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http://www.advancedbiofuelsusa.org/
https://www.lanzatech.com/


Advanced Biofuels USA
Advocates for the adoption of advanced 

biofuels as an 

• energy security, 
• military flexibility, 
• economic development
• climate change mitigation
• pollution control 

solution. 

Advanced Biofuels USA

501(c)3 Nonprofit

Educational Organization

Founded April 2008

Website:

www.AdvancedBiofuelsUSA.org

Frederick, MD
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http://www.advancedbiofuelsusa.org/


To begin:

What do you think of when you hear 
“bioenergy”? Or “renewable energy”?

Does it include energy for transportation?
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•Corn-based Ethanol?
•Biodiesel from used cooking oil, 
canola/rapeseed?

•Ethanol from sugar cane, 
cassava, sugar beets?

•Renewable jet fuel? 

Your answer might depend on where you 
live.

What do you think of when you hear 
“biofuel”?
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http://drive.google.com/file/d/14r-XDdRsMvWzYs6lin_gjO99YSa-Y49A/view
https://advancedbiofuelsusa.info/tag/ethanolbioethanol/
https://advancedbiofuelsusa.info/tag/corn/
https://advancedbiofuelsusa.info/tag/biodiesel/
https://advancedbiofuelsusa.info/tag/renewable-diesel-green-diesel/
https://advancedbiofuelsusa.info/tag/jetfuel/
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What are they?
What are they used for?

Yesterday, Today, Tomorrow 
How are they made?

Why are they important?
Sustainability?

Policy Considerations?
Jobs/Careers Throughout

5



Sustainable, Renewable Fuels
Advanced Biofuels 
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Ethanol is a biofuel, not the only 
biofuel.  
Biodiesel
Renewable Diesel
Sustainable Aviation Fuel (SAF)
Bio-isobutanol
Renewable Natural Gas
rDME
Drop-in Hydrocarbons
Maritime/Marine Fuels

What Advanced Biofuels Are 
Used for Transportation? 

7

7



Corn-based ethanol, sugarcane ethanol
(nearly 200 proof moonshine or 100% ethanol) 

One of the few currently commercially available 
biofuels you can buy for vehicles today. Blends of 10%, 
15%, 85% 

Replaces MTBE, provides octane.
And the ethanol molecule is part of 
many other things too.   

Wine
Beer
Whiskey

“First Generation” Biofuel 
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https://www.eia.gov/tools/glossary/index.php?id=A#alt_fuel_veh
https://www.eia.gov/tools/glossary/index.php?id=D#denaturant
https://www.eia.gov/tools/glossary/index.php?id=E#E85
https://www.eia.gov/tools/glossary/index.php?id=E#ethanol
https://www.eia.gov/tools/glossary/index.php?id=F#fuel_eth_minus_dent
https://www.eia.gov/tools/glossary/index.php?id=O#oxygenates
https://www.eia.gov/tools/glossary/index.php?id=D#denaturant
https://www.eia.gov/tools/glossary/index.php?id=E#ethanol
https://www.eia.gov/tools/glossary/index.php?id=F#fuel_eth
https://www.eia.gov/tools/glossary/index.php?id=N#nonrenew
https://www.eia.gov/tools/glossary/index.php?id=O#oxygenates


Renewable Fuel “Generations”
Primary Biofuel

Feedstock:
Firewood, wood 
chips, pellets, dung, 
forest and crop 
residues, tallow, 
landfill gas, bees 
wax, vegetable oil

Process:
Combustion

Product:
Heat, light, power

1st Generation

Feedstock:
Crops that can also 
be used for 
food--corn, wheat, 
barley, sugarcane, 
sugar beet, 
vegetable oil …

Conversion 
Process:
Fermentation of 
starch and sugars, 
transesterification of 
oils

Product:
Ethanol, biodiesel, 
biobutanol, ...

2nd Generation
“Cellulosic”

Feedstock:
Agricultural and forest 
waste and residues, 
used cooking oil, 
industrial waste, 
municipal solid waste, 
grasses, non-edible oil 
seed crops, food 
processing waste, food 
waste, plants that can be 
grown on marginal land, 
..

Conversion Process:
Same as 1st generation 
and many more to 
convert not only 
starches, simple sugar 
and oil; also other parts 
of the plants

Products: Ethanol, biodiesel, “drop-in” substitutes for jetfuel, diesel, gasoline, rocket fuel, heating fuel, maritime fuel--all liquid fuels.
Sometimes two conversion processes are required to get to final products.  The first conversion to the “building blocks” of fuels, 
chemicals and other products.

3rd Generation

Feedstock: Algae and 
other aquatic organisms 
that don’t require crop land; 
microalgae, macroalgae 
(seaweed), cyanobacteria, 
lemna/duckweed, …

Conversion Process:
Same as 2nd generation

4th Generation

Feedstock: water, air, 
carbon dioxide, waste 
industrial gases, 
non-recyclable plastics, 
municipal solid waste …

Conversion Process: 
electrolysis, 
photosynthesis, 
fermentation, catalysis

Products: solar fuels, 
e-fuels such as 
hydrogen, methanol, and 
ammonia when 
renewable energy 
powers the conversion; 
plus those listed below.
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https://advancedbiofuelsusa.info/tag/2nd-generation-biofuels/
https://advancedbiofuelsusa.info/tag/3rd-generation-biofuels/
https://advancedbiofuelsusa.info/tag/4th-generation-biofuels/
https://advancedbiofuelsusa.info/biofuels-basics/biofuels-basics/#gen
https://advancedbiofuelsusa.info/biofuels-basics/biofuels-basics/#gen


https://advancedbiofuelsusa.info/bustos-introduces-next-generation-fuels-act/
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Yesterday:  Early Automobiles

With Spark Advance 
to Change Fuels – 
Flex Fuel
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http://en.wikipedia.org/wiki/Citro%C3%ABn_Rosalie
http://www.fuel-testers.com/ethanol_fuel_history.html
http://advancedbiofuelsusa.info/up-with-octane-and-down-with-aromatics-continuing-health-risks-with-petroleum-fuels-and-the-need-for-engine-efficiency/
http://advancedbiofuelsusa.info/up-with-octane-and-down-with-aromatics-continuing-health-risks-with-petroleum-fuels-and-the-need-for-engine-efficiency/
https://en.wikipedia.org/wiki/Diesel_engine
https://en.wikipedia.org/wiki/Harry_Ricardo
https://en.wikipedia.org/wiki/Citro%C3%ABn
http://www.nndb.com/people/768/000082522/


http://www.nndb.com/people/906/000082660/
https://advancedbiofuelsusa.info/yes-tin-lizzie-was-an-alcoholic/
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https://advancedbiofuelsusa.info/tag/octane/
https://www.pewtrusts.org/en/research-and-analysis/blogs/stateline/2005/06/06/mtbe-bans-boost-ethanol#:~:text=Of%20those%2019%20states%2C%20California,still%20using%20gasoline%20with%20MTBE
https://www.pewtrusts.org/en/research-and-analysis/blogs/stateline/2005/06/06/mtbe-bans-boost-ethanol#:~:text=Of%20those%2019%20states%2C%20California,still%20using%20gasoline%20with%20MTBE


https://www.pewtrusts.org/en/research-and-analysis/blogs/stateline/2005/06/06/mtbe-bans-boost-ethanol#:~:text=Of%20those%2019%20states%2C%20California,still%20using%20gasoline%20with%20MTBE
https://www.everycrsreport.com/reports/RL32787.html
https://baltimore.cbslocal.com/2014/06/04/lawsuit-over-md-groundwater-pollution-settled/
https://baltimore.cbslocal.com/2014/06/04/lawsuit-over-md-groundwater-pollution-settled/
https://www.unionleader.com/news/courts/six-law-firms-to-represent-state-in-lawsuit-over-pfas/article_e6f2e6d9-c46d-5c0b-8cbd-c509e0d51b3d.html
https://www.unionleader.com/news/courts/six-law-firms-to-represent-state-in-lawsuit-over-pfas/article_e6f2e6d9-c46d-5c0b-8cbd-c509e0d51b3d.html
https://www.baltimoresun.com/bal-md.ha.mtbe28apr28-story.html
https://www.baltimoresun.com/news/environment/bs-md-mtbe-litigation-20141205-story.htm
https://www.baltimoresun.com/news/environment/bs-md-mtbe-litigation-20141205-story.htm
https://www.baltimoresun.com/news/environment/bs-md-mtbe-lawsuit-20171213-story.html
https://www.baltimoresun.com/news/environment/bs-md-mtbe-lawsuit-20171213-story.html
https://conduitstreet.mdcounties.org/2019/10/11/federal-judge-allows-marylands-mtbe-lawsuit-against-gasoline-companies-to-move-forward/#:~:text=Federal%20Judge%20Allows%20Maryland's%20MTBE%20Lawsuit%20Against%20Gasoline%20Companies%20to%20Move%20Forward,-Les%20Knapp&text=A%20Daily%20Record%20article%20
https://conduitstreet.mdcounties.org/2019/10/11/federal-judge-allows-marylands-mtbe-lawsuit-against-gasoline-companies-to-move-forward/#:~:text=Federal%20Judge%20Allows%20Maryland's%20MTBE%20Lawsuit%20Against%20Gasoline%20Companies%20to%20Move%20Forward,-Les%20Knapp&text=A%20Daily%20Record%20article%20
https://conduitstreet.mdcounties.org/2019/10/11/federal-judge-allows-marylands-mtbe-lawsuit-against-gasoline-companies-to-move-forward/#:~:text=Federal%20Judge%20Allows%20Maryland's%20MTBE%20Lawsuit%20Against%20Gasoline%20Companies%20to%20Move%20Forward,-Les%20Knapp&text=A%20Daily%20Record%20article%20
https://conduitstreet.mdcounties.org/2019/10/11/federal-judge-allows-marylands-mtbe-lawsuit-against-gasoline-companies-to-move-forward/#:~:text=Federal%20Judge%20Allows%20Maryland's%20MTBE%20Lawsuit%20Against%20Gasoline%20Companies%20to%20Move%20Forward,-Les%20Knapp&text=A%20Daily%20Record%20article%20
https://conduitstreet.mdcounties.org/2019/10/11/federal-judge-allows-marylands-mtbe-lawsuit-against-gasoline-companies-to-move-forward/#:~:text=Federal%20Judge%20Allows%20Maryland's%20MTBE%20Lawsuit%20Against%20Gasoline%20Companies%20to%20Move%20Forward,-Les%20Knapp&text=A%20Daily%20Record%20article%20
https://ago.vermont.gov/blog/2019/03/15/vermont-attorney-general-announces-settlement-of-mtbe-lawsuit/
https://ago.vermont.gov/blog/2019/03/15/vermont-attorney-general-announces-settlement-of-mtbe-lawsuit/


