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// = Objectives:
“=" « Prioritize key carbon capture and CO2 pipeline project

opportunities revealed in modeling

» Determine cost gaps, where applicable, for priority projects after
accounting for federal 45Q tax credit

 |dentify state policies to help close cost gaps

« Engage stakeholders, policymakers and media to marshal support
for projects to meet 45Q timeline of beginning construction by end
of 2023

» Prepare for 2020-21 state legislative sessions
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Regional CO, Transport Infrastructure Study

Study Components Initial CO, Corridor Scoping

1. ldentify near-term opportunities for CO,
capture retrofit

2. Locate areas of CO, storage and use

3. Model optimized CO, transport
infrastructure to maximize capture and
storage

Primary Partners:

@ Industrial Facility
© Biofuel Refinery
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Analytical Report

Transport Infrastructure for
Carbon Capture and Storage

WHITEPAPER ON REGIONAL INFRASTRUCTURE FOR MIDCENTURY DECARBONIZATION
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Download the paper at:

Near-term planning and
coordination of regional-
scale infrastructure

will enuble signit.cant
deearbonization of the
industrial and power sectors
while creating a market

for direct air capture of CO,
will require.

Economy-wide deplayment
of carbon capture and
storage will help achiove
net-zero or negative carbon
omissions in the US.
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carboncaptureready.org/analysis
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CO, Capture Opportunities: Industrial and Power Facilities
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Estimated Cost of Capture per Industry for Near-Term Facilities in Study Area

$80 A
Optimized Lo ade
)i # of Estimated
$70 Industry s (0F:To] {T] (-
! Facilities Cost
& o o (mmt/year)
$60 i o 8 é § . $/ton
- i : i ¢ Ethanol 150 50.6 $17
g ° Cement 45 32.7 $56
$40 ® l ¢ Refineries 38 26.5 $56
$30 | Steel 6 14.6 $59
- I Hydrogen 34 14.4 $44
' 8 ? Gas Processing 20 4.5 $14
$10 Petrochemicals 2 1.7 $59
50 Ammonia 3 0.9 $17
O 3 % ¢ S5 & & & & O 2 i
,g§ é‘; 85 é? @g; g»"@ Q§' 5@ Q§ &2 égv Chemicals 2 0.7 $30
é(’b v £ @ é’ § 5 O o 9 Coal Power Plant 58 143.4 $56
g O i O S Gas Power Plant 60 67.9 $57
& Q¢ Grand Total 418 357.8 $39

Source: Jeff Brown, 2019
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45Q-Qualifying Power and Industrial Sources
of CO2 in Texas

Industry

Coal Power
Plant
Gas Power
Plant

Refineries
Petrochemicals
Gas Processing
Hydrogen
Cement
Chemicals

Metal &
Minerals

Ethanol
Ammonia
Pulp & Paper
Steel

Grand Total

# of 45Q
Qualifying
Facilities

20

56

25
14
12
16
16

2

4
1

1

MMT: million metric tons CO2

45Q
Qualifying
Emissions

(million metric
tons CO2)

127.4

100.6

61.9
10.9
4.9
12.5
10.4

0.4

1.2
0.7

0.2
7 331.1 MMT

Total

# of
Facilities
in Texas

20

111

34
31
264
16
16
52

Hmm_\#g

Total Facility
Emissions

in Texas
(million metric
tons CO2)

127.4

109

78
25.5
21
12.5
10.4
7.4

4.8

1.2
0.7
0.7

0.6
399.2 MMT

Source: EPA GHGRP 2018
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“~ Texas
@ !dentified near- and medium-term capture opportunities
0 ® .
= ®
® f/ ©
Albuquerque
Oklahoma City
®
®
® O
OEI Paso
San Antonio
Likely Candidate
Facilities

COAL POWER
PLANT
GAS POWER
PLANT
NATURAL GAS SIZE OF
ol . PROCESSING @ PLANT

PETROCHEMICALS
®

REFINERIES

HYDROGEN ETHANOL e EXISTING CO2 PIPELINE

oL ©)

METALS, MINERALS URBAN AREA o

AMMONIA & OTHER

Industry

Ammonia
Cement

Chemicals

Coal Power
Plant

Ethanol

Gas Power
Plant

Gas Processing
Hydrogen

Metals &
Minerals

Petrochemicals
Pulp & Paper

Refineries
Steel

Grand Total

C0O2
Captured

Target
(million metric
tons CO2)

