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Advanced Biofuels USA: promoting the understanding, development and use of advanced biofuels around the world.

Advanced Biofuels USA, a nonprofit educational organization, advocates for the adoption of advanced biofuels as an
energy security, economic development, military flexibility and climate change mitigation/pollution control solution.
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WEBINAR: Technology for Fulfilling
GAIN EXPERIENCE the Promise of Advanced

Bioethanol --- October 15, 2020

"Volunteer with Advanced Biofuels USA for a truly
renewable, sustainable future"
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A PLUG-IN FLEX FUEL HYBRID FOR THE NATION

by TimathyJ Rudnickic(MinnesotaiBio=Ftgls. Association) What would it take to cut petroleum use by at least 85
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Developments in EU Member States
and the Role of REDII —- October 5,
2020 - ONLINE
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Advanced Biofuels USA: promoting the understanding, development and use of advanced biofuels around the world. _
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Advanced Biofuels USA, a nonprofit educational organization, advocates for the adoption of advanced biofuels as an
energy security, economic development, military flexibility and climate change mitigation/pollution control solution.
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Methanol Blend on Cards, India May Trim Oil Import Bill by Rs 5k Crore

by Yogima Seth Sharma and Nishtha Saluja (Economic Times) Gadkari writes to petroleum minister to ensure
availability of methanol-blended fuel, which will help cut the consumer’s fuel expenses by 10%. — The government is
looking at introducing methanol-blended fuel pan India — a move that can potentially reduce one’s fuel

December 24, 2019 * Read Full Article

Contribution of Advanced Renewable Transport Fuels to the Decarbonisation
of Transport in 2030 and beyond

(Netzwerk Biotreibstoffe) The workshop presented the findings of a project that was set up jointly by two Technology
Collaboration Programmes of the International Energy Agency, namely the IEA Bioenergy TCP and the Advanced Motor
Fuels TCP (AMF Annex 58). The project focuses on country-specific analysis of Germany, Finland, Sweden, USA,

December 20, 2019 8 Read Full Article

When Negative Is Good — Carbon Negative: The Digest’s 2019 Multi-Slide
Guide to Gevo's Biojet Fuel

by Jim Lane (Biofuels Digest) Noone wants to be negative...unless they are talking about carbon negative of course.
The aviation industry has been all abuzz about lowering their carbon footprints for years, then carbon neutral, now
carbon negative. According to Gevo's Timothy Cesarek, EVP & Chief Commercial Officer, the carbon footprint

December 14, 2019  *y Read Full Article

Hinduja Group Chairman Meets Capt Amarinder, Offers Transport & Tech
Solutions to Address Stubble Burning

(Directorate of Information and Public Relations, Punjab, India) The Hinduja Group on Wednesday offered to help
Punjab in addressing the stubble burning problem by lifting all the paddy straw from the fields for use in ethanol
plants. The offer came during a meeting between Chairman of Hinduja Group, Prakash Hinduja, with

December 12, 2019 *8 Read Full Article

Copyright 2020 Advanced Biofuels USA

L. European Union

(EV)

L Fij

L Finland

i France

L. Gabon

L. Georgia

L Germany
& Ghana

i Greece

. Guatemala
. Guinea

i Guyana

L Haiti

i Honduras
i Hong Kong

v

ARG

i |celand

L India

» Indonesia
L Iran

i |ran

i Ireland

L |srael

L Italy

i |vory Coast
i Jamaica

L Japan

i Jordan

i Kazakhstan
i Kenya

L. Korea

L Kuwait

i Laos



I N D IA = BACK TO HOMEPAGE

Spurious Biodiesel Racket across Gujarat Unearthed

(Times of India) Gujarat Pollution Control Board (GPCB) and state goods and state goods and services tax (SGST)
department, on Wednesday conducted joint raids at manufacturing units that make duplicate biodiesel. ... 60 units
were raided. READ MORE lllegal biodiesel sale spurs GST into action (Ahmedabad Mirror) Excerpt from

