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Outline  

• Transport Fuels and Systems  
• Renewable Fuels  - 20,000 ft view 
• Global RD&D examples 

o Sugar crops and lignocellulosic crops can make a 
variety of fuels and products 

o Aviation biofuels development – biofuels with 
identical properties of petroleum-derived fuels 

o Biomass Flexibility - Refineries and Systems 

• Sustainability Considerations 
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Transport Fuels and Systems 
Strict Global Requirements for Aviation Fuels 
Requires Multiple Partnerships for RDD&D 

Off Road Less strict local applications can use local fuels 
appropriate for the engines  and conditions  

SYSTEM SUSTAINABILITY 
              Economic 
            Environment 
                  Social 
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Renewable Liquid or Gaseous Fuels 

Grasses 
Short Rotation 

Woody Biomass 
 

Terrestrial  
Lignocellulosic biomass 

Microalgae 

Aquatic 
Biomass 

Cyanobacteria 

Macroalgae 

H O 2 

H 2 

Commercial 
Biofuels 
• Ethanol 
• Biodiesel 
• Renewable 
diesel (HC) 
• Bio CH4 

Crop, animal residues,     
MSW 

Food 
Crops 

Early stage 
R&D  

Developing Technologies 

(or Bio) 
H2O 
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What is in Biomass? 
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starch lipids protein 

lignin 

cellulose 

Prevalent in woody, herbaceous feedstocks: 

Prevalent in seeds, grains (foodstuffs) 

Hemi- 
cellulose 

~25-30% 
hemicellulose 

~40-50% 
cellulose 15-25% lignin 

15-25% 
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Economic Sugar Production Remains 
Biggest Challenge 

Enzymatic 
cellulose 

hydrolysis 

Pre-processing 

Lignocellulose 
Feedstock Collection 

and Delivery 

Pretreatment / 
Prehydrolysis 

(make accessible 
to enzymes) 

Conditioning 

Beer Slurry to 
Biofuel 

(Ethanol or 
Another Fuel) 

and Solids 
Recovery 

Biomass 
sugar 

fermentation 

Cellulases 
Hemicellulases Hexose/Pentose 

Utilizing Microbe 

Pretreatment and Enzymatic Hydrolysis = 
Sugar Production (Saccharification) 

7 
7 
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Large scale plants in Crescentino, Italy 
Further scaleup of that technology in Brazil, Alagoas – Gran Bio 
Others Raizen in Brazil, DuPont in the United States, and others 

Supply Chain 
Development 

to supply 
year round 

specified biomass 
 

Conversion Technology  
Scale-up to 

First-of-a-kind 
Commercial  

Facility 
 

Fuel and other  
products off- 

take agreements 
 

Whole System has to be 
sustainable 

http://energyoutlook.naseo.org/Data/Sites/6/media/presentations/Male.pdf 
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Gasification/ 
Catalytic 

Gasification/ 
Biological 
conversion 
Syngas to ethanol 

Pulp and Paper 
waste conversion 
to ethanol and 
deicer 

http://energyoutlook.naseo.org/Data/Sites/6/media/presentations/Male.pdf 
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Gasoline, diesel, jet, maritime fuels and many other products 
 

With R&D we learn to design  
organisms (or plants) to grow 
specific products and engineer 
organisms to perform industrial  
new processes 
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Global RD&D and commercialization – 
Using synthetic biology and unlocking value 

U.S. DOE/ 
Office of  
Sciences; 
Bioenergy 
Technologies 
Office. 
Brazilian 
BNDES, 
multiple 
global 
companies 
 

http://www.biofuelsdigest.com/bdigest/2015/07/23/amyris-the-digests-2015-8-slide-guide/ 
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Office of Science 

Found useful for 
consolidated 
bioprocessing 

(France)Deinove 

See presentation on Genomes to life at  
https://ec.europa.eu/research/biotechnology/eu-us-task-force/pdf/thomassen_19_july_9-45_en.pdf 
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Global Energy Assessment, 2011 

