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What is net zero?
Conserving the carbon budget

The remaining carbon budget to limit global warming from 2022

1.5°C 1.7°C 2°C
(50% likelihood) (50% likelihood) (50% likelihood)

- Remaining
- Consumed
Quantities are subject to (additional) uncertainties e.g., future mitigation choices of non-CO, emissions

Source: IPCC ARE WGH; Friedlingstein et al 2021; Global Carbon Budget 2021
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What is net zero?
Global carbon budget | emissions and sinks

Global carbon budget 2011-2020

Total Emissions Atmospheric CO:z2 Growth Rate Total Sinks
I | I
38.8 18.7 21.7
(£2.9) (+0.07) (£2.7)
34.8 4.0 1.4 10.3
(=1.8) (£2.6) (2.2) (x1.5)
Energy Transition Carbon Sinks

R o=

() ACA_AL

Fossil fuels Land Use Land sink Ocean sink

and industry Change

Emissions and Sinks
In billion-tons CO:2 per year (Pg CO2 / yr), average 2011-2020

Anthropogenic emissions Sinks of anthropogenic emissions

Source Global Carbon Project
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Carbon pricing and carbon tonnes at risk
Annual emissions and net zero pathway

Annual anthropogenic CO2 emissions = 40
billion tonnes

50
40
30
Only 18%
@ risk 5 20
8
(8]
w10
0
-10
EUA m CCA
ERGA UKA -20
WA Other ETS

Crediting mechanisms m Tax
B Not priced directly

4

2010

Business as
usual

Abatement
investments

] Net-zero
Residual
emissions

} Compensation
investments

Negative emissions Carbon
removal
investments

Invest in permits to pollute (carbon allowances), carbon Invest in mitigation technologies such as Investment in carbon removals to meet net zero
savings (reduction and/or removal credits), carbon taxes and renewable electricity and renewable fuels represented by carbon credits '
other forms of climate finance to compensate for residual represented by energy attribute certificates ’
emissions.

2020 2030 2040 2050 2060 2070 2080
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>115 billion tonnes

of allowances
equivalent to 3x

host t o
environmental markets

KRR

>350 million RECs
equal to the annual
per capita energy

wor | d6sCCann u agonsumption of

footprint

>5 billion RINs
equal to
118 million barrels
of renewable fuels

nearly million
people

O

>6 billion tonnes

of carbon credits
corresponding to

the Co2 absorption
of 6 billion trees

t he

&

World
ICE Total
ICE EUA

Rest

China

ICE CCA
Russia
Japan

RGGI
California
ICE RGGI

UK
ICE UKA

worl dos | argest ene'\ﬂ,ﬁg

>50% of worl ddés annua
footprint equivalent traded on ICE

33,622

4,745
| 2651
2,310
2,257
1,640
1,056
420
418
346
342
339 (since May 2021)

2019 emissions per county/region in MtCO2 (sources: IEA, California ARB, RGGI)

Other
RGA 6%
206
CCA
15%

EUA
75%

$\
=

$1T annual notional value of
environmental futures and options
traded per annum since 2021

$75B open interest
of environmental futures and options
risk managed at ICE
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Todayos speakers

Dr. Robert Ritz, Economist at Cambridge University
Marcus Ferdinand, Chief Analytics Officer, Veyt
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Polling question

Are you currently active in allowance markets in

Europe

North America

Asia
Intending to become active in these

Not active

Ice



The (predictable) global
expansion of

carbon allowance markets
Dr. Robert Ritz

Cambridge University

2B UNIVERSITY OF |[Energy Policy

‘ ._-'l OO

&P CAMBRIDGE | Research Group

Views are mine & not necessarily those of any organization

www.eprg.group.cam.ac.uk
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Global carbon should be (almost) as big as global ol

ILLUSTRATIVE

GLOBAL CARBON 2023 GLOBAL OIL 2023

Quantity ~40 Gt Quantity ~100m bbl/day
Price ~$4/tCO, Price ~$80/bbl
Market size ~$160bn Market size ~$3tn

Trading ~$1tn Trading ~$20tn

Thought experiment:
At a $40/tCO, carbon price, global carbon market >$1tn/year

Source: , , (numbers used are approximate)
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https://www.eia.gov/petroleum/
https://www.realcarbonindex.org/
https://www.credit-suisse.com/media/assets/sustainability/treeprint-carbon-markets.pdf

History suggests a wave of carbon pricing in the 2030s
Carbon pricing is usually adopted after 5-18 years of other policies:

60 1
=] DEL {2003)
o 50 FRA (2003}
< Tt Climate policy portfolio
o Al - mazons A Grants & subsidies
u ESE (2003) A Regulation
o MEX (2014 ) . .
3 30 - IPM [2012) A R&D incentives
= — ggi‘ |I;§1l:|l A Voluntary action
E 50- — o A Information campaigns
- —— UKR (2011}
o —— CHL{2014)
N s we CHE (2008}
A KAZ [2013)
{:I ) 1 ! ! ! I L
—30 —20 —10 ] 10 20
Time since adoption of carbon pricing (years)
Source: Linsenmeier et al. (2022). . IMF Working Paper 22/66
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https://www.imf.org/en/Publications/WP/Issues/2022/04/01/Policy-Sequencing-Towards-Carbon-Pricing-Empirical-Evidence-From-G20-Economies-and-Other-515609

The economic logic behind carbon pricing

Carbon price A0s mar gi nal
($1CO,) abatement cost
4 A
B6s margi nal
abatement cost B

)\ I:)equilibrium

Abs abat ement B6s abat ement

—> —
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Additional benefits

| ncor porate nNnexter
into decision-making

Incentive to measure and
report emissions

Incentive to pursue green
innovation
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Emissions caps need to be central to climate policy

0s the concern?

Global emissions are not going down - despite policy ramp-up
since 2015 Paris Agreement

@:

Why is this?

Policies often come with unintendedc onsequenceseé
Extra climate policy crowds out other policies
Carbon leakage to less regulated entities

a@

So what?

Seriously combatting climate change requires capping carbon
emissions-decl i ning cap i mplies price on emissi ol

@
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Carbon pricing reduces emissions quickly & cheaply

Casestudy:Br i t ai nos

car bon

1 October 2024
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How effective is carbon pricing?—A machine learning approach to
policy evaluation
Jan Abrell **, Mirjam Kosch ®, Sebastian Rausch 2=
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of carbon pricing

Received: 9 May 2023 Niklas Débbeling-Hildebrandt ®'* | Klaas Miersch @ %, Tarun M. Khanna @ 4,
Marion Bachelet', Stephan B. Bruns @7, Max Callaghan ®,

Ottar Edenhofer*™*, Christian Flachsland"®, Piers M. Forster @7,

Published online: 16 May 2024 Matthias Kalkuhl ®'°, Nicolas Koch 8", william F. Lamb ®"?, Nils Ohlendorf'?,
Jan Christoph Steckel® "= & Jan C. Minx ®**

Accepted: 2 May 2024

® Chack far updates

o Journal of Environmental Economics and
"
Fe R Management
joumal homapage: weew.alaevier.com/locaiedjaam
)
Carbon pricing and power sector decarbonization: Evidence from ]
the UK
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fthe introduction of a carbon tax in the British power
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oCarbon pricing globally 6, not a gl obal carbon pri

Strawman: i Gl ob al carbon price at soci al cost of <carbor
Multiple market failures Multiple climate policy
Instruments

Innovation spillovers
Financial constraints
Market power
System effects
Political economy

Source: Ritz (2022). . Journal of Environmental Economics & Management
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https://doi.org/10.1016/j.jeem.2022.102687

Europe & North America use hybrid market designs

15

Emissions Price Political

certainty certainty economy
Cap-and-trade n o} n
Carbon tax o] n o]

1. North America (California, RGGI) and UK ETS
A Cap-and-trade with carbon price cap/floor

2. EU Emissions Trading System
A Cap-and-trade with Market Stability Reserve

because emissions cap 1S

Source: Perino, Ritz & van Benthem (2023).

n

o

Waterbed
effect

0
n

| onger fixed (Awe

. NBER Working Paper 25643, October 2023
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https://static1.squarespace.com/static/612652c7afd3ea2e51b7c46b/t/6583318073e19372539d54c1/1703096706644/OCP+October+2023.pdf

Key takeaways

16

1.

2.

Emissions caps are critical to climate policy

Carbon pricing yields quick & cheap abatement

Expect wave of ETSs into 2030s

fCarbon pricing globallyo

(not

gl obal

car bon

price)

www.eprg.group.cam.ac.uk
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Carbon markets 0 an Investable asset?

Marcus Ferdinand
Chief Analytics Officer
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Veyt net zero
market solutions

Veyt provides advanced analytical services and
insights for informed decision-making in the
dynamic low-carbon markets, empowering
customers to stay ahead.

