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Role of Carbon Management in Achieving Net-Zero

Point-source carbon capture
necessary for infrastructure and
industries with limited
decarbonization options today, like
cement

Carbon dioxide removal critical for
counterbalancing hard to
decarbonize sectors, like
agriculture, to reach net-zero

Coupled legislation, e.g., BIL and
IRA are critical for FOAK
demonstration and ultimately,
wide-scale deployment
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REPRESENTATIVE PATHWAY TO 2050 NET-ZERO
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. Fossil Energy and Carbon Management Overview

Energ
0,2, GWP- 100), associated with coal, ol ond natural gas.
[lelel 3!

Major U.S.

(:701;.7 Quadrillion BTU Consumed and Exported

Gonsumption and Net Export Sources and Related Emissions
Methane GWP-100 = 30 (AR6)

 consumption and net exports (quadilion BIU) and elated GHG ermissions

(2020)

~Expmmsm (prmary) Pos

<ol Mpx.umua;‘fm.mig A
Energy 02 "Eaes 294 ot
Consumption »':5::'3:‘?;'"'"@’ )
and Net Exports, 0 20 30 50 man repé"v.d.ﬂfﬂ”““h“““" ext
’ i 2020); GWP-100 Comtns ot it
Gt CO,e emitted, U.S. (2020); = AKSONS! ko sugply chan )
5 in Lty o
GHG (L liLE bandoned ot i Thacs g
Emigsions 0.79 i EPTBSENIE i 3 S Sgant of an
rbm o U o s
[ 05 10 18 20 25 30 as ;ﬂqw enssoneand
igabon i an FECH pronty
- - Expots, 55% wagipelig (Cona 17%,
NATURAL GAS Menc 36%) 45% W8 ki ot s
NATURAL GAS o, drillion BTU Consumed and Exported L‘wi’mﬁ‘, 0
. erisions i purie bases
Eneray on netues g prcicton waummmr“’sl
Consumption 10 12 53 - Aol fmwér'éii“g’ni o
orvssons Futhetond n
and Net Exports 5 % » o s oo mmw.w?ﬁ il
(Alverez, 2018) and disirtution gSarm
Gt CO,e emitted, U.S. (2020): GWP-100 1), In e associod nrasncure
019 nconea and on
GHG wells (Wil 2021) These:
Emissions IO I 026 2 roptesented 4 septeule soqment ch o
-missions unknown contabation 1o U.S_ nalural gas.
0 05 10 15 20 25 30 35  produon usibounol e emesons
i oo esgetn o FECM
i
e s v e 5 o o,
oL %""W e, an:‘kzﬁi:‘:‘ds
Quadrillion BTU Consumed and Exported 50 et .
Energy 1 * Sugch chan 00,5 caizsios il besed
Consumption . 75 23 16 TR N Y
- Aktncnd ks <ol i OO
and Net Expcﬂs 0.9 ‘emessions (Rulheriord, 2021, Zaimos, 2119)in
10 50 guay ore assocaled wih domesbc
GtCOe emmsd us. (2020) w00 e 2010 o en Sy, 21,
0.11 n oo o miszans
sors 0 IR 6% S
" 321, Traco g it
Emissions Sopatas gment o Lk o
0 05 18 15 20 25 30 36  US olpuscion Guanifcaton ol oo

emessions and e subsequent miligaenis
FECH pray

 Heat (commercial, residential)  Heal (indusiial) = industry {non-heat) = Transportation ® Electrc Powsr

= Supply Chain « Exports

Adeional unknown supply ehain emissions associated with eoal, natural gas and of produstion Both quantifeation

‘and miligalion of hess emissions s an FECM prorty

U.S. DEPARTMENT OF

ENERGY

EXECUTIVE SUMMARY

FEC]

)

el Enengy and Carbon Management

i o address che climate e

The Office of

Addressing climate
o ungent chan ever efore. In 2020, global fossil CO,

5 gigatonnes of O, (GKCO,) led

w
change is m
jssitms were approximatcly 3
(11 GeCO,) and the United States

o from Chi

er, 2020) (Union of Concerned

al emissions, at 420 GOO, for che

1 States and 240 GrCO, for China, rell a different story - a5
a {Uniited Stares, 14 tonnes of CO,/person

rson in 2020} (Global Carben

Budger 2021) Emisions of all GHG including methane,are

higher than ever before. Nations like the United Starcs that have

significan legacy and onging responsibilic for cmissions have 2

i for addresing the climatc crisis,

particular leadership oblig
which s expecred to affect people who have often contributed very

Jitele to cmissions but are highly vulnersble to climate change firsc

missions for Kenya

and worss, For inscance, 2020 pe .

