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IPR offers a range of applications to help financial institutions navigate the
climate transition

Policy IPR produces >300 high-conviction policy forecasts covering 21 countries and 10 policy areas across energy and land use

Forecast Policy forecasts feed into a fully integrated climate and nature scenario model that elicits the impact of the forecasted policies on the energy, land use, and
nature systems up to 2050, tracing detailed effects on all emitting sectors?
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Value drivers IPR’s integrated scenario model outputs detail value drivers across energy and land use. See Value Driver Visualizer

1o

Applications Fitch Ratings, Morning Star, Paris Agreement Capital Transition Assessment (PACTA), Planetrics, tilt (Climate data for SMEs)

1. IPRalso develops a ‘1.5°C Required Policy Scenario’(1.5°C RPS) building on the IEA NZE by deepening analysis on policy, land use, emerging economies, NETs and value
drivers. The RPS scenario is also run through the model and can be used by those looking to align to 1.5°C. 2. Urban areas are not modelled in detail in IPR


https://ipr.transitionmonitor.com/scenario-explorer/
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IPR has developed global, policy-based forecasts of forceful policy responses to climate change
and implications for energy, agriculture and land use

Please see the IPR Home Page for further details

Scenario Policy Forecast Details Open Access Database
£ IPR 2023 Forecast Policy Scenario (FPS) IPR FPS 2023 Summary Report IPR FPS 2023 Value Drivers
® Models impact of forecasted policies on the IPR 2023 Policy Forecast IPR Scenario Explorer

real econom
y IPR FPS 2023 Detailed Energy Results

IPR FPS 2023 Detailed Land Use and Nature Results
IPR 2023 Bioenergy Report

:

IPR has published a set of publicly available outputs from the FPS and 1.5°C RPS that offer significant granularity at the
sector/country level, allowing investors to assess their own climate risk across 4,000+ variables

Disclaimer: This is not intended to constitute policy advice, financial advice or any specific advice.


https://ipr.transitionmonitor.com/
https://ipr.transitionmonitor.com/cms/wp-content/uploads/2023/09/IPR_Summary_2023.pdf
https://ipr.transitionmonitor.com/cms/wp-content/uploads/2023/09/IPR_Forecast_2023.pdf
https://ipr.transitionmonitor.com/cms/wp-content/uploads/2023/09/IPR_Energy_2023.pdf
https://ipr.transitionmonitor.com/cms/wp-content/uploads/2023/09/IPR_Land_2023.pdf
https://ipr.transitionmonitor.com/cms/wp-content/uploads/2023/09/IPR_Bioenergy_2023.pdf
https://ipr.transitionmonitor.com/cms/wp-content/uploads/2023/09/IPR-FPS-2023-Value-Drivers.xlsx
https://ipr.transitionmonitor.com/scenario-explorer/
https://www.unpri.org/download?ac=14914
https://www.unpri.org/download?ac=14914
https://www.unpri.org/download?ac=15399
https://www.unpri.org/download?ac=17705
https://www.unpri.org/download?ac=17707
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The Inevitable Policy Response has begun...

The Inevitable Policy Response is now under way,
but there is plenty of work left to do

Nearly 90% of OECD policy announcements are now consistent with
the IPR FPS, although implementation and legislation remain key.
This number drops to 40% for the non-OECD, partly driven by their
longer decarbonization runway, highlighting the crucial policy gap
for the next decade as policies ratchet through 2030.

Despite progress, the 1.5°C low overshoot goal no
longer appears feasible.

Only 3% of global policies forecasts (based on their relative
importance to emissions) are currently consistent with the IPR
Required Policy Scenario (1.5°C low overshoot).
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Given policy trends, global net zero only slightly
delayed, affirming the IPR forecasts

Just Transition & broader sustainability considerations
become key guardrails in the policy transition
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....Driving a high conviction forecast of temperatures peaking at 1.7-1.8°C by
the 2040s...

Our high conviction forecast sees Expected best case ambition by 2100 Land becomes the crucial challenge for
temperatures peak at 1.7°- 1.8°C may see temperatures drop ensuring temperature stabilization
The high conviction forecast provides NETs are key to temperatures

extra runway for emerging markets declining towards 1.5°C
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Roughly 50% of the policy gap we identify to achieve our forecast is linked to coal power in
India and China. Our forecast assumes some degree of ‘economic stranding’. However,
relative to our evidence base and expert survey, we don’t see a more pessimistic view
extending the time horizon of coal by more than 5-10 years.

The forecast requires some countries (e.g. Russia, Saudi Arabia) currently not globally
supportive of the climate agenda to take action on climate. More than 10% of the policy
gap is linked to Russia alone. However, we generally take a very conservative view (Russia
does not reach net zero until post 2065) and don’t expect the related emissions
contributions by the second part of the century to impact climate outcomes.

Challenges remain
for achieving the

Ending deforestation needs significant acceleration. We forecast an acceleration of policy
fO recast ambition around deforestation following the election of Lula in Brazil and shifting dynamics
in Indonesia. Some of our forecasts are roughly 5-10 years more ‘ambitious’ than the expert
and pulse feedback survey.

Advanced Economies accelerated policy, but they start from a position of significant
historic emissions and policy ambition remains misaligned with the IPR Required Policy
Scenario delivering 1.5°C low overshoot. The overall policy window across AEs and EMDEs
remains ambitious given the lack of accelerated action towards 1.5°C. This points to AEs
tackling historic emissions via DACCS, seeking to stabilize long-term temperatures below
1.7°C.

Despite these challenges, we consider our forecast overall to represent a realistic ambition to reach Net
Zero AE 2050 and EDMEs 2060s. Potential policy backsliding across these areas by 5-10 years would have

at most 0.1°C impact from a temperature perspective.
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Despite these challenges, IPR policy forecasts are high conviction driven by a
comprehensive evidence base of surveys, policies, markets, and expert judgements

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

Input
IPR 2021 policy forecast

IPR 2021 forecast

The starting point for this analysis

Climate policy forecasts covering
energy and land use across the G20
plus Nigeria and Vietnam

»
»

Robust evidence base

Three core types of evidence
inform the IPR policy forecasts

Barriers and drivers of policy

Analysis of drivers and barriers of policy
action, including live policy tracking

Assessment of the current social,
technological, and economic conditions

Policy gap analysis vs IPR 2021

Assessment of existing policy relative
to IPR 2021 forecasts, including policy

gaps

Expert survey

Market assessment through survey of
>100 leading experts in national
climate policy covering 12 countries

Forecast process

Initial decision rule

Decision rules were used to interpret
IPR evidence base and derive policy
forecasts

IPR Consortium expert judgment

IPR Consortium reviewed all evidence
in detail to finalise policy forecasts

Supplementary evidence

Policy pulse survey

Climate survey of >100 participants
of sustainability professionals

v

Output
IPR 2023 policy forecast

IPR 2023 forecast
The output point of the analysis

Climate policy forecasts covering energy,
land use, and nature across the G20 plus
Nigeria and Vietnam

Climate impacts

Physical impacts of climate change,
notably heat stress and extreme weather
events
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Our forecast maps the key implications for financial institutions of the projected
decarbonization pathway...

NET ZERO CO, IN 2050 FOR
ADVANCED ECONOMIES

Net zero 2050 targets focused on
activities in Advanced Economies
are consistent with our forecast.
However, net zero 2050 appears
unlikely for Emerging Market
Developing Economies and more
policy action is needed to
accelerate progress to net zero in
the 2060s.

CLEAN ENERGY BOOM

A combination of a dramatic increase

in clean energy incentives and
market trends mean the low-carbon
transition remains a central
investment thesis for financial
institutions, with total investment
across the energy sector doubling
between 2025 and 2050. Clean

power and electrified transport drive

76% (21GtCO,) of emission
reductions to 2050, thanks to policy
driving rapid cost reductions. Zero-

emission vehicles (ZEVs) reach almost

90% of the car fleet by 2050.

INDUSTRY
DECARBONIZATION BEGINS

Deep industrial decarbonization at
scale begins by the 2030s, thanks
in large part to a shift toward
clean hydrogen, industrial CCS and
a variety of other recycled and bio-
based materials. Next generation
industrial processes steadily
replaces older, high carbon
processes, spearheaded by steel,
cement and chemicals. Over 10%
of primary energy is used to
produce green hydrogen by 2050.

EFFICIENCY AND BUILDINGS
IN TRANSITION BY 2030

Increased efficiency of both
building envelopes and electrical
heat pumps reduce emissions
from 2030. New net zero buildings
only account for 28% of 2050
stock, meaning retrofits are critical
to decarbonization.
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...and the tremendous investment opportunities for nature- and technology-
based solutions for capturing emissions

NATURE BECOMES KEY

Incentives for negative
emissions and biodiversity
restoration drive large-scale
growth in high-integrity Nature
Based Solutions (NBS),
converting millions of hectares
of low- or no-productivity land
into natural investable sources
for carbon removal.

LAND SCARCITY A CHALLENGE

Land scarcity becomes a critical
bottleneck for delivering both on

climate goals and nature objectives.

When considering sustainability
guardrails (nature, social, etc.), only
300mha of land is available for
bioenergy, of which only
approximately 50mha is sufficiently
economically attractive to develop
for bioenergy when considering
costs and the existing carbon
captured by the land (estimated
using a “carbon payback period”.

BIOENERGY IS CONSTRAINED
BY POLICY “GUARDRAILS”
AND COSTS.

This leaves limited investment
opportunities in Bioenergy with
Carbon Capture and Storage
(BECCS) and aviation and pulp and
paper. In the medium- to long-
term, we forecast that bioenergy
will likely be replaced by other
low-carbon solutions across its
other applications (e.g. shipping,
power).

[

DACCS IS THE FUTURE

Direct air carbon capture and
storage (DACCS) becomes the crucial
negative emissions technology in the
long-run, both given its more flexible
land requirements and cost
competitiveness relative to BECCS.
FPS forecasts 0.6Gt of DACCS by
2050, predicated on near-term
demonstration DACCS sites, which
move the technology along the
learning curve in the 2030s and
reduce costs to as low as $150/tCO,
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While we identify growing consensus around our forecast in terms of Net Zero,
the temperature implications remain poorly understood and uncertain

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

The relationship between temperature outcomes and net zero is poorly understood and highly complex. While our high-conviction forecast is largely
mirrored across the evidence base (pulse, expert survey, policy ambition), our survey of sustainability professionals suggest a significant gap between their
expectations of net zero and temperature outcomes. We recommend investors focus on forecasts impacting sector trends leading to Net Zero outcomes.

Uncertainty remains around temperature forecasting. The uncertain relationship between GHG emissions and temperature outcomes means that
our 1.7-1.8°C forecast is achieved at ~50-66% probability given various methodologies. However, our forecast causes temperature to peak at 2°C or
below with a 90% probability, suggesting 2°C warming increasingly as a “worst case outcome.”

A 1.7-1.8°C forecast may seem ambitious, but we consider a 2.5°C future overly pessimistic. A 2.5°C future would imply effectively flat emissions
for another 40 years before the Inevitable Policy Response kicks in and net zero not being reached until the next century, 40-50 years later than
announced net zero targets across >75% of global emissions. Even some policy backsliding likely still implies temperatures peaking below 2°C.

There is also uncertainty around the social & climate tipping points. While the temperature forecasts considers some feedback loops (e.g. permafrost
thawing), the IPCC does not expect significant climate feedback loops to materialize below <2°C. Our forecast reflects this while recognizing the significant
remaining uncertainty around climate feedback loops. Moreover, social tipping points may create a dramatically different policy dynamic with significant

economic implications, but also implications for policy more broadly, including the social acceptance of geoengineering, and the ability to deliver the
required investment to decarbonize EMDEs.
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How does the IPR 2023 Forecast Policy Scenario (FPS) achieve the Paris Agreement?

