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CDR can Complement
Deep Decarbonisation
in Keeping 1.5°C Alive
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briefing Commission

Despite ambitious decarbonisation strategies we wil need
carbon dioxide removals to fill a 70 ->225 Gt CO, carbon
budget overshoot gap

A portfolio of carbon dioxide removal solutions could be
scaled up to cumulatively remove 165 Gt CO, by 2050, and
an ongoing rate of 3-5 Gt CO, p.a. thereafter

Managing risks to permanence and delivery at scale will
require robust monitoring and verification systems and
secure finance

Removals will need to be paid for via a combination of
corporate and governmental efforts

To deliver CDR at necessary scale, key policy and
corporate actions must support them in the 2020s



Emission reduction
scenarios and the

overshoot gap




To have a 50% chance to remain <1.5 degree warming, IPCC estimates the
remaining Carbon Budget to be around ~500 Gt CO, from 2020

Global emissions pathway characteristics in the IPCC 1.5°C report
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SOURCE: IPCC (2018), Global Warming of 1.5°C

To illustrate what it would take to achieve 1.5°C, in
2018
The IPCC generated a large number of 1.5°C

scenarios, out of which they selected four
illustrative pathways (larger lines on the graph);

In pathways limiting global warming to 1.5°C
, as well as pathways
, CO; emissions are
reduced to net-zero globally by around 2050.

P3

P4

60 70 80 90 2100

Chosen carbon budget in thisreport

~90%
50% chance 67% chance chance
500 Gt CO, 400 Gt CO, N/A
from 2020 q? from 2020
o 850 Gt CO, 700 Gt CO,
<17°C s from 2020 N/A
<900 1350 Gt CO, 1150 Gt CO, 500 Gt CO,
from 2020 from 2020 from 2020

CH,4 and N,O reductions corresponding
fo chosen carbon budget

N,O reduction
by 2050

CH, reduction

by 2050
~50-55% ~30%

(42%-76% range) (-25% - 48% range)

Source: IPCC (2021), Climate Change 2021: The Physical Science Basis (ARG6)

Note: The IPCC 6™ Assessment Report (2021) only illustrated one 1.5C ‘low overshoot’ compatible pathway, aligned to P2 above.
Source: IPCC (2018), Global Warming of 1.5°C; IPCC (2021), Climate Change 2021: The Physical Science Basis (AR6).



Carbon budgets to limit global average temperature increase to 1.5°C and 2°C have
decreased, increasing the urgency of action in the short term

Carbonbudgets for a giventemperaturerise, in GiCO,

Budgetfor 50% chance of staying within 2°C

Budgetfor 50% chance of staying within 1.5°C

1,350
1,230
1,150
Three years of human-induced
emissions, and improved
scientific methods, have halved
theremaining carbon budget
500
380
250
Remaining carbon Remaining carbon Remaining carbon Remaining carbon Remaining carbon Remaining carbon
budget from the budget from the start budget from the budget from the budget from the start budget from the
start of 2020, from of 2023, accounting  start of 2023, taking start of 2020, from of 2023, accounting  start of 2023, taking
IPCC AR6 WG for three more years info account IPCC AR6WGI for three more years into account
of emissions updated methods of emissions updated methods
as well as three as well as three
years of emissions years of emissions
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Emissions from fossil fuels and indusiry could fall rapidly over coming decades; but
cumulative emissions over the period are still likely to exceed carbon budgets

Net emissions from fossil fuels, industry and AFOLU after carbon capture and storage,

GtCO,
ACCELERATED BUT CLEARLY FEASIBLE POSSIBLE BUT STRETCH
B AFOLU
45 [ Total Fossil, Waste, 45
Flaring and Industrial
40 Process Emissions 40
A Cement
35 Chemicals 35
Mitigation | I Shipping
30 by CCS| M steel 30
B Power CCS
25 v (incl. Aluminium) 25

I Fossil Fuel Processing

20 20
15 10.7 15
10 , = 10 6.7
64 L
> 5 !
2.7
0 0
2022 2030 2035 2040 2045 2050 2022 2030 2035 2040 2045 2050

Cumulative emissions 2023-2050: Cumulative emissions 2023-2050:

630 GtCO, from fossil fuels and industry post-CCS + 40 GtCO, from AFOLU = 505 GtCO, from fossil fuels and industry post-CCS + 25 GtCO, from AFOLU =
670 GiCO, 530 GICO,.