October 2, 2020 * Read Full Article

Green Fuels to Receive €86,000 Grant in Support of COVID-19-Related Work

(Biofuels International) ... Green Fuels was chosen ... for the meaningful work. .. with the waste management sector in
Mumbai, India, to develop safe, reliable collection systems for food waste, suitable for use in developing countries
COVID-19 lockdown. Green Fuels CEQ James Hygate said: “This project is important because existing

October 1, 2020 “* Read Full Article

BIO Recognises Dr Pramod Chaudhari by George Washington Carver Award
2020

(Agro Spectrum) Dr Chaudhari becomes the first Indian chosen for the honor for his contribution towards building a
bio-based economy. — Washington D.C.- based Biotechnology Innovation Organization (BIO) announced that Dr.
Pramod Chaudhari, founder and executive chairman, Praj Industries, is selected for the prestigious 2020 George
Washington Carver Award for Innovation

September 28, 2020 *» Read Full Article

Identified Tourism Sites Can Be Turned into Green Zones with Use of Only
Rinfuale: Datralannm_ Minictaor

Copyright 2020 Advanced Biofuels USA



Identified Tourism Sites Can Be Turned into Green Zones with Use of Only
Biofuels: Petroleum Minister

(Economic Times) Speaking at a virtual event organised by the tourism ministry on the occasion of ‘World Tourism
Day 2020', Pradhan, Minister of petroleum and natural gas, and steel, said the project’s aim will be to turn such sites of
tourist importance into completely green energy driven areas. Union cabinet

September 28, 2020 * Read Full Article

Making Biodiesel with Green Solvents

by David Bradley (Inderscience/Phys.Org) Green solvents for making biodiesel would reduce the environmental
impact of such fuels still further. Writing in the World Review of Science, Technology and Sustainable Development, a
team from India discussed the potential of icnic liquids in this field. ... There is, however, a need for volatile

September 23, 2020 * Read Full Article

R&D Advances Abound LanzaTech’s India Contract, NovoNutrients’ Food &
Feed from CO2, Industrial Microbes' New Methane Related Patent

by Helena Tavares Kennedy (Biofuels Digest) LanzaTech's 2G Ethanol India contract, NovoNutrients’ food & feed from
C02, Industrial Microbes’ new methane related patent — In just the last 24 hours or so there has been a flurry of R&D
news. LanzaTech was awarded a contract to commence basic engineering for

September 17, 2020 * Read Full Article

Advanced Biofuel Facility Gets Green Light in India

(Lanza Tech) Distributed Approach Enables Local Production of Ethanol from Agricultural Residues — Mangalore
Refinery and Petrochemicals Limited (MRPL), a leading Indian Refining company based in Mangalore, is planning to
install a second generation (2G) ethanol facility in the State of Karnataka, India. MRPL has awarded LanzaTech the

Copyright 2020 Advanced Biofuels USA



Before we start:

What do you think of when you
hear
“biloenergy”?

Does it include energy for transportation?

=
E
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What do you think of when you hear
“biofuel”?

e Corn-based Ethanol?

* Biodiesel from used cooking oil,
canola/rapeseed?

e Ethanol from sugar cane, cassava, sugar
beets?

* Renewable jet fuel?

|
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http://drive.google.com/file/d/14r-XDdRsMvWzYs6lin_gjO99YSa-Y49A/view

What Are Advanced Biofuels?

What are they?
What are they used for?
How are they made?

Why are they important?
Jobs/Careers throughout
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What Are Advanced Biofuels?

What are they?
What are they used for?
How are they made?
Why are they important?

ADVANCED

Copyright 2020 Advanced Biofuels

USA 11



What Are Advanced Biofuels?

Ethanol is a biofuel, not the only biofuel.

Biodiesel
Renewable Diesel o
Sustainable Aviation Fuel (SAF)
Bio-isobutanol
Renewable Natural Gas
rDME

Drop-in hydrocarbons |  Die:
Marine/Maritime Fuel -— e

=
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“First Generation” Biofuel s 'Y

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

Copyright 2020 Advanced Biofuels USA



What Are Advanced Biofuels?