The FPS predicts concerted policy action in response to rising climate impacts, leading to net zero
CO, emissions by 2060 and net zero GHG emissions by 2080, which is consistent with Article 4 of
the Paris Agreement

Temperatures are expected to peak between 1.7°C and 1.8°C, which is consistent with the “well
below 2°C” objective of the Paris Agreement in Article 2.1

IPR forecasts that average global temperatures will breach the 1.5°C, the lower limit in the Paris
Agreement, in the 2030s, leading to impacts on social and natural systems and increasing systemic
risks for investors

In light of these risks, policy efforts are forecast to continue “pursuing efforts” to achieve the lower
temperature limit of the Paris Agreement, with the potential of achieving the 1.5°C goal by the
2120s through carbon removals
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The IPR 2023 forecast provides an update to IPR 2021, covering 21 major
economies accounting for 74% of global CO, emissions

|| New forIPR 2023

IPR policy forecasts cover G20 countries plus Nigeria and Vietham... ... And covers policy across all major ... With IPR countries
energy and land use sectors... accounting for
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Source: GPD, energy use, emissions. Latest available data was used.



https://data.worldbank.org/indicator/NY.GDP.MKTP.CD
https://data.worldbank.org/indicator/EG.USE.PCAP.KG.OE
https://data.worldbank.org/indicator/EN.ATM.GHGT.KT.CE
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IPR 2023 forecasts higher climate policy ambition across 10 policy levers

covering energy, land use, and nature

* Interim emissions target

* Net zero CO, long-term
target

-

Coal phase-out

* Regulations prohibiting coal
build

* Emissions performance
standards

* Electricity market reforms

Carbon pricing

Zero emissions
vehicles

Emission trading systems

Carbon taxes

Carbon border adjustment
mechanisms (CBAMs)

=

ZEV consumer subsidies
Targets to fully
decarbonise the new
sales of road vehicles

Manufacturer ZEV
obligations

Targets for a fully
decarbonised electricity
system

* Renewable capacity auctions
* Renewable subsidies

* Nuclear power targets and
and strategies

oo
Clean industry L\:m
* Emissions performance
standards for industrial
plants

e Subsidies for new or
retrofit clean industrial
processes

Clean power %"‘

=1
Low-carbon buildings

* Prohibiting regulations for

fossil heating systems

¢ Purchase subsidies for low-

carbon heating systems

* Thermal efficiency

regulations for buildings

*  Minimum energy

performance standards for
new appliances

Forestry

¢ Incentives for reforestation
and afforestation

* Penalties for deforestation,
supported by consumer
pressure

* Mandates to ensure

deforestation free supply
chains

Low-carbon
agriculture
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65

Subsidies for low-
emissions practices and
technologies

Emissions regulation
including via tax or cap-
and-trade systems

Farmer education and
technical assistance
programs

Nature-based @%

solutions

Land protection and
restoration policy

Nature incentives for
landowners to protect
biodiversity hotspots and
habitats

Voluntary biodiversity
credit markets
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The drivers of policy momentum make an inevitable and forceful policy

response more likely...social tipping points are key

Changes in physical &
monetary costs

%23 Increased pressure from society,

=7 markets & regulators

— A Changes in geopolitics,
energy security and research
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Ratchet pressures increase the likelihood that governments will strengthen
policy by 2025, and again to 2030 and beyond

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

|
| | |
2021 | 2023 2025 - 2028 2030 |
| || |
|
® e o o o
|
| |
Countries | Global Stocktake 2025 Ratchet | i Second Global 2030 Rachet |
communicate their | (GST) on climate, : .. | | Stocktake (GST) on : L
updated or 2nd I (miti)gation and Cou.ntrrldes submit I I climate mi(tigat)ion Cou.ntrtlhes submit I
. | . ’ their 3®round of | | ' ’ their 4™ round of |
round of climate | finance climate pledges | | and finance climate pledges |
|
pledges I (NDCs) | } (NDCs) I
| | |

Policy announcements are expected to continue in 2023 -2025, with continued
acceleration in 2028-2030. Recognition of Overshoot grows from 2025
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Over 50% of IPR 2023 forecasts have policy in place that is confirmatory or
supportive of the forecast

Existing policy developments are assessed against the IPR’s ...With over 50% of forecasts having policy in place that is confirmatory or
2023 forecasts... supportive of the forecast and ~40% of forecasts having a policy gap
... By number of policy forecasts, %... ... By CO, emissions share of policy

Policy gap assessment categories
forecasts?, %

Accelerating Acceleration
beyond FPS Policy announced or legislated/implemented that addresses 4% 1%
towards IPR’s the specific IPR forecast and sets a target date that is earlier
1.5°CRPS than forecast in 2023
Confirmatory
Policy announced or legislated/implemented that addresses the 22% 10%
specific IPR forecast and is in line with what was forecast in IPR
Consistent 2023
with IPR’s 1.8C —
FPS Supportive
Policy announced or legislated/implemented that moves in the 37% 43%

direction of forecast but does not definitively meet it

Deceleration
Policy announced or legislated/implemented that addresses 1% 2%

the specific IPR forecast but sets a target date that is later

Decelerating
away from FPS __
towards a 2°C
outcome -

than forecast in 2023

FPS policy gap
No policy announced

1. Weighted by CO, emissions covered by IPR's policy forecasts.
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China’s coal-fired electricity fleet contributes nearly half of the gap to be
addressed in IPR’s 2023 policy forecast

Breakdown of IPR policy forecasts with no existing policy announcements to meet them, weighted by CO, emissions!

Share of IPR FPS policy gap
43% 43%

<+—— Note: coal-fired power generation in
China accounts for 11% of global CO,
emissions but 20% of CO, emissions
covered by the IPR Policy Forecast?.

China coal power Russia India coal power Indonesia Other
deforestation

1. Weighted by CO, emissions covered by IPR's policy forecasts. IPR policy forecasts do not cover all CO, emissions and therefore the percentage breakdowns shown will likely be higher than if this analysis was done for all countries and sectors, covering all global
emissions. For example, coal-fired power generation in China accounts for 11% of global CO, emissions but 20% of emissions covered by IPR policy forecasts.
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Advanced Economies have closed nearly ...But the key challenge is in Emerging
all the policy gaps... . Markets & Developing Economies
Policy forecasts relative to existing policy announcements?, IPR Advanced Policy forecasts relative to existing policy announcements?, IPR emerging
Economies market and developing economies

Share of CO, emissions Share of CO, emissions
covered by IPR 2023 policy covered by IPR 2023 policy
A | . forecasts in Advanced A | . forecasts in emerging
cceleration Economies cceleration markets and developing

economies
Confirmatory Confirmatory -
Supportive Supportive
Deceleration Deceleration

*  >90% of CO, emissions in IPR Advanced Economies (AE) are covered by existing *  39% of CO, emissions in IPR emerging market and developing economies
climate policy that meets, or moves in the direction of meeting, IPR’s Forecast (EMDE) are covered by existing climate policy that meets, or moves in the
Policy Response (FPS) direction of meeting, IPR’s FPS
— 4% accelerates beyond FPS towards IPR’s 1.5°C Required Policy Response — 10% meets the forecast (confirmatory), of which ~15% is legislated, while

(RPS) 29% moves in the direction of meeting it, of which ~25% is legislated
— 11% is confirmatory of FPS, of which ~40% is legislated, while 81% moves *  58% of CO, emissions in IPR EMDE are not covered by existing climate policy
in the direction of meeting it, of which ~30% is legislated that aims to reduce them

° 4% of CO, emissions in IPR AE are not covered by existing climate policy that
aims to reduce them

21

1. Weighted by CO, emissions covered by IPR countries and policy forecasts. The % of emissions is based on those covered by the IPR policy forecast and therefore excludes some such as aviation & shipping
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While some sectors have significant climate policy, such as power and LDVs,
others have many gaps, such as coal phase out and HGVs

Policy gap assessment relative to IPR 2023 forecast* . FPS policy gap . Acceleration . Confirmatory . Supportive . Deceleration

R - Build- —, Indu- o
coromyi e Blan 5 @
Economy wide % Power ings Transport /‘hjj stry O3 Agri Land use Nature
Net Zero CO, New coal All coal Zero-carbon Light duty Heavy duty Industry Low-carbon Net Deforestation Protection* & Nature
Country? emissions Carbon price phase out phase out Clean power heating vehicles vehicles decarb. agriculture deforestation 3 free supply restoration incentives
us Announced Announced
Japan Legislated egislated Legislated

Announced Announced

Germany Legislated Legislated Legislated Legislated Legislated

South Korea Legislated

Canada Legislated Legislated Legislated Legislated Announced Announced Announced Legislated Legislated Announced

Australia Legislated Announced Legislated Announced

Advanced Economies

Turkey Announced Announced

N\

“‘; UK Legislated Legislated Legislated Announced Announced Announced Legislated Legislated Legislated Announced
I I Italy Legislated Announced Announced Announced Legislated Legislated Legislated

I I France Legislated Legislated Legislated Announced Legislated Legislated Legislated

China Announced Announced

] .

& India Announced N/A Announced

= Russia Announced _

B | gonesia Announced N/A

Saudi Arabia [N Vel0e) N/A N/A N/A N/A Announced Announced
- Brazil Announced N/A Announced Legislated
=

< |

South Africa INAAeI s lete)

Announced

Emerging Markets & Developing Economies

I-Q:I Mexico N/A Announced
Vietnam Announced Announced Announced N/A Announced Announced
— .
- Argentina Announced _
I I Nigeria Legislated N/A
1. Based on major announcements and developments tracked in IPR 2021 Policy Forecast Detailed resource (March 2021) and 2022 and 2023 QFTs 2. End of deforestation is defined as reduction in average annual deforestation by more than 95% versus
2. Countries i h bucket (AE and EMDE) ked in order of CO . £ c issions Emissions Datab. = = the 1990-2020 level, alongside a net increase in forest cover
. ountries in each bucke an are ranked in order of CO, emissions, European Commissions Emissions Database 4. Policy gap assessment is shown for land protection only



https://www.unpri.org/inevitable-policy-response/the-inevitable-policy-response-2022-quarterly-forecast-trackers/9910.article
https://ipr.transitionmonitor.com/2023-04-25-top-10-q1-policy-announcements/
https://edgar.jrc.ec.europa.eu/report_2022
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The potential implications of climate action on achieving a just transition are
used to inform IPR’s policy forecasts

IPR’s policy forecasts incorporate just transition impacts across policy areas

Just transition impacts of existing policy announcements Scoring deep dive: ~90 climate policy developments have been scored against

Climate policies with greater positive just transition impacts are likely to just transition impact categories over the past 12 months

be more effective at achieving their goals

Number of policies in each just transition impact category

Employment impacts

YO

Jojo
o

A large domestic manufacturing sector of fossil fuel products, which Strong just
accounts for a high share of employment, is likely to act as a barrier to the transition elements
phase out of such products

27

Health impacts Moderate just

transition elements 22

A high level of air pollution, which causes negative health impacts, is likely
to accelerate the phase out of highly polluting industries such as coal-fired

power generation
Weak just transition

Land elements S

Increased land constraints (e.g., land required for urban areas or food
production) act as a barrier to reducing environmentally harmful practices

® O

High risk for just

such as deforestation transition 1
. Institutional capacity
[ Higher institutional capacity increases the ability of the state to support No significant just g
and/or compensate indigenous and rural communities to shift away from transition impacts

CO, -emitting activities and maintain living standards

1. Assessments of just transition elements completed by researchers at the LSE, building on Chan, Tiffanie; Higham, Catherine; Muller, Sabrina; Setzer, Joana; and Robins, Nick (2022). ‘An assessment of Just Transition elements in the Inevitable Policy Response’.
Available at: https://www.lse.ac.uk/granthaminstitute/publication/an-assessment-of-just-transition-elements-in-the-inevitable-policy-response/.
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(1/2) IPR 2023 Top 10 Policy Forecasts

IPR policy announcements carry on over the next decade, with continued announcements to 2025 following the Paris Agreement’s first
Global Stocktake, and continued acceleration to 2030 and beyond in the harder-to-abate sectors.

India achieves net zero CO, emissions by 2065, accelerating 5 years ahead of its existing net zero by 2070 target (India contributes 7% of
global CO, emissions).

Economy wide

* The acceleration is driven by India’s exposure to climate change and falling low-carbon technology costs

Several non-OECD countries achieve net zero emissions later than their current targets given slow decarbonisation progress to date.