Assuming a smaller remaining carbon budget, even ambitious carbon removal projections
will not be sufficient to fill the overshoot gap

Net emissions overshoot and impliedtemperaturerise, by scenario
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Emissions Emissions

Note:! Estimates calculated using values for the Transient Climate Response to Cumulative Emissions of Carbon Dioxide (TCRE), using a value range of 0.27-0.63 C per 1000 GtCO,, based on the IPCC's
Sixth Assessment Report.Note that the temperature estimates calculated here will likely underestimate future warming, as these do not account for the warming impact of other greenhouse gases,
notably methane and nitrous oxide.

SOURCE: Systemiqg analysis for the ETC; IPCC (2021) Climate Change 2021: The Physical Science Basis; Forster et al. (2023),Indicators of global clim ate change 202: annual update of large-scale
indicators of the state the clim ate system and hum an influence.



Typology of carbon
dioxide removals




A porifolio of CDR solutions will be required to mitigate carbon budget
overshoot

NATURAL CLIMATE HYBRID [ BIOMASS WITH ENGINEERED
SOLUTIONS CARBON REMOVAL STORAGE SOLUTIONS
~ kI3 9
Li%
J

T

><

Cnestone | e

Restore natural Better manage Burn biomass in Produce energy Capture CO,

ecosystems (e.g. current use of absence of from biomass then direct from air and

forests, peatlands) land oxygen to slow capture CO, store underground
decomposition produced

IN ADDITION

ACCELERATE CDR INNOVATION, E.G. ROCK WEATHERING,
OCEAN ALKALINITY AND FERTILISATION, MICRO-ALGAE
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Ambitious and rapid scaling of a CDR porifolio could deliver cumulative
sequestiration of ~165 GICO, by 2050

CO, ONLY
Potential ramp-up of CDR, GtCO,/year, global Cumulative CDR 2020-2030, GtCO,, global
0 0
-1 Restoration 20 A Restoration
-2 Solutions Solutions
-3 -40 -
-4 1 Improved -60
-5 7 ~ Management
7| ~ - Management
o -100 + Solutions?
-9 - Engineered + -120 -
-10 - ~ Hybrid 140 - Engineered +
11 4 Solutions - Hybrid
212 4 -160 1 Solutions

0 -
2020 2025 2030 2035 2040 2045 2050

NCS: Restore NCS: Manage Hybrid and engineered approaches

2020 2025 2030 2035 2040 2045 2050

Restore forests . Improve forest management . Enhance soil carbon sequestration Apply biochar
' Restore Blue carbon! @ Agroforestry in grazing lands () BECCS
. Restore drained peatlands . Enhance soil carbon sequestration in croplands . DACCS

Notes: The analysis was designed to avoid potential double-counting of emissions reductions, and is adjusted from annualised average potential estimates for 2020-2050 period. The models
reflect land use & management changes, yetin some instances can also reflect demand-side effects from carbon prices, so may not be defined exclusively as ‘supply-side’. (1) ‘Blue Carbon’ is
defined as ocean-based biomass sequestration including mangroves, seagrasses, and tidal marshes. (2) Improved management solutions have been adjusted for feasibility on a country-by-
country basis. Overall average reduction is ~50%.

Source: SYSTEMIQanalysis for the ETC (2021), based on Roe et al. (2021), Hannah et al. (2021), Griscom (2017), ETC (2021) Bioresources for a Sustainable Net-Zero Economy, High Level
Panel for Oceans (2020)



It is not prudent to rely on significantly higher use of CCUS or CDR - the priority must be to
bring down fossil fuel demand, but CDR will be critical to reduce carbon budget overshoot

Net emissions from fossil fuels, and after CCUS and CDR

GtCO,
CDR needs to scale: it is crucial to
45 reduce carbon budget overshoot and
¥ Absolute emissions o
et back to 1. :
40 Bl CCuUs Mitigation g s
35 R | . .
Bl Removals « Nature-based and hybrid solutions can
30 scale quickly in the short term, together
25 with...
20 .
15 « Arange of hybrid and engineered,
0 durable solutions in the mid-to-long term
7 GtCO, of absolute emissions...
5 3 GtCO, of emissions after applying 4 GtCO,
0 of CCUS...
-5
-10 -10 GtCO, of carbon removals Recent developments suggest a faster scale-up in
15 removals than shown here is very unlikely
2022 2030 2035 2040 2045 2050
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18% of global land surface would need to be engaged in CDR Solutions to
achieve our feasible sequestration potential by 2050