What are they?
What are they used for?
How are they made?
Why are they important?

o

ADVANCED Copyright 2020 Advanced Biofuels
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What Are Advanced Biofuels Used For’?
Today T

.!?-lgn.f.-

 Fueling Cars and Trucks
+ Replace MTBE y

UNLEADE

* Octane
+ Ultra Low Sulfur |
» Fueling Aircraft - LTRA-LOW SULFUR

GHWAY DIESEL FUEL

ppm Sulfur Maximum)

Tl

ADVANCED Copyright 2020 Advanced Biofuels 15
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What Are Advanced Biofuels Used For?
Today

Ethanol Cook Stoves
Project Gaia:

Nigeria

Ethiopia

Haiti

Brazil | g s P
Tanzania Copyright 2020 Advanced Biofuels USA




What Are Advanced Biofuels Used For’?
Today

- Military Aviation
Fuels

+ Military Marine ___
Fuels

o
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What Are Advanced Biofuels Used For?
Today

» Green Racing: E85 in Indy Cars

=/

» Green Racing: Le Mans series
used to use E85; now E20

=
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What Are Advanced Biofuels Used For?
Today

40.0
35.0
30.0
25.0
20.0
15.0
10.0

5.0
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Cumulative C02 Reductions (million tons)
SOURCE: Califorina Energy Commission, Low Carbon Fuel Standard Dashboard

2011 2012 2013 2014 2015 2016 2017
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Ethanol

M Electricity

m Fossil Natural Gas

M Biomethane
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What Will Fuel Ethanol Be Used For?

Tomorrow Fuels for high performance vehicles

Using Higher Octane of Alcohols to
Increase Mileage

o Mint taone 57
High Octane = High Compression

* High Compression = Higher Thermal

| Hydrogen or Ethanol
for Fuel Cells

Fuel tank
SOFC system 100% Ethanol
(Fuel cell system) - . Or Ethanol-blend:
'\water
e
Reformer
GD_[ sy Ji| SoFc | [Fome]| |
—
)

 Z
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What Will Advanced Biofuels Be Used For’
Tomorrow oo

» Optimized Flex-Fuel Vehicles
. E85
. E30

Ford Escape Hybrid E85

* Drop-In Petroleum Fuel Replacements
- The Rest of the Gallon

=
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What Will Advanced Biofuels Be Used For’ |
Tomorrow ”

] uelm I&?upply

- Missions to the International
Space Statlon

TALOS RIM-8E - RIM-8J
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What Are Advanced Biofuels?

How are they made?
Feedstock
Logistics

Technology

ADVANCED Copyright 2020 Advanced Biofuels
USA 24



Agriculture

and

Forestry

The Foundations
of the Bioeconomy

along with Waste Management
for the Circular Economy

ADVANCED Copyright 2020 Advanced Biofuels US A



Some Feedstocks:

* Sugars, Starches

* Oil seed crops

* Grasses

* Trees and Forest Waste
* Agricultural Residues

* Algae

* Food/Animal Processing Residues
* Energy Crops
* Thin Air

V=3 ¢

¥
ADVANCED Copyright 2020 AdvaR
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http://drive.google.com/file/d/19S9TSXzOOzecd30JMB1BYLVGu3PGGLcz/view

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

Forage Sorghum

ing B e o
% Copyright 2020 Advanced Biofuels USA
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http://drive.google.com/file/d/1AB-gzCEb2_amHRZgkkv8wW1eQB1s03dz/view
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Examples of potential crops/plants which can be used
for production of biofugls

Sunflower or
Jerusalem Artichoke

Copyright 2020 Advanced Biofuels USA
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http://drive.google.com/file/d/1N89MgSpE-F619bYurFMIE4I5gehzO7cy/view

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

Canola/Rapeseed
Carinata
Camelina

4_—
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http://drive.google.com/file/d/1n6wberGD1RFwzATNSGaOWcwwPDGTdco-/view

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

Grasses
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ragmites
Arundo or Giant Reed

Miscanthus
And many others

)
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http://drive.google.com/file/d/1qcPIZ15WihfPOvWaKeTAt2ckEW7SlJ5J/view

Examples of potential crops/plants which can

be used for productionof biofuels
,' I/ 1
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Switchgrass

