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ChemCatBio Mission

Catalysis enables a circular carbon economy.

Accelerate the CatalySt and 85% of industrial chemical processes rely on catalysts.
process development cycle for Ej ;
. . . l ¥
bioenergy applications
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The rapid decarbonization of

our economy through utilization of “ g - 2
renewable and waste carbon :
feed StOCkS ChemcCatBio is accelerating catalyst development for bioenergy applications

Potential Future Impact of Catalysis
In the chemicals industry alone, improvements in catalysts and related
processes could save as much as 13 exajoules of energy and 1 gigatonne of
CO,-equivalent per year by 2050 versus a “business-as-usual” scenario.*

*International Energy Agency, Technology Roadmap: Energy and GHG Reductions in the Chemical Industry via Catalytic Processes, 2013.
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Potential Impact of a Billion-Ton Bioeconomy
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Catalysis Challenges are Pervasive in Conversion of Biomass anc

Waste Feedstocks

Feedstock & Logistics . PreéTreatm.ent e
onversion

Simplified, generic

conversion pathways
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Recovery
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|
Source: BETO

Key Catalytic Bioenergy Processes Challenges due to Biomass Composition

Final Products

Biopower

Pretreatment

Biopower
to Grid

Biopower

* (Catalytic Upgrading of Biological Intermediates ¢  High oxygen content = Broad reaction space
* Synthesis Gas Upgrading ¢  Diverse chemical functionalities 2 Competing reactions
* (Catalytic Fast Pyrolysis *  High water content = Degradation of catalyst supports

* Catalytic Upgrading of Aqueous/Gaseous Waste Streams «  Impurities (S, N, alkali metals, Cl, etc.) = Poisoning
* Catalytic Hydroprocessing Multiple states and compositions (solid, liquid, or gas)
* Lignin Deconstruction and Upgrading Complex, heterogeneous mixture = Difficult to model

CatBio

Bioenergy Technologies Office | )



Serving as a Central Hub of Knowledge

Accelerate market adoption by addressing critical catalysis challenges limiting
commercialization of bioenergy technologies and facilitating industry access to national lab

capabilities and expertise

Catalysis enables a circular carbon economy.
85% of industrial chemical processes rely on catalysts.
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ChemCatBio is accelerating catalyst development for bioenergy applications:

|

SCIENTIFIC

JONTRIBUTION
>144

publications

40

h-index since 2016

>4,100

citations

1
R&D100
Special Recognition

=

THE
TEAM

>130

researchers

8

DOE National Labs

BETO

-sponsored

14

Industry Advisory
Board Members

3

technology licenses

1

software copyright

27

issued patents and
patent applications

12

awarded projects
with industry

3 enabling tools
CatCost, Catalyst
Property Database,
Surface Phase Explorer

9 \ebinars

Directed Funding
Opportunities
for industry

Streamlined access
to unique national
lab capabilities

Maintain an updated website to facilitate community outreach: Chemcatbio.org

CatBio
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Acceleration Approach

DISCOVERY 1 S/

Developing tools Disseminating knowledge Forming partnerships Developing next-generation
that improve through publications with industry catalytic systems for the
research efficiency and webinars and academia circular carbon economy

Providing access to experts Mitigating catalyst deactivation ~ Promoting discussions on
and capabilities across through foundational science best practices and
the DOE national labs and applied engineering benchmarking standards

ChemCatBio is accelerating the catalyst and process development cycle.
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Advancing technologies across varying feedstocks

Generating energy-dense fuels and renewable chemicals from biomass and waste resources

Upgrading of C1 Intermediates

Cataly5|s E
Q ‘e
. L)

Biomass Syngas Methanol ﬁ =il

Upgrading of Biological Intermediates

Biologically derived

. , Multiple
intermediates

Approaches

Ketonization
Carboxylic Condensation

Biomass Acids HDO
Etherification

Chemically derived Furfural Condensation
intermediates HMF HDO

Catalytic Pyrolysis

B A

Renewable
Fuels
é
I -
Biomass Biogenic Chemicals
Pyrolysis and Materials

Ethanol Upgrading

W[50z

\ "

_pelZ® C, Olefins

Vl\;‘dltlStgal ﬂ \N\ (butadiene, n-butene) \ Jet/Diesel
aste Gas, Cu. Solid Acid Range
Syngas, - Zn- Catalysts v

Y/BEg Hydrocarbons
Biomass Ethanol \ C,-C, Olefins ==

Feedstock Intermediate Chemicals or Fuels
Fuel Precursors
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Achieving our Mission: Technology Development

Developed a catalyst and process that achieves high yield to o " "

C3+ olefins from ethanol in one step, reducing the cost for :; °
production of sustainable aviation fuel 5 oo e /, '
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J. Zhang, et al., Green Chem., 2021 : Diesel 12' B
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Achieving our Mission: Acceleration

Demonstrated a 4x acceleration of the catalyst and process development cycle

* Leveraged a design-build-test-learn cycle
* Compared catalyst development efforts across two different alcohol upgrading routes
that were initiated sequentially in time

Demonstrated 89% C,,
™ chem Developed olefin selectivity by synthetic| .: % Identified Cu
it et e Brrera Initiated Developed predictive optimization based on single ros M redispersion
Founded C2-ACSC Cu-Zn-Y/BEA model based on site identification and Demonstrated during
ChemCatBio collaboration catalyst isolated sites support impact 300 h TOS regeneration
® FY17 ®FY18Q1 ®Q2 004 ?FYIQ Q1 ® Q2 003 Q4 @FY2003 ©FY21Q1 Q4
|
Initiated Developed baseline Identified ionic Cu as Identified isolated Determined that Identified Cu Technology Optimize
ACSC Cu-Zn-Hf/BEA with active site for Cu, Zn, and Y sites | |minimization of Al sites sintering at licensed regeneration
Ar a 62% Cs, olefin hydrogenation and Yto| |inworking catalyst| | and alternative Lewis extended TOS
gonne & - Se . P ; ;
S selectivity minimize dehydration acid sites can increase —

OAK "'NREL T
RIDGE P \

Zn|
.- olefin selectivity
..

®Technology maturation

@ Catalyst development
2.75 years

1.75 years 1.75 year
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Working with Us

* Tap into our intellectual property
* Leverage our capabilities and expertise through Catalyststability challenges
cooperative research agreements and directed g
funding opportunities |
- Advanced materials characterization -
- Multi-scale computational modeling 21 JAE
. o Inorganic Impact of water Carbon
- Catalyst evaluation in integrated processes contaminants deposition
[ ]

Join forces on proposals to competitive
solicitations

Utilize our tools to improve your research
efficiency

- CatCost™
- Catalyst Property Database

Internships and post-doctoral fellowships

ChemCatBio

Utility Costs
Costs and consumption
for common catalysts

Capital Costs
Installation

Pipin
Materials Costs Electricity, steam, water Equipment Costs \nstrumngaunon Factored Costs
Library of common materials Library of >200 equir T Contingencies
Bulk pricing items incl. installation and Working capital
Lab-scale extrapolati Labor Costs labor requirements Spent Catalyst Selling margin / ROI

Direct and Supervisory
Lab/QA
Overhead

Metals value

ost to recover
Sale value /landfill cost

Bioenergy Technologies Office |



 Catalysis will play an enabling role in decarbonizing the fuel and chemical sectors
* Biomass as a feedstock introduces unique challenges for catalytic technologies

* ChemCatBio seeks to accelerate the catalyst and process development cycle to help
shorten the time to market for renewable technologies

Learn more and subscribe to our newsletter (The Accelerator) at

Contact Info: Joshua.Schaidle@nrel.gov
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