https://www.pewtrusts.org/en/research-and-analysis/blogs/stateline/2005/06/06/mtbe-bans-boost-ethanol#:~:text=Of%20those%2019%20states%2C%20California,still%20using%20gasoline%20with%20MTBE
https://www.pewtrusts.org/en/research-and-analysis/blogs/stateline/2005/06/06/mtbe-bans-boost-ethanol#:~:text=Of%20those%2019%20states%2C%20California,still%20using%20gasoline%20with%20MTBE
https://www.pewtrusts.org/en/research-and-analysis/blogs/stateline/2005/06/06/mtbe-bans-boost-ethanol#:~:text=Of%20those%2019%20states%2C%20California,still%20using%20gasoline%20with%20MTBE
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https://advancedbiofuelsusa.info/category/green-racing/
https://arstechnica.com/cars/2019/06/americas-sports-car-racing-series-embraces-being-green-again/
https://arstechnica.com/cars/2019/06/americas-sports-car-racing-series-embraces-being-green-again/


https://f1chronicle.com/what-fuel-do-formula-1-cars-use/
https://advancedbiofuelsusa.info/e15-for-nascar-cellulosic-ethanol-is-on-the-table/
http://ethanolproducer.com/articles/8814/american-ethanol-steps-in-as-sponsor-of-two-nascar-races
http://ethanolproducer.com/articles/8814/american-ethanol-steps-in-as-sponsor-of-two-nascar-races
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https://www.aviationpros.com/gse/fueling-equipment-accessories/fuel-distributors-suppliers-manufacturers/article/21144761/neste-north-america-now-is-the-time-to-let-sustainable-aviation-fuel-take-off
https://www.aviationpros.com/gse/fueling-equipment-accessories/fuel-distributors-suppliers-manufacturers/article/21144761/neste-north-america-now-is-the-time-to-let-sustainable-aviation-fuel-take-off
https://www.aviationpros.com/gse/fueling-equipment-accessories/fuel-distributors-suppliers-manufacturers/article/21144761/neste-north-america-now-is-the-time-to-let-sustainable-aviation-fuel-take-off
https://advancedbiofuelsusa.info/category/aviation/
http://www.cleantechconcepts.com/2018/10/virgin-atlantic-takes-flight-with-first-waste-to-fuel-mix/
http://www.cleantechconcepts.com/2018/10/virgin-atlantic-takes-flight-with-first-waste-to-fuel-mix/
https://www.virgin.com/richard-branson/virgin-atlantic-flies-first-ever-commercial-flight-using-lanzatechs-sustainable-jet


https://www.perthnow.com.au/news/aviation/biofuel-takes-flight-virgin-atlantic-747-aircraft-partly-powered-by-recycled-fuel-ng-b88980788z
https://www.perthnow.com.au/news/aviation/biofuel-takes-flight-virgin-atlantic-747-aircraft-partly-powered-by-recycled-fuel-ng-b88980788z
https://www.perthnow.com.au/news/aviation/biofuel-takes-flight-virgin-atlantic-747-aircraft-partly-powered-by-recycled-fuel-ng-b88980788z
https://www.gov.uk/government/publications/future-fuels-for-flight-and-freight-competition-feasibility-study
https://www.wsp.com/EN-US/INSIGHTS/ADVANCING-SUSTAINABLE-AVIATION-FUEL
https://www.wsp.com/EN-US/INSIGHTS/ADVANCING-SUSTAINABLE-AVIATION-FUEL
https://advancedbiofuelsusa.info/tag/commercial-flights/
https://advancedbiofuelsusa.info/tag/commercial-flights/
https://advancedbiofuelsusa.info/proposal-for-sweden-to-follow-norways-lead-and-mandate-use-of-sustainable-aviation-fuels-from-2021/
https://advancedbiofuelsusa.info/proposal-for-sweden-to-follow-norways-lead-and-mandate-use-of-sustainable-aviation-fuels-from-2021/


15https://euinmyregion.blogactiv.eu/2016/07/04/biogas-buses-are-the-green-solution-for-cities/ 
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https://euinmyregion.blogactiv.eu/2016/07/04/biogas-buses-are-the-green-solution-for-cities/
https://www.ngvglobal.com/blog/renewable-natural-gas-project-in-spain-targets-use-for-transportation-1221
https://www.ngvglobal.com/blog/renewable-natural-gas-project-in-spain-targets-use-for-transportation-1221
https://euinmyregion.blogactiv.eu/2016/07/04/biogas-buses-are-the-green-solution-for-cities/
https://euinmyregion.blogactiv.eu/2016/07/04/biogas-buses-are-the-green-solution-for-cities/
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https://www.edie.net/news/6/Anheuser-Busch-to-run-180-trucks-on-renewable-natural-gas/
https://www.edie.net/news/6/Anheuser-Busch-to-run-180-trucks-on-renewable-natural-gas/
https://www.wastetodaymagazine.com/article/waste-management-trucks-seattle/
https://www.wastetodaymagazine.com/author/12443
https://www.fuelsfix.com/2019/07/biodiesel-vehicle-wrap-program/
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.neste.us%2Fneste-my%2Ffind-fuel&psig=AOvVaw3SKmnfnUpa_7su70j3UcqS&ust=1604185856888000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOjnkJq43ewCFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.neste.us%2Fneste-my%2Ffind-fuel&psig=AOvVaw3SKmnfnUpa_7su70j3UcqS&ust=1604185856888000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOjnkJq43ewCFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.neste.us%2Fneste-my%2Ffind-fuel&psig=AOvVaw3SKmnfnUpa_7su70j3UcqS&ust=1604185856888000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCOjnkJq43ewCFQAAAAAdAAAAABAD


http://www.biodieselmagazine.com/articles/2516343/biodiesel-ranks-first-among-fleets-for-alternative-fuel-use
http://www.biodieselmagazine.com/articles/2516343/biodiesel-ranks-first-among-fleets-for-alternative-fuel-use


If you have a flex fuel vehicle (FFV), you can use 
gasoline with blends up to 85% ethanol.

Look for the logo, check your  manual or 
look at the info on the driver’s side door.

Flex Fuel Vehicles

If you have a diesel 
engine, you might see a 
decal that indicates it was 
built to use up to 20% 
biodiesel, B20
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Interactive map with E85 and E15 stations listed on this crowd-sourced database (www.E85prices.com)  Prices listed are examples from October 28, 2020 
18

http://www.e85prices.com/
http://www.e85prices.com/
https://www.biodiesel.org/using-biodiesel/finding-biodiesel


●
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https://www.imo.org/en/MediaCentre/PressBriefings/Pages/34-IMO-2020-sulphur-limit-.aspx#:~:text=%E2%80%8BFrom%201%20January%202020,the%20limit%20is%20already%200.10%25
https://www.imo.org/en/MediaCentre/PressBriefings/Pages/34-IMO-2020-sulphur-limit-.aspx#:~:text=%E2%80%8BFrom%201%20January%202020,the%20limit%20is%20already%200.10%25
https://www.imo.org/en/MediaCentre/PressBriefings/Pages/34-IMO-2020-sulphur-limit-.aspx#:~:text=%E2%80%8BFrom%201%20January%202020,the%20limit%20is%20already%200.10%25


● Military Aviation 
Fuels

● Military 
Marine/Maritime 
Fuels

20

20



What Are Renewable Fuels Used For?
 Today or Tomorrow?