24.0
1.0
31.5

1.1
5.0

1.7
0.0
14.8

Total Texas
Y02 | racy
(million metric CERIOREL
0.7 -
10.4 83%
7.4 -
127.4 29%
1.2 287%
109.0 48%
21.0 43%
12.5 54%
4.8 -
25.5 65%
0.7
78.0 25%

0.6 - -

Share of Industry
Emissions

Captured

7%
0%
19%

Source: EPA GHGRP 2018; GPI 2019

Near- and Medium-Term Opportunities
Economically feasible with today’s technology, 45Q tax

credit, and assumed $10-$15 / ton pipeline transport tariff, for
sale to EOR at $20 / ton.

Source: Regional Carbon Capture Deployment Initiative,
GPI, and Jeff Brown. 2019.

INSTITUTE

GREAT PLAINS -D

2020 CO2 Conference
Decomber 810



o @
€ .
Shreveport
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@®
o
@

Beaumont

Emitting Facilties

GAS
PROCESSING

CHEMICALS ‘ HYDROGEN ‘ PETROCHEMICALS
COAL POWER METALS, MINERALS PULP &

PLANT & OTHER PAPER

GAS POWER OTHER POWER

@ PLANT @ PLANT REFINERIES

AMMONIA

@ STEEL
©

WASTE

@)
@
New Orleans
@

SIZE OF
PLANT
e EXISTING CO2 PIPELINE

URBAN AREA

45Q-Qualifying Power and Industrial Sources
of CO2 in Louisiana

# of 45Q
Industry Qualifying

Facilities
Ammonia 4
Chemicals 1
Coal Power Plant 4
Gas Power Plant 12
Gas Processing 4
Hydrogen 10

Metals & Minerals -

Other Power Plant -

Petrochemicals 12
Pulp & Paper 2
Refineries 11
Steel 1
Waste -

Grand Total “

MMT: million metric tons CO2

45Q Total Total Facility
Qualifying # of Emissions in
Emissions | pacjlities | Louisiana
(million metric o (L (million metric
tons CO2) L e e tons CO2)
8.9 4 8.9
0.3 31 3.8
18.5 4 18.5
23.2 26 26.0
0.8 227 11.9
7.4 13 7.6
- 25 2.4
- 1 2.1
10.2 20 14.2
1.4 9 2.8
30.7 15 32.1
0.1 1 0.1

- 25 -
101.4 MMT 130.5 MMT

Source: EPA GHGRP 2018
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Beaumont

Louisiana
|ldentified near- and medium-term capture opportunities

Shreveport
O # o

Emitting Facilties

GAS
PROCESSING

CHEMICALS ‘ HYDROGEN ‘ PETROCHEMICALS

AMMONIA

@ STEEL
©

COAL POWER METALS, MINERALS PULP &
PLANT & OTHER PAPER
@ gl‘_‘:N"TOWER g&ﬁ? POWER . REFINERIES

WASTE

aton Rouge

© &}
‘ ONgw Orleans
[ ]

SIZE OF
PLANT
e EXISTING CO2 PIPELINE

URBAN AREA

CO2 Captured
Target

Industry

(million metric tons
CO2)

Ammonia
Chemicals

Coal Power Plant
Gas Power Plant
Gas Processing
Hydrogen

Metals & Minerals
Other Power Plant

Petrochemicals
Pulp & Paper
Refineries
Steel

Waste

(
Grand Total

0.5
3.2
8.0
0.5
4.2

0.0
7.0

Total Louisiana

Share of Industry

Facility CO2 Or it
Emissions (milion| ~ CiSSions
metric tons CO2) Captured

8.9 5.5%

3.8 ]
18.5 17.3%
26.0 30.8%
11.9 4.0%
e 55.1%
24 )
2.1 .
14.2 .
2.8 )
= 21.7%
0.1 .

- 0.0 -
23.3 MMT 130.5 MMT

Source: EPA GHGRP 2018; GPI 2019

Near- and Medium-Term Opportunities
Economically feasible with today’s technology, 45Q tax
credit, and assumed $10-$15 / ton pipeline transport tariff, for

sale to EOR at $20 / ton.