% Copyright 2020 Advanced Biofuels USA
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http://drive.google.com/file/d/1oEgBo7eJd3mv3X0Hwr_xgyVc-Wr5BNBu/view

Examples of potential crops/plants which can be

used for production of biofuels

A

)’ ¥ u

MY

AGRICULTURAL RESIDUES

Corn Stover, Corn Cobs

ADVANCED Copyright 2020 Advanced Biofuels USA
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http://drive.google.com/file/d/102yJpzjPw7xoHadEJZnnSs9do2uYBs_0/view

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

ADVANCED Copyright 2020 Advanced Biofuels USA


http://drive.google.com/file/d/1pQ0y9uxaOv2-r3RK1zC1DgC0bXFT7lPx/view

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

Sugar Beet/Sugar Beet
Pulp

Energy Beets

=
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http://drive.google.com/file/d/1ScsG1ngdW7TcYvSbLlT7KzvyoCSnREI3/view

Cassava

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

ADVANCED Copyright 2020 Advanced Biofuels USA
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http://drive.google.com/file/d/159gVXGDtJ7djaHk79QlpXtBv5hrG5Ez_/view

Jatropha
Moringa
Pongamia
Castor Bean

Jojoba

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



http://drive.google.com/file/d/1Y_UfSI785Moh0MqPz3VkaanV8dnrWPWw/view

ADVANCED

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

Cashew Apple

Sisal Bole

37
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http://drive.google.com/file/d/1BSfAMSsfXhKGqfqTomaKnoKZoc3D7W4e/view

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

Hemp and Cannabis Residues

Kenaf

{3
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http://drive.google.com/file/d/1Q2U-UgB3glFjDa5K-cF88MFWD8m5jwqL/view

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

Rice Hulls, Husk

Rice or Wheat Straw

Cotton Seed and Hulls
Nut Shells

=
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http://drive.google.com/file/d/1UEdRcwyOdfgpdEnW74vFCfKGampnPpbH/view

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

> - T ——

S BTG e # T g

Woody Biomass

Forest Waste and
Residues

L 1 3
' ot ) I s
er) () Copyright 2020 Advanced Biofuels USA )
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http://drive.google.com/file/d/1CFE_FqxXosaSzRKqcTrLwPQRaHpdWxYF/view

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

Short Rotation Coppice Willow
Poplar

Willows growes very quickly in favourable conditions

Spring Autumn Spring Autumn Spring Autumn Spring Autumn
Year 1 Year 2 fear 3 Yeard

ADVANCED Copyright 2020 Advanced Biofuels USA 41 "D


http://drive.google.com/file/d/1ETdnfc_iKvUAkt4duw6EPne9ffHA0Dm2/view

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

Duckweed/Lemna

Copyright 2020 Advanced Biofuels USA
ADVANCED
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http://drive.google.com/file/d/1l4T4DZp-OQhLN4ZTDr1LCThQXZUL8mJu/view

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

Sorted Municipal Solid
Waste or Food Waste

Brewers and Distillers Waste

Flue Gas

e > e 3 :
o~ 2 1 :
.“. ¢ .. v’ a7 e/ %
e
= ( - ¢4
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http://drive.google.com/file/d/1InkqHxfyLnjDyltTYMuAOrN1P-YsoYl5/view

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

Used Cooking Oils and Fats and Grease, Recycled Oil

O


http://drive.google.com/file/d/1_0cD1MwPf3zxhhX_butOyv9L6BjIPipi/view

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

Landfill Gas or Biogas from Animal or
Food Processing Waste



http://drive.google.com/file/d/1HfP59__mpa8nUZT0oe4W0Zov75wGzFeW/view

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

Power to Fuel

Water for Renewable Hydrogen Renewable Hydrogen plus
Carbon Dioxide to Methanol

O


http://drive.google.com/file/d/1o2vmzswAZSKe-5NTxubsEr0Qf6zeEuW8/view

More Examples of Potential
Feedstocks or Energy Crops

Algae

Agave

Corn stover
Corn cobs
Energy cane
Sorghum
Forestry waste
Municipal waste
Sawdust

Chicken manure

Agricultural residues

=

ADVANCED

* Grasses such as
» Switchgrass
= Miscanthus

® Sugar beets

* Coffee grounds
* Jatropha

* Camelina

* Paper/pulp mill
waste

* Halophytes...