Renewable 
Diesel or HVO or 
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T. Foust  at http://energy.gov/eere/bioenergy/downloads/integrating-nabc-bio-oil-intermediates-petroleum-refinery 
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America’s RD&D development 

Chum et al. 2015.  Helena Chum (NREL), Andrea Pinho (Petrobras), Barry Freel (Ensyn Corporation  
“DOE Bioenergy Technologies Office (BETO) 2015 Project Peer Review, 2.4.2.303 Brazil Bilateral: 
Petrobras-NREL CRADA.”   March 15, 2015.  
http://www.energy.gov/sites/prod/files/2015/04/f21/thermochemical_conversion_chum_242303
pdf 

http://www.energy.gov/sites/prod/files/2015/04/f21/thermochemical_conversion_chum_242303.pdf
http://www.energy.gov/sites/prod/files/2015/04/f21/thermochemical_conversion_chum_242303.pdf
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Jonathan Male at https://www.biorenew.iastate.edu/mbo/energymfgworkshop/ 

http://energyoutlook.naseo.org/Data/Sites/6/media/presentations/Male.pdf 
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Closest to Commercial for Aviation Biofuels 
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Neste 
UOP/ENI 
And others 

Limited Feedstock Supply 

Up to 50% blend 

Honeywell UOP, Controlling Production of Transportation Fuels from Renewable Feedstocks. Patent: WO 2009/151692 A2, 2009. 
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Jonathan Male at https://www.biorenew.iastate.edu/mbo/energymfgworkshop/ 

http://energyoutlook.naseo.org/Data/Sites/6/media/presentations/Male.pdf 
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Sustainability Activities 

http://energyoutlook.naseo.org/Data/Sites/6/media/presentations/Male.pdf 
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SCOPE Bioenergy and Sustainability 

http://bioenfapesp.org/scopebioenergy/ 

http://bioenfapesp.org/scopebioenergy/
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Summary 
• Development of bioenergy can replenish a 

community’s food supply by improving 
management practices and land soil quality 

• New technologies can provide communities with 
food security, fuel, economic and social 
development while effectively using water, 
nutrients and other resources 

• The use of bioenergy, if done thoughtfully, can 
actually help lower air and water pollution 

• Bioenergy initiatives monitored and implemented, 
hand in hand with good governance, can protect 
biodiversity, and provide ecosystems services 

• Efficiency gains and sustainable practices of 
recent bioenergy systems can help contribute to a 
low-carbon economy by decreasing greenhouse 
gas emissions and assist carbon mitigation efforts 

• With current knowledge and projected 
improvements 30% of the world’s fuel supply 
could be biobased by 2050 

To address issues Integrated policies  
and deployment are needed 

SCOPE Bioenergy and Sustainability 

http://bioenfapesp.org/scopebioenergy/ 

http://bioenfapesp.org/scopebioenergy/
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• State of Sao Paulo Research Foundation (FAPESP) Glaucia Souza and 
SCOPE colleagues 
– Souza, G. M., Victoria, R., Joly, C., & Verdade, L. (Eds.). (2015). Bioenergy & 

Sustainability: Bridging the gaps (Vol. 72, p. 779). Paris: SCOPE. ISBN 978-2-
9545557-0-6  http://bioenfapesp.org/scopebioenergy/ 

• International Energy Agency Bioenergy Agreement, Kees Kwant, 
Netherlands, Jim Spaeth, U.S. and tasks 38, 39, 40, 43, 42 

• Roundtable on Sustainable Biomaterials, Barbara Bramble, Rolf 
Hogan, Matt Rudolf, Arthur Barrit   
– http:/rsb.org 

• Gerry Ostheimer (SE4ALL, Novozymes) 
• Some presentation slides from Dr. Jonathan Male, BETO, USDOE 
• Some presentation slides from Tom Foust, NREL (NABC)  
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