effects 1 0 Gas based electricity means persisting on the 

existing fossil infrastructure and therefore 

relevant risks of fossil lock-in effects. 

ifeu judgement 

Aggregation 1.1 

 

 

0.5 

= -0.2 – 0.2 + 0.5 + 1 

= 0 + 0 + 0.5 + 0 

 

     

TOTAL 2.41 1.96   
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4 Other wastes and residues 

Categories covered under other wastes and residues are directed to utilisation pathways: 

• UCO (including animal fat) scored for oleochemistry, biofuel and other energy appli-
cations 

• Black liquor scored for basic chemicals (biomethanol), advanced biofuel, process heat 
and electricity 

• Used wood scored for basic chemicals (biomethanol via gasification), advanced bio-
fuel, process heat and electricity 

 

Table 60: Basic chemicals – used cooking oil (UCO) for oleochemistry 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1.2 1.2 The conventional technology to gain vegeta-

ble oil requires 20% of feedstock for own pro-

duction 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0.9 0.9 This factor refers to the material that is avail-

able for reuse or cascading after use, 

whereby the material loss during the utilisa-

tion phase is estimated at 10%. 

Ifeu estimation 

CRD bio effective 0.3 0.3 = 1.2 – 0.9  

GHG saving     

kg CO2eq/kg product 0.56 0.056 For 2020/25: 

0.015 kg CO2eq/MJ oil x 37 MJ/kg oil 

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 4.33 0.3 For 2020/25:  

1 kg fossil oil (lubricant) 1.4 kg CO2eq/kg 

product + 0.8 x 44/12 CO2eq/kg fossil carbon 

content. 

For 2050: value for chemical based on CO2 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 
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net balance -3.78  

-0.24 

= 0.56 - 4.33 

= 0.06 - 0.30 

 

other environmental impacts     

fine particulate matter 0 0  ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0  

0 

  

socio-economic criteria     

no renewable alternative, 

technically 

-1 0 In 2020/25 there are no renewable alterna-

tives at technical level 

In 2050 there are technical alternatives based 

on CO2 and H2 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-1 -0.5 In 2020/25 there are no renewable alterna-

tives at economic level 

In 2050 alternatives based on CO2 and H2 are 

still expensive 

ifeu judgement 

 new infrastructure needed 0 0 Established pathways ifeu judgement 

 risk of fossil lock-in effects 0 0 Since these products are bounds to carbon, 

there is no alternative to carbon; thus, lock-in 

cannot be presumed. 

ifeu judgement 

Aggregation -2  

-0.5 

= -1 – 1  - 0 - 0 

=  0 - 0.5 -0 - 0 

 

     

TOTAL -5.48 -0.44   
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Table 61: Biofuel –– road transport - used cooking oil (UCO) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1.2 1.2 By conventional technology to gain bio-

diesel requires 20% of feedstock for own 

production 

Well-to-wheels 

study No 5 

(Prussi 2020) 

Raw material conservation fac-

tor (RCF) 

0 0  Ifeu estimation 

CRD bio effective 1.2 1.2   

GHG saving     

kg CO2eq/kg product 0.56 0.06 For 2020/25: 

0.015 kg CO2eq/MJ oil x 37 MJ/kg biodiesel 

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 

(Prussi 2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assump-

tion 

credit: kg CO2eq/kg product 3.48 0.3 For 2020/25:  

1 kg diesel causes 1.4 kg CO2eq/kg product 

+ 0.8 x 44/12 CO2eq/kg fossil carbon con-

tent. 

For 2050: value for e-fuel based on CO2 

ifeu calculation 

based on RED 

III emission fac-

tors,  

plus prospec-

tive emission 

factors for 

electricity (Dit-

trich et al. 

2025) 

net balance -2.92  

-0.24 

= 0.56 - 3.48 

= 0.06 - 0.30 

 

other environmental impacts     

fine particulate matter 0 0  ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0  ifeu judgement 

Aggregation 0  

0 

  

socio-economic criteria     

no renewable alternative, 

technically 

-0.2 0 In 2020/25 there is a certain gap of covering 

no renewable alternatives at technical level 

In 2050 there will be electric mobility 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.3 0 In 2020/25 a full coverage of road transport 

with renewable alternatives is still costly 

ifeu judgement 
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In 2050 there will be electric mobility 

 new infrastructure needed 0.5 0 Widely established pathways, partial expan-

sion of capacity required 

ifeu judgement 

 risk of fossil lock-in effects 1 0 Liquid drop-in biofuel are lock-in for com-

bustion engines and fossil fuels 

ifeu judgement 

Aggregation 1  

0 

= -0.2 – 0.3 + 0.5 + 1 

=  0 - 0 -0 - 0 

 

