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Useful Definitions

DECARBONIZATION

Broad term referring to the reduction of
CO, emissions from human activity

CARBON MANAGEMENT Technologies
that involve capture and utilization or

storage of CO, Increasing
| Specificity
| |
CARBON DIOXIDE REMOVAL (CDR) CARBON CAPTURE, UTILIZATION, AND
Activities that remove CO, from the STORAGE (CCUS)
atmosphere or oceans and durably Technology that captures CO, at a point
store it in geological, terrestrial, or source for utilization in other products
ocean reservoirs, or in products or geological storage

RMI - Energy. Transformed.



Carbon dioxide removal (CDR) vs.
Carbon capture, utilization, and storage (CCUS)

Nearly all CCUS

e Carbon capture, utilization, and projects today are CCS
storage (CCUS) targets the capture
of higher-purity streams of CO,, l
Capturlng them from emissions Carbon Dioxide Carbon Capture Carbon Capture
sources like smokestacks before they Removal (CDR) & Use (CCU) & Storage (CCS)

reach the atmosphere. ‘
S | e

e Carbon dioxide removal (CDR)
removes CO, that is already in our l i
atmosphere.

e il ..
> T W
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RMI — Energy. Transformed. Source: Image from https://cr-hub.org/en/why-cr/



https://cr-hub.org/en/why-cr/

CCUS and CDR are waste removal strategies

Few industries exist
at the gigaton scale
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Coal
Oil
Cement
Iron Ore
Gas
Steel
Sugarcane
Corn
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‘ Waste can be thought of ‘ CCUS and CDR are waste
as a gigaton industry removal strategies

Current Global
Municipal Solid
Waste Production:
2.1 Gt/y

Current Global CO, Emissions:

Carbon capture,
utilization, and storage
(CCUS) can mitigate
waste today

Carbon dioxide removal
(CDR) can be used to
clean up waste in the
future



Carbon Removal and Carbon Capture both have
important roles to play in the energy transition

Yearly global
CO2 emissions Carbon capture is
_ 50 needed to help drive
CDR and CCUS are different: Peak emissions emissions down in the Carbon Dioxide Removal
40 near term (CDR) is needed in the long
e Different technical applications term to remove past
emissions from the
* Different deployment oy 30 atmosphere
requirements - Year of net zero
£ 20 ]
* Different policy implications *g_%
© 10
But both are important ¢
0 :
2000 2020 2040 20 2080 2100
-10
RMI - Energy. Transformed. 6

Source: AR6 Scenario Explorer and Database hosted by [IASA



https://data.ece.iiasa.ac.at/ar6/#/workspaces

Many major energy scenarios now expect a
significant amount of CCUS and CDR by 2050

2050 CO, capture across different scenarios

Annual CO, capture across different scenarios

GtCO./yr
14 4~ — ETC - High Scenario
—— ETC - Base Scenario
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i ---- |EA - Net Zero Emissions

8 _

6 _

4 -

2 _

0 T T T T T 1
2020 2025 2030 2035 2040 2045

RMI - Energy. Transformed.

2050

GtCO./yr

14
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ETC
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101

6.9

ETC
Base

7.9

13.2

7.6

I ]

Power

Fossil fuel
Processing

Iron & Steel

Blue
Hydrogen

Cement

Other
Industry

BECC
DACC

IRENA -
Reaching

Zero with
Renewables

BNEF -
Gray

IEA - RMI -
Net Zero Median

Emissions

Source: Energy Transitions Commission CCUS report (2022)



Remember: mitigation must come first

Mitigation Strategies:

A climate aligned future: * Energy Efficiency

1. Prioritizes mitigation ..
£ * Clean electricity

2. Prepares for Carbon
Dioxide Removal (CDR) in
the long term

* Electrification of devices
* Decarbonization of industry,

including with Carbon Capture and
Storage (CCS)

RMI - Energy. Transformed.