* Turkey and Vietnam reach net zero by 2060 and South Africa beyond 2065 despite all having targets between 2050-55 (each country
contributes 1% of global CO, emissions)

* Russia reaches net zero beyond 2065 despite a target of 2060 (Russia contributes 5% of global CO, emissions)

Low-carbon incentives play an increasingly important role in facilitating the climate transition as countries continue to respond to the US
Inflation Reduction Act.

® Carbon prices are expected to have a stronger role in enabling the transition in advanced economies compared to the emerging
market and developing economies

China ends the construction of new unabated coal-fired electricity generation by 2030 and end all unabated coal generation by 2045?, but
keeps ~400GW of unabated coal plants in reserve and retrofit ~100GW with CCS (China coal-fired electricity contributes 11% of global CO,
emissions). Unabated coal phase out is driven by China’s economy-wide net zero target, the decreasing relative costs of alternative power
sources and CCUS retrofit.

@ Land protection reaches 30% of national land area by 2035 in North America and China, and by 2030 in Europe, as nature and biodiversity
@o) Nature policy accelerates following COP15. The Kunming-Montreal Global Biodiversity Framework targets 30% of global land and marine areas to
be protected by 2030.

1. Definition for ending unabated coal generation: actual policy and anticipated policy signals deliver 97% of dispatched power generation from sources other than unabated coal. Coal is abated when installed with CCS with a capture rate of 90% or equivalent
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(2/2) IPR 2023 Top 10 Policy Forecasts

E Road transport The sale of new cars and vans with CO, emissions mostly ends by 2040, driven by global automotive OEMs decarbonising, EV technology
improvements and cost falls, and increasing policy momentum to meet national net zero targets (cars and vans contribute 8% of global
CO, emissions).

® Europe and China stop selling cars and vans with CO, emissions by 2035
® The US and India end the sale of cars and vans with CO, emissions by 2040

Industry achieves deep decarbonisation (>97% for fuel combustion and >80% for process emissions) 2 after economy-wide net zero, with
iron and steel, chemicals, and cement decarbonising after light industry has electrified (industry contributes 23% of global CO, emissions).

® Europe begins decarbonising heavy industry in the 2020s, with steel moving quicker than chemicals and cement, as low-carbon
incentives and the phase out of EU ETS free allowances, drive scaled deployment of low-carbon heavy industry in the 2030s and 2040s
® The US delivers heavy industry decarbonisation primarily through low-carbon incentives, e.g., the IRA, on a similar timeline to Europe

* Heavy industry decarbonisation spreads globally with a 5-10 year lag to the US and Europe, as high low-carbon incentives and national
carbon pricing are more widely adopted and CBAM s incentivise global decarbonisation to protect export market shares

Carbon removals Policy delivers significant DACs deployment from 2040 through primarily market incentives as climate change impacts increase and the
= cost of DACs falls. There is a limited role for BECCS in the climate transition given technology costs as well as land constraints resulting
from guardrails for avoiding nature displacement, deforestation, food competition, irrigation, and use of land unsuitable for bioenergy.

Q Land use Global net deforestation ends? by 2030-35 (land use change contributes 10% of global CO, emissions).

* Brazil ends net deforestation by 2030 in line with existing policy ambition and due to ratchet pressures of hosting COP30 in 2025, and
Indonesia also ends net deforestation by 2030 given recent falls in deforestation levels and expected ratchet pressures at COP30 in the
Amazon (both countries each contribute 25% of CO, emissions from land use change)

* Deforestation-free supply chain mandates from Europe and North America reinforce domestic pressures to end deforestation

1.

Forecast definition: policy ends the sale of 97% of new cars and vans with CO, emissions. (l.e., 97% of sales are ZEVs). ZEV = BEV, PHEV, FCEV.

Deep decarbonisation is defined as full deployment of the best available technology. According to the IEA Net Zero by 20250 report deployment of such technology is expected to deliver ~93% emissions reduction across industry. This equates to a reduction in
emissions of ~97% for fuel combustion and ~80% for industrial processes — |EA.

3. End of deforestation is defined as a reduction in average annual deforestation by more than 95% versus the 1990-2020 level alongside net increase in forest cover.

N


https://www.iea.org/reports/net-zero-by-2050
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(1/3) IPR 2023 Top FPS Model Results — System wide and energy

1.

2.
Peak fossil use 3.

4.
"5.

6.

Industry, 7.
buildings

Advanced Economies reach near-zero CO, emissions by ~2060 with substantial emissions in Emerging and Developing economies. They still
emit ~9 GtCO, in 2050 mainly from industry. Even easier-to-decarbonize sectors like power and transport do not do so fully until the 2060s

Temperatures peak at 1.7 — 1.8 degrees in the 2040s, falling to 1.6 — 1.7 degrees by 2100, due to deployment of ~ 5Gt per annum of land
and technology-based removals from 2050. Warming breaches 1.5 degrees in 2033 but could return to below 1.5C around the 2130s,
provided emissions remain constant from 2100

All fossil fuels decline following a mid-2020s plateau.
® Coal, oil and gas demand decline by 66%, 62% and 52% respectively between 2019 and 2050

Negative Emissions Technologies (NETs) play a significant role in bending the temperature curve.
° 1 Gt of BECCS is deployed to 2050

* The FPS includes 0.6Gt of direct air carbon capture and storage (DACCS) by 2050 and 5 Gt by 2080, predicated on near-term
demonstration DACCS sites, which move the technology along the learning curve in the 2030s and reduce costs to as low as $150/tCO,

China acts on coal and rapid renewables deployment enables 85% of global power generation to be carbon free by 2050.
® By 2045, China retires 60% (800GW) of its unabated coal fleet, fits 100GW with carbon capture and storage (CCS) and keeps the
“economically stranded” remainder in reserve.

® Renewables account for around 85% of global electricity generation by 2050
® Most AEs achieve clean power by 2040, while unabated fossil remains in some EMDEs in 2050

Road transport decarbonises 90%, while shipping and aviation account for 70% of sector emissions by 2050 despite having shifted to

50% zero carbon fuels.

* By mid-century Sub-Saharan Africa (SSA), India and other EMDEs make up 45% of ZEV sales, enabling ZEVs to constitute almost 90% of
the global car fleet by 2050

Industry and buildings see decarbonisation driven by technology and increased efficiency.

® Scrap becomes the crucial decarbonisation lever in steel, with hydrogen (H,) becoming important towards 2050, while cement
decarbonisation remains slow, driven mostly by carbon capture and storage (CCS)

*  Fossil fuels remain a core feedstock for chemical production, although electrification and hydrogen help to decarbonize industrial
heating

* Inthe FPS, increased efficiency of both building envelopes and electrical heat pumps reduce emissions from 2030. New net zero
buildings only account for 28% of 2050 stock, meaning retrofits are critical to decarbonisation
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(2/3) IPR 2023 Top FPS Model Results — Land Use and Nature

Demand for land Population and income growth drive demand for food, energy and materials, increasing demand for productive uses of land.

* Global food demand increases by 21%, as income and population growth increase food demand in EMDEs. Increasing demand for
housing could drive demand for timber in construction, driving the expansion of commercial forest plantations

Land Climate and nature action drive demand for land conservation and restoration, restricting the potential for agricultural land and

plantation expansion onto natural land.

* Increasing nature action leads to the protection of an additional 980 Mha of natural vegetation, stabilizing biodiversity intactness to
2020 levels by 2050

® By 2050, action to halt deforestation reduces emissions by ~1.8 GtCO, /yr., while other policy and market incentives helps capture an
additional ~3.8 GtCO, /yr

conservation and
restoration

Emissions from Increasing GHG costs in the agricultural sector, coupled with behavioural shifts and technological innovation stabilize emissions from
methane and nitrous oxide emissions from agricultural production.

land sector

* Behavioral shifts and innovation drives consumers away from emission-intensive proteins, leading to a peak in ruminant meat
production by 2035, towards alternative proteins and poultry meat

* Innovative agricultural practices and inputs increases nitrogen fertilizer uptake efficiency, reducing nitrous oxide emissions from
fertilizer use

* Technical mitigation of on-farm emissions from agriculture (e.g., through feed additives) become key to reducing methane emissions
from livestock production, particularly emissions from enteric fermentation

Land use The transition impacts key land use products:

products - Food: Real food prices continue to decline relative to 2020, as diet shifts and food waste reductions decrease pressure on agricultural
production. Diet shifts reduce demand for livestock products and feed crops, while food waste reductions make the overall agricultural
system more efficient and stabilize total caloric demand to 2020 levels

- Materials: Timber production grows by 22%, to respond to an increasing demand for sustainable construction materials. The growth
affects all regions, particularly current market leaders such as Europe and the US
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(3/3) IPR 2023 Top FPS Model Results - Bioenergy

Sustainability 1. Bioenergy competes for scarce land in a system increasingly asked to provide more food, materials, urban space, and natural

considerations ecosystems.

for bioenergy * Bioenergy is costly for the land system to produce, but can help the energy system decarbonize by delivering both low
carbon energy and negative emissions when used with carbon capture and storage (CCS)

* Because there are many competing demands for a fixed amount of land, bioenergy can displace other uses. This
opportunity cost can be partially quantified using a carbon payback period

* To be useful in the energy system, biomass must be either lower cost or more sustainable than other decarbonization
technologies

* Policymakers may increasingly introduce sustainability guardrails for sourcing biomass. Feedstocks that avoid nature
displacement, deforestation, food competition, and irrigation will likely be most secure

Bioenergy 2. Bioenergy without CCS is likely to be outcompeted by lower carbon alternatives in most energy system applications.

without CCS * Aviation and the pulp & paper industry are notable exceptions - a lack of cleaner alternatives and very inexpensive self-

supply of waste and residues make unabated bioenergy cost competitive through 2050

* There are ~30 EJ of potential supply of waste and residue feedstocks that minimally compete for land — shifting to these
widely available feedstocks supports bioenergy’s role in transport through the 2030’s

Bioenergy with 3. Bioenergy with carbon capture and storage (BECCS) in industry and power is costly but offers negative emissions. ~1 GtCO,e
CCS (BECCS) of BECCS removals may outcompete direct air capture (DACCS) depending on achievable biomass yields.

*  There are 567 Mha that meet basic land sustainability guardrails

*  Between 310 and 396 Mha of that land has a carbon payback period (CPP) below 15 years, implying bioenergy could be a
more efficient store of carbon than re/afforesting that land instead

Overall bioenergy ‘% As a result, bioenergy use only grows modestly in the updated IPR FPS 2023.

outlook * Biomass production shifts away from unsustainable 1G crops towards waste and residues. Demand shifts away from road
transport and unabated power, towards aviation and BECCS

* This contrasts with other prominent transition outlooks, many of which expect a larger role for bioenergy
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Advanced Economies reach near-zero GHG emissions by 2050,
with substantial emissions in Emerging and Developing Economies

Energy and Land GHG emissions! by region, GtCO,e/year
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1. Emissions on a production basis. Includes carbon removals from BECCS but not DACCS
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* Except for the uptick in

emissions following the
recovery in activity post-COVID,
AEs see GHG emissions fall
rapidly to near-zero by 2050.
AEs could reach net-zero
energy emissions with CO,
removals from DACCS (not
shown)

In EMDEs, emissions continue
to grow throughout the 2020s
due to growing population and
incomes. They still emit 12
GtCO,e in 2050 mainly from
industry. Even easier-to-
decarbonize sectors like power
and transport do not do so fully

Emissions reductions in both AE
and EDME land systems are
driven by NBS
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Energy system emissions plateau in the early 2020s but fall
about 75% by 2050 in the FPS 2023

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

Global energy-related CO, emissions, GtCO,/year

Historic == IPR FPS23 — IEAAPS! — [EASTEPS! -- IPRFPS21
40 Historic | Projected
35
30
25
-73%

20

Cumulative emissions 2020-2050, GtCO,
15 Cumulative emissions are ~ 2% higher in FPS23

than in FPS21. Emissions to 2030 are slightly lower

in FPS23 because the EV and renewables

10 transition is rapidly accelerating. Emissions from
2030-2050 are higher in FPS23 because, despite
technological and policy advances in some

5 regions, policy advances globally are slightly
slower than the aggressive 2021 forecast

FPS23 FPS21

0
2015 2020 2025 2030 2035 2040 2045 2050

1. |EA data published in 5-year intervals and 2025 data unavailable, linear interpolation may not reflect differences with IPR

Source: IEA World Energy Outlook (WEO) 2022
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In the early 2020s, energy-
related CO, emissions in the
FPS plateau, following a similar
pathway to IEA scenarios

Although emissions are higher
than APS through the 2030s,
FPS23 is a slightly lower
temperature scenario than APS.
Decarbonization policies push
the FPS23 trajectory lower then
APS by the 2040s and FPS 2023
may also have higher land
carbon sequestration from land

As policies ratchet up further,
emissions fall below the IEA
APS level in the early 2040s,
driven in part by a significant
ramp up in emissions removals
to around 5Gt p.a. by 2050.
Emissions fall a total of 73%
between 2022 and 2050
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Greenhouse gas emissions drop 80% by 2050 and reach net-zero by 2080, but
only because negative emissions technologies remove 6 GtCO, per year by 2080

=— Net GHG emissions Land CH, M Energy CH, I Energy N,O
FPS23 Global Emissions, GtCO,e / year M Energy CO, M Land co, Land N,O [ Negative emission technologies (CO2)?