The Great Green Fleet
2012 Pacific Rim Exercises
2016 Expanded Emphasis
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https://www.fbo.gov/
http://domesticfuel.com/2014/06/11/department-of-navy-seeks-37-5m-gallons-of-biofuels/
http://domesticfuel.com/2014/06/11/department-of-navy-seeks-37-5m-gallons-of-biofuels/
http://www.biofuelsdigest.com/bdigest/2014/06/10/department-of-the-navy-seeks-biofuels-on-a-large-scale/


http://www.biofuelsdigest.com/bdigest/2014/09/19/breaking-news-us-navy-doe-usda-award-210m-for-3-biorefineries-and-mil-spec-fuels/
http://www.energy.gov/eere/bioenergy/articles/energy-department-joins-navy-and-agriculture-departments-invest-drop-biofuel
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What Are Renewable Fuels Used For?
Today

       Heating oil

Ethanol cook stoves

Green Energy Consumers 
https://blog.greenenergyconsumers.org/blog/start-biodiesel 
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https://blog.greenenergyconsumers.org/blog/start-biodiesel
https://blog.greenenergyconsumers.org/blog/start-biodiesel
https://www.agri-pulse.com/articles/13125-biodiesel-optimistic-for-bioheat-after-carbon-reduction-pledge
https://www.agri-pulse.com/articles/13125-biodiesel-optimistic-for-bioheat-after-carbon-reduction-pledge
https://blog.greenenergyconsumers.org/blog/start-biodiesel
https://blog.greenenergyconsumers.org/blog/start-biodiesel
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What Are Renewable Fuels Used For?
Today

Ethanol Cook Stoves
Project Gaia:
 Nigeria
 Ethiopia
 Haiti
 Brazil
 Tanzania
KOKO’s “ATM” Dispensers
  Kenya

33

https://projectgaia.com/
https://advancedbiofuelsusa.info/atm-style-machines-used-to-dispense-bioethanol-in-kenya/
https://advancedbiofuelsusa.info/atm-style-machines-used-to-dispense-bioethanol-in-kenya/
https://projectgaia.com/our-approach/the-problem/
https://projectgaia.com/our-approach/the-solution/
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What Are Renewable Fuels Used For?  Today

Graphics from Diesel Technology Forum

and from National Biodiesel Board
https://www.biofuelsdigest.com/bdigest/2021/01/12/many-reasons-for-u-s-to-count-carbon-savings-from-

biodiesel-and-renewable-diesel/ 

…

https://www.dieselforum.org/policyinsider/making-progress-on-climate-and-clean-air-in-a-new-administration
https://www.dieselforum.org/policyinsider/making-progress-on-climate-and-clean-air-in-a-new-administration
https://www.biofuelsdigest.com/bdigest/2021/01/12/many-reasons-for-u-s-to-count-carbon-savings-from-biodiesel-and-renewable-diesel/
https://www.biofuelsdigest.com/bdigest/2021/01/12/many-reasons-for-u-s-to-count-carbon-savings-from-biodiesel-and-renewable-diesel/
https://www.dieselforum.org/policyinsider/making-progress-on-climate-and-clean-air-in-a-new-administration
https://www.dieselforum.org/policyinsider/making-progress-on-climate-and-clean-air-in-a-new-administration


National Biodiesel Board

https://advancedbiofuelsusa.info/fuels-that-work-ultra-low-sulfur-diesel-and-biodiesel-power-the-u-s-economy/
https://advancedbiofuelsusa.info/fuels-that-work-ultra-low-sulfur-diesel-and-biodiesel-power-the-u-s-economy/
https://www.dieselforum.org/policyinsider/fuels-that-work-ultra-low-sulfur-diesel-and-biodiesel-power-the-u-s-economy
https://www.dieselforum.org/policyinsider/fuels-that-work-ultra-low-sulfur-diesel-and-biodiesel-power-the-u-s-economy


https://www.biofuelsdigest.com/bdigest/2021/01/12/many-reasons-for-u-s-to-count
-carbon-savings-from-biodiesel-and-renewable-diesel/ 

https://www.biofuelsdigest.com/bdigest/2021/01/12/many-reasons-for-u-s-to-count-carbon-savings-from-biodiesel-and-renewable-diesel/
https://www.biofuelsdigest.com/bdigest/2021/01/12/many-reasons-for-u-s-to-count-carbon-savings-from-biodiesel-and-renewable-diesel/


What Will Fuel Ethanol Be Used For?
 Tomorrow

Hydrogen or 
Ethanol for 
Fuel Cells 

E30 
Sweet 
Spot

38

Fuels for high performance vehicles

http://www.imsa.com/articles/ford-debut-new-ecoboost-race-engine-rolex-24


https://advancedbiofuelsusa.info/wp-content/uploads/2012/08/New-Ethanol-Engine-Tech-Revised-Aug-2012-Formatted.pdf
https://nevomotors.com/
https://advancedbiofuelsusa.info/aemetis-enters-electric-vehicle-market/
https://cafcp.org/by_the_numbers
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http://www.orbital.com/NewsInfo/Publications/Cygnus_fact.pdf
http://www.orbital.com/NewsInfo/release.asp?prid=1887
https://energy.economictimes.indiatimes.com/news/renewable/isro-working-on-green-fuels-like-hydrogen-peroxide-for-rockets/80045159
https://energy.economictimes.indiatimes.com/news/renewable/isro-working-on-green-fuels-like-hydrogen-peroxide-for-rockets/80045159
https://advancedbiofuelsusa.info/weather-delays-launch-of-biofuel-rocket-made-by-maine-company/
https://advancedbiofuelsusa.info/weather-delays-launch-of-biofuel-rocket-made-by-maine-company/
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How are they made?
Feedstock
Logistics

Technology

28
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Carbon Cycle
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http://drive.google.com/file/d/1-cqihyZUa1rSvP7qlwz7-grmBCFyAlWr/view
https://advancedbiofuelsusa.info/category/feedstocks/sugars-feedstocks/
https://advancedbiofuelsusa.info/tag/oil-seed-crops/
https://advancedbiofuelsusa.info/tag/grasses/
https://advancedbiofuelsusa.info/tag/trees/
https://advancedbiofuelsusa.info/tag/forest-residue-waste/
https://advancedbiofuelsusa.info/tag/agricultural-wasteresidue/
https://advancedbiofuelsusa.info/tag/algae/
https://advancedbiofuelsusa.info/tag/food-processing-waste/
https://advancedbiofuelsusa.info/tag/energy-crops/
https://advancedbiofuelsusa.info/category/feedstocks/atmosphere/


http://www.umces.edu/imet/people/fchen
http://www.hytekbio.com/page2.html
http://www.mtech.umd.edu/news/press_releases/mips_r52_release.html#sthash.1Zj3gA4S.dpuf
http://www.mtech.umd.edu/news/press_releases/mips_r52_release.html#sthash.1Zj3gA4S.dpuf


Examples of potential crops/plants which can be 
used for production of  biofuels

32

http://drive.google.com/file/d/1AB-gzCEb2_amHRZgkkv8wW1eQB1s03dz/view
https://advancedbiofuelsusa.info/tag/sorghum/
https://advancedbiofuelsusa.info/tag/grain-sorghummilo/


Examples of potential crops/plants which can be 
used for production of  biofuels
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http://drive.google.com/file/d/1AB-gzCEb2_amHRZgkkv8wW1eQB1s03dz/view
https://advancedbiofuelsusa.info/tag/soybeans/
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/soybean-meal
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/soybean-meal


Examples of potential crops/plants which can 
be used for production of  biofuels
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http://drive.google.com/file/d/1N89MgSpE-F619bYurFMIE4I5gehzO7cy/view
https://advancedbiofuelsusa.info/tag/oil-seed-crops/
https://advancedbiofuelsusa.info/tag/sunflower/
https://advancedbiofuelsusa.info/tag/jerusalem-artichoke/


Examples of potential crops/plants which can 
be used for production of  biofuels

Canola/Rapeseed
Carinata
Camelina
Pennycress

35

http://drive.google.com/file/d/1n6wberGD1RFwzATNSGaOWcwwPDGTdco-/view
https://advancedbiofuelsusa.info/tag/canola/
https://advancedbiofuelsusa.info/tag/carinata-brassica-carinata/
https://advancedbiofuelsusa.info/tag/camelina/
http://advancedbiofuelsusa.info/tag/canola/
https://advancedbiofuelsusa.info/tag/pennycress/


Examples of potential crops/plants which can 
be used for production of  biofuels

Grasses
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http://drive.google.com/file/d/1qcPIZ15WihfPOvWaKeTAt2ckEW7SlJ5J/view
https://advancedbiofuelsusa.info/tag/phragmites/
https://advancedbiofuelsusa.info/tag/miscanthus/
https://advancedbiofuelsusa.info/tag/giant-reed/


Examples of potential crops/plants 
which can be used for production of  

biofuels
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http://drive.google.com/file/d/1oEgBo7eJd3mv3X0Hwr_xgyVc-Wr5BNBu/view
https://advancedbiofuelsusa.info/tag/switchgrass/
https://www.bayjournal.com/news/pollution/use-of-switchgrass-growing-in-popularity-for-ag-conservation/article_85e96b90-0efd-11eb-8145-a790aafd9a56.html
https://www.bayjournal.com/news/pollution/use-of-switchgrass-growing-in-popularity-for-ag-conservation/article_85e96b90-0efd-11eb-8145-a790aafd9a56.html