Carbon
Capture,
Utilization, and
Storage
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Carbon capture, utilization, and storage (CCUS)

Nearly all CCUS

Carbon capture, utilization, and projects today are CCS
storage (CCUS) targets the capture of

higher-purity streams of CO, from

emissions sources like smokestacks Carbon Dioxide Carbon Capture
before they reach the atmosphere. Removal (COR) & Use (ccU) & Storage (CCS)
Point sources of carbon dioxide can - - ‘
include: T N

 Cement plants N

* Fossil electric power plants l 5% M

» Steel plants 28

* Petrochemical facilities N Yo aY . &

e Other industrial processes

RMI - Energy. Transformed. 10

Source: Image from https://cr-hub.org/en/why-cr/
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CCS is largely seen as a transition strategy

CO, captured by sector in Base scenario

MtCO,/year
7 000 - @ oicc -
@ BECC
6000 1 @ iron & Steel In the Iong-term, CDR
@ Biue Hydrogen starts to play a bigger role
5000 91 @ cement — CDR .
; in carbon management
ower
4 000 H . Fossil Fuel Processing activities
3000 - —
CCS deployment is
2000 +
ccs generally expected to play a
—]
1000 near term role in
decarbonizing “hard to
0 - — abate” sectors
2020 2025 2030 2035 2040 2045 2050
RMI - Energy. Transformed. 11

Source: Energy Transitions Commission CCUS report (2022)



Future technical scope for CCS/CCUS is large
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FIGURE 17 ESTIMATED TECHNICAL SCOPE FOR CCS ACROSS GCC REGION TO 2035, MILLION TONNES OF CO=z
SOURCE: Qamar energy, GCCSI| webcast, 23 feb 2021

RMI — Energy. Transformed. Source: Global status of CCS, Global CCS institute (2021) 12



Most carbon capture and use (CCU)
applications cost more than storage (CCS)

CCU supply cost curve
$/1CO, Storage Duration / Breakeven . Days - months . Decades Centuries
1,600 -
Synfuels
1,400 - Max.
1,200 -
Additional
cost must be 1,000 -
paid for
using CO, vs. 800 Methane
conventional Brines
athwa
Patiivay 600 |
Methanol
400 4 Plastics Min.
200 ~ Concrete Curin
Aggregates g ccs
Breakeven R T a— Breakeven
I I I I [ I 1
F 5,000 10,000 15,000 20,000 25,000 30,000 35,000
-200 - EOR
Urea
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Source: Energy Transitions Commission CCUS report (2022)



CCS is already being deployed in Colorado

CCS companies are establishing operations in Colorado

e Carbon America - CO, capture-transport-storage value
chain (Arvada)

* Vartega — recycling carbon fiber (Golden)

* lon Engineering — industrial CO2 capture (Boulder)

* New Sky Energy — capture and conversion of CO2 (Niwot)

* New Iridium — capturing CO2 from the chemical supply
chain (Boulder)

* Pioneer Energy — carbon capture in O&G operations
(Lakewood)

* Red Rock Biofuels — CO2 capture from woody biomass
Fischer Tropsch synthesis (Fort Collins)

Colorado labs and universities are studying CCS
* NREL is conducting research on CCS

e (CSU is developing COMET, a carbon accounting system for
agriculture

RMI - Energy. Transformed.

Facility Category @ Commercial CCS . Pilot/Demonstration
& ' @ +
® e
o { -
‘ A
 J &
R

United Statg
Coyote Clean Power

(early stage)
\ @
e : =
&4
i ]

rF--4

\

Svante, LafargeHolcim, Oxy Low Carbon Ventures, TotalEnergies, Keiwit and
Electricore are conducting a study to assess the financial viability and design
requirements of 1.0 — 2.0 million tonnes per annum CO2 capture facility at
LafargeHolcim's cement plant in Colorado, United States

14
Source: Global CCS Institute CO2RE Facilities Database: https://co2re.co/FacilityData



Colorado is not limited by storage capacity

Legend
Table 1.2: CO, sequestration capacities in million short tons estimated for Colorado e -
Pilot Geologic Mineralization A o
StUdy — Oil & Sali Prod d Total 2?32231 féjung;om
X Emissions I aline . roduced | Capacit e
Regions Gas | CBM Aquifers Silicates | * \yaters pacty N e
@ 1001- 10000
gﬁ;c’” 9.4 0 493 122118 2,200 0 124811
Craig 144 123 11,089 46,209 30,000 0 87,391
Denver 141 557 602 129,138 0 <0.001 130,297
Fort 49 164 0 43770 0 <0001 43934
Morgan
Ignacio 31.5 186 2,809 92,142 0 0 95,137
Palisade 0.8 116 1,798 132,330 200 <0.001 134,444
Rangely 3.4 740 1,037 102,579 0 0 104,356
Total 78.5]| 1,886 17,798 668,286 32,400 0| 720,370
e kiometers ‘ g
RMI - Energy. Transformed. 15

