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Conversion R&D Team — Support Team
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Safety is Job #1
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Conversion Agenda At-A-Glance (8 of 14 Sessions)
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Program Structure

CONVERSION R&D
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Program Structure

Deconstruction &
Fractionation

Feedstock Interface
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Deconstruction
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changing the way we recycle
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Pathway-focused R&D

ChemCatBio

Chemical Catalysis for Bioenergy

Agile {}

BioFoundry

Enabling Technologies
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Program Structure x MYPP Platforms

CONVERSION R&D
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Bio-Optimized Technologies to keep Thermoplastics out of Landfills and the Environment (BOTTLE™)

:‘\)bottle

changing the way we recycle™

Vision
* Deliver scalable technologies that enable cost-
effective recycling, upcycling, and energy efficiency

for plastics

Mission

* Develop robust processes to upcycle existing
waste plastics, and

* Develop new plastics and processes that are

recyclable-by-design

Goals
* Work with industry to catalyze new upcycling

paradigms and novel feedstocks
e Leverage DOE investments in process development,
catalysis, materials, and analysis- driven R&D

9

Joint Funded with the Advanced Materials and
Manufacturing Office

Analysis, Characterization, and Modeling

Plastic Waste
Upcycling + Redesign

Deconstruction

Plastic goods are broken down using various New plastic goods are created that
biological and chemical processes are recyclable by design

Thermal Catalysis v goods can be
(ed raW ma, deconstructed
(WO s, y again

hd Upcycled
— Materials
||
... Closed loop
v' %, recycling

/‘;\ ey
& v
Infinitely
=" ‘ z ’ Recyclable
Polymers
f
 r euse in neW s Y

Photocatalysis “z *é*

“+ Biomass added to create
these new polymers
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Conversion R&D Program Goal

Strategic Goal: decarbonize the U.S. economy by developing efficient and economical biological and chemical
technologies to convert renewable carbon resources into bioenergy and renewable chemicals and materials. .

R&D to:

* Lower the cost of fuels and products
* Carbon efficiency
* Improved yield and selectivity
e “Catalyst” lifetime
* Separations and process intensification
* Novel unit operations/reactors

* Improve environmental performance and DEI impact
* Reduce process energy, emissions, and water use
« Efficient use of “waste” and residues
* Locally and regionally appropriate technologies

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



Challenges

Reduce
GHG/H,O @
Emissions

Intermediate
Optimization

Resource
Efficiency

o Appropriate | , Globally

@ Durability Omnivorous
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Budget totals for years under review

$90.0
$80.0
§70.0
$60.0
$50.0
$40.0
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$0.0

12

Reviewed Project Budgets (SM)

$115
$105
$5.4
- N
i
.
sn Sios
I e
Agile Biochem  Catalytic CO2 FCIC Organic PABPs,
BioFoundry and Lignin Upgrading Utilization Waste  Plastics, and
Conversion Separations
m Lab mIndustry 1 Academic

Annual Conversion R&D Budget ($M)

$110
I $100 $100
FY21 FY22 FY23
Funding Distribution
m Industry = Academic = Lab
U.S. DEPARTMENT OF Energy Eﬁlclency &
EN ERGY Renewable Energy



Funding Mechanisms

e AOPs —direct Lab funding

13

— 3-year projects 590.0
— Externally reviewed ;800

Y $70.0
DFOs/CRADA-calls/CRADA-lites 228-8
— Lab/Industry partnerships $40:0
— Transitional TRL 530.0

N $20.0
— Competitive $10.0
— ABF, CCB, CCPC, SepCon 50.0

Funding Opportunities (FOASs)
— Competitive
— Industry, Universities, Labs

Reviewed Project Budgets (SM)

. $8.2

$58.7
$29.4 $29.2 - $33.2
$9.0
Agile Biochem and  Catalytic CO2 FCIC
BioFoundry Lignin Upgrading  Utilization
Lab m DFO m FOA
U.S. DEPARTMENT OF
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Recent Funding Opportunity Announcements

Waste to Energy Strategjes for
the Bioeconomy:

*Municipal Solid Waste (MSW)
*Optimizing Community Scale
Wet Organic Wastes

Biopower and Products from
Urban and Suburban Wastes:

North American Multi University

Partnership for Research and
Education:

* Biopower from Organic
Wastes

* Waste Plastics to Products

Scalable CO2 Electrocatalysis

Polymer Re/Upcycling*
Highly recyclable or
biodegradable plastic
Deconstruct and upcycle
existing plastic
BOTTLE collaborations