Copyright 2020 Advanced Biofuels USA
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http://drive.google.com/file/d/1-cqihyZUa1rSvP7qlwz7-grmBCFyAlWr/view

A Few Types of Jobs Available in Advanced
Biofuels Feedstock Development and Production

o

ADVANCED

Agronomists

Farmers

Farm workers

Farm equipment designers
Biologists

Biologists specializing in
genetic research

Biologists specializing in
plant cells

Chemists
Chemical engineers

Researchers into bioenergy
crop development

Agriculture/horticulture
experts

Freight railroad operators,
engineers, loaders,
unloaders

Equipment operators,
technicians

Farm product
purchasers/traders

Agricultural and Forestry
Supervisors

Agriculture Economists
Agricultural Inspectors

Computer Software
Engineers

Commodity Traders
Others?

Copyright 2020 Advanced Biofuels USA 48
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What Are Advanced Biofuels?

How are they made?
Feedstock
Logistics

Technology

Copyright 2020 Advanced Biofuels
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Processes
Biochemical Thermochemical

Gasification

Plasma arc
gasification

1= 2 °*Pyrolysis
__ «Thermochemical
conversion of sugars

 Fermentation

* Plant extraction
 Transesterification
 Hydrolysis
Enzymatic Catalysis B




Overcoming the
Technical Roadblocks to Low-Cost
Advanced Biofuel Production

-- Make all components of biomass available for biofuel and co-
product production (Use the appropriate parts of specific plants)

-- Improve the efficiency of biomass to biofuel conversion (Do it
faster, cheaper, sustainably)

-- Minimize the cost of biomass transportation (Move more for less)

=

ADVANCED Copyright 2014 Advanced Biofuels USA 51
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“Why aren’t we there yet?”
Biomass Recalcitrance

w
Plasma S .
membrane  Secondary wall ot e
R — ¢ Secondary
wall (53)

- Secondary
wall (52)

Rosette Secondar
Lignin wall (1)
- Celluose \ mﬁw b
b \vicde - . Cellulose
— . Hemicellulose
B Primary wall )
. Pectin

Nature Reviews | Genetics

. Lignin

(““You can make anything you want
from lignin except money”)



Making Plant Biomass
Avalilable for Biofuel Production
Sugar Avallability in Plant Cell Walls

Midde | (O g -
amella - 1

| -, Cellulose

: / microfibril

Primary—
wall

F \Hemicellulose
Plasma —
membrane ~

™ Soluble protein

Additional “simple” sugars are
available in plant and tree cell walls,
but are in more complex forms that
are not readily available for biofuel
production

Plant cell walls are composed
primarily of three components:
cellulose, hemicellulose, and pectin

=
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Making Plant Biomass
Avallable for Biofuel Production
Sugar Avallability in Plant Cell Walls

cellulose 0 resin

/

’ "W iﬂlllal

Tree and grass cell walls have an
additional component, lignin.

This 1s the “woody” material that

gives trees great tensile strength
s* I | |
,,,,. “ 4 Cellulose, hemicellulose, and pectin are
gl . '!! composed of monosaccharides strung
V- R 40 !m 0% ‘ together, they are called polysaccharides
.° hemicelulose

hydroxypraline rich glyco proteins ] o )
Lignin is composed of polysaccharides

Wood Microscopic Structure and alcohols

Copyright 2014 Advanced Biofuels USA 54
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Making Plant Biomass
Avalilable for Biofuel Production
Biomass Recalcitrance

Cellulose, hemicellulose, pectin, & Y
lignin intertwine to create complex cell menkre_Secntay vl
wall matrices

This complex structure protects plants
and trees from disease, moves nutrients,
and provides for growth VAR

B Celluose

Secondary
wall (53)

7 Secm&fy
wl(5)

Secondary -
wall (31

Primary

B Rosette

These complex structures also restrict Wl PR oo \:L |
access to the “simple sugar” L2k S0 AE ot ancl
components .