     

TOTAL -0.72 0.96   
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Table 62: Biofuel– aviation transport – used cooking oil (UCO) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1.2 1.2 By conventional technology to gain bio-

diesel requires 20% of feedstock for own 

production 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0  Ifeu estimation 

CRD bio effective 1.2 1.2   

GHG saving     

kg CO2eq/kg product 0.56 0.06 For 2020/25: 

0.015 kg CO2eq/MJ oil x 37 MJ/kg biodiesel 

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 3.48 0.3 For 2020/25:  

1 kg diesel causes 1.4 kg CO2eq/kg product 

+ 0.8 x 44/12 CO2eq/kg fossil carbon con-

tent. 

For 2050: value for e-fuel based on CO2 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -2.92  

-0.24 

= 0.56 – 3.48 

= 0.06 - 0.30 

 

other environmental impacts     

fine particulate matter 0 0  ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0  ifeu judgement 

Aggregation 0  

0 

  

socio-economic criteria     

no renewable alternative, tech-

nically 

-0.7 -0.2 In 2020/25 there are technical limits for full 

coverage with alternative fuels in shipping; 

we assume 70% technically hard to cover 

(conservatively). 

In 2050 there are small technical bottle-

necks for full coverage (20% assumed) 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.9 -0.25 In 2020/25 there are economic limits for full 

coverage with alternative fuels in shipping; 

we assume 90% (conservatively). 

ifeu judgement 
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In 2050 there are small economic bottle-

necks for full coverage (25% assumed) 

 new infrastructure needed 0.5 0.1 Widely established pathways, partial expan-

sion of capacity required 

ifeu judgement 

 risk of fossil lock-in effects 1 0.1 Liquid drop-in biofuel are lock-in for com-

bustion engines and fossil fuels 

ifeu judgement 

Aggregation -0.1 -0.25 = -0.7 – 0.9 + 0.5 + 1 

= -0.2 – 0.25 -0.1 – 0.1 

 

     

TOTAL -1.82 0.71   
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Table 63: Process heat (>500°C) from used cooking oil (UCO) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0  Ifeu estimation 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.19 0.019 For 2020/25: 

0.005 kg CO2eq/MJ oil x 37 MJ/kg  

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 2.96 0.296 For 2020/25:  

0.080 kg CO2eq/kg product x 37 MJ/kg fuel 

For 2050: value for e-fuel based on CO2 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -2.78  

-0.28 

= 0.19 -2.96 

= 0.019 - 0.296 

 

other environmental impacts     

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cursors 

for fine particulates, mitigation considered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0  ifeu judgement 

Aggregation 0.5  

0.25 

  

socio-economic criteria     

no renewable alternative, 

technically 

-0.7 -0.2 In 2020/25 there are technical limits for full 

coverage with alternative high temperature 

energies. 

In 2050 there are widely options (electricity, 

heat pumps for waste heat etc.), but no full 

coverage for high temperature 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-0.9 -0.5 In 2020/25 there are economic limits for full 

coverage with alternative high temperature 

energies. 

In 2050 the alternative options are affordable 

(electricity, heat pumps for waste heat etc.) 

but still an expensive option for high temper-

ature 

ifeu judgement 

 new infrastructure needed 0.5 0 Widely established pathways, however, com-

panies need to invest in boiler systems 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Liquid biofuel are lock-in for combustion pro-

cesses and fossil fuels 

ifeu judgement 

Aggregation -0.6  

-0.7 

= -0.7 – 0.9 + 0.5 + 0.5 

= -0.2 – 0.5 -0 - 0 

 

     

TOTAL -1.88 0.27   
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Table 64: Process heat (<500°C) from used cooking oil (UCO) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0  Ifeu estimation 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.19 0.019 For 2020/25: 

0.005 kg CO2eq/MJ oil x 37 MJ/kg  

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 2.96 0.296 For 2020/25:  

0.080 kg CO2eq/kg product x 37 MJ/kg fuel 

For 2050: value for e-fuel based on CO2 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -2.78  

-0.28 

= 0.19 -2.96 

= 0.019 - 0.296 

 

other environmental impacts     

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cursors 

for fine particulates, mitigation considered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0  ifeu judgement 

Aggregation 0.5  

0.25 

  

socio-economic criteria     

no renewable alternative, 

technically 

-0.5 0 In 2020/25 there are technical limits for full 

coverage with alternative high temperature 

energies. 