Affordable, Clean Cellulosic
Sugars for High Yield
Conversion

Separations to Enable
Biomass Conversion

* Separations to Enable
Biomass Conversion

e Separations to Enable
Biomass Conversion

* (Bioprocessing Separations
Consortium)

Renewable Natural Gas (RNG)
*Research & Development
* Pilot scale

Robust Microbial Cells
Robust Catalytic Processes

Community Scale Resource
and Energy Recovery from
Organic Wastes

Overcoming Barriers to Syngas
Conversion

Strategic Opportunities for
Decarbonization of the
Chemicals Industry Through
Biocatalysts

*Joint FOA with AMO/AMMTO

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Key Accomplishments

Catalytic Upgrading TOPSOE

* Single-step oligomerization of mixed olefins to jet fuel range was successfully demonstrated at >90% single S IR @ NIX

pass conversion and >75% selectivity (Fri 2:30pm) RENEWABLES
* |dentified improvements to TEA and LCA of the Catalytic Upgrading of Biochemical Intermediates projects \/
(Thu 1:30pm) .
- Direct Funding Awards with Sironix, Visolis, and Twelve were completed (Thu 3:50pm, Fri 9:45am, 2:00pm). V|50L|5
* The Catalyst Property Database (CPD) opened for community data addition, an increase of 300% in data
volume (DataHub, Thu 1:00pm). —twelve
* |dentified Catalytic Fast Pyrolysis-oil compounds that cause plugging during hydrotreating and generated
a cycloalkane-rich SAF product that meets key ASTM D4054 specs (CUPP, Thurs 3:20 pm) 83; EXBCAN
* Improved catalyst design and regeneration procedures for multiple catalytic technology pathways through e
collaborative catalyst characterization and synthesis efforts (ACSC, Fri 10:30am) ———
* |dentified overarching catalyst stability challenges related to bioenergy (Catalyst Deactivation, Fri 11:15am) Catalyxx

* Accelerating process scale up through development of state-of-the-art models for process and catalyst

N _ forestconcepts’
optimization (CCPC, Fri 1:00 pm)

ColOobioenergy

JM Johnson Matthey

- .
Inspiring science, enhancing life I m I Exon MObII

Enerkem o, W) Vertimass

/- "_'\“
|4 PROMETHEUS

i
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Key Accomplishments (Continued)

Theoretical: 100% delig. B Theoretical: 100 c-mol% Theoretical: to be determined Theoretical: 85 c-mol% B
. . . . Achieved: 95% delig. Achieved: 96 c-mol% Achieved: 86 c-mol% c Achieved: to be determined -
COOH COOH .g
 Lignin Valorlzatlon_ | | | HO e g b oo 5 § I8
* A monomer yield of 77 wt% bio-available aromatic monomers “le > 2 |E
. . . . . . . . . . RCF g HDO ClniEn g Muconate €
from lignin was achieved via autoxidation of HDO lignin oil: the high ° 2 e §. " monomers g §’

. . COOH coor | M

ever reported (Lignin U... Thurs 2pm) o g 5 © 5

* Development of lignin analytics method for tracking I § o L
lignin in the biorefinery (Lignin U..., Thurs 2pm) = ® = COz:

 Established Memoranda of Understanding (MOU) with B o OX'.‘?,?;‘;Z!

two scale-up partners (VITO, ExxonMobil) (LigFirst... Thurs 1pm)

 (CO2 Utilization:

* A Membrane Electrode Assemblies (MEA) electrolyzer of 2000 cm2 has been built and is
being tested and optimized for CO2 utilization.

» Stood up the CO, Reduction and Upgrading for E-fuels Consortium.

* Produced a CO2-to-fuels Strategic Plan, outlining the main R&D barriers as well as
technical and scale targets that should be achieved to make an impact by 2050.

. . . . . o : Commercializing COj;-based Fuels and
Integrated the existing and new projects to a united objective: develop technologies to Chemicals by 2050: R&D Gaps and

upgrade CO, to fuels and chemicals to reduce GHG emissions and other environmental ggpgrg:l"‘,:';i;: the Direct Electrification of
H . . 2 (Publication Pending)
impacts to accelerate the decarbonization of our economy

|R. Gary Grim, Jack Ferrell, Zhe Huang, Ling Tao, Mike Resch

National Renewable Energy Laboratory
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Key Accomplishments (Continued)

* Biochemical Conversion SEPA L e
YRR S—
* In collaboration with EPA and NIST, developed and received approval for a new analytical ﬁﬁi‘i;ﬁiifﬁ&‘ﬁi‘éfﬁ‘:g“
method allowing for cellulosic D3 RIN from corn fiber Determining the Cellulosic
(Analytical development and support, Thurs 11:15 am) e