- Middle lamella
Current technologies to break up R
biomass: acid, ammonia, steam, or

pressure are energy

Nature Reviews | Genetics

55
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Making Plant Biomass
Avalilable for Biofuel Production
Overcoming Biomass Recalcitrance

Induction
Factors | 1 tigrde
- cellulase genes %
Researchers are pursuing at least four Hanaporier genee oo o;rff o
different approaches to overcome
biomass recalcitrance Utikzation _
ranscription [} signals 137
) Factors o) oo Oé)
1. Reverse engineer plant cell wall ggg;;;g;,efg;sge;enes %‘;@—p
- . - transporter genes o
genetics to discover enzymes that will = 0 o o

“deconstruct” cell wall matrices

2. Adapt microbial “rotting” enzymes to
dissolve cell wall sugars

=

ADVANCED _ )
Copyright 2020 Advanced Biofuels USA




Making Plant Biomass
Avalilable for Biofuel Production
Overcoming Biomass Recalcitrance

What if com already
Knew its destiny?

3. Breed plants and trees with cell
wall structures more amenable to
chemical or enzyme solubility

4. Reduce costs and energy
requirements of chemical
processes

=

ADVANCED

Copyright 2014 Advanced Biofuels USA 57
57



Making Plant Biomass
Avallable for Biofuel Production
Overcoming Biomass Recalcitrance

Discover enzymes that will “deconstruct”
cell wall matrices

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

=
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Praj 2"d Generation Ethanol
Work

Demo plant
12 BDTPD

2G Ethanol : Processing Chain

Pilot plant
1BDTPD

2008

Fermentation

Biomass

Logistics Recovery

Integration will drive reliability and viability

)
enfunity
Well proven operations 'I‘m‘ l 0
System operntional TRL‘)
Subsysten build and tet— TRLS
Detailed dosign and asseably level buitd -— | RL7
v design and prototype val: of the tectmology TRL.G6
Conceprual design and profotype demonstration 'rRl '5
Techmology demomration 'I'RL4
Proof-of-concept 'I.R_LR
Tecknology concep! I’RLZ
Technology research TRL1
TRL

Technology Readiness Level (TRL) and Commercial Readiness Index (CRI)

CRI6
CRIS
CRI4
CRI3
CRI2

CRIl

praj

Readily financial support of the sechnology by banks

Market du !
apphcatuon of the techmology
Mudtiple conumercial appbeation of the technology

dnving by widk

Commercial scale up of the techmology

Comanescial trals of the sechnology on a auall scale

2021-22 ;@_
~ R

3 plants of 450 BDTD rice straw
~10 MGPY ethanol

Technically and comenerciaily wasested and nnproven

CRI

If You Build It, They Will Come



Future Biorefineries: More Co-Products; Renewable Chemicals
and Materials

RCM : Three degrees of Complexities

* Drop in replacement
* New Molecules

* Existing molecules with
Different economics

. Blo-cataly-tlc
* Chemo-catalytic
* Thermochemical



INTRODUCTION CONI/ERGENCE

Lallemand Biofuels
& Distilled Spirits
combines yeast and

* Enabled by the development of new technology that expresses much higher levels
e n Zy m eS of GA in yeast than previously possible.

* LBDS provides 100% of the GA required in a corn ethanol fermentation by the
customer by using yeast with a small quantity of exogenous enzyme.

* The two worlds of yeast and enzymes are “combining o

or converging” into a new approach to fermentation. >9 %

* The Convergence platform: Yeast “and” Enzymes

TRANSFERM CV5 / ALCOLASE 146 SUMMARY TRANSFEéRIIg'

é LALLEMAND BIOFUELS
& OVSTILLED SPIRITS

* TransFerm CV5 is a robust yeast with optimized GA and trehalase
expression providing high ethanol yields via glycerol reduction
o Faster-fermenting, robust host strain

o Optimized GA expression for significant enzyme activity production while
maintaining strong fermentation performance under stress conditions

o Incorporates yeast-expressed trehalase activity

o Glycerol reduction for higher ethanol yields

» Alcolase 146 is a high-performance glucoamylase blend
o Developed to maximize the fermentation performance of TransFerm CV5
o Provides optimal results at significantly lower dose than other commercjal

