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& Key Messages

Carbon management technology...

OH

O O

...works and is ...is ready for ...requires more policy,
essential for meeting commercial liftoff in private investment, and

climate goals. the U.S. after recent international
policy advances. collaboration to unlock

its full potential.
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A Fossil Energy and Carbon Management Intro
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EXECUTIVE SUMMARY

The Office of Fossil Encrgy and Carbon Management’ (FECM)

s to ckdres the climate crisis Addressing climate

care miss

change is more urgent d
ons were approximately 35 gigatonnes of CO, (GiCO), led

han ever before. In 2020, global fossil €O,

sons from China (11 GeCO,) and the United States

) (Ritchie & Roser, 2020) (Union of Concerned
st 2018). Hiscorical emissions, at 420 GeCO, for the

20, for China, tell a different story - as

ted Stares and 240
a (United Starcs, 14 tonnes of CO,/person

do emissions per ¢
in 2020; China, 7 connes of CO,fperson in 2020) (Global Carbon

Budger, 2021). Emissions of all GHG, including methanc, arc
higher than cver befe like the United Stares that have

sgnifican legacy and onging responsibilicy for cmissions have a

c. Natior

particular leadership obligation for addressing the climate crisis,

s expected to affect people who have ofeen contributed very

litle co emissions but are highly vulnerable to climate change firsc

and worst. For instance, 2020 per capita emissions for Kenya are

approximacely 0.3 tonnes of CO, per person, and 2018 droughts

et more t

n amillion people at the edge of famine. Haiti, where
per capia cmissions in 2020 were also roughly 0.3 tonnes of CO,

among che most climate-vulncrable countries in

per person,

Latin America, subject to hurricancs, storm surges and flooding

sade worse by limate change

GHG emissions have risen dramacically over the past several
decades, driven by fossil fuel use and adding to the existing GHG

pool in the armosphere. In accordance with the Paris Agreement

and climare data, it s criical co take aggressive action today

limir global warming o well below 2°C and pref

a target that will kel require nee-zero, then net-negative GHG.

021). Continued

emissions scarting around mid-century (IPCC,
support for zero and low-carbon technologies that help the phase.
out of fossl fucl use and deployment of CDR mechods must be

prioritized domestically and globally to mect our net-zcro goals.

Through Executive Order 14008, Tackling the Climate Crisis
at Home and Abroad, President Biden set 2 goal to*lead a
clean encrgy revolution thac achieves a carbon pollutian

free power scctor by 2035 and puts the United Satcs on an

ably helow 1.5°C.

irreversible path to 2 net-zero cconom by 2050" (Federal
Register, 2021). Further, President Biden st an incerim target
for the United States to cut carbon emissions in half by

2030 compared to 2005 levels while addressing current and

historical environmental injustice, including in communities

negatively impacted by fosil fucl use and climate cha

At
the same time, the Uniced States will “exercise s leadership
lintcrnationally] co promote 1 significant increasc in global
climate ambition” in meeting the overarching climate objectives
of the Paris Agreement. President Biden also set  goal to

“climi

e fossil fucl subsidics from the budger request for

Fiscal Year 2022 and thereafter,” fir

ing the federal
budget toward low GHG emissions with a climarc-resilient

cconomy

US. dependence on fossil fiscls and other sources of GHG.

cmissions spans sectors |l

power gencration,industry, heat

and transporcation ficls. Figure 1shows the breakdown of US.

energy dependence on coal, oil and narural gas (quadilion British
thermal units (BTU)) alongside the breakdown of GHG emissions
per sector (CO,g), assuming a global warming potential over 100
years (GWP-100) of 100 for methane). In 2020, approximatcly 40
percent and 19 percent of the U.S. power gencration was sourced

Iy (ELA, 2021). In the same

from natural gas and coal, respec

year, pecroleum provided for approximatcly 90 percent of the

121b). The

Hargest share of the US? CO, emissions footprint is asociated with
" i

transportation sector’s cergy consumption (ELA,

Induserial heat from nacural g

i
significantly to emissions. When combined with induscrial process
emissions in some sectors (e.g,, cement), these streams become

and less

expensive to capture uvmpaml to more dilute saurces. Narural

gas. ol and coal supply chains also include emissions of mechan,
apowerful GHG.
Although the U

estimates of these metha

ompancnt of natural gas.
ncy (EPA) has

igure 1, official

isthe prima

Environmental Protectio

cmissions, as shown i
estimates are widely understood to be too low, in some cases

substantially (Alvarcz ct al., 2018).

