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BETO funds R&D for renewable fuels and chemicals

 Biomass is a great domestic
resource; 1 billion tons of
sustainably produced non-food

] ] $812 bllllon
biomass available by 2040
* Biomass is a source of renewable
carbon, can be converted into [ Z5% ot
renewable fuels and products $935 billion

e Goal: Demonstrate $3/gge
hydrocarbon biofuel with >50%
GHG reduction

A Barrel of US Oil
(by gallons)

* The petroleum industry relies on chemicals to supplement fuel
production... does this strategy make sense for the biofuels
industry? Source: Bloomberg New Energy Finance, EIA, American Chemical Council
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Why is BETO interested in biobased products?
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A Decade+ After the Top Value Added Chemicals...

tﬁ
@ and gynimﬁgclévmrgy

Top Value Added Chemicals from Biomass
Volume |—Results of Screening for Potential
Candidates from Sugars and Synthesis Gas

Produ cedbytheStaff at
Pacuﬁc rth N | Lab y (PNNL)
I R le Energy Lab y (NREL)

Office of Biomass Program (ERE)
For the Office of the Biomass Program
T. Werpy and G. Petersen, Editors

In 2004, DOE published the first volume of
the Top Value Added Chemicals from
Biomass; several updates since

Predicted commercially successful
biobased chemicals such as succinic acid

>215,000 downloads, >1800 citations;
revisited by Biofuels Digest, C&E News,
etc.

Gave academics and small companies
focus, helped corroborate business plans

Available on our website

What will the next report look like?

Can BETO produce a strategic plan or other document that aids
bioproducts R&D in the same way that previous “Top 12” reports have?
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Definitions

* Drop-in replacement: a bio-derived compound that is chemically
identical to its petroleum counter part

* Functional replacement: a bio-derived compound that has a different
chemical structure than a petroleum counter part, but performs the
same function/has the same performance attributes

* Performance advantaged bio-based compounds: a bio-derived
compound that does not resemble an existing petroleum-derived
compound in structure, function, or performance attributes. The bio-
based compound offers novel functionality or improved performance
attributes.
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Participants

Other )
Nati I 5% Academia
ationa 17%

Lab
17%

e Stakeholder workshop held
June 1, 2017 in Denver, CO

e 90 stakeholder attendees from
the following sectors:

Industry
43%
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Workshop Objectives

Get stakeholder input on:

 What are the challenges in identifying and developing novel
performance advantaged biobased chemicals?

 What are the strategies for tackling these challenges?

* |If there was a concerted R&D effort in this area, what considerations
do you think are most important?

Determine a path towards:

* Producing a strategic plan for performance advantaged bio-based
chemicals

* Providing a repository of useful, fully characterized, bio-based
compounds with known properties for consumer use

* Providing a publically-accessible high-throughput screening facility for
identifying bio-based functional replacements and novel products
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Why Pursue Performance Advantaged Biobased Chemicals?

Product Design Benefits Economic Benefits Environmental Benefits

e Biomass contains ¢ |ncrease value of e Potential for lower
functionality not domestic feedstock toxicity

present in other * Provide source of » Reduced life cycle
feedstocks revenue for existing impact

e Opportunity to design biorefineries (biodegradability/recycl
and bring new products ability)
to market
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What are the biggest challenges to achieving these benefits?

:@; Target Identification
"z

o,

Technology Development "

Market Acceptance @
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Target Identification:

Conflict between
open
communication
and IP protections

Relating
structure to
function
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Communication
within the supply
chain

Lack of capability
for high
throughput
screening
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Target Identification:

e Solutions

— ldentify key performance characteristics for screening and
selection

— Develop a system to link molecule producers with end

users
Conflict
between open o
communication Communication
within the
and IP ol
rotections supply chain
\ 7 P Lack of
:@' capability for
= high
/
z , throughput
Relating screening
structure to
function
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Technology Development:

Meeting
Lack of O commercial )
structure/ specs
function Lower TRLs

relationships when compared

to petrochem
® Separations
. O
U.S. DEPARTMENT OF Energy Efficiency &

processes
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Technology Development:

e Solutions:

— Create open libraries of data

— Develop a centralized coordinated center to develop
knowledge base around these areas

— Additional funding for technology development

O Meeting
Lack of o ommercial()
structure/ <Lower TRLs specs
function when
r C

C
elationships ompared to
petrochem
processes

Separations

O

Scale-up o
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End Use:

Product

roperties may
not show up in
formulated
systems O
Disconnect
between
technology push
O and market pull
O Scale-up
O
EEEEEEEEEEEE Energy Efficiency &
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End Use:

e Solutions:
— Bridge early technology to end use

— Improve infrastructure for scale-up, and increase
understanding of physical and biochemical science when
moving to scale

Oproduct
properties
may not show
up in
formulated _ )
& systems Disconnect
between
technology
@) < > push and
O Scale-up market DU<|:|>
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Market Acceptance:

@

Competition Policy and
with existing regulatory O
markets compliance

Identifying
properties to
target

O Consumer
O

awareness
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Market Acceptance:

e Solutions
— Focus on reports and other public campaigns to increase
awareness

— Facilitate more communication between researchers,
industry, and consumers

— Develop a set of universal standards

Policy and

regulatory )
compliance

Competition
with existing
markets

Identifying
properties to
target

O Consumer
awareness
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Survey Results

Would you use a research center/facility that was targeting the
identification, synthesis, and testing of novel biobased

compounds?
Industry e \Want access to pilot facilities
Responses < [ Want a facility to help with high throughput
(21): _ applications testing
(‘

e Want a facility to help with identification of
National Lab targets

Reponses (18): B e Want a streamlined approach to
collaborations

-
/‘
Academic e Want a facility to screen novel molecules for
Responses << applications
(15): _ e Want a venue to develop collaborations
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Questions Going Forward

« How can BETO best facilitate conversations between end-users and
scientists?

* [sthere a finite set of metrics/properties/specifications that could
be screened for if a high throughput screening facility was
developed?
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Thank you!
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Biobased products contain oxygen... like biomass
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Case study: Replacing BPA

*High production volume chemical

*US market 2.2 billion tons, $2 billion (2007) (source: EPA
Action Plan for Bisphenol A 2010)

*Plasticizer for polycarbonate plastics

*Potential for health issues; banned in many countries
*Bisphenol A was first synthesized in 1891; In commercial

Bisphenol A use since 1957
(C15H160,)
i EPA t BPA
. report on
b . H‘ . 5 alternatives, 2014
Bisphenol F
(C15H1,0,) | H OH
@)
*Bio-derived, bio-degradable, non-toxic
*Researchers have shown that isosorbide is a suitable functional : O
replacement for BPA; commercially available as a BPA replacement HQO H
*Would never synthesize this from a petroleum-derived starting Isosorbide
material
(” gﬁ‘uElQ‘O%r?ergy Efficiency &
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Case study: Replacing BPA

It is difficult to determine from visual inspection what makes a
good functional replacement.

— How do you systematically identify replacements and novel chemicals?

We are limited by traditional chemistry, traditional feedstocks,
and risk adversity

— What are the risks associated with new introducing new feedstocks and
chemicals that should be addressed early on?

Society has an appetite for improved materials with enhanced
or novel performance attributes

— What performance attributes should be tested for?

* The next BETO bioproducts R&D plan should focus on novel,

biobased chemicals that are not easily identified and offer
enhanced performance attributes

Is isosorbide a functional replacement?

““““““““““““ Energy Efficiency &
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Bioproducts Can be Integrated into the Whole Barrel

* EERE successfully demonstrated cost
competitive cellulosic fuel in an Diesel and

industrial setting in 2012 Heating Oil
(28%)

Jet F

* Improving energy security requires
biofuel compatibilities with gasoline,
diesel, jet fuel, heavy distillates, and
other bio-based products

Heavy Fuol 0|| (Residual): 3% 3

e Biofuels are a domestic product that
can be produced regionally depending
on local resources

EEEEEEEEEEEE
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What is BETO and what do we do?

Program Portfolio Management

* Planning e Systems-Level Analysis e Performance Validation and Assessment
e MYPP e Peer Review e Merit Review e Quarterly Portfolio Review
e Competitive e Non-competitive e Lab Capabilities Matrix

Research, Development, Demonstration, & Market Transformation

~

Conversion R&D Demonstration
« Biochemical ‘ : & Market Transformation
*  Thermochemical * Integrated

* Deconstruction ] Biorefineries
* Biointermediate %% ° Biofuels

Feedstock
Supply &
Logistics R&D
* Terrestrial

v

‘/ U

e Algae J DRSS
. Priduct * Upgrading 5\ / Distribution
e o A Infrastructure
Logistics Preprocessing ~ |
ujiys

Cross Cutting

v v
Strategic Analysis
* Technology and

Sustainability
* Sustainability

Strategic Communications
* New Communications

Analy.sis Resource Vehicles & Outlets

* Sustainable Assessment * Awareness and Support of
System « Market and Office
Design

* Benefits of
Bioenergy/Bioproducts

Impact Analysis —

* Model Development & Data
compilation

U.S. DEPARTMENT OF Energy EfﬁClenCy &
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Bioproducts: From Niche to Necessity

MR
S8
v

i BioprOdUCtS . Hydroxypropionic acid -

S Ethylene glycol

* Can replace petroleum-based
chemicals and products

* Provide much higher margins,
relative to transportation fuels

* Can be early adopter markets 1,3 Propanediol

* Fuels represent 76% of petroleum
Consumptlon and $935B |n ma rket Hexamethylenediamine
value

uccinic acid

e Chemicals/products represent only
17% of petroleum consumption but
S812B in market value

1,4-Butanediol

. Butadiene

Bioproducts can enhance the economics of biofuel production
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