In 2050 there are sufficient options (electric-

ity, heat pumps for waste heat etc.) 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-0.7 0 In 2020/25 there are economic limits for full 

coverage with alternative high temperature 

energies. 

In 2050 there are alternative options afforda-

ble (electricity, heat pumps for waste heat 

etc.) 

ifeu judgement 

 new infrastructure needed 0.5 0 Widely established pathways, however, com-

panies need to invest in boiler systems 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Liquid biofuel are lock-in for combustion pro-

cesses and fossil fuels 

ifeu judgement 

Aggregation -0.2  

0 

= -0.5 – 0.7 + 0.5 + 0.5 

= -0 – 0 -0 - 0 

 

     

TOTAL -1.48 0.97   
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Table 65: District heat from used cooking oil (UCO) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0  Ifeu estimation 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.19 0.019 For 2020/25: 

0.005 kg CO2eq/MJ oil x 37 MJ/kg  

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 2.96 0.296 For 2020/25:  

0.080 kg CO2eq/kg product x 37 MJ/kg fuel 

For 2050: value for e-fuel based on CO2 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -2.78  

-0.28 

= 0.19 -2.96 

= 0.019 - 0.296 

 

other environmental impacts     

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cursors 

for fine particulates, mitigation considered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0  ifeu judgement 

Aggregation 0.5  

0.25 

  

socio-economic criteria     

no renewable alternative, 

technically 

-0.5 0 In 2020/25 there are technical limits for full 

coverage with alternative district heat 

In 2050 there are sufficient options (heat 

pumps etc.) 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.7 0 In 2020/25 there are economic limits for full 

coverage with alternative district heat. 

ifeu judgement 



140  Annex – Biomass for energy and materials in the EU: Guidance for allocation in a biomass constrained world  ifeu  

 

 

In 2050, there alternative options are afforda-

ble (electricity, heat pumps for waste heat 

etc.) 

 new infrastructure needed 0.5 0.5 Widely established pathways, however, com-

panies/municipalities need to invest in boiler 

systems 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Liquid biofuels are lock-in for combustion 

processes and fossil fuels 

ifeu judgement 

Aggregation -0.2  

0.5 

= -0.5 – 0.7 + 0.5 + 0.5 

= -0 + 0 + 0.5 + 0 

 

     

TOTAL -1.48 1.48   
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Table 66: Electricity from used cooking oil (UCO) 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0  Ifeu estimation 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.19 0.019 For 2020/25: 

0.005 kg CO2eq/MJ oil x 37 MJ/kg  

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 1.26 0.16 For 2020/25:  

0.35 kg CO2eq/kWh electricity from EU grid x 

37 MJ/kg UCO x 0.35 electric efficiency. 

For 2050:  

0.039 kg eq/kWh electricity from EU grid x 

37 MJ/kg UCO x 0.4 electric efficiency. 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -1.07  

-0.14 

= 0.19 -1.26 

= 0.019 - 0.16 

 

other environmental impacts     

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cursors 

for fine particulates, mitigation considered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0  ifeu judgement 

Aggregation 0.5  

0.25 

  

socio-economic criteria     

no renewable alternative, 

technically 

-0.2 0 In 2020/25 there are some technical limits in 

some regions for full coverage with renewa-

ble electricity  

In 2050 there are sufficient options (PV, wind 

etc.) 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.2 0 In 2020/25 there are some economic limits 

for full coverage with alternative district heat. 

ifeu judgement 
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In 2050, alternative can cover the whole of 

Europe 

 new infrastructure needed 0.5 0.5 companies need to invest in boiler systems ifeu judgement 

 risk of fossil lock-in effects 1 0 Liquid biofuel are lock-in for combustion pro-

cesses and fossil fuels 

ifeu judgement 

Aggregation 1.1  

0.5 

= -0.2 – 0.2 + 0.5 + 1 

= -0 + 0 + 0.5 + 0 

 

     

TOTAL 1.53 1.61   
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Table 67: Basic chemicals (biomethanol) from black liquor  

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1.3 1.2 The technology to process black liquor re-

quires 30% of feedstock for own production 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0.9 0.9 This factor refers to the material that is avail-

able for reuse or cascading after use, 

whereby the material loss during the utilisa-

tion phase is estimated at 10%. 