GtCO,e / year
N
(O}

-77% Net-zero CO, emissions

Net-zero GHG emissions

c I I S S

) . ]
. NBS drives Land CO, negatlve-{ I e e [

2020 2025 2030 2035 2040 2045 2050 2055 2060 2065 2070 2075 2080 2085 2090 2095 2100

1. Direct air carbon capture and storage (DACCS) and Bioenergy with carbon capture and storage (BECCS)



Forecast Policy Scenario 2023

FPS 2023 forecasts peak temperatures of 1.7-1.8C around
2045, dropping to 1.6-1.7 C by 2100 if DACCS continues

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

Surface temperature anomaly, degrees C above pre-industrial reference period?

2.0

Plateauat 1.7-1.8C

from 2045 - 2065 1.6 - 1.7C by
end of century

/ ——

1.0

0.5

1.5
Exceeds 1.5Cin
the early 2030s

0
2020 2030

2040 2050 2060 2070 2080 2090 2100

1. The pre-industrial reference period is 1850 to 1900, defined in Kelvin. Temperature anomalies in Kelvin and Celsius are equivalent.

2. Based on MAGICC7

3. Assuming only impact of continuation of DACCS levels
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IPR FPS 2023 forecasts?

An exceedance of 1.5C in the early
2030s

Peak temperatures of 1.7 - 1.8C around
2045 - 2065

A declineto 1.6 —1.7C by 2100 and
1.5C by 21303, based on direct air
carbon capture and storage (DACCS)
deployment estimates

Net-zero CO, emissions around 2060
and net-zero GHG emissions around
2080

Overall likelihood of staying below 2°C
warming is at >90%
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Carbon sequestration drives emission reductions in the land use sector, while
mitigation policies in the agriculture sector stabilize other GHG emissions

INEVITABLE
POLICY
RESPONSE

Add tracker

Historical values
IPCC C4 Max/Min

. Nitrous Oxide . Methane . Carbon Dioxide FPS 2023
Global AFOLU Emissions by GHG, Gt CO.eq
2
FPS 2023: Global AFOLU Emissions, Gt CO,eq Net-CO, from Land? Methane Nitrous Oxide
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8 6 5 .
6
4 2 - —
6 -86% 2 5 ————
0
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4 21990 2000 10 30 B 1990 2000 10 20 30 40 2050 P
- 2
3 -4 -4 -4
2 Emissions Drivers: Emissions Drivers: Emissions Drivers:
1 * Expansion of agricultural land onto * Most methane emissions come from * Nitrogen-based inorganic fertilizers are
0 natural land beef production (enteric fermentation) the main source of nitrous oxide
1 * Sequestration from forest restoration, Mitigation Levers: emissions
causing emissions to become negative «  Growing emission costs incentivize Mitigation Levers:
-2 Mitigation Levers: producers to invest in technical * A shift to sustainable agricultural
-3 «  These changes are driven by carbon mitigation (e.g., feed additives) practices decouple productivity growth
4 pricing, A/R? policies, conservation and « Demand side shifts reduce production of and fertilizer use, reducing emissions

2020 2025 2030 2035 2040 2045 2050

1. Afforestation and reforestation

regulation against deforestation

emission intensive products

2. This encapsulates both land use change and changes in carbon density on the same land use type (e.g., land may not change use, but may have negative emissions due to the growing of trees that sequester over time) as well as sequestration from nature-based

solutions
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Energy system executive summary (1/2)

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

System-level results and key findings
* Energy system emissions plateau in the early 2020s and fall about 75% by 2050 in the Forecast Policy Scenario (FPS)
* Advanced Economies (AEs) reach near-zero emissions by 2050 while emissions fall by 60% in Emerging and Developing Economies (EMDEs)

* Clean sources grow to over 60% of the energy mix by 2050 and global peak oil occurs in the mid 2020s. Demand for oil as a fuel declines
significantly from 2030 but, the use of oil as a feedstock for chemicals continues

* Energy system policies have remained similar to those in FPS 2021 — none have changed in a way that shifts our projected timeline by more
than 5 years

° Power and transport drive 76% (21GtCO,) of emission reductions to 2050 while industry is latest to decarbonize. In the FPS, zero-emission
vehicles (ZEVs) reach almost 90% of the car fleet by 2050

* ~5GtCO, are captured by 2050 in FPS 2023, a third of which is from negative emissions technologies

* Clean hydrogen becomes a major energy source, with demand from steel and chemicals, synfuels for shipping and aviation, and flexible power
generation

* Bioenergy grows moderately to 2050, with a shift toward sustainable feedstocks fulfilling demand in aviation and biomass energy with carbon
capture and storage (BECCS)

* Arange of other highly uncertain but disruptive trends could shift the world to a future unlike that modelled in the FPS
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Energy system executive summary (2/2)

©00000000000000000000000000000000000000000000
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Power
&E—Lm * Decarbonization of power generation, led by Advanced Economies, is a critical enabler of lower emissions in final energy consumption
* Inthe FPS, the remaining fossil fuel generation is dominated by emerging markets and developing economies (EMDEs), where policy trajectories result in slower phase down relative
to Advanced Economies (AEs)
° By 2045, China retires 60% (800GW) of its unabated coal fleet, fits 100GW with carbon capture and storage (CCS) and keeps the “economically stranded” remainder in reserve
®  Wind and solar account for around 70% of global electricity generation by 2050. They are complemented by nuclear and hydropower which generate over 15% of electricity
* Inthe FPS, most AEs achieve clean power by 2040, while unabated fossil remains in some EMDEs in 2050

— 7; Transport

* Inthe FPS, road transport decarbonises 90%, while shipping & aviation account for 70% of sector emissions by 2050 despite having shifted to 50% zero carbon fuels
® China and Advanced Economies currently dominate zero-emission vehicle (ZEV) sales, but by the mid-century Sub-Saharan Africa (SSA), India and other EMDEs make up 45% of sales
* Inthe FPS, ZEVs therefore reach almost 90% of the car fleet by 2050

ol Industry

® Scrap becomes the crucial decarbonisation lever in steel, while virgin steel is increasingly produced with hydrogen (H,). Cement begins to decarbonize at scale in the 2030s, with a
combination of zero carbon clinker and CCS

* Fossil fuels remain a core feedstock for chemical production, although electrification and hydrogen help to decarbonize industrial heating

° Policy support enables green H, build-out, with blue H, only competitive in certain regions with favourable conditions

Buildings

* Inthe FPS, increased efficiency of both building envelopes and electrical heat pumps reduce emissions from 2030
° New net zero buildings only account for around 30% of 2050 stock as large scale retrofitting of existing buildings takes place steadily to 2050
* Efficient electric heat pumps replace fossil heating systems from the 2020s to provide 60% of building heat by 2050, with bioenergy and hydrogen playing a role

k@@ Bioenergy & Removals

® FPS23 covers bioenergy used in transport and buildings, as well as bioenergy with carbon capture and storage (BECCS) used in power and industry to provide negative emissions

° Bioenergy is a long-term decarbonisation option in aviation and some niches uses, while the need for removals in the FPS justifies expensive bioenergy with carbon capture and
storage (BECCS)

* The FPSincludes 0.6 Gt of direct air carbon capture and storage (DACCS) by 2050, predicated on a significant cost reduction as removals ramps up
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Clean sources grow to over 60% of ...while global peak oil could occur as
primary energy demand by 2050... soon as 2025
~ 10% of primary energy is used to produce green hydrogen All fossil fuels decline following a mid-2020s plateau
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1. Metallurgical — or coking — coal is used in the production of steel, and acts as both a fuel for high temperature process heat
and as a reactant in the reduction of iron ore
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Oil demand declines significantly from 2030, but the use
of oil as a feedstock for chemicals continues

Non-energy use accounts for 10% of demand in 2020 but almost 30% in 2050

Global oil demand, million barrels per day

] Non-energy use Other energy M power M Buildings ] Industry?! ] Transport

100

80

60

40

20

0
2015 2020 2025 2030 2035 2040 2045 2050

1. Oil used as a fuel to heat industrial processes: “energy use”. Excludes “non-energy” use of oil as a feedstock
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The rise of EVs reduces oil demand for transport
by over 70% from 2020 — 2050. By 2050, oil is
still used for aviation and shipping

However, because industrial decarbonization is
slow, oil remains the main feedstock used for
chemicals

Non-energy oil demand, 2050
million barrels per day

. Chemicals
Other
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Energy system policies have remained similar to those in FPS 2021 — none have
changed more than 5 years

Industry and new coal are the policy areas with the largest changes compared to FPS 2021

® rps2023 () FPS2021 == Range

Average year of forecast policy?!

Policy Area Policy Lever Key Policy Changes relative to FPS 2021 2020 Beyond 2070
CO, emissions Net Zero CO, India decelerated to a net zero target of 20653 O
% Power New coal China continues to build new coal until 2030 Q_—

All coal EU ends coal generation slightly sooner

Clean power UK and Indonesia accelerated relative to FPS 2021, South-East Asia and South Africa decelerated

oo | T
BUlldlngS Heating Central & South America and South Africa decelerated to 2045 and 2050 respectively

all decelerated. UK HDV target has been decelerated to be in line with other AEs and Brazil also
HDVs decelerated

Transport LDVs Gulf States accelerated ICE phase out for both LDV and HDV, while Russia, Eurasia and Indonesia *

/E} Industry Fuel _.;_

The decarbonisation of industry fuel emissions has been brought forward relative to process
Process emissions, but industry remains the latest sector for forecast policies to decarbonize C:‘

1. Average year policy of forecast to be achieved, weighted by current sectoral emissions for each modelled region
2. Including direct air carbon capture and storage (DACCS) negative emissions

3. Only USA, India and Australia net zero announcements were forecast in FPS 2021

Note: See appendix for further detail on policy forecasts by modelled region
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75% (21GtCO,) of emission reductions to 2050 come from
power and transport, while industry is latest to decarbonize

Power and transport are the first sectors to decarbonize in FPS 2023

. Power . Transport . Industry . Buildings Other?