U.S. DEPARTMENT OF

Fossil Energy and

‘ ENERGY Carbon Management

« Two areas of focus:
Carbon management
Resource sustainability
« Office of Carbon Management:
~$450M annual budget
TRL 3-5 grant funding:

* Engineering studies

« Benchtop research

« Small pilots and demos

Source: FECM 2022 Strategic Vision



https://www.energy.gov/sites/default/files/2022-04/2022-Strategic-Vision-The-Role-of-Fossil-Energy-and-Carbon-Management-in-Achieving-Net-Zero-Greenhouse-Gas-Emissions.pdf

# carbon management technology...

OH

...works and is
essential for meeting
climate goals.
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& carbon management is a system of technologies.

Point-Source i
Conversion
Capture

s

Transport

Permanent
Storage

Carbon Dioxide
Removal
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A. Scaling carbon management is a Biden
Administration climate priority.

fecm.energy.gov


https://www.c-span.org/video/?c5067229/user-clip-potus-cmc

& Carbon management is a key component for
meeting net-zero economy-wide climate goals.
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A . bridge for industrial decarbonization:

La:-Carbon Point-Source
nergy = Cement Carbon Capture

Nuclear &
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Carbon Dioxide

Removal Carbon Storage

U.S. DEPARTMENT OF Fossil Energy and ‘
N ENERGY Carbon Management SN epaelo)s




A . .amore reliable, low-cost power grid:
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A -..negative emissions for offsets and legacy
carbon emissions cleanup:
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4 DOE is confident carbon management is
technically feasible.

Carbon Capture Carbon Capture Carbon Capture
Retrofit on Retrofit on Retrofit on
Ethanol Hydrogen Coal-Fired
Production Production Power Plant

Archer Daniels Air Products Petra Nova

Fossil Energy and
Carbon Management

fecm.energy.gov



o Industry has decades of experience with capture.
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APPLICATIONS

Chart indicates the primary industry type of
each facility among various options.
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Global Status of CCS 2022 - Global CCS Institute
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https://www.globalccsinstitute.com/resources/global-status-of-ccs-2022/

A some capture applications are already low-cost.

Carbon capture costs' excluding storage and transport costs, $/tonne CO,

x  Current emissions, MTPA [l High purity source [ Med to low purity source [l Extremely low purity source
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A CO, storage in dedicated storage wells is proven
at the Mt/year scale.
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# carbon management technology...

O

...is ready for
commercial liftoff in
the U.S. after recent

policy advances.
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4 The US.is poised for commercial liftoff.

@ENERGY

Pathways to Pathways to

Commercial Liftoff:

Carbon Management CommerCial Llft()ff
| Carbon Management

Pathways to Commercial Liftoff: Carbon
Management (energy.qov)
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https://liftoff.energy.gov/wp-content/uploads/2023/05/20230424-Liftoff-Carbon-Management-vPUB_update2.pdf

4 us. policy enables full range of projects.

- Updated 45Q tax credits Pilot and demo funding Carbon credits + Buy Clean
Policy , , ey
Ty (Inflation Reduction Act) (Bipartisan Infrastructure Law (voluntary corporate + state/
+ Inflation Reduction Act) local governments)
High concentration Lower concentration Early demonstrations for
Expected point sources near point sources, especially carbon dioxide removal and
Project pipelines and/or storage early-of-a-kind projects conversion techniques

Impacts

— Fossil Energy and

I8 U.S. DEPARTMEN
IT:' ENERG Carbon Management fecm.energy.gov




A 300M+ tons of CO, storage is economic by 2035.