Source: Regional Carbon Capture Deployment Initiative,

GPI, and Jeff Brown. 2019.
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CO, Storage in Saline Formations & Petroleum Basins

2a Saline data via
The Sequestration of
CO2 Tool (SCO2T)

“s Los Alamos

NATIONAL LABORATORY
ST.194

o

INDIANA UNIVERSITY

Figure authored by Elizabeth

FIELD WITH TECHNICAL Abramson, GPI, March 2020

POTENTIAL FOR EOR
SALINE FORMATION
—— EXISTING CO,
PN & | GREAT PLAINS D
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CO, Storage in Saline Formations & Petroleum Basins

45Q-ELIGIBLE INDUSTRIAL EMITTERS 8

‘ AMMONIA ‘ HYDROGEN ®
Q
f,;;:xﬂ METALS, MINERALS o’ ®
() CEMENT & OTHER )
®
CHEMICALS ‘ PETROCHEMICALS ® 'S . o °
@ ® ®

oe ® o ” @ @
COAL ﬁ PULP & 5} ®
POWER PLANT '5 PAPER =P ®
® @ () @
ETHANOL REFINERIES 4 . ®
o oa S o o
® @
GAS sﬁ% STEEL © @ & ® (&)
‘Q?’ POWER PLANT 8o & ‘ oo @ ° % ° &
G- e 8 ® ©ee @. 25

GAS .
PROCESSING WASTE

SALINE FORMATION

® of° a@° P @0
o OLDIR 5T g B g
o po .t O cfoe°
¢ o °° o’ ° ? A
° a®°® ®»

@
CHARACTERIZED BY SCO,T: e}
VERY LOW STORAGE COST ﬂ ‘ - <
LOW STORAGE COST ® L)
—— EXISTING CO, ®

PIPELINE

Saline data via
The Sequestration of
CO2 Tool (SCO2T)

US Saline Storage Potential

8.3 to 21.6 trillion metric tons CO2
U.S. DOE, U.S. Carbon Storage Atlas, 2014

» Los Alamos
NATIONAL LABORATORY
zzzzzzz

1.8 trillion metric tons at less than $5 / ton storage cost
[Conservative estimate based on partial coverage of data. National estimate forthcoming.]
Los Alamos National Lab and Indiana Geological Survey, SCO2T Model, 2020 Figure authored by Elizabeth
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Abramson, GPI, March 2020 INSTITUTE
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Near- and Medium-Term Scenario:

Optimized transport network for CO, capture and storage under 45Q

Capture and storage:
~ 300 million metric
tons per year

EOR FIELD WITH POTENTIAL 7
A €02 DEMAND ° LOS Alamos
NATIONAL LABORATORY
EST.1943

POTENTIAL SALINE
A

EMITTING FACILITIES INJECTION AREA
ANMOIA REGIONAL CO, INFRASTRUCTURE SimCCS CO,
—, (MODELED)
q‘@ CEMENT gf:NPTOWER Piseling:capacity (mipe) transport model
GAS e
CHEMICALS PROCESSING ‘ PETROCHEMICALS o

COAL POWER 0 PULP& — <33
@i @ @
METALS, v
@ ETHANOL 0 MINERALS & ‘ REFINERIES
OTHER . .
Figure authored by Elizabeth < ,

Abramson, GPI, March 2020
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Near- and Medium-Term Scenario:

Optimized transport network for CO, capture and storage under 45Q

Capture and storage:
~ 300 million metric
tons per year

EOR FIELD WITH POTENTIAL 7
A €02 DEMAND ° LOS Alamos
NATIONAL LABORATORY
EST.1943

POTENTIAL SALINE
A

EMITTING FACILITIES INJECTION AREA
ANMOIA REGIONAL CO, INFRASTRUCTURE SimCCS CO,
—, (MODELED)
q‘@ CEMENT gf:NPTOWER Piseling:capacity (mipe) transport model
GAS e
CHEMICALS PROCESSING ‘ PETROCHEMICALS o

COAL POWER 0 PULP& — <33
@i @ @
METALS, vor
@ ETHANOL 0 MINERALS & ‘ REFINERIES
OTHER . .
Figure authored by Elizabeth < ,

Abramson, GPI, March 2020
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Thousand dollars per inch-mile

$900
$800
$700
$600
$500
$400
$300
$200
$100

$0

Shared CO, Transport Infrastructure: Beneficial Economies of Scale

Higher capacity achieves lower costs per ton

Infrastructure investment by capacity
$ per inch-mile

‘ Transport costs decrease as
diameter increases

@

g

®

I + ! / Cost per inch-mile trend line

l """"" - B o ®

6 8 10 12 14 16 18 20 22 24 26 28 30 32

Pipeline Diameter (inches)

Figure authored by GPI based on calculations performed using the NETL CO, Transport Cost Model.