— Awards
Climate Risk Research

Our solutions & request a complimentary trial

Aucon 0 Pces Oviogment

ul wm.h

Mﬂ!ms Mh llll_l.l!u!’illlll
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Global expansion of ETS

The share of global GHG emissions under a carbon market has more than tripled since 2005

Labrador + Saskatchewan

+ China National ETS

+ Nova Scotia C&T+ Canada (federal OBPS)
+Nova Scotia (OBPS instead of C&T)

+China National ETS* + Germany + UK**
+Austria + Washington

+ New Brunswick
+British Columbia

ewfoundland &

+0Oregon

18%
of global GHG
emissions
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* Beijing, Guangdong, Shanghai, * The Chinese National ETS came into force in 2021 but has retroactive compliance
Shenzhen, Tianjin obligations in 2019 and 2020, indicated above by the striped bar
20 Based on ICAP (2024)

**In 2021, the UK launched its own ETS which required an adjustment in the EU ETS cap. Ice



Compliance carbon prices pointing upwards with tighter market balances

EU and UK systems show the highest prices in global comparison

Carbon allowance prices are driven by changes 140
in current and expected scarcities of
allowances 120

Variations in macroeconomic situation

Political/regulatory framework = 100
. . . )
Interactions with other climate and energy W,
policies g 80
Stakeholder behavior o
g 60
T
c
S
= 40
@)
20

Lhoage SPRY WOV = TSP
0

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
——EUETS RGGI — WCI Korea ETS UKETS ——China Nat ETS

21 Veyt, ICE, ICAP, based on daily FX rate, RGGl intehert Ice
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The EUA front
myopia

-Dec contract reacts on softening gas prices, macro,

(&)
- 110 All-time EUA front-Dec
— high:
o G101. 25/t === Avg front-Dec, 2021
o / Avg front-Dec, 2022
g 100 Avg front-Dec, 2023
= REPowerEU
S Fit for 55 volumes added
“:: adoption Break below
S5 90 2022 average
w and G480/t

80 S .

RePower EU adjustment

70

60 Nikkei crash

50
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veyt
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The UK carbon market d decoupling from its big brother

UK carbon price adjusting to

political scenarios UK market takes a hit d spread blows out
_ _ 140 50
Market facing regulatory uncertainty
with more ambitious climate targets
for the period 2024-2030

UKA prices fell steeply from March
2023

[EEN

N

o
N
o

80

July-24 election announcement
sparked rally on expectations of more

EU/UK ETS price [EUR/]
=
o
o

60

N
o
EU/UK ETS spread [EURA]

) : ) -10
stringent climate policy and hopes of 40
EU ETS linking negotiations -20
20
-30
0 -40
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veyt
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EU ETS: From power to industry

Emissions covered by the EU ETS

veytl

25

= Power

End Phase Il
(2008-2012)

Industry  Aviation

SourceVeyt

End Phase lll End Phase IV
(2013-2020) (2021-2030)

2%
9%
7%

48%

54%

= Power = Industry  Aviation = Power = Industry  Aviation = Shipping

Ice



Mind the gap: How to address a zero cap in 20407

EU ETS cap [M{]

veyt
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20

o

Cap Fit-for-55

Veyt, IEA

Residual emissions T need for flexibility
Lack of liquidity as market shrinks

Emissions IEA WAM

Options

A Reduce: Massive industry effort
required

A Add: Expand ETS to new
sectors, link with ETS2

/A Remove: Allow for negative
emissions/removals

A Import: Import non-EU carbon
credits
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US markets
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Price development and drivers

d Western Climate Initiative (WCI)

WCI largely dominated by talks on more ambitious targets

Participating WCI jurisdictions have some of the most
ambitious climate initiatives in North America

Regulators have been increasing the role their ETS
alongside climate targets

Volatility in the CCA contract has increased in
conjunction with regulatory efforts to extend and
strengthen the joint ETS.

Ongoing regulatory reform measures i increasing
program ambition has been the main driver in CCA
prices

veyt
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CCA rolling front-Dec contract [USD/t]

50

45

40

35

30

25

20

15

10

2016

CARB presents supply- Push-back of
curbing scenarios reform timeline

Initiation of reform
process for 2022

Scoping Plan \

Implementation of
2017 reforms /‘

TT— California codifies

carbon neutrality goal
(2045)

2017 2018 2019 2020 2021 2022 2023 2024
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Price development and drivers Regional Greenhouse Gas Initiative

(RGGI)

RGGI T alargely stable market since its 2009 inception

Uptick in volatility from 2021 driven by program reviews,
aimed at tightening the market

This year:

Volatility injected into market from high
compliance-side demand from increased summer
power emissions

Benchmark contract has risen 70% since January
2024

Auction clearing prices have spiked along side
trends in the secondary market

veyt
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Reform
proposal,

Reform anticipation driving prices lately incl.