% of

Total Area targeted for Cost-Effective Sequestration (2020-2050) Cumrent Applied to Current Global Surface Land
Mha Land Use Land Type Use (Mha)’
R ~14,900
' Restore coastal (mangrove) wetlands ! ‘ 7 0% Non-Land
: . i Land covered by
: : Natoral . ice and lakes
! Restore Drained Peatlands ! I 16 <1% aiura
N ! Ecosystems
Forests (not forest)
. Solutions requiring 1: Pasture &
landusechange Restore fores® - "% Cropland
Agroforestry 400
Standing Forest
. i 700 45% Croplands
Apply biochar 120 Multiple ogncu'l’rurol measures
can be applied on same Cropland
parcel of land, with reinforcing
BECCS - 161 co-benefits.
Pasture Land
Enhance SCS in grazing lands _ 590 34% Pasture Land
. Urban and
DACCS3 I 23 4 Including land for associated renewable energy 0.8% Nor:-c,lAnrgble 2,770 Non-Arable Land
Total ~2,600 Mha 18% Global Land
° Surface 20102

Note: (1) Global surface area excludes oceans. Land covered by lakes and ice (e.g., Antarctica) not available. Minor difference in totals and percentages due to
rounding; (2) Baseline data forecast from 2000. (3) DACCS estimate assumed for 2050.
Sources: ETC analysis interpreted from: Roe et al 2021; IIASA GLOBIOM / FOLU Growing Better 2019 Report; Ritchie et al. (2013), Land Use - OurWorldinData.org.




Risks of CDR
solutions and how

to manage them




Each CDR solution has risks and co-benefits to be considered

CO-BENEFITS®

Cg) Biodiversity
OO Clean water

- I-)c:ni Hﬂ,
Community
wanace cconom
return
Permanence: Permanence: Feedstock: Feedstock: Moral Hazard, -
£ carbon stored in improved biomass biomass Clean power: oy Soil health
v  biosphere is practices are not feedstock not feedstock not insufficiently ﬂ oll healt
% short-term maintained sourced sourced available
sustainably sustainably Fossil free
Tp T S PR GE energy
& g O O fﬂp g O ﬁ O O of GEE @) generation
= —— —— ——— ﬁ —
= o1 =
S vy Skilled jobs
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1

A comparison of key characteristics and risks for selected CDR solutions

Characteristics
Costs
High
| L
Technological ow
Readiness
Level’ (0-11)
Storage Low
Confidence in capture
. Low
science and volumes
Essential Co-Benefits? Limited
Risks
Storage monitoring?® Limited
Risks to Permanence? High
é

. Improve Management? ‘ BECCS

‘ Nature Restoration Biochar (sequestration in soil)
—@ O | o0—
~$600/ tCO, ~$100/ tCO, ~$10 / 1CO,
L | I
| @ O |

~$600/ tCO, ~$100/ tCO,

o
| *0—eo 00
C

~$10/tCO;,

12
Effective project design & delivery

@
| - — - )
®

+/- 25%

| @ b @

+/- 1%

i

Effective project design & delivery

: - —

ILLUSTRATIVE

@ o~ccs

Low

Low

High

High

High

Multiple

Established

Low



Expectations of the levelised cost of Direct Air Capture (DAC) to 2050 continues to fall; we

have revised our view since the report was published

Estimated levelized cost of direct air capture (LHS); energy costs for advantagedregions (RHS)

$/1CO, (LHS); $/MWh (RHS)

500 1

400 -

300 -

200 A

100 A

455

2020

M Heat
Electricity
Opex

B Capex

—o— LCOH
LCOE

225

-

2030

130

2040

85

2050

80

- 60

40

20
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Appraisal of the risks of different CDR options is likely to shift the relative costs
towards engineered solutions over time

Adjusted abatement cost, $/1CO; Bl Monitoring and v erification Il Risk adjustment ™ Cost of abatement

iustrative | A S T

Natural Climate Solution: Engineered solution:

Natural Climate Solution: Engineered solution:

Forest restoration i DACCS E Forest restoration E DACCS
: i Likelytoincreaseincost | Likelyto decreasein cost
: \ overtime as cost-effective,; over time through
: ! potentialisusedup. | deploymentandfalling ~— Abatement costs don’t
IR @ D) l : : renewables Costs. accurately reflect risk
+ = E | 50 3 |
! 315 ! !
Risk Adjustment E i E A proportion of expected
! ! ! 105 sequestrationshould be
25 : : 65 : “— held in a ‘buffer pool’
+ —20——8— | i 5 iE | l
Monitoring and E E E Costs willbe incurred for
verification costs ! ! ! 110 monitoring and
30 E i 70 s E m— independently verifying
a —p———5 ! ! i ! sequestration

[ Full project cost incl. risk adjustment and monitoring costs: carbon credits should take all costs into account ]

18
(1) Reflecting the risk of future CO2 sequestration materializing or being reversed