« Demonstrated cell-free biosynthesis approaches that can recycle cofactors and reducing  meusees zoszguerce ertts ron ecersorurcaanceners revang v

(NREL), to develop a public method that addresses the analytical concerns identified in the

equivalents (Cell-free and immobilization technologies... Fri 11:30 am) oto pakiance
* Achieved iso-butanol product titers of > 250 g/L using a cell-free biosynthesis system
(Towards economic cell-free isobutanol... Fri 1:00 pm) @ Hyarolysate
* Validated in-situ product recovery approach Colifree system _; _ ~
for the production of organic acids hetesp
(Biological upgrading..., Fri 10:30 am) Improvements in BDO Titer Fructhse.6-P
. 170 Fructoset 6-BP DHAP
mmYearly Titer Goal 141 m),.....é.l.d.a ..... 5 —
Hybrid extraction distillation (HED)-ISPR L e 123 WO Shaorpe | 3 NADPH
z. - ADP
[ eom stover hydrolysate (Hyd) _ .g o ATP )":E-'F"E;';:;g?'%]’(;ostat
: § butyric ‘g Pép
k] acid 9 54 ¥
p 3 8 Pilr
: T 8 Acetolactate C
3 - 10.5 2,3-I§HIV NAD(P)*
* H,O0 I Kiv
IsoBald :-
\_ A scven P FY16  FY17 FY18 FY19 FY20 FY22  FY23 sobotanol X NAD(P)"
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\\l\\\ ). BIRCH

ABF builds the

synthetic biology

infrastructure to
accelerate
bioprocess

[l Berkdey - danimer —

UNIVERSITY
o WYOMING

development

Bioprocessing

LanzaTech® §PHYCUS SUPERBREWED KALION, INC. 'd‘é“
BIOSCIENCES Q, ENDURO -:.
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FOOD TECHNOLOGY|M|CROBES
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Separations

Consortium
develops the
downstream

processing

technologies to :
isolate products Advanced Biofuels

—
VISOLIS e ITYor Lincoln W
AZO LL A EIAWARE, UNIVERSITY of
BIOSCIENCES WASHINGTON
¢\ BOLT .
Miews o0 ok EWERY  Mearer Geltor SiKe BomoRs”
| (N
| 2! alhadl .
M T STl I |
; ¢ = WAL pw
Silk and leather Triglyceride polymers -\ =py Egg White  Recycled cellulose ~ Biodesigned, animal-free Perfume ingredients
. textiles for eco-friendly skis collagen
and Bioproducts Ao V KALION, INC,
LYGOS MATERIALS GishLis
Process Development
Unit (ABPDU) provides 73
process development and = Glucarc and
scale-up demonstration ! ucuroni scid
i Sweet proteins fi . . Sustainable PHA Mevaloni id
|nfraSt|’U.CtU re to take planxe?orT:aim:r rf%n;ds Malonic acid l:;ral;?:plaestit:s %‘asiinr:zaz:zl mosaic*"
commercial products to PERFECT roole
market c%) DAY fpple
2 ,4 — % Wl y
| ‘ i J Metal organic frameworks
Fine mycelium for Animal-free dairy Pea protein for
leather proteins milk products
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o 0 : H Mir?imafl Baseline Conditions
rganic Waste Conversion Deactivation - .
088 i E , O Product Densi\&\g/ml, 20C
*  Processed hydrothermal liquefaction (HTL) biocrude for >2,000 continuous hours ~ *“ | i | .~ -
(Bench Scale HTL..., Fri 10:30 am) S s, |83
. . , E L oo 00,0000 v |F 9
«  Examined and confirmed that HTL biocrude can meet or exceed all ASTM 2 oj‘:booa.;,,..:w‘i‘f‘,’.,.g,mwo Jm o7 2 8
= g . 2 * q [e] o O... =
jet fuel specifications P S RE R — et & g3
. . . . . 2o | * 5 8
(Denitrogenation of wet-waste derived biocrude..., Fri 11:00 am) B o g 3
- - - - - - - - Q) D u
* Achieved >98% single-pass CO2 conversion in biogas in a biomethanation reactor °** | ¢ oot waste | siug £E3
. . . 2 ood Waste udge o X
(Biomethanation to upgrade biogas..., Thurs 1:30 pm) o sl > > |V~
o 0 500 1000 1500 2000
100 S Conversion reached 98% TOS fhrs)
jg;—m’\f;ﬂi—*ﬁ’” N . energi&\ = 6
90 5 Conversion = % CH4 Candidate fuel
& a0Hz % CH4 + %C02 ®  ASTM Measurement
% & e : 205 | Specification Limit
70 Conv. Jet Range
& Outside Spec. Limits
Y 60 ‘lﬂﬁ{@m‘“i{ © UD Tier a Prediction
g 50 — Articla o(22°C), mN/m [:]
& _ Sustainable Aviation Fuel from i =6 2
. Lolv;ﬁi;al:i:n lgg::m :‘:;ectc:;\;eerswn \I;lvyadsrtoet:ermal Liquefaction of Wet p(15°C), kg/m? L o e =
102 - 114 rpm
20 e e o o e . VAT e ;g
10 e v-40°C), cst @
0 e A e ey 8 10 &
0 5 10 15 20 25 —_. N
Hours of Operation HOC, Mg 4.8 43.0 -403-2
Flash Point, °C HII
o) ... 40 50 60
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Key Accomplishments (Continued)