Ifeu estimation 

CRD bio effective 0.4 0.3 = 1.2 – 0.9  

GHG saving     

kg CO2eq/kg product 0.3 0.03 For 2020/25: 

0.015 kg CO2eq/MJ oil x 20 MJ/kg black liq-

uor 

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 2.03 0.2 For 2020/25:  

1 kg MetOH = 0.375 kg C; equivalent in Eth-

ylene (0.857 kg C/kg) --> 0.438 kg Ethylene; 

plus CO2 from EoL. 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -1.73  

-0.17 

= 0.3 – 2.03 

= 0.03 - 0.20 

 

other environmental impacts     

fine particulate matter 0 0  ifeu judgement 

novel substances 0.5 0 The technology relies on some chemical 

agents for gas cleaning 

ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0 

  

socio-economic criteria     

no renewable alternative, 

technically 

-1 0 In 2020/25 there are no renewable alterna-

tives at technical level 

In 2050 there are technical alternatives based 

on CO2 and H2 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-1 -0.5 In 2020/25 there are no renewable alterna-

tives at economic level 

In 2050 alternatives based on CO2 and H2 are 

still expensive 

ifeu judgement 

 new infrastructure needed 1 0 Basic chemicals based on these feedstocks 

need completely new infrastructure for provi-

sion and production. 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Basic chemicals based on biogenic carbon 

means persisting at least partly on the exist-

ing fossil infrastructure and therefore rele-

vant risks of fossil lock-in effects. 

ifeu judgement 

Aggregation -2  

-0.5 

= -1 – 1  - 0 - 0 

=  0 - 0.5 -0 - 0 

 

     

TOTAL -1.33 -0.37   
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Table 68: Biofuel – road transport (biomethanol) from black liquor 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1.3 1.2 The technology to process black liquor re-

quires 30% of feedstock for own production 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0  Ifeu estimation 

CRD bio effective 1.3 1.2   

GHG saving     

kg CO2eq/kg product 0.3 0.03 For 2020/25: 

0.015 kg CO2eq/MJ oil x 20 MJ/kg black liq-

uor 

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 1.88 0.188 For 2020/25:  

1 kg diesel causes 1.4 kg CO2eq/kg product + 

0.8 x 44/12 CO2eq/kg fossil carbon content. 

For 2050: value for e-fuel based on CO2 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -1.58  

-0.16 

= 0.3– 1.88 

= 0.03 - 0.19 

 

other environmental impacts     

fine particulate matter 0 0  ifeu judgement 

novel substances 0.5 0 The technology relies on some chemical 

agents for gas cleaning 

ifeu judgement 

water (and other) toxicity 0 0  ifeu judgement 

Aggregation 0.5  

0 

  

socio-economic criteria     

no renewable alternative, 

technically 

-0.2 0 In 2020/25 there is a certain gap of covering 

no renewable alternatives at technical level 

In 2050 there will be electric mobility 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.3 0 In 2020/25 a full coverage of road transport 

with renewable alternatives is still costly 

In 2050 there will be electric mobility 

ifeu judgement 
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 new infrastructure needed 0.5 0 Widely established pathways, needs to be ex-

tended  

ifeu judgement 

 risk of fossil lock-in effects 1 0 Liquid drop-in biofuel are lock-in for combus-

tion engines and fossil fuels 

ifeu judgement 

Aggregation 1.0  

0 

= -0.2 – 0.3 + 0.5 + 1 

=  0 - 0 -0 - 0 

 

     

TOTAL 1.22 1.04   
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Table 69: Biofuel– aviation transport (biomethanol) from black liquor 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1.3 1.2 The technology to process black liquor re-

quires 30% of feedstock for own production 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0  Ifeu estimation 

CRD bio effective 1.3 1.2   

GHG saving     

kg CO2eq/kg product 0.3 0.03 For 2020/25: 

0.015 kg CO2eq/MJ oil x 20 MJ/kg black liq-

uor 

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 1.88 0.188 For 2020/25:  

1 kg diesel causes 1.4 kg CO2eq/kg product 

+ 0.8 x 44/12 CO2eq/kg fossil carbon con-

tent. 

For 2050: value for e-fuel based on CO2 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -1.58  

-0.16 

= 0.3– 1.88 

= 0.03 - 0.19 

 

other environmental impacts     

fine particulate matter 0 0  ifeu judgement 

novel substances 0.5 0 The technology relies on some chemical 

agents for gas cleaning 

ifeu judgement 

water (and other) toxicity 0 0  ifeu judgement 

Aggregation 0.5  

0 

  

socio-economic criteria     

no renewable alternative, tech-

nically 

-0.7 -0.2 In 2020/25 there are still relevant bottle-

necks for full coverage with PtL in aviation; 

we assume 70% technically hard to cover. 