Funding removals




Total market for CDR could reach $200bn/year by 2030; $1000bn/year by 2050

Expected annual cost of CDR solutions
USD bn/year, global

2,200 Total uncertaintyrange for .
2050: $800-2200bn/year’ Cost Cost | Cumulative
2000 - estimate | estimate | potential
' (2030) (2050) (2020-2050)
1,800 A
1 400 Engineered
’ and - $100-600/t $100-300/t 45Gt CO,
Hybrid/BiCRS CO, CO,
1,400 A solutions
1,200 A NCS:
) Improved $0-100/t  $0-100/t
1,000 management CO, CO, SIS,
800 A solutions
Engineered
600 1 [ Solutions NCS
Restoration $5(':]80/ f $2%g)0/ " sGtco,
400 - Improved solutions 2 2
=~ Management
200 A Solutions
: Restoration  RfeYtel 160 Gt CO,
0 Solutions
2020 2025 2030 2035 2040 2045 2050
Restore forests . Improve forest management . Enhange soil carbon sequestration Apply biochar
@ Restore blue carbon @ Agroforestry In grazing lands BECCS
. Restore drained peatlands @ Enhance soil carbon sequestration in croplands . DACCS



To deliver the necessary CDR at scale we foresee a large funding gap by
2030

Today:

. . . . . * Compliance markets cover around ~10% of global emissions, and largely exclude removals
Current funding is insufficient * The Voluntary Carbon Market covers < 0.1% of emissions
¢ Othermechanisms (e.g., direct Govt.funding) are nascent, or not targeted towardsremovals

Weneed:
AMASSIVE SCALEUPOFCDR | | REQUIRING A 20X INCREASEIN = | DELIVERING AN EVOLVING
STARTING TODAY FUNDING BY 2030 PORTFOLIO OF CDR SOLUTIONS
Cumulative CDR USD $bn/year Gt CO,/yr removed
2030 2050 A AL
ey 2030 |
. i

2040

o

: N -

Today 2030

~15 6t co, ~165 ot Co, /L . NCS BiCRS . Engineered
by 2030 by 2050 o b

Approximately 1/3 of 2030 demand
might be met by forecasted growth
in Voluntary Carbon Markets

" Footer 21



Capital investment for CDR averages c. $100bn/year over next 3 decades; significant
investment in nature restoration required in 2020s, alongside scaling DACCS

Expected annual capitalinvestmentfor CDR solutions
USD bn/year, global

280 ~
260 A
Annual Cumulative
240 A average investment
220 - investment (2020-2050)
200 A Engineered and
180 A Hybrid/BiCRS $100 bn $3,000 bn
solufions
160 A
—)
140 - NCS: Improved
120 — management $7 bn $200 bn
Restoration solutions
100 solutions
80 Dependent . .
60 on post-2050 NCIZSt..Resforahon $25 bn $700 bn
I— solutions
40
20 Total ~$130 bn ~$4,000 bn
0
2020 2025 2030 2035 2040 2045 2050
NCS: Restore NCS: Manage Hybrid and engineered approaches
Restore forests @ Improve forest management @ Enhance soil carbon sequestration Apply biochar
@ Restore blue carbon Agroforestry in grazing lands BECCS
@ Restore drained peatlands @ Enhance soil carbon sequestration in croplands @ DAccs



Who should pay for removals?

- GOVERNMENTS, VIA: - CORPORATES, VIA: r =
-y Direct finance & purchase of removals N Meeting obligations in compliance markets
- | (e.g., EUETS)
) Enhancing and creating compliance o ) Committing to net-zero decarbonisation
markets with a limited quantity of removals ; pathways...

BN Reforming existing policy and subsidy
regimes

...neutralising any remaining emissions with
carbon removal credits in the voluntary market.
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Our report therefore offers a definition of ‘high ambition’ corporate action,
recognizing strategies will need to differ by type of company

lllustration of a high ambition strategy towards Net Zero

Priority 1: Reduce
Emissions

Priority 2a:
Carbon Removals

Ambition shou

Id follow a continuum of action, based

on cost as a proportion of revenue

Gross Emissions @ Reduction Credits’
® Removals «== Met-emissions

Base Target
Year

Cost of decarbonisation as a proportion of revenue

4 b
. . High Low
. . P"O"ty 2b: End E.g. a steel plant E.g. a tech company
Gross Emissions Deforestation and ~
i For firms with higher For firms with low
. Removals Exit Coal. ASAP. decarbonisation costs money decarbonisation costs (as a
may be better spent on proportion of revenue) or with
i ite3 decarbonising own operations, high Scope 2 and 2 emissions,
. Reduction Credlts Further Action rather than investing in carbon high impact strategies should
. . credits to compensate emissions. focus on emissions removals
p
«==» Net-emissions alongside decarbonising own
operations.
™ Further funding action
Notes: (1) Overshoot of the carbon budget as defined by the IPCC (2021) and SYSTEMIQ Analysis for the ETC (2021). (2) Assuming time needed to scale up removals market
24 in the 2020s, especially for BECCS and DACCS. Offsetting strategies should transition towards removals over time. (3) Likely to be restricted to time-limited credits for

avoided deforestation and possible ‘exit credits’. For the purposes of this illustration reduction credits don’t contribute to net emissions.