Source: RS-45 CO2 Sequestration Potential of Colorado (2007)



It is also possible
for Colorado to
participate in a
partnership with
neighboring states

RMI - Energy. Transformed.
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Captured CO2 is typically injected underground —
Permitting is done with Class VI wells

reduce emissions
to atmosphere

CO2 can be injected underground into depleted CO2 can be reacted underground
oil and gas reservoirs or saline reservoirs to form carbonate minerals

Water co

CAPROCK

DEPLETED OIL
OR GAS RESERVOIR

Basaltic rock

CAPROCK

stored CO, P’°dlﬂlced OIL RESERVOIR
ol

Carbonate minerals

Source: Image from Los Angeles Times

Source: Carbfix

Yy . =a
PRI

Not drawn to scale

RMI - Energy. Transformed. Source: EPA class VI wells L7


https://www.epa.gov/uic/class-vi-wells-used-geologic-sequestration-carbon-dioxide

Carbon Dioxide AN =
Removal g sl
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Even with mitigation, we expect to need to
remove excess CO2 from the atmosphere

Cumulative emissions and budget

GtCO, 2020-50
725

N
\ 155§

Global annual gross emissions by ETC scenario
GtCOz/year
40 A = Scenario A
= Scenario B
35
30 - 1150 Gt CO,
! cumulative additional emissions
25 -
20 A
571 570 Gt CO,
cumulative emissions
10
5 —
0
2020 2025 2030 2035 2040 2045 2050

RMI - Energy. Transformed.

2\ Difference between Scenario B and Scenario A

500

If accelerated action isn't
taken in the next decade
the carbon budget

‘overshoot gap’ could
more than double

225

_________ =

Net cumulative
emissions

Carbon
Budget

Overshoot
Gap

Source: Energy Transitions Commission CCUS report (2022) 19



Carbon Dioxide Removal (CDR): directly
removing CO2 from the atmosphere

Carbon Dioxide Carbon Capture
Remova 1 (CDR) & Use (CCU)

Carbon dioxide removal (CDR) removes ‘ . l ‘

CO, that is already in our atmosphere.

RMI - Energy. Transformed. 20

Source: Image from https://cr-hub.org/en/why-cr/
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Direct air capture (DAC) is one of the
most well-known CDR methods

Direct Air Capture (DAC) captures CO2

Climeworks’ Orca facility in Iceland can
out of the air by absorbing it in a solvent.

capture 4,000 tCO,/y
5B '
EB | K

AR ' ale . 000 \/\/O\/O\/\
% % O O O O
e oo °
. L . o o
. [ . O 0O o O O O
$5)|(S% o ©
% - * * N L. O
e o e ©
Image copyright: Climeworks Intake Capture Regeneration
Air Contactor Sorbent/Solvent Temperature/Pressure Swing

Energy: 0.3-1.3 GJ/t Energy: 0 GJ/t Energy: 7-13 GJ/t

RMI — Energy. Transformed. Source: RMI Direct Air Capture Insight Brief (2021)
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Carbon Dioxide Removal can be accomplished
with a variety of approaches

1 1
f

| fertilization

\ /
\ {
\ /
\ P e . \(

l'I
lI|
Ocean 'l,l
{oF)

RMI - Energy. Transformed.

Source: Image from https://cr-hub.org/en/why-cr/
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CDR is already being deployed in Colorado

CDR startups are establishing operations in Colorado

* Travertine — electrochemical mineralization (Boulder)
* Global Thermostat — direct air capture (Brighton)

e Charm Industrial — pyrolysis oil (Fort Lupton)

* Prometheus Materials — bio-concrete (Boulder)

* Biochar Now — biochar (Berthoud)

* Biochar Solutions — biochar (Lafayette)

Colorado labs and universities are studying CDR
* Direct air capture (DAC) is currently being researched
at NREL

* The open FOA for federal DAC hubs may see
applications from CO based companies

RMI - Energy. Transformed.

