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Outline – the role of bioenergy:

• Where to use it – comparative advantages vs 

other renewables

• Carbon accounts

• Sustainability issues

• Future sources



The implication of the the two degree target



Energy demand



Clean energy is key

Some emissions are harder to cut 

Deforestation must stop



Steps towards clean energy 

chains
 Introduce clean energy carriers

 Increase energy efficiency

 Enhance renewable energy production

 Carbon capture and storage (CCS)



Clean energy chains require

clean energy carriers

Hydrogen

Electricity

Biomass

Heat

Hydro-

carbons CO2













Shortcomings of Solar and Wind 

Power

• Intermittent power 
production 
– Energy users do not consider 

the weather before switching 
on their equipment

• Do not absorb CO2

– Non-energy GHG: Zero 
emissions out of reach 

– Need negative emissions in 
other sectors



Two needs must be fulfilled:

• Base load and peak load

– Combined heat and power 

– Energy storage (Water magazines, batteries, etc.)

• Negative CO2 emissions

– Biomass CHP fitted with CCS 

– Increased carbon sequestration in soils and forests

• Biomass

















Biomass key energy source 

IEA – Business as usual Bellonas 

scenarie



Bio energy sustainability issues



Agriculture – inputs and outputs

Sustainability challenges
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CarbonNegative – The Concept

Bio reactors

Picture from www.alholmenskraft.comPicture from GlobalGreen Solutions

Picture from www.global-greenhouse-warming.com

Algae biomass Biopower plant with CCS

By-products:
 Fertilizer

 Animal feed

 Vegetable oil

 Biodiesel

CO2 stored and removed 

from the atmosphere
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Future Generation of Bioenergy

1. High value grain carbohydrates and oil from agriculture

2. Biomass from forests and residues

3.Sustainable Industrial Photosynthesis



Algae Potential

• Assuming an output of 5 litre 

per sq. meter per year: 

• 30,000 TWh
10 % of global energy in 2050 could be 

produced on a land area equivalent to 

Texas (700,000 km2) or

< 0,5 % of world land area

• COST: $1000 / barrel

(before industrialization)



Area needed to provide 10 % of energy demand from 

algae

http://upload.wikimedia.org/wikipedia/commons/b/b3/World-map-2004-cia-factbook-large-1.7m-whitespace-removed.jpg
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Biomass with CCS – Carbon Negative

Oil fieldCO2 sources

Coal/gas power plants
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Conclusions

• Bioenergy is crusial in a renewable energy 

supply mix 

• Bioenergy supply chains must pursue carbon 

neutrality

• Carbon negative bioenergy is absolutely 

necessary