Energy Tobacco 
Tyton Bioenergy Systems
Ready to Harvest, Danville, 

VA
54



http://globenewswire.com/news-release/2015/06/22/746180/10139256/en/Smithfield-Foods-Hog-Production-Division-and-Tyton-BioEnergy-Systems-Announce-Research-Partnership.html
http://globenewswire.com/news-release/2015/06/22/746180/10139256/en/Smithfield-Foods-Hog-Production-Division-and-Tyton-BioEnergy-Systems-Announce-Research-Partnership.html
http://globenewswire.com/news-release/2015/06/22/746180/10139256/en/Smithfield-Foods-Hog-Production-Division-and-Tyton-BioEnergy-Systems-Announce-Research-Partnership.html
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https://advancedbiofuelsusa.info/tag/agave/
https://advancedbiofuelsusa.info/tag/agave/
https://advancedbiofuelsusa.info/tag/kenaf/


Examples of potential crops/plants 
which can be used for production of  

biofuels

40

http://drive.google.com/file/d/159gVXGDtJ7djaHk79QlpXtBv5hrG5Ez_/view
https://advancedbiofuelsusa.info/tag/cassava/
https://advancedbiofuelsusa.info/tag/cassava/
https://advancedbiofuelsusa.info/tag/cassava/


Examples of potential crops/plants which 
can be used for production of  biofuels
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http://drive.google.com/file/d/1Y_UfSI785Moh0MqPz3VkaanV8dnrWPWw/view
https://advancedbiofuelsusa.info/tag/jatropha/
https://advancedbiofuelsusa.info/tag/moringa-tree/
https://advancedbiofuelsusa.info/tag/pongamia/
https://advancedbiofuelsusa.info/tag/castor-bean/
https://advancedbiofuelsusa.info/tag/jojoba/
https://advancedbiofuelsusa.info/tag/neem/
https://commons.wikimedia.org/w/index.php?curid=19413946
https://techxplore.com/news/2020-12-sustainable-biodiesel-neem-tree-trans-esterification.html
https://techxplore.com/news/2020-12-sustainable-biodiesel-neem-tree-trans-esterification.html
https://www.terviva.com/trees/
https://advancedbiofuelsusa.info/tag/jatropha/
https://advancedbiofuelsusa.info/tag/jatropha/
https://advancedbiofuelsusa.info/tag/moringa-tree/
https://advancedbiofuelsusa.info/tag/moringa-tree/
https://advancedbiofuelsusa.info/tag/pongamia/
https://advancedbiofuelsusa.info/tag/pongamia/
https://advancedbiofuelsusa.info/tag/castor-bean/
https://advancedbiofuelsusa.info/tag/castor-bean/
https://advancedbiofuelsusa.info/tag/jojoba/
https://advancedbiofuelsusa.info/tag/jojoba/
https://advancedbiofuelsusa.info/tag/neem/
https://advancedbiofuelsusa.info/tag/neem/


Examples of potential feedstock which can 
be used for production of  biofuels
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http://drive.google.com/file/d/1l4T4DZp-OQhLN4ZTDr1LCThQXZUL8mJu/view
https://advancedbiofuelsusa.info/tag/algae/
https://advancedbiofuelsusa.info/tag/cyanobacteria/
https://advancedbiofuelsusa.info/tag/seaweed-macroalgae/
https://advancedbiofuelsusa.info/tag/kelp/
https://advancedbiofuelsusa.info/tag/duckweed/
https://advancedbiofuelsusa.info/tag/lemna/
https://advancedbiofuelsusa.info/tag/duckweed/
https://advancedbiofuelsusa.info/the-thing-to-remember-is-that-its-agriculture-a-new-way-to-think-about-algal-biofuel/
https://advancedbiofuelsusa.info/the-thing-to-remember-is-that-its-agriculture-a-new-way-to-think-about-algal-biofuel/
https://www.biofuelsdigest.com/bdigest/2020/12/22/microalgae-for-recycling-water-and-nutrients-the-digests-2020-multi-slide-guide-to-microbio-engineering/16/
https://www.biofuelsdigest.com/bdigest/2020/12/22/microalgae-for-recycling-water-and-nutrients-the-digests-2020-multi-slide-guide-to-microbio-engineering/16/


Examples of potential crops/plants which can be used 
for production of  biofuels—wastes/residues
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http://drive.google.com/file/d/102yJpzjPw7xoHadEJZnnSs9do2uYBs_0/view
https://advancedbiofuelsusa.info/tag/corn-stover/
https://advancedbiofuelsusa.info/tag/corn-cobs/


Examples of potential crops/plants which can 
be used for production of  
biofuels—wastes/residues
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http://drive.google.com/file/d/1pQ0y9uxaOv2-r3RK1zC1DgC0bXFT7lPx/view
https://advancedbiofuelsusa.info/tag/sugar-cane/
https://advancedbiofuelsusa.info/tag/bagasse/
https://advancedbiofuelsusa.info/tag/sugar-cane/
https://advancedbiofuelsusa.info/tag/sugar-cane/


Examples of potential crops/plants which can 
be used for production of  
biofuels—wastes/residues
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http://drive.google.com/file/d/1ScsG1ngdW7TcYvSbLlT7KzvyoCSnREI3/view
https://advancedbiofuelsusa.info/tag/sugar-beetsenergy-beets/
http://advancedbiofuelsusa.info/tag/sugar-beet/


Examples of potential crops/plants which 
can be used for production of  

biofuels—wastes/residues
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http://drive.google.com/file/d/1BSfAMSsfXhKGqfqTomaKnoKZoc3D7W4e/view
https://advancedbiofuelsusa.info/tag/cashew-apple/
https://advancedbiofuelsusa.info/tag/sisal/
https://advancedbiofuelsusa.info/tag/agave/
https://advancedbiofuelsusa.info/tag/date-palm-pits/
https://www.thenationalnews.com/uae/environment/uae-researchers-produce-biofuel-from-date-seeds-1.1135668
https://www.thenationalnews.com/uae/environment/uae-researchers-produce-biofuel-from-date-seeds-1.1135668
https://www.thenationalnews.com/uae/science/uae-university-scientists-test-potential-of-date-palms-as-source-of-biodiesel-1.676723
https://www.thenationalnews.com/uae/science/uae-university-scientists-test-potential-of-date-palms-as-source-of-biodiesel-1.676723
https://advancedbiofuelsusa.info/tag/cashew-apple/
https://advancedbiofuelsusa.info/tag/sisal/
https://advancedbiofuelsusa.info/tag/agave/
https://advancedbiofuelsusa.info/tag/date-palm-pits/


Examples of potential crops/plants which can be 
used for production of  

biofuels—wastes/residues
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http://drive.google.com/file/d/1Q2U-UgB3glFjDa5K-cF88MFWD8m5jwqL/view
https://advancedbiofuelsusa.info/tag/hemp/
https://advancedbiofuelsusa.info/tag/cannabis/


Examples of potential crops/plants which 
can be used for production of  

biofuels—wastes/residues
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http://drive.google.com/file/d/1UEdRcwyOdfgpdEnW74vFCfKGampnPpbH/view
https://advancedbiofuelsusa.info/tag/nut-shells/
https://advancedbiofuelsusa.info/tag/cotton-seed-hulls/
https://advancedbiofuelsusa.info/tag/rice-hulls/
https://advancedbiofuelsusa.info/tag/remediation-rice-straw/
https://advancedbiofuelsusa.info/tag/wheat-straw/
https://advancedbiofuelsusa.info/tag/almond-hulls-shells/
https://advancedbiofuelsusa.info/tag/almond-hulls-shells/


Examples of potential crops/plants which can be 
used for production of  

biofuels—wastes/residues
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http://drive.google.com/file/d/1CFE_FqxXosaSzRKqcTrLwPQRaHpdWxYF/view
https://advancedbiofuelsusa.info/tag/woody-biomass/
https://advancedbiofuelsusa.info/tag/forest-residue-waste/
https://advancedbiofuelsusa.info/tag/woody-biomass/
https://advancedbiofuelsusa.info/tag/forest-residue-waste/


Examples of potential crops/plants 
which can be used for production of  

biofuels
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http://drive.google.com/file/d/1ETdnfc_iKvUAkt4duw6EPne9ffHA0Dm2/view
https://advancedbiofuelsusa.info/tag/willow/
https://advancedbiofuelsusa.info/tag/poplar/
https://advancedbiofuelsusa.info/tag/coppice/
http://www.crops4energy.co.uk/short-rotation-coppice-src/