In 2050 there are no more technical bottle-

necks for full coverage with PtL 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.9 -0.25 In 2020/25 a full coverage of aviation with 

renewable alternatives is still very costly 

ifeu judgement 
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In 2050 there will be economic viable op-

tions 

 new infrastructure needed 0.5 0.1 partly established pathway ifeu judgement 

 risk of fossil lock-in effects 1 0.1 Liquid drop-in biofuel are lock-in for com-

bustion engines and fossil fuels 

ifeu judgement 

Aggregation 0.4 -0.25 = -0.7 – 0.9 + 1 + 1 

= -0.2 – 0.25 -0.1 – 0.1 

 

     

TOTAL 0.12 0.79   
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Table 70: Process heat (>500°C) from black liquor 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0  Ifeu estimation 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.14 0.014 For 2020/25: 

0.01 kg CO2eq/MJ oil x 14 MJ/kg  

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 1.08 0.108 For 2020/25:  

0.080 kg CO2eq/kg product x 13.5 MJ/kg black 

liquor 

For 2050: value for e-fuel based on CO2 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -0.94  

-0.09 

= 0.19 -1.08 

= 0.019 - 0.108 

 

other environmental impacts     

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cursors 

for fine particulates, mitigation considered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0  ifeu judgement 

Aggregation 0.5  

0.25 

  

socio-economic criteria     

no renewable alternative, 

technically 

-0.7 -0.2 In 2020/25 there are technical limits for full 

coverage with alternative high temperature 

energies. 

In 2050 there are widely options (electricity, 

heat pumps for waste heat etc.), but no full 

coverage for high temperature 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-0.9 -0.5 In 2020/25 there are economic limits for full 

coverage with alternative high temperature 

energies. 

In 2050 the alternative options are affordable 

(electricity, heat pumps for waste heat etc.) 

but still an expensive option for high temper-

ature 

ifeu judgement 

 new infrastructure needed 0.5 0 Solid fuel heaters need to be implemented, at 

least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for process energy means partly 

persisting on the existing fossil infrastructure 

and therefore relevant risks of fossil lock-in 

effects. 

ifeu judgement 

Aggregation -0.6  

-0.7 

= -0.7 – 0.9 + 0.5 + 0.5 

= -0.2 – 0.5 -0 - 0 

 

     

TOTAL -0.04 0.46   
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Table 71: Electricity from black liquor 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation 

factor (RCF) 

0 0  Ifeu estimation 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.53 0.053 For 2020/25: 

0.035 kg CO2eq/MJ oil x 15 MJ/kg black liq. 

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 1.84 0.23 For 2020/25:  

0.35 kg CO2eq/kWh electricity from EU grid x 

15 MJ/kg black liquor x 0.35 electric effi-

ciency. 

For 2050:  

0.039 kg eq/kWh electricity from EU grid x 15 

MJ/kg black liquor x 0.4 electric efficiency 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -1.31  

-0.18 

= 0.53 -1.84 

= 0.053 - 0.234 

 

other environmental im-

pacts 

    

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cursors 

for fine particulates, mitigation considered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0  ifeu judgement 

Aggregation 0.5  

0.25 

  

socio-economic criteria     

no renewable alternative, 

technically 

-0.2 0 In 2020/25, there are regionally technical lim-

its for full coverage with alternative electric-

ity 

In 2050, there are sufficient options (PV, wind 

etc.) 

ifeu judgement 
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 no renewable alternative, 

economically 

-0.2 0 In 2020/25 there are economic limits for full 

coverage with alternative electricity. 

In 2050, sufficient options are affordable (PV, 

wind etc.) 

ifeu judgement 

 new infrastructure needed 0.5 0.5 Solid fuel heaters need to be implemented, at 

least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 1 0 Solid biofuel for electricity means partly per-

sisting on the existing fossil infrastructure 

(co-firing with coal in extreme cases) and 

therefore relevant risks of fossil lock-in ef-

fects. 

ifeu judgement 

Aggregation 1.1  

0.5 

= -0.2 – 0.2 + 0.5 + 1 

= -0 + 0 + 0.5 + 0 

 

     

TOTAL 1.29 1.57   
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Table 72: Basic chemicals (biomethanol) from used wood  

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 2.6 1.8 The technology to process wood to methanol 

requires high excess of feedstock, losses and 

for own production 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0.9 0.9 This factor refers to the material that is avail-

able for reuse or cascading after use, 

whereby the material loss during the utilisa-

tion phase is estimated at 10%. 