Emissions reduction by sector, GtCO, Sector reduction relative to 2019 emissions * The decarbonisation of power
enables other sectors to then

abate emissions through higher

* The transport sectors also
Power 539 _ decarbonises quickly and
significantly with AEs already
reducing emissions today
Transport 23% _ * Harder-to-abate emissions in
industry and buildings are
Industry 11% -

tackled through a mix of policy
support, emerging technologies,
Buildings 9%
Other? 3% —-1

and improved efficiencies
o RN
D

1. Includes removals from DACCS

-77%



POLICY
RESPONSE

Forecast Policy Scenario 2023 6 INEVITABLE

In the FPS, zero-emission vehicles (ZEVs) reach over 90% of the
car fleet by 2050

Passenger car fleet, millions
M ice PHEV W Bev M FCEV

* Car numbers in Africa and
India more than triple to 2050,
while absolute numbers fall in
the US and Europe

Global

+34%

Greater China

319 343

320

® China and Europe are almost
0% fully decarbonised by 2040,
after which the majority of

2020 2030 2040 2050
U GBR . G 239 remaining ICE vehicles are in
< 2020 2030 . 2040 2050 EMDEs
us . .
[
189 | 176 108 0 ice " India Pure battery.electrlc vehicles
— e 10 are the dominant technology,
. 2020 2030 2040 2050 134 h I q h b d
B +227% owever plug-in hybri
2020 2030 2040 2050 vehicles initially and later
. tdle East! 2020 2030 (WY& hydrogen fuel cell vehicles gain
Africa & Middle East .
283 Other Asia? a small share in market
180 ') 65 16a 171 188 " sggments with large travel
s 22 N +230% —a | distances

17%
2020 2030 2040 2050 2020 2030 2040 2050

1. SSA, SAF, MENA
2. AUS, JPN, KOR, IDN, SEAO, SA, EURA
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Over 3 GtCO, are captured by 2050 in FPS 2023, a third of
which is from negative emissions technologies

Carbon dioxide captured by CCS removed by BECCS and DACCS, GtCO, ® Carbon capture and storage
(CCS) and removals in the FPS
is comparable to the IEA APS,
where policy requires hard-to-
abate sectors to reduce their
emissions

X IEASTEPS M Iron & Steel BECCS (power)
A 1EAAPS [ Chemicals I BECCS (industry)
O 1EANZ [ Hydrogen productiont [ DACCS

. Power Negative emissions technologies O

* In FPS, a larger uptake of Direct
. Cement

Air Carbon Capture & Storage
(DACCS) happens in the 2040s
when stakeholders act to

Fossil fuel with CCS

w

A 2.7 accelerate towards net
I negative emissions, even while

13 industrial sources are slower to

O . _ decarbonize

0'4 . 1
A
0 0.1 O_ﬁzé ]
2020 2025 2030 2035 2040 2045 2050

1. Notincluding that used in ammonia and methanol production

Source: IEA WEO (2022)
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Clean hydrogen demand comes from synfuels for aviation and
shipping, steel production and flexible power generation

Hydrogen demand by sector, EJ * Before the 2030s the FPS sees
limited growth in H, demand,
mainly in the ‘traditional’
chemicals sector

X IEASTEPS O IEA NZ B power M Industry

A IEA APS Existing feedstock uses Transport [ Buildings )
* More meaningful growth

occurs when new industrial
uses, and particularly synthetic
non-road transport fuels begin
to scale

* Compared to IEA scenarios, FPS
sees more synfuels (as an
alternative to more biofuels),
and a marginally greater role in
the power mix

11 12 13 : ]

2020 2025 2030 2035 2040 2045 2050

Source: IEA WEO (2022)



POLICY
RESPONSE

Forecast Policy Scenario 2023 6 INEVITABLE

Biofuels in aviation and biomass power transitioning to BECCS
moderately increase bioenergy use from 2020 to 2050

Modern! primary bioenergy demand by sector, EJ * Energy system scenarios like

the IEA’s are often predicated
Other Transport A IEA APS on ambitious availability of

inable biom
I Buildings ™ Power X |EA STEPS 8 © susizlinelslle liomEes

B ndustry O IEANZ  — ETC2 ® The FPS limits long-term
% demand primarily to use cases
O with few green alternatives,
X given the competition for land
55 and biomass across both land
& energy systems

>

46 >0

40 39 39 42 * More details on the role of
I bioenergy are available in the
- - ... ”

bioenergy report

I
i B B B B § B |

2020 2025 2030 2035 2040 2045 2050

1.  Traditional biomass used in cooking and heating is not included, and assumed to phase out by 2030 in line with SDG
2. An estimate of the global supply of sustainable biomass that could be available to the energy system. This range reflects a ‘prudent’ estimate, achievable without major changes to land

use, technology or behaviour. ETC’s ‘maximum potential’ case, with extremely ambitious systems change leads to a supply of c.100EJ — just enough to satisfy IEA NZ demand
Source: IEA WEO (2022); Energy Transition Commission (2021), Bioresources within a Net-Zero Emissions Economy
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FPS 2023 includes 0.6Gt of DACCS by 2050, predicated

on a significant cost reduction as removals ramps up

Global DACCS carbon removals, 2030-2050, GtCO,/year

0.60
0.55
0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05

2030 2035 2040 2045

1. Value for energy demand per tCO2 captured taken at the lower bound of values reported by the National Academy for Sciences

Source: IEA, National Academy for Sciences, McKinsey Voluntary Carbon Markets modelling

0.6

2050
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FPS 2023 sees DACCS reach 0.6
GtCO,/year by 2050, predicated on near-
term demonstration DACCS sites, which
move the technology along the learning
curve in the 2030s and reduce costs to as
low as $150/tCO,

By the 2040s, growing demand for
removals and lower costs drives rapid
uptake

Removing 0.6 GtCO, in 2050 would
require 2 - 5 EJ of power, or an additional
1-2% of FPS 2023 global power demand?

At the lower end of the cost range,
DACCS removals would cost around $100
billion annually by 2050

DACCS wins over BECCS in the long run

once land costs are taken into
consideration
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There are range of other highly uncertain but disruptive trends which are not
explicitly modelled

Transformative technologies and behaviour present uncertainty in future demand and supply within the global
energy system. Four trends with high disruption potential are:

IILLUSTRATIVE, NOT EXHAUSTIVE

000 Y/
(o2 S >
e ) (%) §
000 o
a

Enhanced geothermal
Rethinking clean power

Behavioral shifts
Rethinking mobility & consumption

Generative Al & Automation
Rethinking work

A changing social order
Rethinking social structures

* Artificial intelligence has the * Theincreasing importance of * Mobility-as-a-service and connected * Enhanced geothermal power could

1.

potential to reshape how work is
done, with significant implications
on society and energy systems
For example, Al-powered grids
could optimize power grids and
boost renewable penetration,
while automation could lead to
increased leisure time, with
impacts on energy consumption

critical minerals to the energy
transition is leading to shifting
global supply chains, with
potential geopolitical implications

A potential realignment towards
multipolar blocs could change
demand and trade patterns, as well
as impact the ability of global and
local institutions to enact a just
transition

National Renewable Energy Laboratory, 2023, Enhanced Geothermal Shot Analysis for the Geothermal Technologies Office

Source: McKinsey Global Institute (2022) ‘On the cusp of a new world order?’

autonomous vehicles could
transform road transport and upend
ownership models

Consumer-led demand changes could
drive shifting energy consumption —
for example the rise of remote
working and the resurgence of ‘flight
shaming’ following a period of post-
COVID ‘revenge travel’

provide clean baseload power to
complement intermittent
renewables. According to the
National Renewable Energy
Laboratory, it could generate ~ 10%
of US electricity by 2050*

However, to become a viable
solution, it still needs further
technology innovation, and market
and policy support


https://www.mckinsey.com/capabilities/risk-and-resilience/our-insights/on-the-cusp-of-a-new-era
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(2/3) IPR 2023 Top FPS Model Results — Land Use and Nature

Demand for land Population and income growth drive demand for food, energy and materials, increasing demand for productive uses of land

* Global food demand increases by 21%, as income and population growth increase food demand in EMDEs. Increasing demand for
housing could drive demand for timber in construction, driving the expansion of commercial forest plantations

Land Climate and nature action drive demand for land conservation and restoration, restricting the potential for agricultural land and

plantation expansion onto natural land

* Increasing nature action leads to the protection of an additional 980 Mha of natural vegetation, stabilizing biodiversity intactness to
2020 levels by 2050

® By 2050, action to halt deforestation reduces emissions by ~1.8 GtCO, /yr., while other policy and market incentives helps capture an
additional ~3.8 GtCO, /yr

conservation and
restoration

Emissions from Increasing GHG costs in the agricultural sector, coupled with behavioural shifts and technological innovation stabilize emissions from
methane and nitrous oxide emissions from agricultural production

land sector

* Behavioral shifts and innovation drives consumers away from emission-intensive proteins, leading to a peak in ruminant meat
production by 2035, towards alternative proteins and poultry meat

* Innovative agricultural practices and inputs increases nitrogen fertilizer uptake efficiency, reducing nitrous oxide emissions from
fertilizer use

* Technical mitigation of on-farm emissions from agriculture (e.g., through feed additives) become key to reducing methane emissions
from livestock production, particularly emissions from enteric fermentation

Land use The transition impacts key land use products:

products - Food: Real food prices continue to decline relative to 2020, as diet shifts and food waste reductions decrease pressure on agricultural
production. Diet shifts reduces demand for livestock products and feed crops, while food waste reductions makes the overall
agricultural system more efficient and stabilizes total caloric demand to 2020 levels

- Materials: Timber production grows by 22%, to respond to an increasing demand for sustainable construction materials. The growth
affects all regions, particularly current market leaders such as Europe and the US
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1.
2.

Four key macro trends shape the land sector over the next 30 years, under the

FPS 2023

Growing populations and
incomes

Climate and biodiversity
policies

&

Evolving consumer
preferences

Technology investment
and uptake

* Population and income growth
drive food demand, particularly in
emerging economies

® Over the next 30 years, population
grows by 1.3x?

* GDP is expected to grow 2x as fast?
in non-OECD economies,
particularly in Tropical Africa

United Nations
The World in 2050 Report

Climate and nature policy increases
transition risks for "unsustainable"
players in the agriculture and land
use sector

Climate action incentivizes net-zero
deforestation. Nature-based solutions
(NBS) can help achieve climate goals
by halting deforestation and pushing
afforestation

Biodiversity ambition increases
restoration and conservation of
natural ecosystems. Biodiversity
credits could incentivize the uptake of
biodiverse NBS, achieving both
climate and biodiversity outcomes

Diets shift, driven by
environmental and health
concerns, and increasing
innovation in alternative proteins

A shift to alternative proteins
increases demand for plant-based
products but reduces feed
production

Diet shifts away from animal

proteins reduces pressure on the
land use system

* GHG pricing, demand shocks and
land scarcity drive increased
investment in technological
innovation in:

— Productivity-enhancing
agricultural technologies,
including both traditional
methods (e.g. improved
irrigation) and emerging
methods (e.g. vertical farming)

— Technologies that mitigate on-
farm emissions, such as
precision agriculture and
improved livestock feed

® Increases in bioenergy demand in
turn increase the demand for
second generation bioenergy crops


https://www.un.org/en/desa/world-population-projected-reach-98-billion-2050-and-112-billion-2100#:~:text=COVID%2D19-,World%20population%20projected%20to%20reach%209.8%20billion%20in%202050%2C%20and,Nations%20report%20being%20launched%20today.
https://www.pwc.com/gx/en/research-insights/economy/the-world-in-2050.html
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Global food demand increases by 21%, as income and
population growth increase food demand in EMDEs

Composition of global caloric demand in 2020 Change in global caloric demand (2020 - 2050)

Tn Kcal/day ° Tn Kcal/day

@ Tags from previous slide |:| Food waste |:| Cereals . Meat products? . Secondary products
. Fish . Other crops |:| Eggs and dairy products

> BT
5 S B
Total intake + Total food = Total demand Total demand Intake Waste  Total demand
waste
2020 2050
2020 Change between
2020 - 2050

1. Even so, the US still remains above the global average per capita caloric demand
2. Conventional proteins
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Regional differences

Per capita food demand declines
in AEs, as slow GDP growth is
offset by food waste reductions.
Between 2020 and 2050, caloric
intake in the US remains stable,
but food waste declines by 18%
reducing average per capita food
demand by over 600 calories.?

By 2050, EMDEs account for 86%
of total caloric demand.