Canon sy )

amazon KraftJeinz
Funds in
CRADAs S SOoLvAY @ PEPSICO

pppppp

~

* Development framework for Circularity Analysis

®
': ‘ b I Technical « Valorization of mixed plastic waste to produce recyclable by
Ott e Highlights design polymers

* Industrial partnerships provide promising avenue for
implementation

changing the way we recycle™

/

~

Project * 100+ researchers involved
Sicibilesl s o 20+ Patent Applications
* 40+ Publications

Presentations at 1:30 pm
on Monday April 3"
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Strategy for Plastics Innovation Released

Vision

For the United States to lead the world in
developing and deploying technologies that
minimize plastic waste and promote energy-

efficient and economic plastic and bioplastic
design, production, reuse, and recycling.

Objectives/Metrics
« Address end-of-life fate for >90% of plastics

« 250% energy savings relative to virgin material
production

* Achieve 275% carbon utilization from waste plastics
« Develop cost-competitive recyclable-by-design plastic

» Design recycling strategies that mitigate 250% GHG
emissions relative to virgin resin or plastic intermediates

Strategy for Plastics Innovation | Department of Energy

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



https://www.energy.gov/entity%3Anode/4394292/strategy-plastics-innovation

Sustainable Aviation Fuel Developments

") INDEPENDENT

Jet fuel produced from food waste C|S| ON
could dramatically cut emissions, ROLLS-ROYCE AND ALDER FUELS JOIN
study finds FORCES TO FUEL THE RACE TO NET ZERO
gnsqir:;g::?pR;ﬁ?;a:;f cEen:trgy Laboratory researchers find sustainable fuel could reduce greenhouse gas ’
T — 09000 Southwests MEeDIA
C I S I U N Southwest Airlines Invests in Sustainable Aviation Fuel
PrNewsuire Pilot Project Supported by The Department Of Energy
Vertimass and World Energy
Announce Tec h Nno | Ogy Carrier’s first-of-its-kind investment supports the development of technology intended to
pa rtners h | p to Ad vance ” Vertlmass commercialize sustainable aviation fuel
Renewable Fuels Development EE
and Production
T Climate change: Jet fuel from waste

Sustainable jet fuel company Alder Fuels seals 0r2matically lowers' emissions

By Matt McGrath
Envir T

investments from United, Honeywell
_ The .
= THE WALL STREET JOURNAL. Guardian
SUSTAINABLE BUSINESS . . .
s . L LanzaJet Gains Altitude With First commercial ﬂlgl}t partly fuelled by
Microsoft, Alaska Airlines Back CO2-to alifen > . recycled waste lands in UK
Jet-Fuel Technology Significant Project Funding o '
The future of sustainable aviation fuel (SAT') is even more poised for take-off }hrgm Atlantic flight from Orlando to Gatwick powered by blend of
Twelve says its fuel could shrink the carbon foot p rint of thanks to a $50 million US grant from Breakthrough Energy. jetfueland ethanol

business travel, but supply is far from commercial scale
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Bioproduct Projects (and Alums) in the News

wezocon PlAsStics NEWS
, o NatureWorks to expand Ingeo PLA capacity
lowa breaks ground on first U.S. plant producing bio-

BDO

May 17, 2022 [ Agriculture, Biomanufacturing, State Policy / By Bio.News Staff

- £l o - -
New joint venture unveils QIRA, a bio-based 1,4-butanediol (BDO) Danimer will invest blg in PHA
that saves up to 93 percent of greenhouse gas emissions s :

compared to the use of conventional BDO Fredicti tr demat the [ nef ker ) )

20.07.2022

Geno and Aquafil begin pre-commercial
AN - production for plant-based nylon-6

lululemon partners with Genomatica on
plant-based nylon

Amazon and U.S. Department of Energy
team up to cut plastic waste

MANUFACTURING * EDITORS' PICK

The Rush For Hand Sanitizers Is

A Boom For Hand Moisturizers.