Examples of potential feedstock which can be 
used for production of  renewable 

fuels—wastes/residues
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http://drive.google.com/file/d/1InkqHxfyLnjDyltTYMuAOrN1P-YsoYl5/view
https://advancedbiofuelsusa.info/tag/msw-municipal-solid-waste/
https://advancedbiofuelsusa.info/tag/food-waste/
https://advancedbiofuelsusa.info/tag/distilleries/
https://advancedbiofuelsusa.info/tag/breweries/
https://advancedbiofuelsusa.info/tag/breweries/
https://advancedbiofuelsusa.info/no-carbon-left-behind-the-digests-2019-multi-slide-guide-to-lanzatech-2/
https://advancedbiofuelsusa.info/no-carbon-left-behind-the-digests-2019-multi-slide-guide-to-lanzatech-2/
https://advancedbiofuelsusa.info/tag/breweries/
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https://advancedbiofuelsusa.info/tag/used-cooking-oil/
https://advancedbiofuelsusa.info/tag/grease/
http://advancedbiofuelsusa.info/tag/used-cooking-oil/
https://www.euractiv.com/section/energy-environment/opinion/increased-household-collection-of-used-cooking-oil-means-better-climate-protection/
https://www.euractiv.com/section/energy-environment/opinion/increased-household-collection-of-used-cooking-oil-means-better-climate-protection/
https://advancedbiofuelsusa.info/?s=fatberg
https://nerdist.com/wp-content/uploads/2017/09/Monster-Fatberg-Feature-Image-09132017.jpg
https://nerdist.com/wp-content/uploads/2017/09/Monster-Fatberg-Feature-Image-09132017.jpg
http://drive.google.com/file/d/1_0cD1MwPf3zxhhX_butOyv9L6BjIPipi/view
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http://advancedbiofuelsusa.info/author/admin
http://advancedbiofuelsusa.info/tamil-nadu-to-have-worlds-first-biorefinery-using-tannery-waste
http://www.dnaindia.com/india/report_tamil-nadu-to-have-worlds-first-biorefinery_1706301
http://www.dnaindia.com/india/report_tamil-nadu-to-have-worlds-first-biorefinery_1706301
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https://advancedbiofuelsusa.info/tag/landfill-methane/
https://advancedbiofuelsusa.info/tag/biogas/
https://civileats.com/2020/04/24/are-dairy-digesters-the-renewable-energy-answer-or-a-false-solution-to-climate-change/
https://civileats.com/2020/04/24/are-dairy-digesters-the-renewable-energy-answer-or-a-false-solution-to-climate-change/
http://www.greentechlead.com/news/clean-energy-opens-lng-fueling-station-in-seville-ohio-to-support-truck-fleet-operated-by-dillon-transport-serving-owens-corning-826
http://www.greentechlead.com/news/clean-energy-opens-lng-fueling-station-in-seville-ohio-to-support-truck-fleet-operated-by-dillon-transport-serving-owens-corning-826
http://www.quasarenergygroup.com/pages/cng.html
https://www.biocycle.net/innovation-in-food-scraps-collection/
http://drive.google.com/file/d/1HfP59__mpa8nUZT0oe4W0Zov75wGzFeW/view


Renewable Fuels and Chemicals, 
Not Just Bio-Based --  Recycling Carbon

• Flue Gas/Industrial 
Waste Gas

• Recycled Plastic, 
Tires

• Municipal Waste
• Carbon Capture 

and Reuse
LanzaTech

72

https://advancedbiofuelsusa.info/tag/flue-gas/
https://advancedbiofuelsusa.info/tag/industrial-waste-gases/
https://advancedbiofuelsusa.info/tag/carbon-recycling/
http://www.umces.edu/imet/people/fchen
http://www.hytekbio.com/page2.html
http://www.mtech.umd.edu/news/press_releases/mips_r52_release.html
http://www.mtech.umd.edu/news/press_releases/mips_r52_release.html
http://advancedbiofuelsusa.info/category/feedstocks/
https://advancedbiofuelsusa.info/tag/msw-municipal-solid-waste/


https://www.neste.com/releases-and-news/plastics/neste-successfully-completed-its-first-industrial-scale-processing-run-liquefied-waste-plastic
https://www.neste.com/releases-and-news/plastics/neste-successfully-completed-its-first-industrial-scale-processing-run-liquefied-waste-plastic
https://www.braskem.com.br/usa/news-detail/agilyx-and-braskem-announce-collaboration-to-explore-advanced-recycling-project-in-north-america
https://www.braskem.com.br/usa/news-detail/agilyx-and-braskem-announce-collaboration-to-explore-advanced-recycling-project-in-north-america
http://www.studiogearup.com/wp-content/uploads/2019/10/19_0927_sGU_UPEI_Renewable-Fuels-Paper_FFV.pdf
http://www.studiogearup.com/wp-content/uploads/2019/10/19_0927_sGU_UPEI_Renewable-Fuels-Paper_FFV.pdf
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https://advancedbiofuelsusa.info/tag/water/
https://advancedbiofuelsusa.info/category/feedstocks/co2/
https://advancedbiofuelsusa.info/tag/hydrogen-renewable-hydrogen/
https://advancedbiofuelsusa.info/category/feedstocks/water/
https://www.liquidwind.se/
http://drive.google.com/file/d/1o2vmzswAZSKe-5NTxubsEr0Qf6zeEuW8/view


https://ways2h.com/solutions/
https://advancedbiofuelsusa.info/?s=Ways2H


Not Just Renewable Fuels --
Co-Products!

• Amimal Feed
• Agricultural and Forest Residues

• Agricultural Co-Products

• Food Processing Co-Products

• Animal Manure/Waste (dairy cows, 
swine, poultry)

• Brewery/Vineyard/Whisky 

• Biochar, Fertilizer

• Carbon dioxide for dry ice, 
beverages and medical uses

Celtic Renewables

Raisinor/U.C.V.A Distillery 57

https://advancedbiofuelsusa.info/tag/corn-oil/
https://advancedbiofuelsusa.info/tag/soy-meal/
https://advancedbiofuelsusa.info/tag/animal-fat/
https://advancedbiofuelsusa.info/tag/potato/
https://www.irishexaminer.com/news/munster/arid-40072076.html
https://www.youtube.com/watch?v=6SpL-Te0NDQ&ab_channel=ScaniaGroup
https://www.webwire.com/ViewPressRel.asp?aId=242557


 

 
Other (e.g. gas from steel production)

58

https://www.weforum.org/reports/clean-skies-for-tomorrow-sustainable-aviation-fuels-as-a-pathway-to-net-zero-aviation
https://www.weforum.org/reports/clean-skies-for-tomorrow-sustainable-aviation-fuels-as-a-pathway-to-net-zero-aviation
https://www.biofuelsdigest.com/bdigest/2020/12/13/wefs-clean-skies-for-tomorrow-outlines-pathway-to-net-zero-aviation-the-digests-2020-multi-slide-guide-to-sustainable-aviation-fuel/11/
https://www.biofuelsdigest.com/bdigest/2020/12/13/wefs-clean-skies-for-tomorrow-outlines-pathway-to-net-zero-aviation-the-digests-2020-multi-slide-guide-to-sustainable-aviation-fuel/11/
https://www.biofuelsdigest.com/bdigest/2020/12/13/wefs-clean-skies-for-tomorrow-outlines-pathway-to-net-zero-aviation-the-digests-2020-multi-slide-guide-to-sustainable-aviation-fuel/11/


Agronomists
Farmers
Farm workers
Farm equipment designers
Biologists
Biologists specializing in genetic 
research
Biologists specializing in plant cells
Chemists
Agricultural Inspectors
Computer Software Engineers
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What Are Renewable Fuels?  
How are they made?

Feedstock
Logistics

Technology

60
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http://www.energy.gov/eere/articles/five-harvesting-technologies-are-making-biofuels-more-competitive-marketplace
http://www.energy.gov/eere/articles/five-harvesting-technologies-are-making-biofuels-more-competitive-marketplace
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http://www.energy.gov/eere/articles/five-harvesting-technologies-are-making-biofuels-more-competitive-marketplace
http://www.energy.gov/eere/articles/five-harvesting-technologies-are-making-biofuels-more-competitive-marketplace
https://advancedbiofuelsusa.info/tag/harvesting/
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https://advancedbiofuelsusa.info/category/invrastructure/infrastructure-terminals-transport/
https://advancedbiofuelsusa.info/category/invrastructure/infrastructure-terminals-transport/


Logistics:  Harvest, Storage, Transport

Storage of co-product, 
carbon dioxide (CO2), for 
carbon sequestration
Graphic from Rocky Mountain Coal Mining Institute

http://www.rmcmi.org/education/carbon-capture-storag
e#.X-zZi9hKhPY 
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http://www.rmcmi.org/education/carbon-capture-storage#.X-zZi9hKhPY
http://www.rmcmi.org/education/carbon-capture-storage#.X-zZi9hKhPY
http://www.rmcmi.org/education/carbon-capture-storage#.X-zZi9hKhPY
http://www.ethanolproducer.com/articles/17813/45q-the-drive-to-qualify


How are they made?
Feedstock
Logistics

Technology

65
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Processes

● Fermentation
● Transesterification
● Enzymatic Hydrolysis
● Enzymatic Catalysis
● Photosynthesis

Biochemical Thermochemical/Catalysis
•Gasification
•Plasma arc gasification
•Pyrolysis
•Thermochemical conversion of 
sugars

•Electrolysis
•Hydrothermal Liquefaction (HTL)

85



https://advancedbiofuelsusa.info/tag/fermentation/
https://advancedbiofuelsusa.info/tag/transesterification/
https://advancedbiofuelsusa.info/advanced-biofuels-usa-publishes-updated-whats-the-difference-between-biodiesel-and-renewable-green-diesel/
https://advancedbiofuelsusa.info/advanced-biofuels-usa-publishes-updated-whats-the-difference-between-biodiesel-and-renewable-green-diesel/
https://advancedbiofuelsusa.info/tag/enzymatic-hydrolysis/
https://advancedbiofuelsusa.info/tag/enzymatic-conversion/
https://advancedbiofuelsusa.info/tag/photosynthesis/
https://advancedbiofuelsusa.info/tag/gasification/
https://advancedbiofuelsusa.info/?s=plasma+arc+gasification
https://advancedbiofuelsusa.info/tag/pyrolysis/
https://advancedbiofuelsusa.info/tag/thermochemical-conversion/
https://advancedbiofuelsusa.info/tag/electrolysis/
https://en.wikipedia.org/wiki/Direct_current
https://en.wikipedia.org/wiki/Electrolyte
https://en.wikipedia.org/wiki/Electrode
https://en.wikipedia.org/wiki/Chemical_decomposition
https://advancedbiofuelsusa.info/tag/hydrothermal-liquefaction/


Making Plant Biomass 
Available for Biofuel Production 

Overcoming Biomass Recalcitrance

Discover enzymes that will “deconstruct” 
cell wall matrices

Examples:  Leaf Cutter Ants, Termites, 
Horse or Panda Feces.