Ifeu estimation 

CRD bio effective 1.7  

0.9 

= 2.6 – 0.9 

= 1.8 – 0.9 

 

GHG saving     

kg CO2eq/kg product 0.32 0.032 For 2020/25: 

0.021 kg CO2eq/MJ x 15 MJ/kg wood  

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 2.03 0.17 For 2020/25:  

1 kg MetOH = 0.375 kg C; equivalent in Eth-

ylene (0.857 kg C/kg) --> 0.438 kg Ethylene; 

plus CO2 from EoL. 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -1.71  

-0.14 

= 0.32 – 2.03 

= 0.03 - 0.17 

 

other environmental impacts     

fine particulate matter 0 0  ifeu judgement 

novel substances 0.5 0 The technology relies on some chemical 

agents for gas cleaning 

ifeu judgement 

water (and other) toxicity 0 0 none ifeu judgement 

Aggregation 0.5  

0 

  

socio-economic criteria     

no renewable alternative, 

technically 

-1 -0.5 In 2020/25 there are no renewable alterna-

tives to biomass for carbon in chemical pro-

duction. 

In 2050 there are still some technical bottle-

necks for full coverage while ignoring biomass 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-1 -0.5 In 2020/25 there are no economically viable 

renewable alternatives to biomass for carbon 

in chemical production. 

In 2050 there are still some economic bottle-

necks for full coverage while ignoring biomass 

ifeu judgement 

 new infrastructure needed 1 0 Basic chemicals based on wood need com-

pletely new infrastructure for provision and 

production. 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Basic chemicals based on biogenic carbon 

means persisting at least partly on the exist-

ing fossil infrastructure and therefore rele-

vant risks of fossil lock-in effects. 

ifeu judgement 

Aggregation -2  

-0.5 

= -1 – 1  + 1 + 0.5 

=  0 - 0.5 -0 - 0 

 

     

TOTAL -0.01 0.26   
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Table 73: Biofuel – road transport (biomethanol) from used wood 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 2.6 1.8 The technology to process wood to methanol 

requires high excess of feedstock, losses and 

for own production 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0.9 0.9 This factor refers to the material that is avail-

able for reuse or cascading after use, 

whereby the material loss during the utilisa-

tion phase is estimated at 10%. 

Ifeu estimation 

CRD bio effective 1.7  

0.9 

= 2.6 – 0.9 

= 1.8 – 0.9 

 

GHG saving     

kg CO2eq/kg product 0.32 0.03 For 2020/25: 

0.021 kg CO2eq/MJ x 15 MJ/kg wood  

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 1.85 0.19 For 2020/25:  

1 kg diesel causes 1.4 kg CO2eq/kg product + 

0.8 x 44/12 CO2eq/kg fossil carbon content. 

For 2050: value for e-fuel based on CO2 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -1.53  

-0.16 

= 0.32– 1.85 

= 0.03 - 0.19 

 

other environmental impacts     

fine particulate matter 0 0  ifeu judgement 

novel substances 0.5 0 The technology relies on some chemical 

agents for gas cleaning 

ifeu judgement 

water (and other) toxicity 0 0  ifeu judgement 

Aggregation 0.5  

0 

  

socio-economic criteria     

no renewable alternative, 

technically 

-0.2 0 In 2020/25 there is a certain gap of covering 

no renewable alternatives at technical level 

In 2050 there will be electric mobility 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.3 0 In 2020/25 a full coverage of road transport 

with renewable alternatives is still costly 

ifeu judgement 
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In 2050 there will be electric mobility 

 new infrastructure needed 1 0 Advanced biofuels based on wood need 
completely new infrastructure for provision 
and production 

ifeu judgement 

 risk of fossil lock-in effects 1 0 Liquid drop-in biofuel are lock-in for combus-

tion engines and fossil fuels 

ifeu judgement 

Aggregation 1.5  

0 

= -0.2 – 0.3 +1 + 1 

=  0 - 0 -0 - 0 

 

     

TOTAL 3.07 1.79   
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Table 74: Biofuel– aviation transport (biomethanol) from used wood 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 2.6 1.8 The technology to process wood to metha-

nol requires high excess of feedstock, losses 

and for own production 

Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0.9 0.9 This factor refers to the material that is 

available for reuse or cascading after use, 

whereby the material loss during the utilisa-

tion phase is estimated at 10%. 

Ifeu estimation 

CRD bio effective 1.7  

0.9 

= 2.6 – 0.9 

= 1.8 – 0.9 

 

GHG saving     

kg CO2eq/kg product 0.32 0.03 For 2020/25: 

0.021 kg CO2eq/MJ x 15 MJ/kg wood  

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 1.85 0.19 For 2020/25:  

1 kg diesel causes 1.4 kg CO2eq/kg product 

+ 0.8 x 44/12 CO2eq/kg fossil carbon con-

tent. 