Recent
developments




Removals currently account for a tiny share of voluntary carbon market
credits; within this, nature-based removals entirely dominate

Only a tiny fraction of CDR today is Removals account for just 3% of Concerns over the quality of carbon
hybrid / engineered methods voluntary carbon market credits credits is leading to greater scrutiny

Currentlevels of CDR by type Voluntary carbon market credits by type Assessment of VCM credit quality
GtCO2/yr % of VCM credits (2022-H1 2023) % of VCM credits

7% it

<0.001Gt
|

Pure remov al
B Mixed reduction/removals
B Reduction

9%

Nature-  Hybrid and REDD+
based engineered

8%

B Nature based solutions

W Hybrid B Did not pass review
B i g [ Likely to achieve most quality objectives
ngineere Meets or exceeds criteria
Source: University of Oxford's Smith School of Enterprise Source: Carbon Direct (2023), State of the Voluntary Source: Carbon Direct (2023), State of the Voluntary
and the Environment (2023), The State of Carbon Carbon Market Carbon Market

Dioxide Removal
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The VCM consists of a stagnating emissions reduction and avoidance market,
and an emerging quality-orientated removals market

Scrutiny over quality is leading to
stagnationfor reduction credits

Quality concerns, reputational
backlash and uncertainty haveled
to both a fallin demand and
supply of credits —resulting in a fall
in prices

Key issues are concerns ov er
permanence and a lack of price
transparency

REDD+ credits saw the biggest fall
in demand, 40% between 2021-22

Revealed: more than 90% of rainforest
carbon offsets by biggest certifier are
worthless, analysis shows

Positive outlook for growth in removals

credits

2021 through Q3 2023, remov als
credits haveincreased fiv efold -
but much of this is forward
purchasing

Reflects growthin global
commitments

Market is growing quickly, but
driven by a small set of motivated
buyers— Microsoft and Airbus
represent ov er 80% of high-
durability remov al credits 2022-23

But long-term outlook for the VCM

remains strong

BNEF expect value of VCMto
increase from $2bn today to:

> $15-50bn by 2030
> $200-500 by 2050
Need for improv ed standards

Energy Transition Accelerator,
proposed by John Kerry at COP27,
to use funding by corporates via

V CM for critical climate funding
(e.g., to accelerate coal phase
out)

Sources: BNEF (2023), Long-Term Carbon Offsets Outlook; Carbon Direct (2023), State of the Voluntary Carbon Market.

Footer



Actions for the
2020s




2030 Targets for Carbon Dioxide Removal

)
By 2030 we @ |
aim for: CDR Funded b)/ . G D bn/yr for CDR
GtCO, | per year

NATURAL CLIMATE HYBRID / BIOMASS WITH ENGINEERED
SOLUTIONS CARBON REMOVAL STORAGE SOLUTIONS

‘RESTORE'

DACCS

QT peryerr @I vervesr QLD ververr  (EIIED pervesr  (QEIETED pervear |
A 500 v (500 vha (2-5E 235 TWh
marginal degraded land  (~12-15 %) of forest of sustainable crop of sustainable biomass Of clean power, <10% :
:  (tropics) planted under improved residue biomass from residues and of 2050 supply -
. management dedicated energy crops ;
a aD (20 -
of mangroves restored 400 Mha of biochar applied to m DACCS facilities

(12 %) of cultivated farmland BECCS 1 MtCO, /yr

! m land under improved scale facilities

i of peatland recovered management




NINE ACTIONS TO SCALE CDR IN THE 2020s

In addition to rapid and critical decarbonisation action

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

CLOSE THE
FUNDING GAP

Indirect government support for carbon removal, via policy shift

Address risks around permanence and additionality for CDR
solutions

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

4
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Build associated supporting infrastructure

Public education and training to implement CDR solutions

CONDITIONS

CREATE ENABLING

Accelerate CDR innovation via research and development grant
funding

* ‘Standard Setters’ include voluntary bodies setting standards for corporate action and credits, credit standard setters are often closely associated with brokers and exchanges
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