LALLEMAND BIOFUELS

enzyme blends &) & DisTILLED SPIRITS



Virent’s BioForming Platform

Recent announcement of working with Cargill to use dextrose from corn ethanol production as feedstock
https://advancedbiofuelsusa.info/carqill-virent-collaborate-on-biobased-fuels-and-chemicals/



https://advancedbiofuelsusa.info/cargill-virent-collaborate-on-biobased-fuels-and-chemicals/
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CLARIANT

BUT that is not all: sunliquid®- the ideal platform for highly

sustainable bio-based products CI arl | an t fe Fmen tS

(s ; ) REAM PRODUCT | -/ Lo (et o APPLICATION HIELD
Tl G | = straw/stover/grasses/bagasse
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« Standalone, flexible sugar platform
« Development opportunities for

CLARIANT

+ Extensive know-how in k and S's
» Specifications can be adjusted to the ne xd' downstream processing

sunliquid®: fully integrated & carbon negative process

y B %%

SR CLARIANT ~ o Enzymes & Microorganisms Fermentation ceganisms
. . . . . . IPput: 4 10 51 of cernal straw from
Areal view sunliquid® pre-commercial plant in Straubing, Germany 3?15 hoctara whest Ikid i
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faresent CHO0 suges o1 g cue % utization of ab
s lime, by 5066 N metod SUAT IyEas / acooasing 1o

Moes wFEng { Brofuin spealicitons
\

" «
P TREATRENE SACCHARIFICATION
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&
UGNIN : €S & CF SUGARS 0, WATER
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Process Path: Biomass-to-Fuels
and Products

Gasification Fisher-Tropsh
e "

Pyrolysns w ' Hydrotreatlng Sl 2l
‘ \ Biocrude / :
Aqueous
W Deconstruction Phase Reforming

Plant biomass: poplar, switchgrass, Sugar in water Refinery Diesel
corn stover,and others

Plastics

Gas

Graphic by Zina Deretsky, National Science Foundation
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Recycling Carbon

Waste Carbon Streams as a Resource for Gas Fermentation

f."
Industrial Waste Gas ' —
Steel Ferroaloys

Retorming

Biogas o: sasnnnnsh Gas Feed Stream
Solid Waste
Industriai, MSW
Biomass v Available v Gases are the sole
¥ High Volume/ energy and carbon
Low Intrinsic Value source
0, ¥ Non-Food v Pure continuous
¥ Most point-sourced process
@ & € LanzaTech®
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Recycling Plastics

Annellotech catalytic process
Producing recycled PET and PP plastics from waste packaging Anellotech

Anellotech Plas-TCat Technology helps brand owners meet recycled plastic content goals

7 Q-
' r-Olefins rpropyics '-
r-eliylme

H / H\ \C H-

Anellotech
Producing virgin PE, PP, PVC, and PS from waste packaging w/Plas-TCat

Anellotech Plas-TCat Technology helps brand owners meet recycled plastic content goals
r-MEG Q i | oS T Vigincpolymers
(LY
" 100%
";cn,c:c‘u r— S :
r-BTX " S Sk 100% 1-PE/PP |
o | e r«tylme Applications T A
i 100% by Al
"‘COCH‘ — a1
) para-xylene r-Beverage Bot 2 covc M
5 oty A - VCM -m :| Applications |
100% to0%crs 8
July 2020 Aneliotech 5 EB/SM‘ ]""”“""’"‘
CeBTX 717“
nc—g/:}—% | (1:
_ raylenes rheazene umn,.