RGGI rolling front-Dec [USD/st]

w
o

25

20

15

10

2016

increased
j CCR volur
Reform anticipation + high
power emissions

\ First auction

X in 2024
Implementation of 2017 triggers
Model Rule entire CCR

\ Scenarios would net-

zero align emissions by
either 2035 or 2040

2017 2018 2019 2020 2021 2022 2023 2024

RGGI rolling front-Dec
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Global markets
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Are all carbon markets investable?

China national ETS Korea ETS
9 - 90
1 Be aware 1 different
5 g8 axis by factor 10 80
53— 10 o7 70
0 £
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g+ g
-‘3 5 4 40
= 4 |—
w3 30
(1]
2 S 2 20
X
0 - _ 1 10
2021 2022 2023
0 0

EChina nat ETS ®EUETS

m EUA volume m Korea volume (Mt)

A Largest market by cap o _
' _ Lack of liquidity, daily average traded V-23
A Intensity-based contract y-t-d at 0.27 Mt
A Only compliance entities, no derivatives Compares to 29.4 Mt for front-Dec EU ETS
A Poor liquidity Restrictions on non-compliance entities to
participate
veyt
31 SourcesVeyt, ICE, EEX, KR¥hanghai Environment and Energy Exchange, European Commission, NZ Ministry for the Environment

EU ETS traded volume [Mt]

New Zealand ETS

ETS cap [M{]

1800
1600
1400

1200
100
800
600
400
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0 = - - - - - — —

2021 2022 2023 2024 2025 2026 2027 2028

o

ENZETS EEUETS

Small market
Oversupplied market

There is no limit on NZUs generated from
removal activities.
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Carbon market balances in investable markets are turning tight

EU ETS
2500
= 2000
)]
|_
W 1500
D
L
® 1000
c
K
3 500 I
g . Al i B
< ©® o « vlla oolollj < 5'00
> O d «od dAf g 494 N N N
o o o o o o o o o o o
500 NN NN NN N NN NN
mmm Annual balance Cumulative balance

Ambitious 2030 target in legislation, 2040
process upcoming

Balance significantly short again as of 2026

Beyond 2030 market gets extremely tight, not
much flexibility to rescue

veytl
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2030 !

WCI

Market balance WCI [Mt]
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2028=
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-100

= Annual Balance Cumulative balance

Carbon market policy and wider policy mix provide
uncertainty

We assume a cap reduction of 265m through 2030
(plus 17 million from Quebec)

We assume in this market balance an ICE sales
ban from 2035

RGGI

Market balance RGGI [Mst]
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30‘
. I
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mmm Annual Balance Cumulative balance

|

2015=
2017 ¢
2019+
2021 .
20231
2025«
2027m=
2029m=

Regulators are reviewing the program

Reduction in cumulative supply will lead to a
significant increase in allowance prices

Almost every state in RGGI will see net reductions
in their power emissions towards 2030
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300

250

200

150

EU ETS price [EUR/t]

100

50

California/Quebec price [USD/{]

EUA price outloolg recovery in 2025, bullish lorterm

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Californiag Quebec prices dependent on supply scenario and ICE vehicle ban

200
180
160
140
120
100

80
60
40

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

= \/eyt, EUA price forecast, Nominal

Cap Option 2
Reserve price
ACPR 2/ Category B

-
- e = -
gmn—
- - o - e
- e - = — - =
- - o - o e
I o= e o= o =
S - -

Cap Option 2 - no technology bans
ACPR 1/ Category A
Price Ceiling / Category C

Short-term

High-interest rates and sluggish
economic growth disfavoring
carry-trades

Slow industrial recovery, dip-
buying

Low gas prices

REPowerEU frontloading

Shortterm

Concluding workshops by
CaliforniaQuebec regulators

November election on the future
vitality of the Washington ETS

Longterm

Two-off re-basing and tightened LRF

Baseload support from climate poligy
the 2040 target debate tightens balance

Very tight balance during the second half
of phase 4

Longterm

Cuts to 2026; 2030 supply
+2)

(Options 1

Program extension from 2030 to 2045
Linkage with Washington

Phaseout gas boilers and ICE vehicles
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Climate ambition: ETSs are expected to grow in

| mportance as tools to meet
climate ambition in respect of the Paris Agreement

review cycle

Carbon prices: With decreasing caps and tighter
market balances, the overall trend is bullish while
regional differences apply

Negative emissions: Net-zero ambition and caps
running towards zero will result in increasing need
for negative emissions T new markets emerging

Key points

Investors are crucial for liquidity and market depth
as well as guaranteeing fair value pricing

Not all carbon markets are investable: While the
flagship markets show high degree of liquidity,
several markets restrict participation.

veyt
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