Tropical African countries witness
the fastest growth in demand, as
their share of global food demand
increases from 11% to 20%.
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The Policy Forecast remains largely consistent with 2021, though it shows some
deceleration in ambition in the agricultural sector and includes three new forecast areas

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

. Acceleration Deceleration No change

Policy
Area

Policy Lever

Change in Forecast
Relative to FPS 2021

Agriculture

Emissions from
agricultural production

Policies that encourage farmers
to significantly reduce emissions
from agricultural production

Land Use

Afforestation and
Reforestation

Policies which encourage farmers
to carry out significant
afforestation and reforestation

Deforestation- free
supply chains

Implementation of policies that
require agricultural commodity
inputs to be deforestation-free

Nature

Land protection

Achievement of Dec 2022 COP15
Biodiversity target of protecting
30% of land and marine area

Nature incentives

Implementation of policies to
deliver market incentives to
improve biodiversity

Policy Implications

1. Deceleration in some countries is
often due to a delay in
announcement of the policy
expected in FPS 2021. However,
these are mostly technical and have
a small impact on overall land use
projections

2. Inthe case that a country’s policy

ambition decelerates, this occurs
before 2030, resulting in a low
impact on the sustainable transition
of agriculture in the short term

3. Area protection policies limits

agricultural land expansion which
interact with other agriculture
policies as land competition
increases
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FPS 2023 land use modeling reflects the latest research and modeling
improvements since the release of FPS 2021

material)

Update Change between FPS 2021 and FPS 2023
Diet shifts More detailed picture of the alternative protein market; assessment Revised production and cost data by protein type and production
revised down to reflect latest developments in dietary shifts method
Ruminant meat production falls less between 2020 and 2050, with a
revision from peaking in 2030 to peaking in 2035
Timber Assessment revised down to reflect latest developments in low-carbon  Assessment updated based on latest estimates of timber demand
demand construction (10% of all new builds use wood as a construction from low-carbon buildings?!

Increase in industrial roundwood production from 2020 to 2050
revised down from 83% to 22%?

Nature-based

Sequestration estimates revised down to account for marketability of

FPS 2023 shows lower avoidance emissions relative to FPS 2021 but

1.  Estimates based on Churkina et al. (2022) https://www.mdpi.com/2071-1050/14/7/4271

2. Industrial roundwood outlook aligned with FAOSAT IRW outlook (+25% by 2050) https://www.fao.org/documents/card/en/c/cc2265en

3. Food waste is calculated as a share of total food consumption and refers to all food wasted post-farm gate. In FPS 2023, the share of food wasted declines relative to 2020, while in FPS 2021 food waste
as a share of food consumption remained constant

solutions NBS types. Avoided emissions estimates for NBS carbon credits maintains sequestration values for removals values.
revised down tq account f.o.r a m.ore realistic basellne, I|m|tat|ons.|n Land-based emission avoidance drops to ~1.8 GtCO,/yr by 2050, but
the demonstration of additionality, and challenges in demonstrating ~
. . ) removals sequester ~3.8 GtCO,/yr
carbon sequestration for some types of interventions
Food waste New assessment to account for policy ambition to reduce food waste Additional food demand can be met by smaller production increases

Food waste3 now assessed to fall globally from 26% of food being
wasted in 2020 to 20% in 2050


https://www.mdpi.com/2071-1050/14/7/4271
https://www.fao.org/documents/card/en/c/cc2265en
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Conservation and restoration policies reverse biodiversity loss to 2020 levels by

FPS 2021: Change in biodiversity 2020-2050, Bl|

-----------

FPS 2023: Change in biodiversity 2020-2050, BlI

Pursuit of climate-only policies results in continued
biodiversity decline globally and in critical regions such as
Tropical Africa, Southeast Asia and Brazil

Nature policies related to protected areas, restoration and
biodiversity valuation drives biodiversity recovery globally and
in critical biodiversity-rich regions

Change in BII from 2020-2050
O—

Change in BII from 2020-2050
O—

Other Russia Other Russia
Europe Y
Western Egrczpe <) i D 7N 5 t
(+) North Europe ' R ) (+) North » Eastern .
g America P IIEEastern China :\T”"America EU + UK Europe Ch]na & g
Southern UrefpE -~ . Japanand - PN /> Japanan
Europe MENA! : Korea MENAt Korea
. Tropical -
: Tropical India Africa India
Latin Africa ~ Southeast L Southeast
TR ‘- Asia Y Brazil [+ Asia
A4 P y \‘ BraZiI N Latin ‘\ + ) _
& 2 Worl . :
World N, = ® orld America @ o
N ‘\ i /‘ -7 AT H
Southern 9 - Australia and NZ Southern( - ) SOL{th Australia and NZ
Cone So‘fth Cone Africa
Africa

1. Middle East and Northern Africa
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Macro trends involve significant shifts for each of the major land use products -
food, materials, energy, nature and urban space

Land system Context

Per capita food demand grows by 26% globally as countries become wealthier and increase their
consumption. Waste reductions and a shift in per-capita consumption away from animal products
eases land use competition and reshapes the food mix by increasing the reliance on alternative
proteins.

Several products compete for _ ) . , L
Demand for sustainable alternatives to emissions-intensive materials like steel, cement and

land, including food, m_ate"als' Materials synthetic fibres increases. Increased demand for wood in construction leads to a +22% growth in
energy and natural capital I timber production by 2050. Land availability and biomass supply are limited and become

Climate and nature targets and increasingly scarce as demands on land and sustainable materials grows.

affordability outcomes
represent constraints on the
products we consume from the
land system

Though use of traditional biomass has slowly declined, it has more than been offset by
Energy accelerating increases in consumption of modern biomass. Our in-depth analysis explores
bioenergy’s demands on land and their implications for land competition.

Nature is at the heart of the transition and regulators are increasingly aware of the need to protect
it. A combination of nature and climate policies (e.g., area protection and carbon and biodiversity
Nature pricing) increase the value of natural capital. Conservation policies protect an additional 980Mha
of natural land by 2050. As natural land is preserved and restored, land availability for productive
uses is further constrained, increasing land use competition.

Improving yields, changing
consumption habits, and
reducing waste can all ease
competition and improve
tradeoffs

Urbanization has been a key driver of land use change, but it is concentrated around major cities.
Urban Its effect on global land competition is limited compared to the other categories of land use.
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Under FPS 2023, shifts in policy, consumer preferences and technology combine 6 RESPOr
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with increasing demands on the land system to shift land use away from
agricultural land toward nature and bio-based energy and materials

B urban B Natural forest [ | Energy M rood

FPS 2023 |and use change 2020 to 2050’ Mha |and . Other natural ecosystems . Rock, ice, bare land . Materials

13,025

13,025
76

239 37
= g —o— e O

751

£

199
355

|

2020 2050

Source: FAQ Forestry, FAO Land Use, FAO Land Cover, IPR team analysis



https://www.fao.org/3/cc2265en/cc2265en.pdf
https://www.fao.org/faostat/en/#data/RL
https://www.fao.org/faostat/en/#data/LC
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Overall, the food waste reductions offset the increase in consumption, leading
to a 1% decline in global per capita food demand by 2050

Global per capita food demand ,7 78 The 1% decline in food -; !lnnovation1 agd increased? consumption of
Kcal/capita/day , 7/ demand is the net effect | surplus food” reduce global food waste
4 of an increase in food | globally
2,950 2917_ v @ consumption and a I For example, labelling campaigns have been
reduction in food waste || effective in the UK, where improved labelling
\ between 2020 and 2050 : reduced food waste by 14% between 2007-
\ | 2012. Examples of future innovation include
\ | Al-based sales, harvest and food waste
‘\ | forecasting; new storage and preservation
\ [ technologies
\ I
\ | The decline in food waste is primarily
\ : driven in Advanced Economies.
\\ | Though declining globally, per capita food
\ | | waste increases in EMDEs as income growth
\ | | pushes up waste, outweighing the impact of
2020 Change 2050 \ -111 | | measures pushing down waste. In Tropical
between 2020 \ Food consumption Food Waste | ' Africa, for instance, the share of food waste
and 2050 —_———ee e = | increases from 18% to 22% of demand
1. Al-based sales, harvest and food waste forecasting; new storage and preservation technologies
2. Education and labelling programs aimed at reducing food waste at the consumption stage; policy incentives for food donation such as tax exemptions; development of
secondary markets to sell food surplus and non-standard food products
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Diet shifts transform the food mix, increasing use
of alternative proteins

Global Protein Production, Mt DM! per year Defining Alternative Proteins

Though global livestock production increases by ~17% by 2050, a diet shift to alternative proteins Plant-based Alternative Proteins
reduces overall reliance on animal products. In 2050, alternative proteins represent close to a

quarter of global proteins production Incorporates plant-based protein sources such

as soy, pea, wheat etc.

Alternative Proteins? Dai M tri t . ]
| atternative Proteins o Bl Monogastric mez 394 Fermented Alternative Proteins
400 Poultry meat I Ruminant meat? 374
349 Proteins manufactured through microorganism
350 321 24% breaking down organic matter to produce
I — i
300 275 — 1 proteins (e.g., tempeh)
252 — . .
250 Cell-based Alternative Proteins
0,
200 +17% Proteins produced by growing animal cells in a
150 laboratory setting without the need to raise or
slaughter animals
100 .
Insects/New Animal Sources
50
Proteins from alternative animal sources that
0

are often cheaper and less CO, intensive than
conventional production

2020 2025 2030 2035 2040 2045 2050

Note: 2020 baseline per capita food demand is calculated by Bodirsky et al (n.d.), using dietary data such as incomes, age distributions and BMI, calibrated against

historical food demand data from FAO

1.  Mega Tonnes of Dry Matter

2. Thereis a minor difference between the published ppt and the value drivers as the former accounts for all alternative proteins (including eggs and fish), while the
latter only includes meats and dairy alternatives

3. Ruminants are herbivores with three- or four-chambered stomachs, such as cattle and sheep
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Global beef production peaks in 2035 and begins to decline slowly, driven by
declining demand from OECD countries

W AEs

Global Beef Production, Mt DM per year W EMDEs

Peak Beef in Advanced Economies

2035 Demand for beef reduces
(41.5 Mt) in AEs driven by diet
shifts. Consequently, beef
23% production reduces by
38% between 2020
and 2050

45

Emerging Markets and
Developing Economies

Growing GDP and
population drives the
demand for beef in
EMDEs. This results in a
16% increase in beef
production between 2020
and 2050

2020 2025 2030 2035 2040 2045 2050

1. Mega tonnes of Dry Matter
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Carbon prices grow substantially, increasing market-based incentives for
Nature-Based Solutions

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

FPS 2023 Carbon Prices (2020 USS/tCOZeq) * There is a price differential between energy
Carbon prices representing the gradual incorporation of carbon and land use until compliance markets start
incentives in land use practices, which varies depending on regional covering land use. Under the FPS 2023, land
ambition. use is increasingly covered by compliance
markets after 2025 for early adopters
10 Early * Land use carbon prices gradually rise,
adopters? moving closer to carbon prices in energy
and industry. Changes in carbon prices
100 affect NBS uptake: demand is highest if NBS
prices are lower than other offset projects,
Late supply only increases if carbon revenues are
adopters high enough to outcompete potential
50 agricultural profits
® Other non-CO, GHGs are priced differently.
N,O and CH, emissions from agriculture are
often harder to abate, and policymakers are
%ozo 2025 5030 5035 5040 2045 5050 expected to protect these emissions

somewhat to avoid impacts on food prices

1. Early adopters include Australia and New Zealand, most of EU + UK, Canada, China, Scandinavian countries, South Africa, Japan.
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By 2050, action to halt deforestation reduces emissions by 1.8 —
GtCO,/yr, while other policy and market incentives helps capture an Under FPS, forest-based removals are key for the
additional ~3.8 GtCOz/yr climate transition as they’re responsible for two

thirds of the total shift in land-based emissions
against a reference scenario?.