Aneliotech




Aviation Fuel Processes/Pathways

Alcohol to Jet (ATJ)

Catalytic Conversion of Oil to Jet (CCOTJ)

Catalytic Conversion of Sugar to Jet (CCSTJ)

Catalytic Hydrothermolysis, Hydroprocessing to Jet (CH-HRJ)
Direct Fermentation of Sugar to Jet (DFSTJ)

Fischer-Tropsch Synthesized Paraffinic Kerosene (FT-SPK)
Hydrotreated Depolymerized Cellulosic Jet (HDCJ)
Hydroprocessed Esters & Fatty Acids (HEFA)

Synthesized Iso-Paraffinic Fuel (SIP)

67



Conversion Processes:

Turning biomass and renewables into
building blocks for fuels, chemicals
and products

Jobs Related to Conversion
Processes

V=3

ADVANCED Copyright 2020 Advanced Biofuels
USA 68




A Few Types of Jobs Available in
Advanced Biofuels Production

Biologists

Biologists specializing in genetic
research

Biologists specializing in plant cells
Chemists

Chemical engineers

Mechanical Engineers

Systems engineers

Research assistants

Lab technicians

Industrial engineers

Industrial architects

Construction workers, Managers
Truck drivers

Plant operations managers
Equipment operators, technicians
Computer Software Engineers

Refinery Equipment
Manufacturers

Welders
Boilermakers
Pipe Fitters
Others?

69 69



What Are Advanced Biofuels?

How are they made?
What are they used for?
Why are they important?

Policy Considerations
Markets

@ Copyright 2020 Advanced Biofuels

USA 70
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Why replacing fossil fuel Is important

%

Bakken
Oil Fields

Minneapolis «

Copyright 2020 Advanced Biofuels USA
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Why replacing fossil fuel Is important

Virtually no oil is used to
produce electricity in the US.

| UNITED

. . »‘T ' - 2 ;ﬂlll!llllll ﬁﬁ:lll s senn
Windmills and solar i S = W 8 N T
can produce electricity
but cannot power jet airplanes.
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Before oll runs out,
It becomes more
difficult and
dangerous to

extract.
=7 G IIT P ,
— Copyright 2020 Advanced Biofuels USA 74

ADVANCED
74



Why replacing fossil fuel Is important

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

A
-

~ S v.
Copyright 2020AdvancetfBiofaels B 4. e
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Why Replacing Fossil Fuel is Important '5?

” — -

: ——— -
-

- 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 recyclingt®
- Burning agricultural waste in fields
Grease (fatbergs) in sewers
. Contaminated black market used cooking oll

Copyright 2020 Advanced Biofuels USA 76
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Zero Emissions.Vehicle...? 224

.

"7 Batteries

GHG
Emissions




Zero Emissions.Vehicle...? B Q&

L

.

= "_7= Batteries

: i ¥
GHG
Emissions

Nuclear

-
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/e =* |

2019

Frederick, Maryla '
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DEFORESTATION
AND SUCCESSION

Copyright 2020 Advanced Biofuels

USA

NATURAL BALANCE

e
PHOTOSYNTHESIS
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A Few Types of Jobs in Communicating
Importance of Advanced Biofuels

Public Relations  Teachers

Economic Development * Teaching Assistants
Marketing/Sales  Nonprofit Organization Staff
Elected Official  Advocates

Federal Agency Staff * Lawyers

State Agency Staff e Office Administrative Staff
County/Local Administrative Staff ¢ Book Publishers

Journalists * Event Organizers

Writers * Fundraisers

Photographers * Celebrities

Broadcast Media Professionals . .. .. Qthers?

USA 80 80



Barriers and Challenges
Not as easy as we hoped!

TECHNICAL CHALLENGES, Biomass Recalcitrance,
Enzyme Recycling, ...

FINANCING “New” & “Never Been Done Before”
Technologies ...

POLICY ISSUES / CONTROVERSIES: Feedstock Cost
Reductions, Efficient Land Use, Sustainability ...

o
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Advanced Biofuels USA

501(c)3 Nonprofit

Educational Organization
Founded April 2008

Website:

www.AdvancedBiofuelsUSA.org

Frederick, MD

Advocates for the adoption of advanced
biofuels as an

* energy security,

* military flexibility,

* economic development

* climate change mitigation
* pollution control

solution.

Copyright 2020 Advanced Biofuels USA

82

0


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

501(c)3 Nonprofit

Educational Organization

Founded April 2008

Website:

www.AdvancedBiofuelsUSA.org

Frederick, MD

Truly Sustainable
Renewable
Future

Joanne lvancic, Executive Director
301-644-1395
info@AdvancedBiofuelsUSA.org
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