Investment by owner/operator

Calculated with:

N=
TL

NATIONAL
TECHNOLOCY CO, Transport Cost Model

_$10,000.00
$1,000.00
$100.00
$10.00
$1.00

$0.10

Transport Tariff ($/metric ton

$0.01

Transport tariff by capacity
$ per ton

Larger segments
have reduced tariffs.

w
-------------- ‘ v i
_________ g_'.-___.“
. ® | FTTreeeeeal T
& 4

6 8 10 12 14 16 18 20 22 24 26 28 30 32
Pipeline Diameter (inches)

Figure authored by GPI based on calculations performed using the NETL CO:;
Transport Cost Model, as modified by McFarlane, Dubois, and Edwards, 2018.

Cost to user/customer
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Shared CO, Transport Infrastructure: Beneficial Economies of Scale

(€]
[ ) .
f j e Small feeder lines have a
< K hi
& igher per-ton cost because
o ' ¥ they deliver less CO
4 ) ke " $8.29 % y 2:
N =, N/
% Sm . .
. =1 _ 2 ) 3ll feeder jine Shared high-capacity
. "oy o & transport segments achieve
© &) — .
% J beneficial economies of
§ scale.
. £
y @ Customers generally pay a
y $121  $1.29 e, 5 ( transport tariff ($/ton) based
on the route their CO,
o o product takes through the
2 transport network.
® A
$38 W °
2° s
Q ‘ CO2 capture
sources
Example network section from the Near- and Medium-Term Scenario. Figure authored by GPI based on ‘ GREAT PLAI Ns
results from the SIMCCS model, with cost estimates calculated by the NETL CO: Transport Cost model. W ‘;! IN STITUT E =

2020 CO2 Conference
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Near- and Medium-Term Scenario:

Relative transport cost of network segments

REGIONAL CO, INFRASTRUCTURE (MODELED)
Estimated cost per ton transported

Very low
Low to moderate
,,,,,,,,,,,,,,,,,,,,, - Moderate to high

Pipeline capacity (million tons per year)
<4
<12

e <33

Figure authored by Elizabeth
Abramson, GPI, March 2020

Large trunk lines
achieve best
economies of scale
and lowest per-ton
transport cost.

Small-feeder lines to
individual facilities
require less capital
but have higher per-
ton cost.

Length

e ‘
. v'r/

Cost R
S (miles)

Very Low 18,006
Low to Moderate 4,744
Moderate to High 6,960
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Midcentury: Long-term Economy-Wide Deployment

Expanded storage in saline formations and petroleum basins

Capture and storage:
~ 670 million metric
tons per year

EMITTING FACILITIES -
,W 2
. AMMONIA o ———

@ CEMENT

GAS
‘ RS ‘ PROCESSING
COAL POWER h PULP &
‘ PLANT ‘ HYDROGEN PAPER

@ ETHANOL . METALS, MINERALS . REFINERIES

A CARBON SINK

REGIONAL CO, INFRASTRUCTURE
(MODELED)

Pipeline capacity (mtpa)

<4

<12

— <33

& OTHER

GAS POWER >
@ oy PetRocHemcaLs () sTeeL @
. ‘ . Figure authored by Elizabeth GREAT PLAINS

Abramson, GPI, March 2020 INSTITUTE
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Planning for Near-Term versus

Long-term Economy-Wide Deployment

Economies of scale Regional infrastructure Long term planning results
benefit higher capacity can store more CO, at a in more CO, stored, smaller
for CO, delivery lower cost land use, and lower marginal
cost
: Project
L | A
Scenario CO, Stored and Capita Labor nnual 9&M
Use Investment Spending
Investment

281 million 29,710

Near- and Medium-Term $16.6 billion  $14.3 billion $252 million

metric tons miles
illi 29,922
Midcentury 669 million 9,922 <19.3bilion $15.3bilion  $254 million
metric tons miles
Midcentury scenario  2.38 more

increase over Near- and +0.7% 16.3% 7.0% 0.8%
i . CO, stored
Medium-Term scenario

& ‘ GREAT PLAINS 'D
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Transport Network Size for Near- and Medium-Term

versus Midcentury Scenario

Fewer mid-size lines Figure authored by GPI based on
0 results from the SImCCS model.
30% |

3

0
o= 25%
()
= 20% .
Q More lines to local
2 saline storage
L 15% | |
g More high-

capacity lines
= 10% ey
o I
[«
= 5%
=
n
0% .