.S. DEPARTMENT OF FOSS” Energy and

Z ENERGY Carbon Management
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A Numerous projects announced, but few online
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A 100M+ t/y capacity by 2030 announced

U.S. point source CCUS capture capacity by year, MTPA

Cement [ Coal Power [ Ethanol W Hydrogen NG Power NG Processing Chemicals, Fuels, and Plastics ! Ammonia/Fertilizer [l Others
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90 88
80 - 5
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60 *
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30

. 21 24
20 L ==
13 14 14

28

10

2010 15 221

Operational Operational and announced

1 Includes those expected to have commissioning in 2022
Source: Bloomberg New Energy Finance, “2022 CCUS Market Outlook™

Figure 5: The U.S. has over 20 MTPA of operational point source CCUS capacity, with an announced project pipeline of ~140
MTPA as of Dec 2022
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A DOE supporting liftoff across offices

Office of
' Science +
\ National Labs

Office of \
Policy + Office ‘ ARPA-E
of Technology
. Transitions
L\ “, \ “ ‘A.
N/ DOE Carbon —
Management
Efforts
Fossil Energy
Loan Programs and Carbon
\\ Office %, Management +
\ EERE
Office of Clean \
\ Energy

.,  Demonstrations
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4 Carbon Negative Shot sets innovation
grand challenge

Forest
Management

« $100/ton CDR by 2032

« Pathway agnostic

« (Gigaton-scale potential L =N

* Inclusive of robust A S T e
measurement, reporting, G T
and verification

Direct Air
Capture (DAC)

* e > : & ho N Y
= Do/l 4 Lo | — !
Y e ( s . 7 - L4 ¥
; : - ?
= o Y= . .

Biomas‘s\'\" , Soil Carbon
Processing < Geological ) Sequestration
Carbon Storage

Coastai»‘"»"'*"i’?e;:i,.;
Blue Carbon
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& carbon Negative Shot activities across DOE

Science funding

Measurement, :
reporting, and — Conf:ept gnd
verification E engineering
tools and f studies
\ analysis

DOE
\ \
‘ ‘ Carbon

Negative
Shot Efforts
CDR Purchase Pilots and
\\ Pilot \\ demonstrations

Loan
guarantees

U.S. DEPARTMENT OF FOSS” Energy and
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o FECM FEEDs and Pre-FEEDs... Overall Portfolio

@ Direct Air Capture
@ Industrial
@ Natural Gas

Fossil Energy and
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4 CarbonSAFE Project Locations
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State
Department

Department of
Defense +
Army Corps

o All-of-Government Support for Carbon

Management

Department of
Energy
Environmental
Protection
Agency + )
" Department of /
Interior ‘

\
\
\
\
\
\

White House

Coordination

Department of
Agriculture +

%, Department of
%, Commerce

Department of
Transportation
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s Regulatory Context

Regulations Applicable to Carbon Capture, Transport, and Storage Projects

=
CO:
Carbon Capture Carbon Transport
- Clean Air Act - Hazardous Liquid Pipeline Act - Clean Water Act
- Prevention of Significant Deterioration - Rights of Way - Federal Land Policy and Management Act
New Source Review - Marine Protection Research Sanctuaries

- Mineral Leasing Act
- National Forest Management Act
- Outer Continental Shelf Lands Act
- Underground Injection Control Program

Regulations that Apply Across Carbon Capture, Transport, and Storage

- Coastal Zone Management Act - Emergency Planning and - National Environmental Policy Act
- Comprehensive Environmental Response Community Right-to-Know Act - National Historic Preservation Act
Compensation and Liability Act - Magnuson-Stevens Fishery - National Pollutant Discharge Elimination System

- Endangered Species Act Conservation and Management Act - Rivers and Harbors Act of 1899



& Social and environmental impacts essential for
project success

Includes community, workforce, and environmental criteria in

funding opportunities (up to 20% on major demos)

holder engagement activities

Require monitoring and data collection including non-CO,, emissions
and water usage impacts

