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BETO’s Perspective on Renewable Fuels 

• Opportunity for significant new markets for biomass

• Biomass can fully supply future aviation/ maritime/rail (requires 75% of 
all feedstocks)

• Biggest market pull is in sustainable aviation fuels (SAF)

• DOE has three large-scale SAF demo projects (Fulcrum, Red Rocks, 
LanzaTech)

• Provides market for current ethanol (~17B gal, ~40% of corn production)

• Supports decarbonization of chemicals via bioproducts, and 
decarbonization of agriculture through healthy forests and sustainable 
agriculture

• CO2-to-fuels remains to be explored
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Biofuels Conversion Technologies

• DOE is focusing on advancing renewable gasoline, diesel, and jet fuels 
technologies, in addition to bioproducts and biopower.

• Technical, construction, operational and financial/market risks need to be 
addressed.

Key Challenges

Biomass Pretreatment Conversion Product

• Reliable supply 
• Consistent quality 
• Affordable delivery 

• Biomass feeding, sizing 
and moisture 

• Solids handling 
• Material of construction

• Products Yields 
• Material of construction 
• Catalysts 
• Fermentation organisms

• Separations
• Catalytic upgrading 
• Recycle loops
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Growing Markets for Biomass 

0

50

100

150

200

250

Current (2019) Future (2050)

TR
A

N
SP

O
R

TA
TI

O
N

 L
IQ

U
ID

 F
U

EL
S 

   
 

C
O

N
SU

M
P

TI
O

N
 [

B
 G

A
L]

0

50

100

150

200

250

Potential Supply  (2030+)

Algae
MSW & Wet Wastes

Energy Crops
Forestry

Agricultural
Vegetable Oil
Starch (EtOH)

1 Billion ton of  

biomass, ~62 B 

GGE of  biofuels*

G
as

o
lin

e
D

ie
se

l
Je

t

AEO BAU Scenario

~70% of total 2019 petroleum use

Light-Duty

Vehicles

Trucks

Rail
Air

Marine0

50

100

150

200

250

Current (2019) Future (2050)

TR
A

N
SP

O
R

TA
TI

O
N

 L
IQ

U
ID

 F
U

EL
S 

   
 

C
O

N
SU

M
P

TI
O

N
 [

B
 G

A
L]

0

50

100

150

200

250

Potential Supply  (2030+)

Algae
MSW & Wet Wastes

Energy Crops
Forestry

Agricultural
Vegetable Oil
Starch (EtOH)

1 Billion ton of  

biomass, ~62 B 

GGE of  biofuels*

G
as

o
lin

e
D

ie
se

l
Je

t

AEO BAU Scenario

0

50

100

150

200

250

Current (2019) Future (2050)

TR
A

N
SP

O
R

TA
TI

O
N

 L
IQ

U
ID

 F
U

EL
S 

   
 

C
O

N
SU

M
P

TI
O

N
 [

B
 G

A
L]

0

50

100

150

200

250

Potential Supply  (2030+)

Algae
MSW & Wet Wastes

Energy Crops
Forestry

Agricultural
Vegetable Oil
Starch (EtOH)

1 Billion ton of  

biomass, ~62 B 

GGE of  biofuels*

G
as

o
lin

e
D

ie
se

l
Je

t

AEO BAU Scenario

Tr
an

sp
o

rt
at

io
n

 L
iq

u
id

 F
u

el
s 

C
o

n
su

m
p

ti
o

n
 [

B
 G

al
]

* Gal = gallons | MSW = municipal solid waste | GGE = 

gasoline gallon equivalent | AEO BAU = Annual energy 

outlook, business as usual
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Fuels Market and Demand for Jet Fuels

2020 2050

Gasoline 126 127

Diesel 57 61

Liquefied Petroleum Gas[1] 46 74

Other[2] 27 31

Jet Fuel 17 34

Residual fuel oil 3 4

Total 276 331

US Liquid Fuels and Products Market Size (billion gallons/year) 

1. Includes ethane, natural gasoline, and refinery olefins. 

2. Includes kerosene, petrochemical feedstocks, lubricants, waxes, asphalt, and others commodities. 

Source: Energy Information Administration, “Annual Energy Outlook 2021”, Reference Case. 
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LanzaTech – Path to System Development

• “A Hybrid Catalytic Route to Fuels from Biomass Syngas” R&D project selected in 2011 
to develop ATJ pathway

– PNNL Partnership for catalyst development

– Formed basis for BETO FY17 GPRA Milestone completion

– Flexible process can make 1,3-Butadiene (BD) or Methyl Ethyl Ketone (MEK) co-
products

• Selected in 2016 for planning and design of a demonstration-scale facility under PD2B3 
FOA

– Strategy to leverage developments from prior R&D projects as well as existing 
capital investments in Soperton GA

• In April 2018, ASTM D7566-18 approved blend increase from 30% to 50% of ATJ based 
on LanzaTech data

– Gas fermentation to ethanol process can utilize any carbon source such as 
biomass-derived syngas or flue gas emissions

• October 2018: Virgin Atlantic flew a Boeing 747 from Orlando to London Gatwick, on a 
blend of LanzaTech’s alcohol-to-jet fuel

