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 IEA global human CO2 annual emissions 

vs. IPCC SRES scenario projections  

We are currently on track for a warming 

of  4 to 7° over pre-industrial levels by 2100  

(Hadley centre).  

This level of temperature rise threatens the 

stability of the global ecosphere as we know it. 

  

•Hundreds of millions of people affected by water 

stress 

•30–40% of species at risk of extinction 

•30% of global coastal wetlands lost 

(IPCC – impacts of 4° rise) 



Task 38 Objectives of Task 38 

Develop, demonstrate and promote standard 

methodology for GHG balances 

Increase understanding of GHG outcomes of 

bioenergy and carbon sequestration  

Emphasise overall atmospheric impact, whole 

life cycle  

Promote international exchange of ideas, 

models and scientific results  

Aid decision makers in selecting most effective 

mitigation options 



Task 38 
Life cycle assessment 

All environmental impacts (GHG emissions, 

human toxicity, eutrophication, acidification, 

abiotic resource depletion, water, biodiversity  

etc) 

“Cradle to grave” -  ie production to 

disposal/recycling 

Applied to a product or service, per “functional 

unit” 

eg gCO2e/loaf of bread 

Can be expressed as combined damage 

indicator eg EcoIndicator 99 – normalised and 

weighted 
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Life cycle approach 



Task 38 Production chain emissions  

Energy inputs for solid biomass fuels from ag or 

forestry residues:  2-5% of energy content 

Dedicated energy crops and refined biomass  

(eg pellets):  around 10% 

Liquid biofuels significantly higher, studies differ 

considerably: 15 – 70% 
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Emissions intensity:  

CO2 emissions per unit useful output  

(kWh electricity, GJ heat, GJ biofuel, km travelled) 

Biomass Auxiliary Energy 

CO2 emissions 

Service unit:  

kWh el, GJ heat, km travelled 

Calculating the benefits  
of bioenergy 
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Non-CO2 GHG can be significant 

 

 

CO2 is not the whole story 



CO2 is not the whole story 

Renouf 2007 



Task 38 

Non-CO2 GHG can be significant 

Emissions intensity: GHG emissions per unit 

output  

 

Biomass Auxiliary Energy 

GHG emissions 

Consider all GHs 

Service unit:  

kWh el, GJ heat, km travelled 



Task 38 
Consider carbon stock 
change 

 

Adjust emissions intensity for C stock 

change in biomass or soil 

“direct land use change dLUC” 

change in management practice 

Δ long term average C stock 

Biomass 

Soil carbon  

 



Task 38 Biomass C stock change 
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Indirect landuse change 

Outside system boundary 

Form of “leakage” 

Off-site carbon stock change,  

methane, nitrous oxide emissions 

logging 

fire 

drainage of peatlands 
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Fritsche,  2009 
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emissions per unit output  

can be manipulated 

Simple measures  
can be misleading: 

Biomass 

GHG emissions 

Service unit:  

kWh el, heat, liquid biofuel 

Auxiliary Energy 
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Expand system boundary:  
consider reference system 

Emission reduction per unit useful output 

Biomass Auxiliary Energy 

GHG emissions 

Service unit:  

kWh el, GJ heat, km 

Coal, oil,  

natural gas 

 

Auxiliary Energy 

GHG  

emissions 

Service unit:  

kWh el, GJ heat, km 
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Reference energy system 

Fossil energy source 

Conversion efficiency 

Displacement factor 

= efficiencybio /efficiencyref x CO2ref/CO2bio 

 

Always <1 



Task 38 

Reference land  
or biomass use 

Waste or diverted from alternative use? 

Marginal or degraded land? 

Integrated food/feed/timber/biomass 

systems? 

 







Bioenergy System

Land Management 
Change

(may occur)

Cultivation and
Harvest of 
Biomass

Transportation to 
Processing Facility

Conversion to 
Energy Carrier

Distribution

Use

Construction of 
Extraction Facilities

(may occur) 

Extraction of 
Fossil Resource 

Transportation to 
Processing Facility

Conversion to
Energy Carrier

Distribution

Use

Reference Energy System

Co-productsCo-products

Cultivation and
Harvest of Biomass

(where relevant)

Fossil Resource

Land

Energy Service
(electricity, heat, 

mechanical energy)

Construction of 
Conversion Facility

(may occur) 

Disposal of 
Waste Products

Disposal of 
Waste Products
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Compare project with reference 

Consider whole system life cycle 

 Production chain, end of life 

System boundary 

 Deliver equivalent service  

All greenhouse gases CO2 and non-CO2  

C stock change in biomass, soil, ILUC, albedo 

Emissions reduction per unit biomass 

Result is specific to each situation 

Task 38 Standard Methodology 
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Task 38 Case studies 
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Excludes indirect  land use change Berndes et al 2011 



Data from Cherubini et al 2009 

Excludes indirect land use change 
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Trees 
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Trees + products + 

biochar + bioenergy 

Unharvested 

Potential mitigation through 
 bioenergy and biochar 



Reforestation for timber + bioenergy 







Task 38 
Kyoto context 

Bioenergy considered CO2 neutral  

Assumes fossil energy inputs in energy sector 

Assumes  non-CO2 included in agriculture 

Assumes C stock changes included in land sector 

But usually C stock changes are NOT included 



23 OCTOBER 2009 VOL 326 SCIENCE 
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Cancel carbon neutrality 
for bioenergy? 

Not a useful solution 

Doesn’t reflect atmospheric impact 

Does disadvantage all bioenergy 

Ignores future benefits of sustainable bioenergy 





Bioenergy: timing of benefits 

F Cherubini NTNU 
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F Cherubini NTNU 
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Berndes et al 2011 
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What is the best use of biomass resources? 
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How can land be used to produce biomass 

without compromising other needs? 
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