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““ If the world is to have enough food to feed an If the world is to have enough food to feed an 
estimated 8estimated 8 --9 billion in 209 billion in 20 --30 years time, 30 years time, 
significant changes and hard policy choices will significant changes and hard policy choices will 
have to be made.have to be made.

Productivity needs to be dramatically increased, bu t Productivity needs to be dramatically increased, bu t 
climate change and the increased scarcity of climate change and the increased scarcity of 
resources, including land, water and phosphate, resources, including land, water and phosphate, 
and the variability of energy and other input costs , and the variability of energy and other input costs , 
will present challenges to the collective ability t o will present challenges to the collective ability t o 
produce additional food.produce additional food. ””

So if land will become scarce for food supply, how So if land will become scarce for food supply, how 
can we also move towards a future biocan we also move towards a future bio --economy?economy?

Wilton Park, UK, November 2008Wilton Park, UK, November 2008
““ Feeding the worldFeeding the world ””
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All land is multiAll land is multi --functional functional --

�� Production Production –– food, timber, feed, food, timber, feed, 
materials, energy, fibre.materials, energy, fibre.

�� Water cycling Water cycling –– catchment, catchment, 
filtration, flood control.filtration, flood control.

�� Carbon storage Carbon storage –– stocks, sinks, stocks, sinks, 
emissions from soil and biomass.emissions from soil and biomass.

�� Biodiversity Biodiversity –– habitats, genetic habitats, genetic 
diversity, species.diversity, species.

�� Landscape and cultural heritage.Landscape and cultural heritage.
�� Recreation and inspiration.Recreation and inspiration.
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10% arable; 25% permanent pasture10% arable; 25% permanent pasture
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�� Impacts on water resources.Impacts on water resources.

�� Losing soil C and fertility.Losing soil C and fertility.

�� Reliance on fossil fuel product Reliance on fossil fuel product 
inputs.inputs.

�� Loss of biodiversity showing an Loss of biodiversity showing an 
unhealthy environment.unhealthy environment.

�� People losing contact with the land.People losing contact with the land.

�� Diminishing public benefits.Diminishing public benefits.
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Can increases in crop yields continue?Can increases in crop yields continue?
Will production be even less sustainable?Will production be even less sustainable?

Worldwide average crop yield trends Worldwide average crop yield trends 
compared with 1960 baseline.compared with 1960 baseline.
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How much land will become How much land will become 
available in the future?available in the future?

•• Future supplies hard to determine.Future supplies hard to determine.
•• Crop and forest residues and animal Crop and forest residues and animal 
wastes are cheap and easy to assess.wastes are cheap and easy to assess.
•• WasteWaste --toto --energy resources are limited.energy resources are limited.
•• Sustainable production of biomass Sustainable production of biomass 
from energy crops is under scrutiny. from energy crops is under scrutiny. 
•• Potential of GM crops is unknown.Potential of GM crops is unknown.
•• Land available for energy crops will Land available for energy crops will 
depend on future farm management depend on future farm management 
regimes and crop yield increases.regimes and crop yield increases.
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�� The EU is heavily dependent on fossil C. The EU is heavily dependent on fossil C. 

�� Aim is to replace this with fixed C from Aim is to replace this with fixed C from 
photosynthesis in agricultural products.photosynthesis in agricultural products.

�� There is opportunity to substitute oilThere is opportunity to substitute oil --based based 
products with natural products and to products with natural products and to 
bring new biobring new bio --products to market.products to market.

�� 321 projects were funded under FP5 and 321 projects were funded under FP5 and 
112 with a biological content under FP6.112 with a biological content under FP6.

�� BUT where will all the required biomass BUT where will all the required biomass 
raw materials come from for this widening raw materials come from for this widening 
range of products reaching the markets?range of products reaching the markets?
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Selection Selection between fibre applications. between fibre applications. 
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Sustainable Sustainable BiofuelsBiofuels Consensus Consensus 
Rockefeller Foundation Centre, Bellagio.Rockefeller Foundation Centre, Bellagio.



How are biomass How are biomass feedstocksfeedstocks to to 
be best provided allbe best provided all --yearyear --round?round?



0 10 20 30 40 50 60 70 80 90

System A

System B

System C

System D

System E

System F

System G

$/t odt delivered

Purchase

Harvesting/chipping

Handling

Transport

Storage

Example of variations in supply costs for Example of variations in supply costs for 
biomass delivered to the same plant.biomass delivered to the same plant.



Is the Is the ““ Energy inEnergy in ”” less than the less than the ““ Energy outEnergy out ”” ??



Carbon dioxide emissions.Carbon dioxide emissions.

Energy

Fossil fuel Fossil fuel 
energy inenergy in

Useful energy Useful energy 
services outservices out

Carbon dioxide and Carbon dioxide and 
local pollutants outlocal pollutants out



Carbon dioxide capture and storage.Carbon dioxide capture and storage.

Energy



Carbon dioxide capture and storage Carbon dioxide capture and storage 
linked with linked with bioenergybioenergy ..

Also can sequester Also can sequester 
some extra carbon some extra carbon 
into the soil   into the soil   

-- ““ biobio --charchar ””



-- PyrolysisPyrolysis of biomass gives CO + Hof biomass gives CO + H 22

-- This synthesis gas used for a range of products.This synthesis gas used for a range of products.

-- Residual char is incorporated in the soil.Residual char is incorporated in the soil.

-- Holds moisture +nutrients to improve plant growth.Holds moisture +nutrients to improve plant growth.



Forest carbon stocks Forest carbon stocks 

Soil

carbon



Deforest carbon emissionsDeforest carbon emissions



Forest carbon sinksForest carbon sinks
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Forest carbon sinks Forest carbon sinks 11 short rotationshort rotation

1 million ha of SRF could 1 million ha of SRF could 
offset 8offset 8 --10MtC emissions per 10MtC emissions per 
year if used to replace coal year if used to replace coal 
or gas.or gas.
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In summary        In summary        
Productive land is limited.Productive land is limited.

Availability for nonAvailability for non --food crops will be food crops will be 
determined by increased yield potential, determined by increased yield potential, 
reducing losses and wastes and lower inputsreducing losses and wastes and lower inputs

Future yield increases are uncertain but Future yield increases are uncertain but 
possible.possible.

Integration of energy crops with bioIntegration of energy crops with bio --char char 
could also boost crop yields.could also boost crop yields.

What chance for marine plant production?What chance for marine plant production?

		