16” 207 247 30”
Pipeline Diameter (inches)

GREAT PLAINS m Near- and Medium-Term Scenario ®m Midcentury Scenario
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Carbon Capture Ready Website

RDI Homepage

« State fact sheets

« Jobs fact sheets

« Analytical white paper

» Policy briefs

 Resources on carbon
capture

REGIONAL
CARBON
CAPTURE
DEPLOYMENT
INITIATIVE

Q GREAT PLAINS
INSTITUTE
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REGIONAL JOBS AND ECONOMIC IMPACT

CARBON

cApTURE OF CARBON CAPTURE DEPLOYMENT ”

DEPLOYMENT
INITIATIVE Texas

TOTAL JOBS POTENTIAL

Operations  Infrastructure
Jobs bs.

Jobs o
15,010 9,230 2,850

Texas has the opportunity to create an annual average
of up to 17,880 project jobs over a 15-year penod
and 9,230 ongoing operations jobs through the
deployment of carbon capture at 95 industrial and power
faciiities. The retrofit of equipment at these facilities
has the potential to capture nearly 161 million metric
tons of carbon dioxide (COz) per year. Along with the
i this would
generate up lo over $89 billion in pnvate nvestment.

CREATING JOBS & CAPTURING CARBON

Carbon capture Is essential to meeting mid-century emissions
reduction goals while retaining and growing a domestic base of
high-wage energy, Industrial, and manufacturing jobs. Carbon
capture retrofits require facilties to be outfited with capture
technologies such as amine scrubbers to remove CO: from
exhaust gas and compressors to make the CO, transport-reaay,
that are dependent upon the type of industrial plant and vary
across Industries and facllities There are jobs assoclated with
the equipmenl, malerials (e.g. cement and sleel), engineering,
and labor required to Install the capture technology, as well as
ongoing jobs o operate and maintain the retrofits. These are
referred to as project jobs and operations |obs

Rhod Group p an c analysis based on the
Regional Carbon Capture Deployment Intiative’s near. and
medium-term capture potential scenano.’ The Rhodium analysis
quanlifies the economic impact and employment opporiunities
of carbon capture retrofit projects by deploying state-specific
dala in the IMPLAN cconomic model. The analylical resulls
measure the impact of project investment and operation costs
through expected annual jobs. Average annual project jobs were
calculated assuming deployment of all projects within the 15
year period from 2021-2035. The jobs reported are in-state jobs,
directly associated with carbon capture retrofits They do not
include other jobs at the facilities, nor indirect and induced jobs.

ANNUAL PROJECT AND
OPERATIONS JOBS

w0 1,00

1 biax reguesents 1 industry

o .
e | . :
g 8
2 e
= chemcs
Gas
) W Project Jobs
Proceesing | I 8 Oparatins Xbs
Ehamot | [
%
aas
Canl
o 1 1oaacket
Trangport represents
1 taciity
ot prugertonsl

0 C0: capres

CARBON CAPTURE JOBS AND ECONOMIC IMPACT SUMMARY

Industry Number of  Total Capture Target
Facilities Metne Tons
Cement 1" 8,000,000
Coal Power 1" 70,000,000
Ethanol 4 1,000,000
Gas Power 28 53,000,000
Gas Processing 6 900,000
Hydrogen 14 9,000,000
Petrochemicals 2 2,000,000
Refineries 19 17.000,000
CO;: Transport - -
1 Rhodium Group analytical results: thg.com/research/

Private Investment Annual Average Annual
Milon Dolars Project Jobs Operations Jobs
2021-2035
$1.200 - $1.800 350 - 520 310-430
$14,000 - $20,000 3,870 - 5,800 2,360- 3540
$60 - $90 15-25 20-30
$15,000 - $25,000 4,400 - 6,600 2,570 - 3,850
$70 - $100 20-25 20-30
$900 - $1.300 260 - 380 270-370
$500 - $700 150 - 220 110 - 160
$2,600 - $3,900 990 - 820
$7.000.000,000 -
o t carboncaptureready.org

carboncaptureready.org

@ Analysis - Carbon Capture Ready X

€« C @ nups//ca y org/analysis,

GREAT PLAINS  fenw Froy
INSTITUTE i et

CARBON CAPTURE READ' REGIONS
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