This Startup Has A Solution For March 9, 2022

Both.

John Cumbers Senior Contributor ® m I m E m

e (=] This Startup Is Trying to Make Juicy Steaks Out of Thin Air

Air Protein is transforming carbon dioxide into delicious cuts of meat, with the helping hand of bacteria.

U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Enabling Energy/Resource Recovery from Waste Partnerships

Great Lakes Water Authority

Waste-to-Energy Technical Assistance for Local . Detroit, Mi
- wmeli@ :
Governments — BV v | e |
NREL provides U.S. local governments with technical assistance to advance waste-to-energy (WTE) OR ;l‘ o "‘-,_..,——-_____‘F = "'N.j g "x‘”l‘!'
technologies on behalf of the U.S. Department of Energy Bioenergy Technologies Office (BETO). ‘ ol S0 N Wb i NY (E;‘b Town of Yarmouth, MA
," t" e o 1| NE 1 On C’ T Vi i PA [‘aN._l >
N W | = e | | o0 @ ol
. = ’ \ [ ur ||| og) — \_,\ (__I L | N L"\--vﬁw o
@Z%;’tglrg;léas ,// k e CA : \,}""-——-."_,,- ' o e ‘;‘“, f}"‘"ul—KY ;-\f‘*"/ Y’l-——
e | - O 2021 ! R I ) ™ e
A Electrochaea g\;l o [ ™ }‘ L «ojw‘ i ';; B _ S_C
AL ® 202 [ e e il
. : AT ‘{ ™ \ {_ = '1\4 -
: ju Ve @, City of Gainesville, FL
® Community Waste AX )
“ FOA Selectees ° oP . o
Relocating SoCalGas 700L Common Themes:
_ 18-bar bioreactor system - P
L =l > NR'ELtO Sumifmt,s « Cost-benefit analysis is popular
Pitl dairy digester in Maine: * Municipalities want case studies
will process >10% of the « Community champions are key
state’s dairy manure * Let communities define the problem statement
OW session: Thursday, 1:30 pm OW session: Friday, 8:45 am
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Chemicals 274
i 1 . Refini
 Continued emphasis on: W
Mining
° Agriculture
SA F Food & Beverage
. . . Construction
 Chemicals decarbonization Paper Products
Fabricated Metal Products
° Transportation Equipment
TeCh no l Ogy d € p I Oym € nt Plastic and Rubber Products
. . Cement and Lime
* Inter- and Intra-Agency coordination A
Computers and Electronics
. . . Machinery 12 y
* Chemicals coordination groups Glass B 12 S ALBo,
Wood Products 12 Nonmapufacturlng
e  AMMTO, IEDO, OCED, and HFTO, are SC-BER, SC Electrical Equipment |l 7 : , ; : Industria :
BES, ARPA-E, FECM, S4, OTT, LP, and OP ° % 190 1% 20 250 %0
] . FIGURE 1. ENERGY-RELATED CO2 EMISSIONS BREAKDOWN BY INDUSTRIAL SUBSECTOR IN 2020, miLLioN MT CO,.
* Polymers coordination group CO, Emissions TR
e 22 (2% of Industrial
- EERE: AMMTO/BETO,BES, ARPA-E, BER, FECM, NNSA, S4 o (¢ ofndustria)
. . Commercial 4 m-:-lg%n ;gcngng? :l::lsustrial) B
 FECM - gasification systems 718 . o and St 5
Residential 90 (7% of Industrial) §
 NSF - ABF bty , Bulk Chemicals 3
19% '"(1“135;3'” 274 (20% of Industrial) S
. gn Refini
* B I O M A D E 30% 2;}5I rzl1n7g% of Industrial)
Transportation All Other Manufacturi
. MSRDC 1,591 425 (t:a?‘;, 077,”,552‘122%
35%

Non-Manufacturing Industrial
(Agriculture, mining, and construction)
236 (17% of Industrial)

FIGURE 3. U.S. PRIMARY ENERGY-RELATED CO2 EMISSIONS BY END USE SECTOR (LEFT PIE CHART) AND A BREAKOUT BY
INDUSTRIAL SUBSECTOR (RIGHT STACKED CHART) IN 2020.
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Plastics Strategy | Engagement

Plastics Circularity Workshop
June 8-9t
Seattle, WA

Email for questions:
Coralie.backlund@ee.doe.gov

U.S. DEPARTMENT OF Energy Efﬁciency &

26 | Bioenergy Technologies Office EN ERGY Renewable Energy
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