- Avoided Forest Loss

Land-based Sequestration (GtCO,)

Cropland improvement . . .
M crop P Land-based emissions avoidance and removals

4 Pasture Improvement . .
, can be broken into three categories:
g . Forest restoration Baseline
&= 3 Peatland restoration emissions Avoided Forest Loss
(%] X
_5 Q from ' * Practices that prevent the loss of existing
i , deforestation ecosystems (e.g. avoided deforestation)
(%]
g g NDCs to protect land for biodiversity
g h contribute to the avoidance of 111 Mha
£ 1 ~1.8 of forest loss
>
< GtCO, Reduces emissions by 1.8 GtCO, relative
to a reference scenario® by 2050
0
e Agricultural Improvement
£ -1 * Practices that improve carbon retention in
5 (—E ~3.8 agricultural lands (e.g. soil or production
® ol GtCo, improvements)
° 2 Removes 1.6 GtCO, a year by 2050,
3 Carbon equivalent to ~938 Mha
4 -3 sequestration q :
< from IPR FPS l (3 Ecosystem Restoration
v

-4 * Practices that creates new ecosystems?
2020 2025 2030 2035 2040 2045 2050 (e.g. restoration of natural forests and
other ecosystems)

The reference scenario projects the land use change we would expect to see without NBS policies that conserve forest land, improve practices to optimize sequestration,
and create new ecosystems. These values represent the difference in removals and reduction between the FPS 2023 scenario and this reference scenario, as a baseline. Removes 2.2 GtCO2 ayear by 2050,
Ecosystems described here refer to major land-based and carbon-rich ecosystems (e.g. forests, peatland, mangroves, pastureland) o ~

equivalent to ~302 Mha
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Under FPS 2023 biodiversity and nature policies protect an
additional 980 million hectares of natural vegetation® from
2020-2050....

©00000000000000000000000000000000000000000000

Additional land protected?, @ Natural vegetation under
(FPS 2023 compared to Current Protection3) conservation in 2050 as % total land

Low? ngh2

Other

Europe

@ @ Russia
Canada —7 @ @

Eastern China
27% Europe
USA EU + UK @ South
Asia
Middle East a'nd @ Japan and
Northern Africa  |ndia Korea

Brazil — . 28% Southeast@
@ Asia
@ Latin

Tropical Africa 26%
Tropical Latin Amehrlca South
America Southern ou Australia and NZ

Cone Africa

Natural vegetation includes primary and secondary forestland
Low ~ 50%; High ~1100%
'Current Protection' refers to a counterfactual scenario where protected areas are kept at current levels

el N S

End of deforestation is defined as a reduction in average annual deforestation by more than 95% versus the 1990-2020 level alongside net increase in forest cover.
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away from
biodiversity hotspots

Regional Implications

Land protection is already ambitious in
Brazil, so the increase in conservation of
natural vegetation between 2020-2050 is
low. Coupled with ambitious policies and
market incentives to end deforestation?,

strict area protection helps restore natural
vegetation and increase forest area.

* China faces a substantial increase in
protection of natural vegetation, though the
share of natural vegetation protected
remains below that of European, African
and American regions.

Russia already protects a large share of its

- natural vegetation as low population density
and high amounts of unproductive land
create less barriers to protecting land from
agricultural production.

India protects ~13% of natural vegetation by
B  2050. Although this a relatively low share, it
represents a significant increase from 2020-
2050, driven by a push in policies which
protect natural land.
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BIOENERGY: IMPLICATIONS FOR INVESTORS

Takeaways from IPR FPS 2023

c Land scarcity implies sustainable sourcing policy is expected to constrain bioenergy

Q Unabated biomass plays a long-term role in the aviation, shipping and pulp & paper
sectors, but is otherwise outcompeted by cleaner, cheaper alternatives

Waste and residues are expected to make up a growing share of feedstock as a more
e sustainable alternative to the 1G crops currently common. Some 2G dedicated biomass
crops will likely be required to meet demand, but is limited to “91Mha

o BECCS scales up significantly to ~1GT of removals in power and cement industries, but
further growth is constrained by high land opportunity costs combined with increased
competition from DACCS

There is a mismatch between current bioenergy infrastructure and what is needed in the
e long term. Location and feedstock mismatches create both investment opportunities and
stranding risks.
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1. Bioenergy competes for scarce land in a system increasingly asked to provide more food, materials, urban space, and
natural ecosystems

Bioenergy is costly for the land system to produce, but can facilitate decarbonization by delivering both low
carbon energy and negative emissions when used with carbon capture and storage (CCS)

There are many competing demands for a fixed amount of land, and bioenergy might displace other uses that
currently store carbon. This opportunity cost can be represented as the time required for bioenergy to capture
and store the carbon it displaces (the "carbon payback period")

To be useful in the energy system, biomass must be either lower cost or more sustainable than other
decarbonization technologies

2. Sustainable sourcing policy makes feedstock a critical determinant of bioenergy’s competitiveness

3. Policymakers are expected to increasingly introduce sustainability guardrails for sourcing biomass, including avoiding
nature displacement, deforestation, food competition, and irrigation

KEY FI N DI N GS There are ~30 EJ of potential supply of waste and residue feedstocks that minimally compete for land and are
-------------------------------------------- currently underutilized. Bioenergy demand beyond that must be met with land dedicated to growing biomass

By 2050, IPR FPS uses 91Mha of land with a low carbon payback period, most of which is in arid or cold biomes,
and none is in tropical biomes where re/afforestation could be a more efficient store of carbon

Current bioenergy capital stock does not match locations of sustainable dedicated supply, implying the industry
needs to transition away from 1G crops toward waste and residues and build out new infrastructure

4. Bioenergy without CCS is likely to be outcompeted by lower carbon alternatives in most energy system applications

Aviation, shipping and the pulp & paper industry are exceptions - a lack of cleaner alternatives and very
inexpensive self-supply of waste and residues make unabated bioenergy cost competitive through 2050

5. Bioenergy with carbon capture and storage (BECCS) in industry and power is costly but offers negative emissions.
Significant scale up is possible to ~1 GtCO,e of BECCS removals, but will then be outcompeted by DACCS

Power and cement applications together represent ~13 EJ of BECCs by 2050. This contrasts with other prominent
transition outlooks, many of which expect a larger role for bioenergy

As with bioenergy in transport, BECCs applications are also expected to transition away from the unsustainable
1G crops currently used, toward agricultural residues and some dedicated 2G lignocellulosic biomass
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Bioenergy bridges land and energy: Competition forces difficult trade offs
between competing uses

Climate, nature, and affordability outcomes represent constraints on the outputs we consume from the land system.
Maintaining and restoring forested area, for example, is necessary for emissions and biodiversity targets to be realized

Land system Energy system

"2 | Batteries
Lower carbon energy

compared to fossil =Competes=

1®)

===
oy Renewables

sources
Food GS’D Hydrogen
T _— _ Other energy generation
<+<—Competes—> Provides

— and storage options

roban i
Urba Bloenergy Negative emissions Ajm Direct air capture
when combined with = Competes=5
carbon capture and Q Nature-based
storage (CCS) (I solutions

Materials Nature Other negative emissions

technologies

Improving yields, changing consumption habits, and reducing waste can all ease competition and improve tradeoffs
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Low carbon cost biomass sources become limited in availability, but are

currently underutilized B

............................................. Gas

Feasible bioenergy supply! in 2050, EJ/year . Liquid or Liquid
EEmmm—— Biogas e -qUIC

W Feedstocks integrated into existing agricultural lands solid biofuel

I Wastes and residues that do not require additional land

30

Ethanol production site in
Brazil converts sugarcane
residues into ethanol fuel

Anaerobic
digestors in the
US processed

In 2019, EU
produced

o . Solid
biodiesel using

800,000 tonnes
of animal fat

over 15 million
tonnes of food
waste in 2019

.2

In 2022, BP entered into a 10-
year agreement for the purchase
of biofuel made from cover crop

4

in the US and South America

Waste oils Food waste Livestock Crop residues Wood residues  Cover crops Agroforestry Total low Present-day
& fats? residues carbon cost modern
] IS DI S I | .
biomass sources  biofuel use?

SCA processing plant in Sweden will likely

process 200,000 tonnes of liquid biofuel into SAF

See Annex A for additional details on low carbon feedstock availability

1. Estimates represent final energy consumption, following conversion losses.
2. Includes tall oil, palm oil mill effluent (POME), used cooking oil (UCO), and animal fats/tallow.

3. Around 16 EJ of solid biomass is estimated to be sourced from tree plantations & short-rotation crops, which require dedicated land. The liquid biofuels category likewise includes a large fraction sourced from 1G crops for transport fuels (ethanol & biodiesel).

Source: US EPA, SCA, Toldra-Reig et al. (2020), ICCT, Upstream, Raizen



https://www.epa.gov/anaerobic-digestion/anaerobic-digestion-data-collection-project#results
https://www.sca.com/en/media/news/2022/tall-oil-from-the-forest-to-become-fossil-free-biofuel-for-domestic-aviation/
https://www.mdpi.com/2076-3417/10/10/3644
https://theicct.org/wp-content/uploads/2022/01/cover-cropping-biofuel-brazil-jan22.pdf
https://www.upstreamonline.com/energy-transition/bp-to-build-market-for-biofuel-with-non-food-cover-crop-feedstock/2-1-1161189
https://www.raizen.com.br/en/our-business/renewables#second-generation-ethanol
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Applying four guardrails can limit the high environmental costs of dedicated
biomass

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

Policymakers are expected to increasingly move toward sustainable biomass sourcing requirements

Policy driver Description Example policy

No nature Recent drive for land sparing to protect high biodiversity areas, restricting alternative uses for the In summer 2022, over 100 countries (including EU)
committed to 30x30 protection: to protect at least

displacement  land.
30% of land and oceans by 2030.1

ﬁ We exclude land area that is included in the World Database on Protected Areas (WDPA) and that
has a score above 400 on the IUCN species richness index.

No Policies implemented to restrict dedicated bioenergy crop production in areas of high carbon stock EU’s Renewable Energy Directive limits fuel produced
deforestation  Vvalue. Cutting mature carbon stock further increases the opportunity costs of planting bioenergy on previously high carbon land such as forests,

crops vs. alternative options such as planting forest. wetlands and peatlands.?
@ We exclude land with an above-ground vegetation carbon stock higher than 30 tC/ha, soil carbon

higher than 100 tC/ha, and peatland, which has extremely high carbon density.
No food First generation bioenergy crops directly compete with food production and are therefore subject Germany moved to ban food crops in biofuel
competition to government restrictions especially in the context of current geopolitical conflict. production in response to high food prices after the

invasion of Ukraine.3 UK bioenergy support schemes
limit food crops for bioenergy, due to food security
and indirect land-use change emissions>.

We exclude all areas that are in the top 30% of yields for maize, rice, wheat, and soybean.

No irrigation Recent literature finds that the use of irrigated biomass would double the global area and UK biomass policy statement defines the effect of
population under water stress thereby exceeding the effects of climate change itself.* biomass production on water as a key concern.®
We exclude all areas that need to be irrigated in order to grow bioenergy crops.

Note: After applying the sustainability guardrails, a carbon payback period is calculated for the remaining available land to determine the most effective method of storing carbon assuming that land is optimizing for carbon storage. Note also that these guardrails
focus on environmental impact, but policymakers may also introduce social guardrails, such as avoiding the displacement of native populations

1. World Ocean Day, 2. European Commission, 3. Clean Energy Wire, 4. Stenzel et al. (2021), 5. UK Department for Business, Energy and Industrial Strategy



https://worldoceanday.org/announcement-more-than-100-countries-commit-to-30x30/
https://joint-research-centre.ec.europa.eu/welcome-jec-website/reference-regulatory-framework/renewable-energy-recast-2030-red-ii_en
https://www.cleanenergywire.org/news/germany-limit-use-biofuel-crops-face-imminent-food-crisis
https://www.nature.com/articles/s41467-021-21640-3
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1031057/biomass-policy-statement.pdf
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567 Mha in five different biomes satisfy basic sustainability criteria

Potential area for dedicated biomass crops after applying sustainability guardrails, Mha

14,650

After applying the sustainability
guardrails, a carbon payback
period is calculated for the
remaining available land to

determine the most effective
2,088 c
method of storing carbon

572
I 567
I
Land cover Unsuitable Avoid Avoid Avoid Avoid irrigation  Potential Area

land types! nature deforestation food competition
displacement

1. Exclusion of bare lands (e.g., deserts), urban areas, inland water bodies (lakes and rivers), and areas of permanent snow and ice.