For 2050: value for e-fuel based on CO2 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -1.53  

-0.16 

= 0.32– 1.85 

= 0.03 - 0.19 

 

other environmental impacts     

fine particulate matter 0 0  ifeu judgement 

novel substances 0.5 0 The technology relies on some chemical 

agents for gas cleaning 

ifeu judgement 

water (and other) toxicity 0 0  ifeu judgement 

Aggregation 0.5  

0 

  

socio-economic criteria     

no renewable alternative, tech-

nically 

-0.7 -0.2 In 2020/25 there are still relevant bottle-

necks for full coverage with PtL in aviation; 

we assume 70% technically hard to cover. 

In 2050 there are no more technical bottle-

necks for full coverage with PtL 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-0.9 -0.25 In 2020/25 a full coverage of aviation with 

renewable alternatives is still very costly 

In 2050 there will be economic viable op-

tions 

ifeu judgement 

 new infrastructure needed 1 0.1 Advanced biofuels based on wood need 

completely new infrastructure for provision 

and production 

ifeu judgement 

 risk of fossil lock-in effects 1 0.1 Liquid drop-in biofuel are lock-in for com-

bustion engines and fossil fuels 

ifeu judgement 

Aggregation 0.4 -0.25 = -0.7 – 0.9 + 1 + 1 

= -0.2 – 0.25 -0.1 – 0.1 

 

     

TOTAL 1.97 1.34   
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Table 75: Process heat (>500°C) from used wood 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0  Ifeu estimation 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.085 0.009 For 2020/25: 

0.01 kg CO2eq/MJ  x 14 MJ/kg  

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 0.68 0.064 For 2020/25:  

0.04 kg CO2eq/MJ natural gas x 17 MJ/kg fuel-

wood. 

For 2050:  

0.21 kg CO2/kg SNG / (50 MJ/kg SNG /0.9 

thermal efficiency) x 17 MJ/kg fuelwood 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -0.6  

-0.06 

= 0.085 -0.68 

= 0.009 - 0.064 

 

other environmental impacts     

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cursors 

for fine particulates, mitigation considered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0  ifeu judgement 

Aggregation 0.5  

0.25 

  

socio-economic criteria     

no renewable alternative, 

technically 

-0.7 -0.2 In 2020/25 there are technical limits for full 

coverage with alternative high temperature 

energies. 

In 2050 there are widely options (electricity, 

heat pumps for waste heat etc.), but no full 

coverage for high temperature 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-0.9 -0.5 In 2020/25 there are economic limits for full 

coverage with alternative high temperature 

energies. 

In 2050 the alternative options are affordable 

(electricity, heat pumps for waste heat etc.) 

but still an expensive option for high temper-

ature 

ifeu judgement 

 new infrastructure needed 0.5 0 Solid fuel heaters need to be implemented, at 

least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for process energy means partly 

persisting on the existing fossil infrastructure 

and therefore relevant risks of fossil lock-in 

effects. 

ifeu judgement 

Aggregation -0.6  

-0.7 

= -0.7 – 0.9 + 0.5 + 0.5 

= -0.2 – 0.5 -0 - 0 

 

     

TOTAL 0.31 0.49   
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Table 76: Process heat (<500°C) from used wood 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0  Ifeu estimation 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.085 0.009 For 2020/25: 

0.01 kg CO2eq/MJ  x 14 MJ/kg  

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 0.68 0.064 For 2020/25:  

0,04 kg CO2eq/MJ natural gas x 17 MJ/kg fuel-

wood. 

For 2050:  

0,005 kg CO2/MJ heat x 17 MJ/kg fuelwood 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -0.6  

-0.06 

= 0.085 -0.68 

= 0.009 - 0.064 

 

other environmental impacts     

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cursors 

for fine particulates, mitigation considered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0  ifeu judgement 

Aggregation 0.5  

0.25 

  

socio-economic criteria     

no renewable alternative, 

technically 

-0.5 0 In 2020/25 there are technical limits for full 

coverage with alternative process heat (low 

temperature) 

In 2050 there are sufficient options (heat 

pumps etc.) 

ifeu judgement 
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 no renewable alternative, eco-

nomically 

-0.7 0 In 2020/25 there are economic limits for full 

coverage with alternative process heat (low 

temperature). 