CORE SOLUTION —
DIRECT AIR CAPTURE

HOW IT WORKS

Our patented technology is
uniquely capable of delivering
low cost COz Direct Air Capture

CO2 is extracted directly
from the atmosphere by X

first processing air through
P 8 g GT's high surface area, low
our monolith contactor via
pressure drop honeycomb
monolith contactor
selectively traps CO2 with a
proprietary sorbent material

standard industrial fans

Source: Image from https://globalthermostat.com/

INHMERENT AT

Drop-in compatibility with higher
capacity contactor panels, as they
are developed

3

*

* .
Steam directly injected onto
the monolith contactor
releases the bound CO2,
concentrating it for
collection, use, or storage

Further energy savings possible
via patented regenerative heat
integration

The regenerated
contactor panel
reenters airflow to
capture more CO2,
restarting the cycle

23
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Who is expected to pay for carbon removals

 CORPORATES, VIA:

~ GOVERNMENTS, VIA:

[T

-y Direct finance & purchase of removals ) Meeting obligations in compliance markets
! - (e.g., EUETS)
B Enhancing and creating compliance o N Committing to net-zero decarbonisation
markets with a limited quantity of removals | i pathways...

B Reforming existing policy and subsidy
regimes

...neutralising any remaining emissions with
carbon removal credits in the voluntary market.

RMI - Energy. Transformed.

Source: Energy Transitions Commission, Mind the Gap (2022)
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Federal policy is already building support for

CDR and CCS

Stated White House Goals

1. Reduce greenhouse gas emissions
by 50% (rel. 2005 levels) by 2030

2. Net zero emissions economy-wide
by 2050

3.  Removal of 1 GT CO,e/year by
2050

RMI - Energy. Transformed.

Historical and Modeled Net U.S. Greenhouse Gas Emissions (Including Land Carbon Sinks)

billion metric tons CO;-equivalent (Gt CO5-e)?

7
Historical emissions? Modeled emissions
6 - 2021 emissions?:
2005 emissions®; ~5.6 billion tons
~6.6 billion tons
5 F Mg et
......................... ‘.’_)____,-—";
i
4 L
- 2030 target: 50% below 2005
30 S
.
2 .
1 L
U - T T T T T 1
2005 2010 2015 2020 2025 2030 2035

Frozen Policies
(~26% below 2005 in 2030)

Mo IRA (Bipartisan
Infrastructure Law only):
~4.8 billion tons in 2030
(~27% below 2005)?

Inflation Reduction Act:
~3.8 billion tons in 2030
(~42% below 2005)*5

" Net-Zero Pathway

(50% below 2005)

Source: REPEAT project: The Climate and Energy Impacts of the Inflation Reduction Act of 2022 (August 2022)



Government role in scaling CDR

The primary role of government in scaling CDR is to
establish clear guidelines in which markets can
operate. E.g.:

Establishing legal definitions

Clarifying legal ownership rights, especially for

pore space

Facilitating class VI well permitting

Establishing measurement, reporting, and
verification (MRV) protocols and standards

Facilitating the construction of supporting

infrastructure, including pipelines

Ensuring long term safety, justice, and
stewardship within operations

RMI - Energy. Transformed.

NINE ACTIONS TO SCALE CDR IN THE 2020s

In addition to rapid and critical decarbonisation action

FUNDING GAP

OO0 0 006 006000

o
wd
S5
=
o

CREATE ENABLING
CONDITIONS

Scale up voluntary carbon markets by pursuing high-ambition
corporate action.

Establish compliance carbon markets and include a limited
quantity of removals.

Direct government funding for carbon removal, via project
funding or credit purchase.

Indirect government support for carbon removal,
via policy shift and subsidies.

Address risks around permanence and additionality for CDR
solutions (e.g. improved monitoring and verification).

Ensure carbon credits are of the highest possible integrity,
via improved standards.

Build associated supporting infrastructure
(e.g., clean power, CCS).

Public education and training to implement CDR solutions
(e.q., farming practices).

Accelerate CDR innovation via research and development grant

funding.

