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Atmosphere

Bioenergy – “carbon neutral”



Bioenergy & carbon neutrality

Circular C flow
(but at what time scale?)

Linear C flow



Wood worse than coal?

”Whatever the source of the carbon dioxide, it is the same 
molecule and has the same impact on global warming”



Bioenergy for climate change mitigation
Integrated assessment modelling indicates that it may be 
difficult to meet the temperature target set out in the Paris 
Agreement, unless bioenergy contributes a significant share of 
energy needs.

This contrasts with some studies that use other assessment 
frameworks (e.g., LCA) where conclusions indicate that 
bioenergy does not contribute to climate change mitigation
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Current debate

• Spatial scale: 
chip pile/ stand/ forest estate

• Counterfactual: 
reference land use, energy system

• Relevant time frame: 
tipping points/GHG targets/ temperature 
stabilisation/fast vs slow carbon pools 



Different perspectives
 Individual operator vs national government or 

researcher

Policy development vs implementation

Stand vs landscape scale

Reference: Natural system vs managed system

Start calculation at planting vs at harvest

Short term vs long term

Specific stage vs whole life cycle

Biomass only vs integrated forest product system

Average vs marginal reference system

Debt vs investment 



Will we reach our near 
term GHG target if 

forest residues are used 
for energy instead of 
being left to decay?

There are many relevant questions concerning the 
contribution of bioenergy to climate change mitigation



This is the key challenge 
to consider

There are many relevant questions concerning the 
contribution of bioenergy to climate change mitigation



How can bioelectricity 
provide balancing 

power that facilitate 
growth in intermittent 
electricity generation?

There are many relevant questions concerning the 
contribution of bioenergy to climate change mitigation



How can biofuels 
support fossil free 

aviation and facilitate 
electrification of road 
transport by providing 

renewable fuels for 
plug-in vehicles?

There are many relevant questions concerning the 
contribution of bioenergy to climate change mitigation



Will investments in 
bioenergy reduce 

investments in fossil 
energy capacity? Or will 

it hamper other RES?

There are many relevant questions concerning the 
contribution of bioenergy to climate change mitigation



Is it ok to use some of the quota for expanding bioenergy systems?

There are many relevant questions concerning the 
contribution of bioenergy to climate change mitigation



Remaining
emission space

Fill it up with
fossil carbon?

...or use some
space for 

developing
alternatives to

fossil fuels?

LUC for bioenergy

Non-fossil fuel relatedNon-fossil fuel related

Can be reversible 
(and can be 
negative)

If carbon stock reductions occur, this needs to be considered
when weighting the benefits and drawbacks of developing a 
bioenergy industry to provide renewable energy supply
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...or use some
space for 

developing
alternatives to
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Non-fossil fuel related Non-fossil fuel related

More emission 
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If carbon stock gains occur, this needs to be considered when
weighting the benefits and drawbacks of developing a bioenergy
industry to provide renewable energy supply



What if bioenergy expansion, causing carbon budget 
overshoot, paves the way to negative emissions through 
BECCS?

Scenarios from IPCC Fifth Assessment Report 
BECCS is used in over half of scenarios, but ~40% have net positive emissions in 2100
~90% of 2ºC and ~35% of other mitigation scenarios have net negative emissions in 2100
Source: doi:10.1038/nclimate2392



Gothenburg workshop

Focus of discussion:

• significance of timing of carbon emissions and 
sequestration associated with bioenergy systems

• what insights does climate science provide concerning 
bioenergy in the context of temperature targets, 
carbon budget / emission space, timing of peak 
emissions and peak warming

• how bioenergy contributes to transformation pathways

• modelling and assessment of bioenergy with carbon 
capture and storage (BECCS)



Alternative research approaches

• Life cycle assessment (LCA)

• Integrated assessment models (IAM)

• Energy systems modelling

• Economic modelling…



Gothenburg workshop: Aims

• Improve understanding of alternative 
approaches for studying climate effects of 
bioenergy

• Clarify roles of LCA, energy system modelling, 
climate science (& other methods?) in 
informing policy development for bioenergy

• Synthesise thinking: collate ideas on 
appropriate application of different 
approaches, thoughts on future research