Difficulty:  Lignin

87

https://www.glbrc.org/news/gina-lewin-explores-how-ants-break-down-cellulose?utm_source=Spring+Education+&+Outreach+Newsletter+2015&utm_campaign=Feb-2015-GLBRC-E-O-Newsletter&utm_medium=email
https://www.glbrc.org/news/gina-lewin-explores-how-ants-break-down-cellulose?utm_source=Spring+Education+&+Outreach+Newsletter+2015&utm_campaign=Feb-2015-GLBRC-E-O-Newsletter&utm_medium=email
https://www.glbrc.org/news/gina-lewin-explores-how-ants-break-down-cellulose?utm_source=Spring+Education+&+Outreach+Newsletter+2015&utm_campaign=Feb-2015-GLBRC-E-O-Newsletter&utm_medium=email
http://www.sciencedaily.com/releases/2013/04/130411194641.htm


https://advancedbiofuelsusa.info/?s=panda


Path To BioJetfuel

89

https://advancedbiofuelsusa.info/tag/astm/
https://advancedbiofuelsusa.info/tag/astm/
https://advancedbiofuelsusa.info/tag/astm-d4054/
https://advancedbiofuelsusa.info/tag/astm-d4054/
https://advancedbiofuelsusa.info/tag/astm-d7566-standard-specification-for-aviation-turbine-fuel-containing-synthesized-hydrocarbons/
https://advancedbiofuelsusa.info/tag/astm-d7566-standard-specification-for-aviation-turbine-fuel-containing-synthesized-hydrocarbons/
https://advancedbiofuelsusa.info/tag/astm-d7566-standard-specification-for-aviation-turbine-fuel-containing-synthesized-hydrocarbons/
https://advancedbiofuelsusa.info/tag/astm-d7566-standard-specification-for-aviation-turbine-fuel-containing-synthesized-hydrocarbons/
https://advancedbiofuelsusa.info/tag/astm-standards/
https://advancedbiofuelsusa.info/tag/astm-standards/




Process Path:  Biomass-to-Fuels and 
Products

69



Electrofuels (E-Fuels)

92



electrofuels   https://advancedbiofuelsusa.info/tag/electrofuels/ 
electrolysis

https://www.etipbioenergy.eu/value-chains/conversion-technologies/electrofuels
https://advancedbiofuelsusa.info/tag/electrofuels/
https://advancedbiofuelsusa.info/tag/electrofuels/
https://advancedbiofuelsusa.info/tag/electrolysis/
https://advancedbiofuelsusa.info/tag/electrolysis/


Recycling Carbon
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https://advancedbiofuelsusa.info/?s=Lanza
https://www.euractiv.com/section/energy/news/eu-warms-up-to-plastic-waste-recycling-as-transport-fuel/
https://www.euractiv.com/section/energy/news/eu-warms-up-to-plastic-waste-recycling-as-transport-fuel/


72

https://advancedbiofuelsusa.info/?s=Annellotech
https://advancedbiofuelsusa.info/?s=Anellotech
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https://www.youtube.com/watch?v=NWhZ77Qm5y4&ab_channel=FuseSchool-GlobalEducation
https://www.youtube.com/watch?v=NWhZ77Qm5y4&ab_channel=FuseSchool-GlobalEducation
https://advancedbiofuelsusa.info/tag/ammonia/
https://www.yara.com/news-and-media/news/archive/2020/green-hydrogen-catapult/
https://www.yara.com/news-and-media/news/archive/2020/green-hydrogen-catapult/


…

https://www.biofuelsdigest.com/bdigest/2020/12/15/yaras-green-ammonia-behemoth-the-500000-tonner-that-will-de-fossilize-agriculture/
https://www.biofuelsdigest.com/bdigest/2020/12/15/yaras-green-ammonia-behemoth-the-500000-tonner-that-will-de-fossilize-agriculture/


https://cen.acs.org/environment/green-chemistry/Industrial-ammonia-production-emits-CO2/97/i24
https://cen.acs.org/environment/green-chemistry/Industrial-ammonia-production-emits-CO2/97/i24
https://cen.acs.org/environment/green-chemistry/Industrial-ammonia-production-emits-CO2/97/i24
https://www.sciencemag.org/news/2018/07/ammonia-renewable-fuel-made-sun-air-and-water-could-power-globe-without-carbon
https://www.sciencemag.org/news/2018/07/ammonia-renewable-fuel-made-sun-air-and-water-could-power-globe-without-carbon


• Biologists
• Biologists specializing in genetic research
• Biologists specializing in plant cells
• Chemists
• Chemical engineers
• Mechanical Engineers
• Equipment operators, technicians
• Computer Software Engineers
• Refinery Equipment Manufacturers
• Welders
• Boilermakers

• Systems engineers
• Research assistants
• Lab technicians
• Industrial engineers
• Industrial architects
• Construction workers, 

Managers
• Truck drivers
• Plant operations managers
• Pipe Fitters
• Others?

74



75

What are they?
What are they used for?

Yesterday, Today, Tomorrow 
How are they made?

Why are they important?
Sustainability?

Policy Considerations?
Jobs/Careers Throughout

75



What We Have

76

Why replacing fossil fuel is important



What We Could Have

Why replacing fossil fuel is important
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Virtually no oil is used to 
produce electricity in the US. 

Windmills and solar 
can produce electricity 
but cannot  power jet airplanes.

Why replacing fossil fuel is important
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https://advancedbiofuelsusa.info/tag/aviation-biofuel/
https://www.eia.gov/tools/faqs/faq.php?id=427&t=6


Before oil runs out, 
it becomes more 
difficult and 
dangerous to 
extract. 

Why replacing fossil fuel is important

104

http://www.decodedscience.com/the-tar-sands-fueling-controversy/4981


http://www.google.com/imgres?hl=en&sa=X&biw=1280&bih=685&tbm=isch&prmd=imvns&tbnid=YeF5QzLiRLZv9M:&imgrefurl=http://earthobservatory.nasa.gov/Study/BorealThreshold/&docid=omIRY8y0hG362M&imgurl=http://earthobservatory.nasa.gov/Features/BorealThreshold/Images/boreal_forest_map.gif&w=428&h=370&ei=CkO0TrbAJM-CsgKimNnmAw&zoom=1&iact=hc&vpx=607&vpy=226&dur=11401&hovh=209&hovw=241&tx=103&ty=113&sig=117376384788423915804&page=1&tbnh=141&tbnw=163&start=0&ndsp=18&ved=1t:429,r:8,s:0
http://www.google.com/imgres?hl=en&sa=X&biw=1280&bih=685&tbm=isch&prmd=imvns&tbnid=YeF5QzLiRLZv9M:&imgrefurl=http://earthobservatory.nasa.gov/Study/BorealThreshold/&docid=omIRY8y0hG362M&imgurl=http://earthobservatory.nasa.gov/Features/BorealThreshold/Images/boreal_forest_map.gif&w=428&h=370&ei=CkO0TrbAJM-CsgKimNnmAw&zoom=1&iact=hc&vpx=607&vpy=226&dur=11401&hovh=209&hovw=241&tx=103&ty=113&sig=117376384788423915804&page=1&tbnh=141&tbnw=163&start=0&ndsp=18&ved=1t:429,r:8,s:0
http://www.google.com/imgres?hl=en&sa=X&biw=1280&bih=685&tbm=isch&prmd=imvns&tbnid=YeF5QzLiRLZv9M:&imgrefurl=http://earthobservatory.nasa.gov/Study/BorealThreshold/&docid=omIRY8y0hG362M&imgurl=http://earthobservatory.nasa.gov/Features/BorealThreshold/Images/boreal_forest_map.gif&w=428&h=370&ei=CkO0TrbAJM-CsgKimNnmAw&zoom=1&iact=hc&vpx=607&vpy=226&dur=11401&hovh=209&hovw=241&tx=103&ty=113&sig=117376384788423915804&page=1&tbnh=141&tbnw=163&start=0&ndsp=18&ved=1t:429,r:8,s:0
http://www.google.com/imgres?hl=en&sa=X&biw=1280&bih=685&tbm=isch&prmd=imvns&tbnid=YeF5QzLiRLZv9M:&imgrefurl=http://earthobservatory.nasa.gov/Study/BorealThreshold/&docid=omIRY8y0hG362M&imgurl=http://earthobservatory.nasa.gov/Features/BorealThreshold/Images/boreal_forest_map.gif&w=428&h=370&ei=CkO0TrbAJM-CsgKimNnmAw&zoom=1&iact=hc&vpx=607&vpy=226&dur=11401&hovh=209&hovw=241&tx=103&ty=113&sig=117376384788423915804&page=1&tbnh=141&tbnw=163&start=0&ndsp=18&ved=1t:429,r:8,s:0
http://www.google.com/imgres?hl=en&sa=X&biw=1280&bih=685&tbm=isch&prmd=imvns&tbnid=YeF5QzLiRLZv9M:&imgrefurl=http://earthobservatory.nasa.gov/Study/BorealThreshold/&docid=omIRY8y0hG362M&imgurl=http://earthobservatory.nasa.gov/Features/BorealThreshold/Images/boreal_forest_map.gif&w=428&h=370&ei=CkO0TrbAJM-CsgKimNnmAw&zoom=1&iact=hc&vpx=607&vpy=226&dur=11401&hovh=209&hovw=241&tx=103&ty=113&sig=117376384788423915804&page=1&tbnh=141&tbnw=163&start=0&ndsp=18&ved=1t:429,r:8,s:0
http://www.google.com/imgres?hl=en&sa=X&biw=1280&bih=685&tbm=isch&prmd=imvns&tbnid=YeF5QzLiRLZv9M:&imgrefurl=http://earthobservatory.nasa.gov/Study/BorealThreshold/&docid=omIRY8y0hG362M&imgurl=http://earthobservatory.nasa.gov/Features/BorealThreshold/Images/boreal_forest_map.gif&w=428&h=370&ei=CkO0TrbAJM-CsgKimNnmAw&zoom=1&iact=hc&vpx=607&vpy=226&dur=11401&hovh=209&hovw=241&tx=103&ty=113&sig=117376384788423915804&page=1&tbnh=141&tbnw=163&start=0&ndsp=18&ved=1t:429,r:8,s:0
http://www.google.com/imgres?hl=en&sa=X&biw=1280&bih=685&tbm=isch&prmd=imvns&tbnid=YeF5QzLiRLZv9M:&imgrefurl=http://earthobservatory.nasa.gov/Study/BorealThreshold/&docid=omIRY8y0hG362M&imgurl=http://earthobservatory.nasa.gov/Features/BorealThreshold/Images/boreal_forest_map.gif&w=428&h=370&ei=CkO0TrbAJM-CsgKimNnmAw&zoom=1&iact=hc&vpx=607&vpy=226&dur=11401&hovh=209&hovw=241&tx=103&ty=113&sig=117376384788423915804&page=1&tbnh=141&tbnw=163&start=0&ndsp=18&ved=1t:429,r:8,s:0
http://www.platts.com/RSSFeedDetailedNews/RSSFeed/Oil/8662080?WT.mc_id=&WT.tsrc=Eloqua
http://www.platts.com/RSSFeedDetailedNews/RSSFeed/Oil/8662080?WT.mc_id=&WT.tsrc=Eloqua