Fossil Energy and
Carbon Management

fecm.energy.gov



4 What is included in successful Community
Benefits Plans?

Setting engagement goals ses e s o oo
o8 & & ad a8 & 88

Set internal goals for stakeholder and community engagement, as well as discuss what goals =.§.:=§'.:= .EE .:;.;
stakeholders and communities have for the engagement process. o e oo 53003000 000 200 L v e e
. R R R
Choosing methods of engagement and building a timeline oo 077787 o%ee 00 T3s © 08 %e o
0 2% o 8 3% "ee’ete 2ee ‘eed’s’
Identify when engagement is expected to occur in the project timeline and what type of engagement is 0%00 0 000%00" 3 cee o000l 23 Led2
lanned o==....oo. o=o= o.o.o. .=.=o= o. ¢
e S30g 500%s 237388, 08 "HoaTEe” LT
erining resources required to impiemen an SES000S 000008 40 88 & & .
Defini & qui dtoi p| t p| .=°=.=.°;:':°‘ : 3.3 ¢ ;;::::3;" H
Define the scope, schedule, personnel, and budget to enact the plan, as well as key community "'°="'.:: °::E: :.E ::.. ':“35: :E
partners. ® sescece o o see 208 8 o
L » L [ 12 1 1]1] »
. . o ® o 208 28%0es" ‘e o2
Craftlng SMART mllestones soe o0s o8 o T %0 0%t &

Include Specific, Measurable, Achievable, Relevant, and Time-bound (SMART) milestones.
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# carbon management technology...

O

...requires more policy,
private investment, and
international
collaboration to unlock
its full potential

Fossil Energy and
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o $100Bs in finance required

I Nearterm horizon [l Longer-term horizon

2030 2040 2050

Description

Near-term opportunities -
development in industries with high-
purity CO, streams’ and other large,

integrated projects Longer-term

opportunities -
Build out large-scale transport accelerated build-out in
and storage infrastructure lower purity streams as
additional projects become
economical

Scaled deployment to
reach net zero — scale
of CCUS and CDR to
Formalization of carbon achieve net zero targets
markets enable revenue

streams or market signals

beyond 45Q

Demonstration projects in lower
purity CO, streams to achieve cost
declines in high capture cost
industries, enabling breakeven
and eventual profitability

Ir::zsl:;nder;B $50-80 B $130-200 B $300-600 B
Emissi
o (7%

U.S. DEPARTMENT OF Fossil Energy and ‘
N ENERGY Carbon Management SN epaelo)s




A Further policy required to unlock investment

2023 Policy Blueprint Recommendations

Implementing the Support swift and effective implementation of 45Q tax enhancements SOU rce . Ca rbo n
Supportive Policy Ensure federal funding is timely, transparent, and in keeping with congressional intent -

Ecosystem Promulgate CO, storage regulations for federal lands Ca ptu re Coa I Itlon
)
| . 2023 US Federal
Demand-Side | Develop a federal role in standardizing the marketplace

Policies |\ / Support purchasing of innovative carbon management products and services POI |Cy B I uepn nt

Jobs, Economic
Development,
and Affected
Communities

* Leverage existing policy levers to expand support for jobs training
* Collect and disseminate information on air and environmental quality
Provide technical assistance for community engagement

Support supplemental safety measures for CO, pipelines
Provide clarity for CO, storage projects on federal lands

« Support implementation of Title 41 of the FAST Act

Provide appropriate regulatory clarity for interstate construction

Transport
and Storage
Infrastructure

Resources for
Next Generation
Technology
Deployment

Build upon momentum provided by federal demonstration programs
 Continue to scale federal funding for core carbon management activities
Ensure the rapid scale-up of the carbon management industry

. * Increase credit levels for carbon reuse for commercial products
Ensuring « Index 45Q to inflation immediately to ensure carbon management’s progress
Investment « Provide clarity and certainty to the 45Q reuse pathway
Certainty « Catalyze the growth of a diverse carbon management industry
 Ensure the intended impact of the direct pay mechanism

., U.S. DEPARTMENT OF FOSS” Energy and

'ENERGY | carbon Management fecm.energy.gov



https://carboncapturecoalition.org/carbon-capture-coalition-releases-2023-federal-policy-blueprint/

& US International Engagement Priorities

Bilateral:
« R&D complementarities: Canada, Norway, Japan,
U.K., Australia, UAE, KSA, and more

« Enabling activities: Kenya, Nigeria, Mozambique,
Brazil, India, Malaysia, and more

Multilateral:

« Information sharing and catalyzing actions: Clean
Energy Ministerial CCUS Initiative, Mission Innovation
CDR mission, CDR Launchpad, G7, G20, IEA GHG
Programme, and more