cap
approximarely 0.3 tonnes of OO, per person, and 2018 droughes

Teli: more than a millian people at the edge of famine. Haiti, where
per capica emissions in 2020 were also roughly 0.3 tonnes of CO,
per person, s amonsg che mast climate-vulncrable countrics in
Latin Ameriea, subject ro hurricanes,storm surges and flooding

nge.

macle worse by climare ch

GHG cmissions hav dramaically over the past several

decades, driven by fossl fuel use and adding co the existing GHG
ool in the aemosphere. In accordance wich the Paris Agreement

and

Timir glabal warming to.

imace data, itis eritical eo take aggressive acrion coday o

I
cpet dha wil likely vy

low 1.5°C

ave 2°C and prefc

net-zera, then ner-negarive GHG

2021), Conrinued.

E cenmury (IPC

s searting around

support or o low carbon technologies chat belp the phase

our of fossil fuel use and depl. CDR method be

eversible path to a nct-zcro cconomy by

" (Federal
Register 2021). Furcher, Prsident Bide st an incerim tacgee
for the United States to cut carbon emissions in half by

2030 compared to 2005 levels while addressing current and

historical linjuscice, including

by impacted by fossl facl use and climate change. Ac

the same time, the Unived States will “exercise its leaders|

fincernationally] to promorc a significant increase in global

elimatc ambition” in mecring the overarching climare objecrives
of the Paris Agreement. President Biden also set a goal o
“climinate fossil fuel subsidics from the budger request for
Iy

budget coward low GHG emissions with a climarc-rcsilient

Fiscal Year 2022 and thereafter,” financi igning the federal

U

dependence on fossil fuels and other sources of GHG

cmissions spans sectors ke power generation, industry, heat

nd eransportation fack. Figure 1 shows the breakdawn of S
energy dependenee on coal oil and narural gas (quadsillion Bricidh

therm

units (BTUD alongside the breakdown of GHG emissions

C0,¢), assuming a global warming pocencial over 100

years (GWP-100) of 100 for methane). In 2020, approximately 40
percent and 19 percent of the U.S. power generation was sourced
nd

‘year, pecroleum provided for approximately 90 percent of the

from patural ). In the same

espectively (EIA, 2

transporcation seetor's cnergy consumption (ELA, 2021b). The
a

wransporcation. Induserial heat from nacural

st share of the U.S.CO, emissions footprint is associated with

o0 contribures

significantly to emissions, When combined with industrial process

enmissions i s0itc S6ctors fe.g. cement), these strcams becore

more concentrated in CO,, m:

ing emissions easier and less

ed t0 more diluse sources. Nawural

expensive (o capeure com

ly chains alse include cmissions of methane,

prioritized domestically and glabaly to mece our net-zero goals.

Theough Exccutive Order 14008, Tackling the Climate Crisis
st Home and Abroad, President Biden sex  goal to“lesd a
elean energy revolurion thar achieves a carbon pallurion

fie power sectar by 2035 and pus the Unired Scaces on an

|

s, d

fil GHG that is he primary component of narural gs.

the U.S. Environmental Protection Agency (EPA) has

extimatcs of these methane emisions, as shown in Figure 1 official
estimmates are widchy understood to be too low, in some cases

subseantially (Abvarcz er al., 2018)

Fossil Energy and
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 Strateqgic 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

. Bipartisan Infrastructure Law funding

$300M for CO, conversion grants for low $8B for H, Hubs, of which at least one will
embodied carbon products .~ have fossil + CCS based H, production

Wind

Low-Carbon 2 Hydrogen Point-Source

$25B fOI" C02 Energy . Cement Carbon Capture

transportation loan : uels $2.5B for commercial CCS
support via CIFIA e g : T K5ONE demonstrations

program < v o RS $1B for small CCS pilots
$100M for CO, ‘

transportation

engineering studies

$3.5B for Direct Air
Captu re HUbS Carbon Dioxide.. :
$115M for Direct Air Removal
Capture Technology Prizes

$2.5B for expanding DOE’s
CarbonSAFE storage
characterization and
buildout initiative

Carbon Storage

Fossil Energy and

ENERGY Carbon Management fecm.energy.gov



. Carbon Capture and Removal with Equity and Justice

A New Requirement for DOE Carbon Management Projects

 Must advance equity and justice for communities

Project Applications Require New Plans for Four Priorities
« Community and stakeholder engagement
* Diversity, equity, inclusion, and accessibility
* Justice4O Initiative

 Quality jobs

FECM’s website (resources) provides guidance for applicants to develop these plans

https://www.energy.gov/fecm/justice-engagement-planning-societal-considerations-impacts-fecm-projects