Before oil runs out, 
it becomes more 
difficult and 
dangerous to 
extract.
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Why replacing fossil fuel is important
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https://advancedbiofuelsusa.info/?s=%22oil+spill%22
https://advancedbiofuelsusa.info/whats-next-for-oil-spill-affected-areas-advanced-biofuels/
https://advancedbiofuelsusa.info/whats-next-for-oil-spill-affected-areas-advanced-biofuels/
https://advancedbiofuelsusa.info/whats-next-for-oil-spill-affected-areas-advanced-biofuels/
https://advancedbiofuelsusa.info/whats-next-for-oil-spill-affected-areas-advanced-biofuels/
https://advancedbiofuelsusa.info/bpoilspill/photos-british-petroleum-oil-spill-grand-isle-port-fourchon-and-fourchon-beach/


https://advancedbiofuelsusa.info/bpoilspill/photos-british-petroleum-oil-spill-grand-isle-port-fourchon-and-fourchon-beach/


Oil Disruption--Geo-Political --1973 Oil Embargo 
Spurred Development of Home-Grown Fuel

  

Why replacing fossil fuel is important

81

https://mpt.pbslearningmedia.org/resource/bln12.socst.ush.now.oilcrisis/the-oil-crisis-1979/#.W1TuTkjRU2w
https://mpt.pbslearningmedia.org/resource/bln12.socst.ush.now.oilcrisis/the-oil-crisis-1979/#.W1TuTkjRU2w


Why Replacing Fossil-Fuel Oil Is Important
Replaces MTBE as an octane enhancer.

110

110

http://www.cvwd.com/Documents-MTBE-Project.aspx
http://www.epa.gov/mtbe/
https://www.forbes.com/forbes/2004/1115/173.html?sh=2fe727906110
https://mcgroup.co.uk/researches/methyl-tertiary-butyl-ether-mtbe




Aemetis:   
http://www.biofuelsdigest.com/bdigest/2019/11/11/man-with-the-plan-millions-projected-for-new-projects-the-digests-2019-multi-slide-guide-to-aem
etis-multi-million-dairy-biogas-and-wood-waste-plants/12/

Why replacing fossil fuel is important
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http://www.biofuelsdigest.com/bdigest/2019/11/11/man-with-the-plan-millions-projected-for-new-projects-the-digests-2019-multi-slide-guide-to-aemetis-multi-million-dairy-biogas-and-wood-waste-plants/12/
http://www.biofuelsdigest.com/bdigest/2019/11/11/man-with-the-plan-millions-projected-for-new-projects-the-digests-2019-multi-slide-guide-to-aemetis-multi-million-dairy-biogas-and-wood-waste-plants/12/
http://www.biofuelsdigest.com/bdigest/2019/11/11/man-with-the-plan-millions-projected-for-new-projects-the-digests-2019-multi-slide-guide-to-aemetis-multi-million-dairy-biogas-and-wood-waste-plants/12/


Peak Oil

  

Why Replacing Fossil-Fuel Is Important
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https://www.forbes.com/sites/michaellynch/2018/06/29/what-ever-happened-to-peak-oil/?sh=3ab3e91b731a
https://www.forbes.com/sites/michaellynch/2018/06/29/what-ever-happened-to-peak-oil/?sh=3ab3e91b731a
https://www.bloomberg.com/graphics/2020-peak-oil-era-is-suddenly-upon-us/
https://www.investopedia.com/contributors/53661/
https://www.investopedia.com/terms/p/peak_oil.asp
https://www.investopedia.com/terms/h/hubbert-peak-theory.asp


https://www.investopedia.com/terms/p/proven-reserves.asp
https://www.investopedia.com/terms/h/hydraulic-fracturing.asp
https://www.investopedia.com/terms/e/exploration-production-company.asp


Carbon Cycle

Why replacing fossil fuel is important
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Solutions to Problems
• Reduce carbon footprints
• Erosion control
• Waste water treatment
• Remediation of contaminated soil
• Nutrient management
• Carbon sequestration
• Alternative to carcinogens / Air Quality
• Overflowing landfill relief/plastic recycling
• Burning agricultural waste in fields
• Grease (fatbergs) in sewers
• Contaminated black market used cooking oil

Why Replacing Fossil Fuel is Important

86

https://advancedbiofuelsusa.info/tag/solutions/
https://advancedbiofuelsusa.info/?s=fatberg
https://advancedbiofuelsusa.info/tag/rice-straw/
https://advancedbiofuelsusa.info/tag/wheat-straw/
https://www.deccanherald.com/state/top-karnataka-stories/iisc-researchers-turn-stubble-into-ethanol-932667.html
https://www.deccanherald.com/state/top-karnataka-stories/iisc-researchers-turn-stubble-into-ethanol-932667.html


Zero Emissions Vehicle…?
GHG 
Emissions

GHG 
Emissions

Nuclear

Coal Mining Natural Gas 
Fracking

Power 
Plant

Solar
Wind

Hydro

Rare Earth Metal 
Mining

Batteries
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34%

20% 36% 0.33%
2.9%

1.35%
Captured methane: 0.3%
Solid Waste:  0.5%
Wood/Biomass:  0.17%

2019
Frederick, Maryland
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https://www.firstenergycorp.com/content/dam/customer/billinserts/9412-MD-Environmental-Disclosure-0920.pdf
https://www.firstenergycorp.com/content/dam/customer/billinserts/9412-MD-Environmental-Disclosure-0920.pdf
https://www.pjm.com/-/media/markets-ops/ops-analysis/capacity-by-fuel-type-2020.ashx
https://www.pjm.com/-/media/markets-ops/ops-analysis/capacity-by-fuel-type-2020.ashx
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Principles of Sustainability 

  

Economic     Environmental     Social

90

http://en.wikipedia.org/wiki/Stewardship
http://en.wikipedia.org/wiki/Resources
http://en.wikipedia.org/wiki/Resources
http://en.wikipedia.org/wiki/Ecology
http://en.wikipedia.org/wiki/Biodiversity
http://en.wikipedia.org/wiki/Wetlands
http://en.wikipedia.org/wiki/Forests


Principles of Sustainability 
  

•

•

•

•
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Principles of Sustainability
•

•

•

•
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•

•

   Use of renewable energy 

• Climate Smart Agriculture
• o
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Principles of Sustainability
•
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Principles of Sustainability
•
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Principles of Sustainability
•
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Principles of Sustainability
•

128

https://video.ibm.com/recorded/128227770
https://advancedbiofuelsusa.info/gevo-announces-net-zero-project-concept/