3
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Source: Energy Transitions Commission CCUS report (2022)



Legislative issues relevant to carbon
management (CDR and CCS) in Colorado

Legislative issues: Why it matters

1  Definitions Defining relevant terms around carbon management is essential to fostering healthy industries
2 Class VI Well Primacy Establishing Class VI well primacy in CO will significantly expedite approval of new CO2 sequestration
wells

3  Pore space CO2 is being injected underground into pore space. It will be essential to clarify ownership rights

4  Aggregating property Because underground pore space doesn’t end at human-made property boundaries, clarity is needed
rights on aggregate ownership rights

5 Long term site Standards are needed for how to ensure safety and stewardship before, during, and after CO2 injection
stewardship standards

6  Programmatic funding Create a fund and define authority and responsibilities for a long-term carbon stewardship enterprise
for carbon stewardship

7  Environmental Justice Create rules to ensure that carbon management is done responsibly

8 CO2 pipelines Create or delegate an authority for managing CO2 pipeline safety, planning, and eminent domain

RMI - Energy. Transformed. 28

Source: Creating Colorado’s Carbon Sequestration Framework: A Legislative Proposal






Taxonomy of CDR approaches

(1) Enhanced ecosystem techniques (4) Carbon mineralization
* |Improved land/forest management ¢ Ex-situ

* Conservation/protection of sinks  |n-situ
e Restoration/creation of sinks e Surficial
* Soil CDR
(5) Enhanced weathering
(2) Non-CO,, carbon sequestration e Coastal
* Biochar * On farmland
* Bioall * |n forests

* Microalgae
* Macroalgae
* Wood burial * Oceanliming

e Other alkaline materials
(3) Geological CO, sequestration
 BECCS
* Waste energy with CCS

RMI - Energy. Transformed.

(6) Mineral spreading in oceans

(7) Direct air carbon capture
and storage

 Absorption
 Adsorption

e Membranes

* Cryogenics

(8) Electrochemical ocean CDR

 Acid CO2 evolving
 Base carbonate precipitate

30



CCS is largely seen as a transition strategy

IEEEE NN EEEEEE NN EEEE RN N EEEEE RN EEEE NN RN EEEE NN EEEEEE NN EEEEEEENEN EEEEE NN NEEEEE NN IEEEEE NN IEEEEENEEEEENEEEEEEENNEEEENENEEEEEENRNER -lllll--llllIl"'""""""'-'"'"*‘"'""""""""""':

CCUSISCAPTURINGCO, ii CCUSHASAVITALBUT i A SIGNIFICANT SCALE UP
FORSTORAGE ORUSE i LIMITED ROLE IS REQUIRED

2 ! Final energy mix in a zero-carbon economy : : Carbon dioxide capture, GtCO,/year
1 by 2050 :

= s ——
¥ | 3 ——(es0)

- ) Bioresources : :
CO,Capture ::  Fossil [ o H

o D: with ~ 5% 7=10
- - CCUus High deloyment
Other uses = | - scenario
¢ i (10 Gt)
Base scenario
3 CO,Transport (7 Gt)
%{3 ko
w S 0.04
= : Hydrogen
€0, Storage €O, Storage = yareg Zero carbon electricty 2020 2050

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

RMI - Energy. Transformed.

Source: Energy Transitions Commission CCUS report (2022)



Global storage potential will not be limiting

RMI - Energy. Transformed.

Exhibit 8

0
2021 actual global |
commercial
storage

RMI 2020-2050
analysis

Europe (EU+)
Canada
China

Other Eurasia
Middle East

Australia &
New Zealand

Asia

United States
Latin America
Russia

Africa

Global total

Estimated practical geological storage capacity by region,

onshore and offshore (GtCO,)

2,000 4,000 6,000 8,000 10,000

2021 actual global

RMI 2020-2050 analysis |

0

commercial storage ’. 03
1.8

L] ® 145

Lower . Upper

Regions

2021 actual global
commercial storage

RMI12020-2050
DACCS demand

Europe (EU+)
Canada
China

Other Eurasia

Middle East

Australia &
New Zealand

Asia

United States
Latin America
Russia

Africa

Global total

Source: Kearns et al. (2017); RMI Analysis; OGCI - CO; Storage Resource Catalogue (2021)

0.3

18
302
318
403
485
492

595

665
812
1,040
1,234

1,563

. Average

Upper Average

145
2,120
2,236
2,830
3,410
3,454
4,184
4,670
5,708
7,310
8,673

10,986

55,581

82
1211
1277
15616
1,948
1,973
2,390
2667
3,260
4,175
4,954
6,275

31,745
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