Integrating CO, Utilization info a Full System: Exciting
Opportunities for New Innovation
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Founding Team: leaders in CO,, electrochemistry
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— OPUS IV

CO, Electrochemical Conversion into chemicals and tuels

INPUTS: CO,, WATER, ELECTROCHEMICAL OUTPUTS: PRODUCTS THAT

ELECTRICITY REDUCTION OF CO, DROP INTO EXISTING
SUPPLY CHAINS

Fuels &
O Chemicals




Global carbon law: Halving Emissions every decade

 To meet the Paris goal o 40 —®
Global Carbon Law would
need to be In effect where %

of the global emissions are ® (Global CO, emissions
cut each decade. :

e
on

30 -
 |In addition, there would be a ,_ ®- CO, removal (GtCO,/yr)
double of CO, removal 2 25
starting in 2030. o ®- CO, emissions from
2 2 o land use (GtCO,/yr)
15

2020 2030 2040 2050

Rockstrom, J.; Gaffney, O.; Rogel], J.; Meinshausen, M.; Nakicenovic, N.; Schellnhuber, H. J., A roadmap for rapid decarbonization. Science 2017, 355, 1269.



Why CO, Utilization?
Transforming global CO, emissions
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Overall System Requirements
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Tri-location Challenge: Identifying the existing lower hanging fruit thru
Mapping

* Challenge: How to find °
the lower hanging fruit ' i SR g
of CO, management : ' ' "
where all three N2 3
requirements existe S B O R

ae, .. N | ,';xp..."‘

» Opportunity: Mapping W N oo JRA DS S -
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location of CO, - o ST e °.
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Psarras, P. C.; Comello, S.; Bains, P.; Charoensawadpong, P.; Reichelstein, S.; Wilcox, J., Carbon Capture and Utilization in the Industrial Sector. Environmental Science & Technology 2017, 51, 11440-11449.

Industry
. Ammonia Processing

Cement Production
Ethanol
Ethylene production
Hydrogen production
Hydrogen production, P«
. Iron and Steel Productio
Lime Production
. Natural gas processing
Petrochemical productio

. Petroleum Refining



CO, Pipeline: Decouple the Tri-location Challenge
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Wallace, M.:

» Current Pipeline: Consisting of 50
individual CO,, pipelines and with
a glzombined length over 4,500
miles.

» CO, Pipeline Expansion
opportunities: How to sync
federal, state, and local
permitting processese How to
establish tariffs, grant access,
administer eminent domain
authority, and tfacilitate corridor
planning.

* Opportunities: Pipeline
optimization and placement.

New construction fechnology to
reduce Infrasfructure cost.

Goudarzi, L.; Callahan, K.; Wallace, R. A Review of the CO2 Pipeline Infrastructure in the U.S.; National Energy Technology Laboratory: 2015.



Surplus Electricity: Decouple the LCAs and TEAs: TurnKey Solutions

Tri-location Challenge for end-users

Challenge: Given the absence of a Challenge: How to create the right solution
CO, pipeline, how to best decouple for a particular industry or end-user.

the electricity. Installers care about the LCA. How 1o

Increase policy driven implementations.

Opportunity: Process intensification o allow
for smaller units to capture CO, emissions.
Use CO, to match the need for the product
and have modular solutions.

Opportunity: Power Purchase
Agreement (PPA) to capture low
cost surplus electricity and decouple
ocations.

s there a "PPA"-type contract that
can be created for hydrogen?
Could hydrogen be added to
existing pipelinese Could rural areas
become digital farming locations to
generate hydrogene



TECH READINESS LEVEL TECH READINESS LEVEL

CO, Capture Components
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Petroleum Council: Meeting the Dual Challenge A Roadmap to At-Scale
ient of Carbon Capture, Use, and Storage




Capture + CO, Use combined?

» Electro-swing adsorption for capture with

paired with electrochemical conversion.
le- Reverse e-[

Polarity

ﬁ

n

 Opportunity: Could reduce capex of a
turn-key system

* Challenges: Stability of the materials,
especially in the presence of water vapor
and aire Economics of system at scale;
can the system have a high power
densitye
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Schematic of a single electro-swing adsorption electrochemical cell with porous electrodes and electrolyte
separators.

Voskian, S.; Hatton, T. A., Faradaic electro-swing reactive adsorption for CO2 capture. Energy & Environmental Science 2019, 12, 3530-3547.



Explore the Effect of Impurities

* Challenge: Often CO, waste streams
carry impurities. Individual components
can be susceptibility to parasific,
Ireversible reactions with other species
In the flue gas.

« Opportunity: Understand how the
quality of the CO, stream could affect

different CO, processes. l.e. sulfur
iImpurities, No,, alcohols, ammonia (from
Amine capfture), mercury, and

parficulates.

