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Paris Agreement goal

Net Zero GHG

Waters et al., NSW DPI



Atmosphere

Bioenergy – “carbon neutral” (mostly)

Reduced emissions: 
Fossil energy displacement through bioenergy



BECCS process, Liam McGill

BECCS: 

bioenergy with 

carbon capture 

and storage

https://earth.org/bioenergy-with-carbon-capture-and-storage-a-silver-bullet-for-carbon-emissions/


Bioenergy share of 
global primary energy

Bioenergy plays a key role 
in all scenarios that meet 
the Paris Agreement 
temperature goal.
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Biomass worse than coal?



Bioenergy vs fossil fuel

Circular C flow Linear C flow
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Bioenergy technologies, products and scale
◼ Combustion

◼ Pyrolysis, 
gasification

◼ Fermentation

◼ Anaerobic 
digestion



Data from Cherubini et al 2009

Excludes indirect land use change

Energy products



Life cycle emissions



Hammar et al

Reference: energy system

Net temperature 

effect from a single 

forest harvest in 

southern, central 

and northern 

Sweden,  including 

CO2 emissions from 

biomass 

combustion, soil and 

biomass C stock 

change, and supply 

chain emissions.



Reference land use

• Timber without bioenergy?

• Conservation forest?

• Purpose-grown crop?

• Displaced production?

• Marginal land?



Reference:

fate of biomass



Scale: Forest carbon stock change



Time: When to start counting?



Time: When to start counting?



Scope: GHGs included 

M. Renouf 2007

Carbon footprint of cane ethanol



Scenario 1: bioenergy forest 
replaces carbon‐rich forest 

CN > 1  Better than carbon neutral 
– additional sequestration
CN = 1 Carbon neutral
1 > CN > 0  Not carbon neutral, 

but better than fossil fuels
CN < 0  Worse than fossil-fuels

Climate impact 
assessment method

Brandão et al, 2018

Scenario 2: bioenergy 
forest replaces pasture 

Scenario 3: annual energy 
crop on cropland 



Handling co-products
Corn ethanol with CCS

Dees et al., 2023



Handling co-products
Corn ethanol with CCS

Dees et al., 2023

System expansion to 
share emissions between 
ethanol, DDGS, corn oil

Base: 
57 gCO2e/MJ 
FERMCCS: 
24 gCO2e/MJ
FERMOXYCCS: 
15 gCO2e/MJ



Global potential mitigation: 0.2 -6.6 GtCO2/year 

Pyrolysis



◼Bioenergy can support expansion of renewables 

to deliver energy system transition



Li et al., 2020 
Biomass & 
Bioenergy

Bioenergy could 
support 100% 
renewable 
electricity in 
Australia 
at lower cost



Climate effects of bioenergy depend on:

▪ Biomass feedstock (residues, energy crops; production system…)

▪ Bioenergy technologies, products

▪ Bioenergy effects on carbon stocks, land use, energy system 

Greatest climate benefits achieved when:

▪ Biomass from residues, energy crops integrated with agriculture/forestry

▪ Efficient conversion to products

▪ GHG-intensive fuels displaced

▪ Co-products displace GHG-intensive products

▪ Bioenergy demand leads to increased forest carbon 

▪ Bioenergy supports energy system decarbonization, bioeconomy

▪ CO2 captured and stored durably



Different results - many reasons

▪ Different biomass production systems, technologies, products

Analytical choices:

▪ System boundary

▪ Treatment of co-products

▪ Stand vs landscape scale

▪ Bioenergy only vs bioeconomy

▪ Temporal boundary: Start at planting vs at harvest

▪ Counterfactual (reference): land use, energy system

▪ Climate forcers: CO2, other GHG, albedo

▪ Impact assessment metrics

Different purposes:

➔Company vs country vs product

➔Policy development vs implementation



System 3: 
Bioenergy system

System 4: 
Bioeconomy

System 2: 
Only the forest

System 1: 
Only the smokestack
System 1: 
Only the smokestack

System 2: 
Only the forest

System 3: 
Bioenergy system

Cowie et al 2021 https://doi.org/10.1111/gcbb.12844  



www.ieabioenergy.com

https://doi.org/10.1111/gcbb.12844

Further information:

Annette Cowie

Annette.cowie@dpi.nsw.gov.au

Göran Berndes

goran.berndes@chalmers.se

mailto:Annette.cowie@dpi.nsw.gov.au
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