…

™



http://www.fbngradable.com
http://www.aemetis.com/aemetis-carbon-zero-solar-energy-and-energy-efficiency-upgrades-supported-by-16-8-million-of-california-cec-and-utility-grants/
http://www.aemetis.com/aemetis-carbon-zero-solar-energy-and-energy-efficiency-upgrades-supported-by-16-8-million-of-california-cec-and-utility-grants/
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http://www.cc.com/video-clips/n5dnf3/the-daily-show-with-jon-stewart-an-energy-independent-future
http://www.cc.com/video-clips/n5dnf3/the-daily-show-with-jon-stewart-an-energy-independent-future
http://www.cc.com/video-clips/n5dnf3/the-daily-show-with-jon-stewart-an-energy-independent-future
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https://advancedbiofuelsusa.info/tag/renewable-fuel-standard-rfs-and-rfs2/


Graphic from Diesel 
Technology Forum

134

https://www.dieselforum.org/policyinsider/making-progress-on-climate-and-clean-air-in-a-new-administration
https://www.dieselforum.org/policyinsider/making-progress-on-climate-and-clean-air-in-a-new-administration
https://www.dieselforum.org/policyinsider/making-progress-on-climate-and-clean-air-in-a-new-administration
https://advancedbiofuelsusa.info/tag/lcfs-low-carbon-fuel-standard/
https://advancedbiofuelsusa.info/canada-unveils-its-new-clean-fuels-standard-carbon-price-and-2-25b-in-new-sector-investment/
https://advancedbiofuelsusa.info/canada-unveils-its-new-clean-fuels-standard-carbon-price-and-2-25b-in-new-sector-investment/
https://www.dieselforum.org/policyinsider/making-progress-on-climate-and-clean-air-in-a-new-administration


https://www.dieselforum.org/policyinsider/making-progress-on-climate-and-clean-air-in-a-new-administration
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https://ec.europa.eu/eurostat/web/products-eurostat-news/-/DDN-20200123-2
https://www.statista.com/aboutus/our-research-commitment
https://www.statista.com/statistics/613238/biofuels-consumption-transport-eu/
https://ec.europa.eu/clima/policies/strategies/2030_en
https://ec.europa.eu/jrc/en/jec/renewable-energy-recast-2030-red-ii
http://www.studiogearup.com/wp-content/uploads/2019/10/19_0927_sGU_UPEI_Renewable-Fuels-Paper_FFV.pdf
http://www.studiogearup.com/wp-content/uploads/2019/10/19_0927_sGU_UPEI_Renewable-Fuels-Paper_FFV.pdf


https://stillwaterassociates.com/corsia-101-a-beginners-guide/?cn-reloaded=1
https://ec.europa.eu/clima/policies/ets_en
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https://www.biofuelsdigest.com/bdigest/2021/01/06/the-digests-biofuels-mandates-around-the-world-2021/
https://www.biofuelsdigest.com/bdigest/2020/09/11/from-americas-to-eu-asia-africa-whos-got-what-the-digests-2020-multi-slide-guide-to-biofuel-mandates-around-the-world-2020/
https://www.biofuelsdigest.com/bdigest/2020/09/11/from-americas-to-eu-asia-africa-whos-got-what-the-digests-2020-multi-slide-guide-to-biofuel-mandates-around-the-world-2020/
https://www.biofuelsdigest.com/bdigest/2020/09/11/from-americas-to-eu-asia-africa-whos-got-what-the-digests-2020-multi-slide-guide-to-biofuel-mandates-around-the-world-2020/
https://www.msn.com/en-xl/news/other/e20-set-to-be-leading-fuel-by-july-2021/ar-BB1ciDcr
https://www.msn.com/en-xl/news/other/e20-set-to-be-leading-fuel-by-july-2021/ar-BB1ciDcr
http://bhartiyabiodiesel.com/


●
●
●
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• Public Relations
• Economic Development
• Marketing/Sales
• Elected Official
• Federal Agency Staff
• State Agency Staff
• Advocates

• Lawyers

• Office Administrative Staff

• Book Publishers

•
•
•
•
•
•
•
•
•
•
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Advocates for the adoption of advanced 
biofuels as an 

•energy security, 
•military flexibility, 
•economic development
•climate change mitigation
•pollution control 

solution. 

Advanced Biofuels USA

501(c)3 Nonprofit
Educational Organization

Founded April 2008

Website:
www.AdvancedBiofuelsUSA.org

Frederick, MD
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http://www.advancedbiofuelsusa.org/
http://drive.google.com/file/d/1wCkbLu2U5ch7FJj34RIGR-_UpP6RErns/view


Advanced Biofuels USA Home Page   
www.AdvancedBiofuelsUSA.org
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http://www.advancedbiofuelsusa.org


Enjoy our Other Educational Resources
Online library with nearly 40,000 indexed articles 
www.AdvancedBiofuelsUSA.org 

“Just a Minute about Renewable Fuels” series of 
short (3-4 minute) videos  
https://advancedbiofuelsusa.info/?s=%22Just+A+
Minute%22 

Newsletters 
https://advancedbiofuelsusa.info/news/newsletters
/ 
Monthly Policy-Oriented Newsletter
Monthly Conference/Webinar Calendar listing 
world-wide events about renewable fuels.
Monthly Educational Newsletter

● For Kids: Carbon Cycle Puzzle Page
● Just A Minute Educational Episodes
● “Disappearing” Carbon Tax for Non-Renewable 

Fuels
● What’s the Difference between Biodiesel and 

Renewable (Green) Diesel? 2020 revision
● How to De-Fossilize Your Fleet: Suggestions 

for Fleet Managers Working on Sustainability 
Programs

● New Engine Technologies Could Produce 
Similar Mileage for All Ethanol Fuel Mixtures

● Action Plan for a Sustainable Advanced Biofuel 
Economy

● The Interaction of the Clean Air Act, California’s 
CAA Waiver, Corporate Average Fuel Economy 
Standards, Renewable Fuel Standards and 
California’s Low Carbon Fuel Standard

● Latest Data on Fuel Mileage and GHG Benefits 
of E30
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http://www.advancedbiofuelsusa.org
https://advancedbiofuelsusa.info/?s=%22Just+A+Minute%22
https://advancedbiofuelsusa.info/?s=%22Just+A+Minute%22
https://advancedbiofuelsusa.info/news/newsletters/
https://advancedbiofuelsusa.info/news/newsletters/
https://advancedbiofuelsusa.info/wp-content/uploads/2017/01/carbon-cycle-handout-special-version-for-Ella.pdf
https://advancedbiofuelsusa.info/?s=%22Just+A+Minute%22
https://advancedbiofuelsusa.info/advanced-biofuels-usa-expands-disappearing-gas-tax-proposal-to-highlight-environmental-justice-issues/
https://advancedbiofuelsusa.info/advanced-biofuels-usa-expands-disappearing-gas-tax-proposal-to-highlight-environmental-justice-issues/
https://advancedbiofuelsusa.info/advanced-biofuels-usa-publishes-updated-whats-the-difference-between-biodiesel-and-renewable-green-diesel/
https://advancedbiofuelsusa.info/advanced-biofuels-usa-publishes-updated-whats-the-difference-between-biodiesel-and-renewable-green-diesel/
https://advancedbiofuelsusa.info/how-to-de-fossilize-your-fleet/
https://advancedbiofuelsusa.info/how-to-de-fossilize-your-fleet/
https://advancedbiofuelsusa.info/how-to-de-fossilize-your-fleet/
https://advancedbiofuelsusa.info/wp-content/uploads/2012/08/New-Ethanol-Engine-Tech-Revised-Aug-2012-Formatted.pdf
https://advancedbiofuelsusa.info/wp-content/uploads/2012/08/New-Ethanol-Engine-Tech-Revised-Aug-2012-Formatted.pdf
https://advancedbiofuelsusa.info/action-plan-for-a-sustainable-advanced-biofuel-economy
https://advancedbiofuelsusa.info/action-plan-for-a-sustainable-advanced-biofuel-economy
https://advancedbiofuelsusa.info/the-interaction-of-the-clean-air-act-californias-caa-waiver-corporate-average-fuel-economy-standards-renewable-fuel-standards-and-californias-low-carbon-fuel-standard/
https://advancedbiofuelsusa.info/the-interaction-of-the-clean-air-act-californias-caa-waiver-corporate-average-fuel-economy-standards-renewable-fuel-standards-and-californias-low-carbon-fuel-standard/
https://advancedbiofuelsusa.info/the-interaction-of-the-clean-air-act-californias-caa-waiver-corporate-average-fuel-economy-standards-renewable-fuel-standards-and-californias-low-carbon-fuel-standard/
https://advancedbiofuelsusa.info/the-interaction-of-the-clean-air-act-californias-caa-waiver-corporate-average-fuel-economy-standards-renewable-fuel-standards-and-californias-low-carbon-fuel-standard/
https://advancedbiofuelsusa.info/latest-data-on-fuel-mileage-and-ghg-benefits-of-e30
https://advancedbiofuelsusa.info/latest-data-on-fuel-mileage-and-ghg-benefits-of-e30


Joanne Ivancic, Executive Director
301-644-1395

info@AdvancedBiofuelsUSA.org

Advanced Biofuels USA

501(c)3 Nonprofit
Educational Organization

Founded April 2008

Website:
www.AdvancedBiofuelsUSA.org

Frederick, MD

Advanced Biofuels
for a

Truly Sustainable
Renewable

Future
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http://www.advancedbiofuelsusa.org/
http://drive.google.com/file/d/1wCkbLu2U5ch7FJj34RIGR-_UpP6RErns/view

