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KEY PILLAR OF THE EU’S GREEN DEAL.
The IPCC 1,5 oC report: emission pathways
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MIND THE GAP REPORT,
ENERGY TRANSITIONS 
COMMISSION,
MARCH 2022 & IPCC 
AR6:

SEVERAL 100 GTON CO2 
REMOVALS NEEDED 
THIS CENTURY



• Potential future sustainable biomass availability in Europe for energy and 
materials

• Potential future use of biomass for energy and materials as part of the 2050 
GHG mitigation strategy of the EU, leading to 80 – 95% GHG emission 
reduction compared to 1990 levels.

• The share of BECCS that may be deployed in biomass conversion processes.

• Changes in carbon stocks, the operation and management of value chains and 
the way in which biomaterials are used (e.g. cascaded use and energy 
recovery).

• The GHG balances of different biomass value chains and biomass –
product/energy carrier combinations.
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The contribution of biomass for energy and materials 
to avoid GHG emissions depends on: 



• Adaptation to climate change (vegetation covers are key!)

• Improving agricultural (and livestock) management reduces land use, 
environmental impacts and increases resilience.

• Reduction of food losses across value chains and alternative protein 
sources

• Land type – crop combinations, land zoning and land use patterns can 
to a large extent be steered towards co-benefits.

• Regeneration of idle, marginal or degraded lands gives ecological 
benefits; soil restoration, water retention, carbon storage, increased 
biodiversity.

• Good forest management improves resilience and productivity.

• Possible surprises from aquatic biomass (progress micro-algue and 
macro-algue/seaweed).

MANY, ALSO RECENT, STUDIES IGNORE PARTS OR A MULTITUDE OF 
THESE FACTORS!
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Sustainable biomass supplies can 
increase considerably in synergy with:
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Biomass potentials EU28 in 2050; 7-30 EJ compared to 
68 EJ  total primary energy used today

0

100

200

300

400

500

600

700

800

Min Max

M
to

e

Cultivated biomass

Biomass waste streams

Agricultural residues

Forest biomass

Primary energy production of bioenergy in EU28 in 2015

[Faaij, Bioenergy Europe, 2018
Energies, 2022]





Total and net annual GHG emissions for 2010 and the baseline and ILUC mitigation scenarios in 2020. Emissions from the miscanthus-
ethanol value chain. The equilibrium time for soil carbon stock changes is 20 years.
ILUC prevention scenarios: L, low; M, medium; H, high. Intensification pathways: CI, conventional intensification; II, intermediate 
sustainable intensification; SI, sustainable intensification.

[Gerssen-Gondelach et al., 
GCB Bioenergy, 2016]

Full impact analysis; biomass integrated in agri-region 
in western Poland (no –iLUC!)
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Two up to date Deep GHG reduction scenario’s for the EU 
in 2050 (developed with the JRC-TIMES model)

Max solar & wind scenario (+ no CCS, minimal Bio)high biomass and CCS scenario

[Blanco et al., applied Energy 2018]



Total energy system costs EU in 2050 (Tr Euro/yr)

[Blanco et al., applied Energy 2018]
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Advanced biomass conversion
allows for efficient capture of biogenic 
CO2

3C5H10O5 -> 5C2H5OH + 5CO2 (1)
C6H12O6 -> 2C2H5OH + 2CO2 (2)
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CO2 removal as part of syngas
production

Meerman et al., RSER, 2012]

Hydrolysis & fermentation 
platforms with inherent 
production of pure CO2.
Hamelinck et al., Biomass & bioenergy, 2005
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Ranges for biomass deployment for different main 
uses in Europe in 2050.
The high biomass potential will result in a high impact of biomass use in GHG mitigation and the low biomass potential in low impact.

Main product Primary biomass 

allocated (EJ)

Net energy 

Conversion 

efficiency (%)

Final energy (or 

product) (EJ)

low high low high

Biofuels (2nd generation 

ethanol, DME, Fischer-

Tropsch)

3,15 15,6 65 2,0 10

Electricity (larger scale) 1,05 1,2 50 0,5 0,6

Heat (larger scale & 

Industrial)

1,75 0 90 1,6 0

Digestion 0,7 2,4 25 0,2 0,6

Large scale biorefinery 

complexes

0,35 (18 

Mton)

4,8 (246 

Mton)

50 0,2 (5,4 

Mton)

2,4 (74 

Mton)

(*)

(*): a crude average 0,3 conversion factor from primary biomass to chemicals is assumed, based on a 
range of actual conversion factors for different process and expert opinion.
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EU2018 GHG EMISSIONS 4.4 GTON CO2EQ VS BBE
Main product GHG emissions 

biomass value 

chains (Mton

CO2eq)

Avoided emissions 

fossil reference 

products (Mton CO2eq)

Net avoided emissions (Mton CO2eq) 

(low impact defined as higher emissions 

biomass value chain + low deployment; 

high impact defined as lower emissions 

biomass value chains + high deployment

Low high Low High low High

Biofuels (2nd generation 

ethanol, DME, Fischer-

Tropsch)

51 71 205 1014 154 943

Electricity (larger scale) 25 0 84 96 59 96

Heat (larger scale & 

Industrial)

24 0 145 0 121 0

Biogas -1 -42 10 34 10 76

Bulk biochemicals 3 0 24 332 22 332

Totals 102 29 468 1476 366 1447

1

In addition: - BECCS options may contribute up to 700 Mton/yr.
- Carbon stock increases due to additionally planted perennial crops, increased 
productivity of marginal and degraded lands and increased carbon stocks due to 
improved agricultural productivity may contribute another 10-50 Mton/yr up to 2050.

[Faaij, Energies, 2022]



• EXCLUDING biomass from increases mitigation costs substantially and in many cases 
makes achieving a 1,5oC pathway impossible.

• Over time, optimal biomass use shifts from heat and power to advanced fuels and 
feedstock for industry. 

• Sustainable biomass is always a highly attractive mitigation option.

• BECCS options are of major importance to achieve negative emissions, lower overall 
mitigation costs and essential to deal with the overshoot emission pathways.
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BBE options essential for deep GHG mitigation and energy 
& industry transitions: IAM’s, ESM’s (EU, national) with the right granularity say:

• Scenario’s that include LUC and carbon stock impacts show the additional benefit of 
increased C-storage combined with good land use practices.

• Biomass use get’s intermixed with green 
Hydrogen and CCUS options; not so much 
competition but synergy between these key 
mitigation options.



• Sustainable biomass resources are not fiction and can be made available while 
achieving major synergies with sustainable agriculture, forest management and 
restoration of degraded lands.

• Many schemes are known, possible and can be implemented over time .

• Sustainable European biomass potentials can cover 1/3 of the future primary energy 
supply; comparable to the role of mineral oil today.

• Improved trade balance of the EU + sustained additional income for especially rural 
regions are a major Green Deal opportunity, fitting the CAP and reducing the need for 
agricultural subsidies.

• Advanced technologies and BECCS offer major pathways for supplying high quality 
fuels and sustainable heavy industry competitively with negative emissions.

• Biobased economy in the EU with European biomass resources can tackle > 1/3 of 
the required GHG mitigation effort in 2050 (and beyond).
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Concluding remarks
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Energies 2022, 15, 5955.
https://doi.org/10.3390/en15165955

Key points: 
• focus on synergies between biobased economy options, sustainable land use 
better agriculture and climate change adapation
• Get such thinking embedded in the policy nexus between energy, climate, environment 
and agriculture.
• Make such concepts part of the green taxonomy of the EU.
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