– Richard Branson video (https://youtu.be/Wl2lStkm4mA)

https://youtu.be/Wl2lStkm4mA
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Defense Production Act (DPA) Initiative 

Interagency initiative to produce more than 100 million g/yr of advanced biofuels

In FY18, 2 projects were selected under the 
DPA Initiative to proceed to phase II to build 
commercial biorefineries to produce:  

Company Location Feedstock Capacity Groundbreaking Off-Take 
Agreements

Lakeview, 
OR

Woody 
Biomass

12.0 MM g/yr July 2018

McCarran, 
NV

MSW 10.0 MM g/yr March 2018

• Drop-in fuels for military applications 

• Domestic fuels from non-food biomass feedstocks 

• Cost-competitive biofuels (w/o subsidies)

• Design, permitting, and site selection have been 
completed.  Projects are in construction phase.
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FY21 BETO Scale-up and Conversion FOA

• DE-FOA-002396 Funding Opportunity Announcement Now Active

• Support high-impact RD&D to enable grown and innovation to accelerate 
low-carbon biofuels and associated co-products.

• Focus on developing and demonstrating low-carbon biofuels for aviation, 
marine and heavy-duty markets at $2.50/GGE by 2030.  Must deliver at 
least 70% GHG reduction.

• Concept papers due April 30, 2021.  Full proposals due June 21, 2021.

• Scales / Subtopics

– Pre-pilot Technologies

– Pilot scale (20,000 gal/year)

– Demonstration scale (1,000,000 gal/year)

• https://eere-exchange.energy.gov/Default.aspx#FoaId5295fbd3-50f4-4dfb-
8c70-3f6911c5da10

https://eere-exchange.energy.gov/Default.aspx#FoaId5295fbd3-50f4-4dfb-8c70-3f6911c5da10
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Techno-Economic Analysis

• Modeling is rigorous and detailed with transparent assumptions.
• Baseline assumes nth-plant equipment costs.
• Perform pioneer plant evaluations to understand the near-term cost of jet

fuel production pathways.
• Quantify the underlying uncertainties through sensitivity analysis.
• Prioritize TEAs based on programmatic requests and data availability.
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DOE BETO Biofuels TEA Database

MOTIVATION: Support transparency of and ease of access to DOE 
BETO supported public techno-economic analysis data. 

GOAL: Develop and publicly release a biofuels cost data base that 
summarizes key inputs utilized in conversion TEAs.

APPROACH: 
• Currently contains over 40 DOE BETO funded conversion TEA studies, 

including design reports and publications. 

• Reviewed by lead analysts to ensure consistency as well as modify 
format per suggestions (NREL/PNNL). 

• Available for download on the Biomass KDF:
https://bioenergykdf.net/content/beto-biofuels-tea-database

• Will be updated yearly with new BETO funded TEAs.

https://bioenergykdf.net/content/beto-biofuels-tea-database
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Appendix
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BETO SAF Pilot and Demonstration Projects 

Company Project Title Feedstock Scale

Gran Bio Advanced Biofuels and Bioproducts with AVAP Ethanol Demonstration

ARA
Drop-In Renewable Jet Fuel from Brown Grease 
via the Biofuels ISOCONVERSION Process

Brown grease /lipids
Pilot

Earth Energy 
Renewables

Scale-up and Qualification of Net-Zero 
Sustainable Aviation Fuels from Wet Waste

Fatty acids from 
anaerobic digestion

Pilot

GTI
Cool GTL® for the Production of Jet Fuel from 
Biogas

Wood
Pilot
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BETO SAF Pre-Pilot Projects 

Company Project Title Feedstock Scale

Washington 
State

Hybrid HEFA-HDCJ Process for the Production of 
Jet Fuel Blendstocks

Wood
wet waste

Pre-Pilot

Technology 
Holdings LLC

Novel Method for Biomass Conversion to 
Renewable Jet Fuel Blend Biomass Pre-Pilot

GA Tech Conversion fo 2,3 Butanediol to Bioject Fuel Biomass Pre-Pilot

University of 
North Dakota

Scale-up of the Primary Conversion Reactor to 
Generate a Lignin-Derived Cyclohexane Jet Fuel

Corn stover to 
lignin

Pre-Pilot

Vertimass
Production of Renewable Cycloalkanes for 
Ethanol for Blending with Jet Fuel Ethanol (40 wt%)Pre-Pilot

UC Boulder Cellulosic-Derived Advantage Jet Fuel Corn stover Pre-Pilot

Purdue 
University

Higher energy-content jet blending components 
derived from ethanol

Ethanol Pre-Pilot
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BETO SAF R&D Projects 

Company Project Title Feedstock Scale

NC State
Catalytic Upgrading of Carbohydrates in Waste 
Streams to Hydrocarbons

Paper mill sludgeR&D

University of 
Tennessee

Condensed Phase Catalysis Technology for Fuels 
and Carbon Products

Switchgrass, 
poplar, yellow 
pine

R&D

Visolis
Integrated Biorefinery for Chemicals and Fuels 
Production from Waste Biomass

Anerobic 
Digestion

R&D