In 2050, there alternative options are afforda-

ble (electricity, heat pumps for waste heat 

etc.) 

ifeu judgement 

 new infrastructure needed 0.5 0 Solid fuel heaters need to be implemented, at 

least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for process energy means partly 

persisting on the existing fossil infrastructure 

and therefore relevant risks of fossil lock-in 

effects. 

ifeu judgement 

Aggregation -0.2  

0 

= -0.5 – 0.7 + 0.5 + 0.5 

= -0 – 0 -0 - 0 

 

     

TOTAL 0.71 1.2   
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Table 77: District heat from used wood 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0  Ifeu estimation 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.085 0.009 For 2020/25: 

0.01 kg CO2eq/MJ  x 14 MJ/kg  

For 2050: 

reduction to 10% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 0.68 0.17 For 2020/25:  

0,04 kg CO2eq/MJ natural gas x 17 MJ/kg fuel-

wood. 

For 2050:  

0,005 kg CO2/MJ heat x 17 MJ/kg fuelwood 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -0.6  

-0.16 

= 0.085 -0.68 

= 0.009 - 0.17 

 

other environmental impacts     

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cursors 

for fine particulates, mitigation considered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0  ifeu judgement 

Aggregation 0.5  

0.25 

  

socio-economic criteria     

no renewable alternative, 

technically 

-0.5 0 In 2020/25 there are technical limits for full 

coverage with alternative district heat 

In 2050 there are sufficient options (heat 

pumps etc.) 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.7 0 In 2020/25 there are economic limits for full 

coverage with alternative district heat. 

ifeu judgement 
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In 2050, there alternative options are afforda-

ble (electricity, heat pumps for waste heat 

etc.) 

 new infrastructure needed 0.5 0.5 Solid fuel heaters need to be implemented, at 

least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 0.5 0 Solid biofuel for process energy means partly 

persisting on the existing fossil infrastructure 

and therefore relevant risks of fossil lock-in 

effects. 

ifeu judgement 

Aggregation -0.2  

0 

= -0.5 – 0.7 + 0.5 + 0.5 

= -0 – 0 - 0.5 - 0 

 

     

TOTAL 0.71 1.59   
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Table 78: Electricity from used wood 

Criterion/indicator Score in 

2020/25 

Score in 

2050 

Explanation Source 

Cumulated raw material de-

mand (effective) CRD bio 

    

kg raw material/ kg product 1 1 No losses Well-to-wheels 

study No 5 (Prussi 

2020) 

Raw material conservation fac-

tor (RCF) 

0 0  Ifeu estimation 

CRD bio effective 1 1   

GHG saving     

kg CO2eq/kg product 0.294 0.029 This includes the process-related emissions 

from harvesting, chipping and transport. 

Emission reduction from 2020/25 until 2050: 

90% 

Well-to-wheels 

study No 5 (Prussi 

2020)  

Ifeu estimation 

kg CO2wood/kg product 0 0 No wood from forestry ifeu assumption 

credit: kg CO2eq/kg product 0.578 0.074 For 2020/25:  

0.35 kg CO2eq/kWh electricity from EU grid x 

17 MJ/kg fuelwood x 0.35 electric efficiency. 

For 2050:  

0.039 kg eq/kWh electricity from EU grid x 17 

MJ/kg fuelwood x 0.4 electric efficiency. 

ifeu calculation 

based on RED III 

emission factors,  

plus prospective 

emission factors 

for electricity (Dit-

trich et al. 2025) 

net balance -0.28  

-0.04 

= 0.294 – 0.578 

= 0.029 - 0.074 

 

other environmental impacts     

fine particulate matter 0.5 0.25 Emissions from combustion with pre-cursors 

for fine particulates, mitigation considered 

in 2050, further mitigation considered 

ifeu judgement 

novel substances 0 0 none ifeu judgement 

water (and other) toxicity 0 0  ifeu judgement 

Aggregation 0.5  

0.25 

  

socio-economic criteria     

no renewable alternative, 

technically 

-0.2 0 In 2020/25, there are regionally technical 

limits for full coverage with alternative elec-

tricity 

In 2050, there are sufficient options (PV, wind 

etc.) 

ifeu judgement 

 no renewable alternative, eco-

nomically 

-0.2 0 In 2020/25 there are economic limits for full 

coverage with alternative electricity. 

ifeu judgement 
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In 2050, sufficient options are affordable (PV, 

wind etc.) 

 new infrastructure needed 0.5 0.5 Solid fuel heaters need to be implemented, at 

least partly 

no issue in 2050 

ifeu judgement 

 risk of fossil lock-in effects 1 0 Solid biofuel for electricity means partly per-

sisting on the existing fossil infrastructure 

(co-firing with coal in extreme cases) and 

therefore relevant risks of fossil lock-in ef-

fects. 

ifeu judgement 

Aggregation 1.1  

0.5 

= -0.2 – 0.2 + 0.5 + 1 

= -0 + 0 + 0.5 + 0 

 

     

TOTAL 2.32 1.71   

 

 


