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UsesUses

Fuels:
− Ethanol
− Renewable Diesel
− Hydrogen

Electricity and Heat

Biobased Products
– Composites
– Specialty Products
– New Products
– Chemicals
– Traditional Products

ConversionConversion

- Manufacturing
- Co-firing
- Combustion
- Gasification 
- Hydrolysis
- Digestion
- Pyrolysis
- Extraction
- Separation

FeedstockFeedstock

- Forest Residues
- Hazardous Fuel

Treatments
- Short Rotation

Woody Crops
- Wood Waste
- Conventional        

Forestry
- Mill Wastes & 

Residues

The Opportunities for Biotech in Biofuels from Trees



Why trees?



• "Agriculture" cannot meet 
all our biofuel needs

• Forestry is in addition to 
agriculture.

Trees as Biofuels Feedstock



DOE & USDA 
estimates of 
potential 
feedstocks



Forest residues and thinnings for fuel 
reduction are estimated to contribute 

368 million tons per year

http://www1.eere.energy.gov/biomass/pdfs/final_billionton_vision_report2.pdf



An additional 100 to 200 million dry tons 
from short rotation plantations



• In addition to agricultural feed stocks
• No direct competition with food 

production.
• Can be grown on marginal lands.
• Provides secondary benefits.

– Wildlife, soil, water quality.

• Perennial growth gives excellent yields.
• Lower intensity than agriculture mgmt.

– Fewer mechanical treatments
– Little or no fertilizer
– Less herbicide 

• Multiple Product Streams
• Optional harvest times, ease of 

storage and transport.

Trees as Biofuels Feedstock



Existing Forest 
Industry and 
Infrastructure

Photos 
provided by 
Jake Eaton, 
Potlatch 
Corporation



• Developed Pichia stipitis, a native xylose 
fermentor
– Works on both 5 carbon and 6 carbon sugars
– Works on polysaccharides therefore don’t have to 

break down into monomers
– Pay less for enzymes
– Works on all lignocellulosic materials such as 

corn stover, plant material and wood



Biotech in Forestry

Growing better trees



Only 2 GE trees deregulated in the 
US to date

Rainbow and SunUp papaya, 
resistant to papaya ringspot
virus

HoneySweet Plum, 
resistant to plum pox virus



Limited commercial plantations of GE 
insect resistant poplars in China



GE poplars in field trials

Insect resistance

Modified lignin

Herbicide
tolerance

Growth rate        Phytoremediation



Cold hardy 
eucalyptus

Modified 
pines

Other species in field trials



I don't expect to see any 
GE forest trees released 

any time soon



GMO issues

–Intellectual property / patents
–Marketing
–Regulation



The issues: GMO patents

• Fragmented, diverse estate and 
technology with many patented pieces 
requires negotiation of many licenses –
often costly to figure out and costly or 
impossible to acquire

• You can spend years studying a gene/trait 
and not be able to use it



The issues: GMO marketing

• The predominant “green” certification 
system for forestry—FSC (Forest 
Stewardship Council) has a complete ban 
on planting of GMOs

• Many companies subscribe to FSC to 
expand markets (green building codes), 
improve prices, avoid negative publicity

• Thus cannot help in field studies, 
disincentive to invest in research



Plus the usual 
bad press we 
all have



The issues: GMO regulations

• All field research regulated by USDA
• Extra caution for forest trees since they:

– Remain in the ecosystem a long time
– Cross with wild relatives
– Genes can't be removed from the ecosystem
– Hard to research long-term consequences



Forestry strategy:
Start with the "good guys"

American chestnut



Beginning to use molecular 
breeding tools



Summary

• Biotech happening in the fermenting 
process

• Technology is available for altering trees 
for improved biofuel quantities and 
qualities

• Many hurdles to overcome before GE 
trees become operational

• Molecular markers will soon be used in our 
applied breeding programs.


