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Gasoline

(cars & trucks) The Challengdransportation Fuels

Energy Independence and
Security Act of 2007

19.5 MM A Raised CAFE fuel efficiency standards for
barrels/d ay cars to 35 mpg by 2020*

A Minimum standard of 27.5 mpg for domestic
passenger vehicles

A Set new efficiency standards for electric
household devices (appliances, battery
chargers, freezers, motors, light bulbs, etc.)

A Established a new renewable fuel
standard:
i 9 billion gallons/yr in 2008
i 36 billion gallons/yr by 2022, of which 21
71% for billion gallons

_ must be cellulosic
25 bgy Transportation i Biofuels must deliver a 20% lifecycle
greenhouse gas reduction

‘ ‘ Annual Transportation Fuels Use (2008)

Aviation (jet fuel)




Biomass to biofuela complex supply ch

A Technology Development and

Biomass-to-Biofuels Supply Chain Source

EERE Office of Biomass Program 2007 Multi-Year Program Plan Deployment
i Engineering
Feedstock ___ = Feedstock Biofuel Biofuels Biofuels i Economics
Supply Logistics Production Distribution | Utilization i Risk Management

A Other Considerations
i Sustainability
i Water
i Greenhouse Gas Emissions
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Biofuels Technology Pathways

Feedstock Intermediate Product

.
Fermentation
Biochemical Conversion i0-
[ versi Qugars Chialvs Bio-products
9 Agricultural
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9 Forest Resources .
e Fermentation
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Waste —J
Advanced Biofue
ASO >
Bio-oil Jiesel
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Algae
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Source: Bioenergy Technologies Office Replacing the Whole Barrell, DOH B=0920 w\ifé 2013



Biochemical Conversion
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9 Warm or Hot Boiler Heat &
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Thermochemical ConveFSGHBificatio
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Indirect Biomass Gasification in a 50 kg/hr
bubbling fluid bed gasifier

Catalytic Syngas Conversion to Fuels and
Chemicals
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Chemical Looping
Fe;0,+ CO Y 3Feg c’
3FeO+H,0O Y .B,erH,
Hydrogen
Methanation
CO+3H,Y CMHH,0
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Syngas Utilization

Clean Syngas
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C.O Building Blocks
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Transportation Fuels

2nH, + nCO Y @,,.,OH + (n-1)H,0
Ethanol and Gasoline Additive

Mixed Alcohol Synthesis

Methanol Synthesis
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Biomass Baseline EeelelChar
(White Oak) | Bio-Qil
Proximate Analysis (wt %)
o otile 77.80 89.13 25.50
Gas (15%) ~500°C I Fuels & Chemicals Matter
. 1atm Pyrolysis _
Biomass Vapors | Fixed
80% volatil 70% 1 _ 18.06 10.92 68.02
10_;’;) " Filxiséj c ‘ Hot Gas Filtration ‘ : Petroleum Refinery Carbon
: Petrochemical Plant
0.1-20% Ash Biomass ' Biorefinery Ash 0.38 0.05 4.22
Pyrolysis ~25°C 1
C 50% A evire Quench 1 HHV
H 5% 450-550°C ! 7940 7082 11962
f\l) :1(1)2;0 A i l : (BTU/Ib)
> < 0.5 sec 1 . .
S <0.5% — |Liquic-phese | Liquid Bio-ol Ultimate Analysis (wt%)
Cellulose 40% p | Upgrading : Intermediate C 47.95 41.17 75.37
Hemicellulose 35% ! Low TAN
Lignin 25% 1 LouTAN H 6.06 7.48 3.25
Char (15%) R stable o) 45.50 51.19 16.88
H,ROH, f=====—-
H,0, O,,0ther? N 0.10 0.09 0.26
S 0.01 0.01 O.ﬁ]gIl
Ash 0.38 0.05 o7k



Catalytic FaByrolysis Technology Opti

Faw
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A Cost target: $3.00 gal! by 2022

A Largest cost contributors: feedstock and capital

A Technology is much less developed than pyrolysis/hydrotreating

A Diesel and Jet fuels are more desirable. WRTI1
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Catalytic Biomass Pyrolysis-&taschnology

Current State-of-the-Art

B oo, H,  H,0 CO, Primary Technical Objectives
A v A v A i Maximize biofuel output
Biomass Flash Mild . Biofuel 1 Minimize external H, consumption
— . . == Hydroprocessing > 2
(Cin) Pyrolysis Hydrotreating (Cow) Reduce process Complexity
\ ‘l‘ ‘1‘ i Maximize heat integration
Char Coke Coke
(Cy) (Cy) (Cl)
Technical Barriers to Overcome
RTI lati | Technol b I
e 0 P===p=====j i Utilize H, produced in-situ
Gasi CO, COC,H @ M i Reduce oxygen content of biocrude
. y H, H,0, CO, ._ _ N
Co) 1 7 A i Improve bio-crude thermal stability to
A : maximize energy recovery
Bi Catal . Biofuel S .
"(’2]333 —(—>--;y=“§5£'f; —>| Hydroprocessing > (L‘;’;‘j i Minimize coke formation
\L ‘l‘ A Cg<C,
Char + Coke Coke A C, << C,+C4 PRTI
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Catalytic Upgradin@micrudéntermediates to Hydrocarbo

Advanced

Upgrading Biofuels
Technology

Feedstocks Conversion
Technology

Woody biomass

Switchgrass Catalytic Biomass

Corn Stover Pyrolysis

Diesel (F-76)
Hydroprocessing Jet Fuel (JP-5,
JP-8)

A Integrate novel catalytic biomass pyrolysis step with
hydroprocessing step

Optimize the catalytic biomass pyrolysis process to achieve
high degree of deoxygenation, while maximizing the bio-
crude vyield

Improve bio-crude thermal stability

Evaluate the impact of bio-crude quality in the
hydroprocessing step

Minimize hydrogen demand of the integrated process and
maximize biofuels yields

Leveraging $4.0 M DOE/EERE funding to

develop, design and operate small integrated pilot system
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Algal Biofuels
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