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• Bioenergy relevant in all sectors

• Multiple bioenergy-SDG linkages

• Synergies & tradeoffs

• Governance is important
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Biomass, carbon cycle, and climate Beneficial land use change
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I don’t see any 

difference…both cars 

emit CO2 that warms the 

world…
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Biomass, carbon cycle, and climate
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Besides for supply-chain 

emissions biofuel use does not 

contribute to climate change 

since the emitted CO2 was 

previously removed from the  

atmosphere…
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Biomass, carbon cycle, and climate
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Biofuel use causes huge 

CO2 emissions because of 

the carbon opportunity 

cost…



2024-01-18

Utsläpp av fossil eller biogen koldioxid – vad är egentligen skillnaden

The next few slides show how the use of fossil fuels and bio-based 
fuels affects the global average temperature

Focus is on the fossil/biogenic carbon in the fuels

Illustration
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Utsläpp av fossil eller biogen koldioxid – vad är egentligen skillnaden
The diagram below shows how the global average temperature changes over time in 
the IPCC scenarios SSP1-1.9 and SSP1-2.6 that were used for climate modelling and 
research associated with the sixth IPCC assessment report.

These IPCC scenarios are used in this illustration of the temperature impacts of using 
fossil fuels and bioenergy. 
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Utsläpp av fossil eller biogen koldioxid – vad är egentligen skillnaden

QUESTION:
How will the global average temperature deviate from the 
development that is shown in the diagram, when some extra 
fuels are used?
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Utsläpp av fossil eller biogen koldioxid – vad är egentligen skillnaden

TWO SCENARIOS, SHOWN BELOW

The extra fuel is either coal, fossil gas, or bio-based fuels obtained from forests managed for 
production of (primarily) sawtimber and pulpwood.
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Utsläpp av fossil eller biogen koldioxid – vad är egentligen skillnaden

The bio-based fuels are produced from:

• forest residues that would decompose in the forest within 10 or 30 years if not used for energy
• wood that would otherwise be used for producing other products with 10- or 30-year 

residence time in society

No other changes in the forest sector besides this increased forest biomass use for energy
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Utsläpp av fossil eller biogen koldioxid – vad är egentligen skillnaden

For fossil fuels, there is a temperature 

increase that is linearly related to the 

cumulative CO2 emissions from 

chimneys and exhaust pipes 

This is not the case for biobased fuels. 

Instead, the temperature impact 

stabilises at a level that is determined by 

what type of biomass is used 
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increase that is linearly related to the 

cumulative CO2 emissions from 

chimneys and exhaust pipes 

This is not the case for biobased fuels. 

Instead, the temperature impact 

stabilises at a level that is determined by 

what type of biomass is used 

-1

1

3

5

7

0 50 100 150

Fossilkol

Fossilgas

Bio - 10 år

Bio - 30 år

T
e

m
p

e
ra

tu
re

 c
h

a
n

g
e

 (
m

K
e

lv
in

)

Time (years)

Difference between lines indicates the net 

effect of using one fuel instead of another fuel 

Temperature impact of using more fuel “forever”



2024-01-18

Utsläpp av fossil eller biogen koldioxid – vad är egentligen skillnaden

The temperature impact from fossil fuel 

use remains a long time after the fuel 

use has ended

For biobased fuels, the temperature 

impact declines towards zero after the 

fuel use has ended
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New equilibrium will be 

reached relatively rapidly

New equilibrium will be 

reached relatively slowly

Shorter decay time Longer decay time

Carbon transfer 

to atmosphere

Biogenic 

carbon stock
Biogenic 

carbon stock

Biomass with shorter 

residence time

in society 30 year case

Biogenic carbon 

stock when no 

extra biomass is 

used for energy

Dashed = biogenic carbon 

that ends up as CO2 in the 

atmosphere
 

10 year case

The temperature impact is determined by the change in carbon storage 
in soils and vegetation, and in biobased products, which depends on 
what type of biomass is used to produce the fuels
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10 year case

We assumed that there were no other changes in the forest sector 
besides the increased forest biomass use for energy
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Biomass with shorter 

residence time

in society

Biogenic carbon 

stock when no 

extra biomass is 

used for energy

Forest expansion 

SFM

More bio-based products

We assumed that there were no other changes in the forest sector 
besides the increased forest biomass use for energy

But the forest sector may change also in other ways

Overexploitation
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Biomass, carbon cycle, and climate • Bioenergy’s supply-chain emissions can be 
reduced a lot but biogenic carbon balance 
will remain critical determinant of the 
climate benefit

• Carbon storage in vegetation, soils and bio-
based products can both increase and 
decrease when the land sectors change to 
provide more biomass for energy

• Much confusion around biomass, carbon 
cycle, and climate: important to explain 
matters and dispel misconceptions
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If there is still time…
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Biomass, carbon cycle, and climate Beneficial land use change
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Beneficial land use change
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Strategic integration of perennials

22

For Review
 O

nly

Low estimate: The 2/6-grass system is implemented on all fields currently under annual crop production

where the accumulated SOC loss is classified as "very high,", on 50% of all fields where it is "high," and

on 25% of all fields where it is classified as "medium."

High estimate: The 2/4-grass system is implemented on all fields currently under annual crop 

production where the impact is classified as "medium," the 3/7-grass system is implemented where it is 

"high," and the 4/8-grass system is implemented where it is classified as "very high."

Figure 1: Accumulated soil organic carbon (SOC) losses (top left), simulated grass yields (top right), and production systems
implemented in the two deployment scenarios (bottom), based on estimated effectiveness to remediate accumulated SOC 
losses.
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Strategic integration of perennials
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For Review
 O

nly

Low estimate: The 2/6-grass system is implemented on all fields currently under annual crop production

where the accumulated SOC loss is classified as "very high,", on 50% of all fields where it is "high," and

on 25% of all fields where it is classified as "medium."

High estimate: The 2/4-grass system is implemented on all fields currently under annual crop 

production where the impact is classified as "medium," the 3/7-grass system is implemented where it is 

"high," and the 4/8-grass system is implemented where it is classified as "very high."

Figure 1: Accumulated soil organic carbon (SOC) losses (top left), simulated grass yields (top right), and production systems
implemented in the two deployment scenarios (bottom), based on estimated effectiveness to remediate accumulated SOC 
losses.
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Thank you for listening!
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