 R&D collaborations: Accelerating CCUS Technologies
(ACT) and Clean Energy Transition Partnership
(CETP)

» Finance: Development banks

— Fossil Energy and

I8 U.S. DEPARTMEN
If:' ENERG Carbon Management fecm.energy.gov
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A Demonstrations and Large- Scale Pilots

Carbon Capture Large-

Demonstration Projects: Develop six . Scale Pilot Projects: Establish and
co 2¥ carbon capture facilities to improve costs, Coz/ test innovative carbon capture pilot

emissions reductions, and environmental - ProJects large eno(lﬁh t}:’ Sulpport
effects from coal and natural gas new processes and technology Improv

ements at scale

This summer, Office of Clean Energy Demonstrations will review applications for large-scale carbon
capture pilots and demos.

Carbon Capture

*Demos selection notifications expected August 2023
*Pilots selection notifications expected September 2023
*Award negotiations expected fall 2023

*Learn more: www.energv.gov/oced/carbon-ma nagement-0

Fossil Energy and

u.s.
NERGY Carbon Management


http://www.energy.gov/oced/carbon-management-0

¢ Regional Direct Air Capture Hubs Program

$1.2 billion in funding available to begin to conceptualize, design, plan, construct, and operate direct
air capture hubs

Part of larger $3.5 billion effort to develop four domestic regional direct air capture hubs with potential
to capture and permanently store or use 1 million+ metric tons of CO2 annually

Email: OCED@hqg.doe.gov
Website: energy.gov/oced/DACHubs

Funding Opportunity Announcement issued December 13, 2022

Full applications submitted March 13, 2023

Pre-selection interviews Summer 2023

Expected date for DOE selection notifications | June 30, 2023

Expected timeframe for award negotiations November 30, 2023



mailto:OCED@hq.doe.gov
https://www.energy.gov/oced/regional-direct-air-capture-hubs

4 Open Funding Opportunity
Announcements

est. Total |, __ OEE%4A0

Announcement Title Federal . ovese 50s°03" oeee oo © eeses
. Date .=... ....= ===..= a8 0080 .: :.
Funding S 2200093008038 oos $°35° 39300 o3
Direct Air Capture Pre-Commercial ;::5.-:°:;.§§-§5=: :E° :::::::;:.:E.
Technology Prize 53.2M 9/26/23 s °32 030335  2s0 2%% %50’ 3% es ¢
Carbon Management S45.5M  7/18/23 $ 0.8 ::.:':5::.:=‘=ES°::‘::.=:E:.:::

Carbon Storage Validation and Testing S2.25B 7/6/23 @ : ool :"E.'::.: e°% o Soest

Direct Air Capture Pre-Commercial $3.7M 6/22/23 ataa o 22..2

EPIC Prize Sign up for FECM

Carbon Capture Large-Scale Pilot o
S—— $820M  6/21/23 runcling updates

Fossil Energy and

NERGY Carbon Management


https://www.energy.gov/fecm/direct-air-capture-pre-commercial-technology-prize
https://www.energy.gov/fecm/funding-notice-carbon-management
https://www.energy.gov/fecm/funding-notice-carbon-storage-validation-and-testing
https://www.energy.gov/fecm/direct-air-capture-pre-commercial-epic-prize
https://www.energy.gov/fecm/funding-notice-carbon-capture-large-scale-pilot-projects
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Thank You!

Questions?

Contact Sarah Forbes Deputy Director



mailto:Noah.Deich@hq.doe.gov

o FECM'’s Office of Carbon Management

Focused on minimizing the environmental and climate impacts of fossil fuels and industrial
processes, while working to achieve net-zero GHG across our economy

The Office of Carbon
Management Technologies

Leads and invests in research, development, demonstration,
and deployment across five divisions...

®

Carbon CO, Integrated Point-Source
Transport Removal and Carbon Carbon
and Storage Conversion Management Capture

The Office of Strategic Planning,
Analysis, and Engagement

Leads in strategic activities and international,
domestic, and intergovernmental coordination
across two divisions...

Hydrogen
with Carbon
Management

Systems, Economic,
and Environmental
Analysis

Strategic
Engagement

- DEPARTMENT OF Fossil Energy and

NERGY | carvon Management fecm.energy.gov