 Understand the cost of installing
additional scrubbers to enable CO,
capture across many streams.

 Develop emerging continuous sftream
scrubbers I.e. pulsed electron beams or
shockwaves



New Federal Scale up Funds: Phase lll TM+
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transformative opportunities
and foster an Air Force culture
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Long-term durability test in the literature
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Challenge: Stability of system ™| i
IS a key component of cost.
50,000 or more is a target. , O
1,000 or 10,000 hours Is Time (h)

SUfﬁCienT for d pllOT/demO Leng et al., Angew.Chem.Int. Ed.,

2017, 56,3594 -3598

Opportunity: How to support
long term studies for emerging
technologiese Is there
accelerated testing
procedures that can be
standardized®e
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Reducing cost: Electrolyzer capex

21%

O Stack
46% m Power Electronics

Challenge: Hydrogen is key part of all 1%
utilization schemes. Biochemical and
thermochemical processes use it directly.
Electrochemical processes use the
hardware of water electrolysis.

0O Gas Conditioning
0O Balance of Plant

22%

Opportunity: Reduce cost of capex for

hydrogen elec’rrolyzers. Cost breakdown for a PEM water electrolyzer

A focus on the reducing the stack cost
would have the most outsized impact. 59,

Utllization of cheap renewables becomes
more attractive.

O Stack

B Power Electronics
8% 0O Gas Conditioning
O Balance of Plant

0
57% W Other

_ | | | Cost breakdown for alkaline water electrolyzer
Saur, G., Wind-To-Hydrogen Project: Electrolyzer Capital Cost Study. National Renewable Energy Report 2008



Coupling CO, Uses

 Challenge: thermochemical,
electrochemical and carbonation
offen have limited product outputs.
Blochemical processes have a wide
array of product formation, have
frouble utilizing CO, directly.

« Opportunities: Coupling biochemical
processes with electrochemical and
thermochemical systems increases
the yield of biological conversion.

Electrochemical
Conversion

Electrochemical
Conversion

Biochemical
Conversion

thermochemical

Conversion

Product

Jet fuel

Jet fuel

=)

1



New Policy for Carbontech

 Low Carbon Fuel Standards & Renewable Fuel Standards
* rule enacted to reduce carbon intensity in transportation fuels

« U.S. Code §45Q.Credit for carbon oxide sequestration

« 12 year credit for $22.66 to $50/ton for sequestering and $12.83
to $35/1ton for utilization

 H.R.3607, the Fossil Energy Research and Development Act / S.1201
the EFFECT Act

« Update the current structure of the DOE’s Office of Fossil
Energy, including creating a larger Carbbon Use program.

* S.383/H.R.1166, the USE IT Act

. ]
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Bilp--lo—p S B —— * Would support carbon utilization and direct air capture
Sl i} —— = research. Supports development of carbon capture,

utilization, and sequestration (CCUS) facilities and carbbon

dioxide (CO2) pipelines.




Emerging funds specializing in project financing

AsterraPartners

» Support the scaling of
new environmental
technologies focused
on addressing the
Sustainable
Development Goals

5

CAPITAL

« Supports project developers
and technology
manufacturers globally to
finance sectors In
renewable energy,
technology, finance, and
sustainabillity sectors.

TECHNOLOGIES Emerging or early-commercial

= /CLIMATE TECH
FINANCE

SUBSIDIZED LOANS AND LOAN GUARANTEES

TO SUPPORT THE PURCHASE OF
EMERGING CLIMATE TECHNOLOGIES

J{{

ELIGIBILITY Public agencies and small

businesses in the Bay Area

ge

icl sta
technologies that reduce greenhouse

LOANS

For public sector: Direct loans of
$500k to $30m with up to 30-year
terms. Below-market interest rates
and subsidized fees

For small business: Loan
guarantees of up to $2.5m on loan
sizes up to $20m. Projects may be
eligible for up to 90% guarantees

Confidential - prepared for NREL Advisory Board



Leverage Other Applications: Space & Defense Use of CO,

(0, Electrolyzer

Nuclear Electrluty *
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Methane-» .
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Carbon Dioxide
and Water

Rocket Fuel

ANy

« 95% of the Martian atmosphere is CO,,
« CO, has been detected on the moon.

« CO, removal in the main cabin of human
space flight is essential to keep levels below
1000ppm

» CO, as a feedstock for on-site production of
fuel and other critical compounds reduces
fransport and convoys, which saves lives and
INncreases readiness.




Opus 12 Personnel

Private Investors and
Strategic partners

Federal Agencies
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Crossing the Chasm: Remaining Capital Lite

Leverage Existing Power dense core Leverage project
Manufacturing Facllities component financing

Partner with existing manufacturing Early R&D focus on increasing production 20-year input contract + 20-year output
producers to build CO, conversion systems density and robustness contract