Fossil Energy and fecm.energy.gov

Carbon Management



. Net-Zero and Role of Carbon Dioxide Removal

Figure
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Schematic of hard-to-avoid
emissions and the CDR
needed to offset them.
Adapted from a figure
produced by Glen Peters
(2020)
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DOE has 20+ years of experience researching and testing CO,
storage

| Base Program | | Bipartisan Infrastructure Law Program

m| S m.
Phase lII:
Phase : | : :
ase |: Integrated % Rhizss | Starage % Site Characterization 4 ElisallV:

* . o . ags ]
@S CCS Pre-Feasibility Complex Feasibility d Permitti Construction
12-18-month initiative 18-24-month initiative an3 errr:| t'mg <2.5-year initiative
<J-year initiative

! ! { v

o 8 o F i * Data collection i i o
DIETIRLNDE @I V=X o @rariters ke * Detailed site characterization . .
» Inventory available data SO SR AT . * Drill and complete injection
s, Yaayals « Analysis of contractual * Prepare/Submit UIC Class VI B -
, * Purchase seismic d?t_ﬂ and regulatory or BSEE Permits to Construct PN
. 2 b Pu.]rlc}(;atse and condition requirements * CO, Soutce(s) Feasibility Study m?trxng E;Oi[;imasn
o e— oubimficagiodelng SClen R B I Sy « Obtain EPA UIC Class VI
* Model scenarios : -
R * Risk Assessment * Storage Field Development and or BSEE Permit/
e - T * Evaluate monitoring Commercialization Plan Authorization to Inject
ommunty Benefits [eqmreme-nts * NEPA process/approvals + Community Benefits
* Community Benefits * Community Benefits
”

* NEPA process/ approvals
* CO, Pipeline FEED and supplemental analyses

* Community Benefits

O. 2003 J\)- 2016 O- 2023

« DOE-led regional partnerships to validate CO, * Successful tests led to the CarbonSAFE program. * BIL builds on last 20+ years
geologic storage. of CO, research.

* Focused on ensuring CO, storage sites will be ready
* Completed injection test projects, with no negative  for integrated CCS system deployment in the 2025- * Enables commercial
impacts to human health or the environment. 2030 timeframe. deployment of CO, storage.

.S. DEPARTMENT OF FOSS” Energy and

ENERGY | carbon Management fecm.energy.gov




. Direct Air Capture Hubs

Topic Area 1: Feasibility Topic Area 2: Design Topic Area 3: Build
Concept Studies FEED Studies Full Hub Design,

»

Construction, and Operation

$40,875,131 total selected $58,658,012 total selected

»

Maximum award of $3,000,000 Maximum award of Up to $1.2B

per project $12,500,000 per project 2 states

14 awards 5 awards Up to 10 years to complete
10 states 5 states

Up to 24 months to complete Up to 24 months to complete

* Meets industry at diversity of technology readiness levels = avoids tech lock in for early movers
* Supports a diversity of technologies and business models

* Launches community benefits conversations before detailed design

e Shows opportunity for DAC across geographies

Fossil Energy and

NERGY Carbon Management




. Direct Air Capture Map TA 1 + 2 Selections

- University of North Dakota EERC
Oliver County, ND
: ® .
Rocky Mountain
Institute (RMI)
Hermiston, OR Carbon Capture, Inc.

Sweetwater County, WY -
l. University of lllinois
University of California, Berkeley ER Y oSG "G Northwestern University
ni L
San Joaquin Valley. CA et ded  Fre———— ® Midwest Region (non-specific)
Milford. Ug ERENES ® University of Kentucky
o ® Research Foundation
A = - Eastern Kentucky (non-specific)
‘Y | Area Federal LLC, o —| AZ Board of Regents: Slem_ens Energy. Inc.
/ Kern County. CA Arizona State University M Slnersaisioncr s
Electric Power Research Institute. Inc. Four Comers Regjon Basin in lllinois (non-specific)
Kern Front and Elk Hills; Kern County, CA Chevron
| Bakersfield, CA
|
2 General Electric A, University of lllinois
Houston, TX Z ® Panama City, FL
_o R ® A1
ASRC Energy Services, LLC ® * TA2
Multiple Potential Locations, AK

s Pre-FEED Studies
m FEED Studies

Sedimentary Basins
Louisiana State University SSEB
Baton Rouge, LA Northern Mobile County, AL
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Carbon Management
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B Thank You

Learn More About Us

The Office of Fossil Energy and Carbon Management
https://www.energy.gov/fecm

Justice & Engagement
https://www.energy.gov/fecm/justice-engagement-planning-societal-considerations-impacts-fecm-projects

Our 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_Updated-4.28.22.pdf

Fossil Energy and

u.s.
NERGY Carbon Management fecm.energy.gov
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