Source: ESA CCl medium-resolution land cover; UNEP/IUCN (WDPA); IUCN; Spawn et al. Sci Data 2020; Xu et al. 2017 PEATMAP; Heiderer & Kochy 2012; Monfreda et al. GBC 2008; Biradar et al. 2009



https://maps.elie.ucl.ac.be/CCI/viewer/
https://www.protectedplanet.net/en/thematic-areas/wdpa?tab=WDPA
https://www.iucnredlist.org/resources/other-spatial-downloads
https://www.nature.com/articles/s41597-020-0444-4
https://archive.researchdata.leeds.ac.uk/251/
https://esdac.jrc.ec.europa.eu/content/global-soil-organic-carbon-estimates#tabs-0-description=1
http://www.earthstat.org/harvested-area-yield-175-crops/
https://www.sciencedirect.com/science/article/abs/pii/S0303243408000834
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Land suited to bioenergy is typically far from current

demand
Potential dedicated crop areal Biomass power plants?
% of global area after four guardrails (100%=567 Mha) % of global capacity

Land for dedicated bioenergy is available,

Russia 2 though not where there is existing demand
3

South Asia For example, the largest biomass power plant

capacity of 12,800 MW is in Brazil, where there
is very little potential for energy production
from sustainable dedicated bioenergy crops (<
0.1 EJ). However, there is around 3 EJ available
from waste streams in Brazil.

Eastern Europe
Tropical Africa

ME-Eurasia

o o ©

Australia-New Zealand 2

Western Europe 24 That implies that relatively little of the
bioenergy capital stock currently deployed is

North America 23 well positioned for sustainable long-term
Topical Latin America 42 supply. Feedstock sourcing is an important
Souteast Asia 1 challenge for these plants if they are to

continue operating long term.

China and East Asia 0
Southern cone of SA 2
Southern Africa 0

1. Areathat has met the sustainability guardrails to avoid nature displacement, deforestation, food competition, and irrigation.
2. Source: Global Power Plant Database . Dataset for 2021 includes power plants that use biomass feedstocks and is non-exhaustive for infrastructure associated with the
bioenergy industry (e.g., biofuel refineries).



https://datasets.wri.org/dataset/globalpowerplantdatabase
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Most end uses of biomass simply provide energy, but adding CCS can also
provide negative emissions in power and industry

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

Energy provision

Carbon removals (Negative emissions)

Bioenergy has a similar chemical composition to fossil fuels
so releases a similar amount of energy. However, the carbon
sequestered by growing biomass means the lifecycle
emissions are lower than fossil fuels. Because they are
similar, bioenergy can often be used with existing fossil
infrastructure.

End-uses for which biomass can only provide energy include:

Road transport @ Shipping

Aviation Buildings

These end-uses cannot be used for negative emissions
because sources are not sufficiently concentrated for CCS

For end-uses with concentrated sources of CO, emissions,
CCS can be added to provide net-negative emissions. This is
bioenergy with carbon capture and storage: BECCS. Because
CCS captures most “tail-pipe” emissions, the amount of
carbon sequestered by growing biomass is greater than the
amount emitted during combustion.

End-uses for which biomass can provide negative emissions
in addition to energy include:

Power Industry

These negative emissions applications compete against
alternatives such as Direct Air Carbon Capture and Storage
(DACCS)
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Bioenergy is a long-term decarbonization option in aviation and some niche

uses, but is not cost competitive otherwise

@ Unlikely (other than for niche or transition uses) @ Likely
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B 2030 [ 2050

SELECTED END USES, NOT EXHAUSTIVE Feedstock Long-term Relative cost’ %
Sector End use Current Future Alternative option Bioenergy cheaper Alternative cheaper
; _ ; 1 Biofuel vehicles already have a -
Transport Light-duty vehicles 1G crops N/A BEV higher marginal abatement e
Heavy-duty . . cost than BEVs due to their |
1G oil crops Residues i issions i i
vehiclest2 p BEV @ higher emissions intensity -
Shipping? 1G oil crops N/A Ammonia @ I_
Aviation 1G oil crops Residues Synfuels @ -
Buildings Space heating? Wood residue N/A Electrification @
Industry Iron & steel (ho CCS) Wood pellets  N/A H2DRI EAF @ =
Pulp and Paper . . e L ] Biomass use in other low temperature heating
process heating4 Wood residue  Wood residue Electrification @ [ applications is NOT cost competitive
BECCS for cement ~ Wood pellets ~ 2G crops Gas CCS © o metore
: fuels with CCS, are inherently
BECCS for other high Wood pellets 2G crops Gas CCS @ cheaper in power & industry.  — //
T mdUStry However, BECCS improves the
ies b idi
Power BECCS for power Wood pellets  2G crops CCGT CCS @ i:?;;)r:nrlg;o\\//;rsow e //! // //
= [ /]
11771

-80 -60 -40 -20 O 20 40 60 80 100 600

Note: BECCS technologies are compared here against alternative focused only on end use, and as such relative costs do not incorporate any possible payment for removals. See next sub-section for further comparison against alternative emissions removals options

Source: 1. ETC, 2021, Bioresources within a Net-Zero Emissions Economy; 2. Transport and Environment, 2020, How to decarbonise the UKs freight sector by 2050; 3. Khan et al, 2023, Life cycle cost analysis (LCCA) of Stirling-cycle-based heat pumps vs. conventional
boilers (assuming biogas boiler); 4. Pulp and paper is one application of low temperature process heating, and is the only industrial application in which biomass is lower cost than other low carbon alternatives because it can self-supply the wood residues
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AVIATION — Biofuels are likely to be cheaper than synfuels for
the next ~20 years

Synfuel: Biofuel pathway: Emissions intensity (gCO,e/MJ)?3
B Power-to-Liquid |l O - 14 HEFA' 33 Aviation biofuels are currently the
asification only decarbonization option and wi
B Gasification/FT 9 lyd bonizati ti d will
B Alcohol-to-Jet 36 likely be competitive until at least

Sustainable aviation fuel production cost
Thousand USD/t of kerosene

2040. RefuelEU targets > 50% of
biofuels in the sustainable fuel mix
out to 20502. Feedstocks for these
fuels are currently mostly 1G oil

6 crops, but increasingly move toward
c utilizing waste oils.
Synfuels potentially have advantages
4 in terms of resource use (e.g., water,
3 land), but their emissions intensity
. . . depends on the source of CO,
2 - - [ ] . - Synfuel costs depend on the cost of
1 . . green power and the source of CO,
capture: DACCS based fuels currently
0 ~ 5x more expensive than fuels with

2020 2030 2040 2050

1. Hydroprocessed Esters and Fatty Acids. Advanced biofuel produced from oily feedstocks

2. EASA, 2023, Fit for 55 and ReFuelEU Aviation; Proposal for a REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL on ensuring a level playing field for
sustainable air transport

3. ICAQ, 2022, Life Cycle Emissions of CORSIA eligible fuels

CO, from local CCS.

While synfuels could potentially be
cost competitive by 2040 or 2050,
there remains a great deal of
uncertainty relative to biofuels.
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Road — biofuels are used for the next 20 years but are
eventually phased out

Demand peaks in the 2020s and drops to almost 0 by 2050

FPS 2023 energy demand, EJ

Electrification (and eventually fuel cells in

oil B Hydrogen ® IEASTEPS! M |EA NZE! o _
B clectricity [ Biofuel A IEA APS 1 some applications) is the greenest and
100 ectrierty oTue cheapest decarbonization option in road

90 transport. 1G biofuels will likely continue to be
used in the current fleet.

80

70
Ethanol, produced from sugar crops, is already

60 being phased out in most countries so FPS23

50 demand peaks in 2025 for light duty vehicles.

40

30 However, FPS23 biodiesel demand from 1G oil

20 crops peaks in 2030 for heavy duty vehicles
where alternatives are less mature.

10

0

2020 25 30 35 40 45 2050

1. Applies bioenergy shares from IEA World Energy Outlook, 2022 to FPS23 demand
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Carbon payback periods measure the carbon
opportunity cost of land dedicated to bioenergy crops

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

Carbon payback period (CPP) is the amount of time that a bioenergy crop needs to CPP is a measure of opportunity cost:

be grown before it absorbs more carbon than if that area was re/afforested instead

CPP, = (ACSi + ACP)/((1 —c) * yi xCS)

y = yield of biomass crop in area i

CS = carbon content per ton of biomass crop

CPP = carbon payback period of area i

ACS = current above ground carbon stock associated with area i

ACP = above ground carbon potential associated with a mature forest in area i

c = carbon losses resulting from conversion to energy and subsequent capture and
storage

The carbon payback period varies due to differences in yield and the carbon
potential achievable in each locality

Long carbon payback periods imply that biomass crops must be used with CCS for
many years before they store enough carbon to be a better option than letting the
land naturally regenerate

Source: Energy Transitions Commission, analysis based on MAgPIE land system model

CPP is zero for biomass that does not
compete for land such as residue and
waste sources

Biomass that displaces existing carbon
stock has a higher CPP

CPP can be high even for degraded
land that does not currently have a
high carbon stock if a forest could go
there instead

Note that CPP does not measure
impact on biodiversity, water, and food
security, so is not the only measure of
sustainability

Policymakers are likely to be skeptical
of subsidizing biomass grown in areas
with long carbon payback periods


https://www.energy-transitions.org/wp-content/uploads/2022/07/ETC-Bioresources-Report-Final.pdf
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Once land-based costs are considered, DACCS is expected to be

more attractive than BECCS by 2050

I DACCS (IEA, 20211) i_____l BECCS — without land costs (IPR analysis?) B BECCS — with land costs (IPR analysis?)

Levelized cost of removals, USD2022/tCO,

(The lifetime cost of a plant divided by the amount of carbon captured over its lifetime,
both in net present value terms)

800

600 410 - 580 IEA estimates that DACCS could cost as
little as $80/tCO, in a best case scenario
with low sorbent cost and cheap solar

Includes the opportunity cost of not re/afforesting
land when bioenergy crops are grown for BECCS.
Range is based on: how long it takes for crops to
absorb more carbon than if that area was
re/afforested, and how long bioenergy crops are
grown for. Cost is O for biomass that does not
compete for land such as residue and waste
sources

DACCS wins over BECCS in the long run once
land costs are taken into consideration,
continuing to move towards the lower end of

power the range shown here whilst BECCS remains
400 120-370 190 -360 in the mid point of the range shown here.
100- 310
80-230 60 - 230
200
0

2020 2035

2050

1.  Primarily based on IEAGHG Technical Report, 2021, Global Assessment of Direct Air Capture Costs. Assumes FOAK is 2020 and NOAK is 2050. Range is from base case (lower) to very ambitious

(upper)

2. Noland cost estimates in line with Fuss et al, 2018, Negative emissions—Part 2: Costs, potentials and side effects. Land costs calculated based on how long it takes for crops to absorb more
carbon than if that area was re/afforested: the carbon payback period (CPP), and how long bioenergy crops are grown for: the removal period . Lower bound = 75-year removal period with 5-

year CPP, upper bound = 50-year removal period with 15-year CPP

3. BECCS and DACCS represent two of the most often discussed technology-based removals, however other approaches such as biochar or enhanced weathering also offer potential for removals.
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There are multiple considerations in
estimating the true levelized cost of
removals for BECCS. In particular, land
costs are considered explicitly in the
modeling for FPS 2023 (see footnote 2),
whilst others’ estimates typically may not

BECCS applies a relatively mature
technology and so is unlikely to
experience significant cost reductions.
BECCS costs increase if the land impact of
growing biomass is considered

Direct Air Carbon Capture and Storage
(DACCS) removes carbon from ambient air
and has the benefit of limited land
constraints3. While it starts from a high
baseline, it could see rapid cost
reductions as today’s demonstrator plants
scale, and with access to low-cost
renewable energy
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BECCS is likely limited to using only biomass from land
with lower payback periods

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

There is ~ 1 GtCO, of BECCS by 2050 in FPS 2023 based on feasible supply and demand (A) Maximum demand but minimum supply
»  All biomass used for BECCS comes from land
@ @ Denote different possible “states of the world” which vary by carbon payback period with low payback periods so there is almost

no opportunity cost for BECCS: it is relatively
cheap so thereis a lot of it

Carbon payback period (years) *  However, thereis little land with low payback
Supply based on viable crops if all biomass were used for BECCS:

periods so biomass supply cannot meet
s 1G crops @ 2G crops demand
14 Maximum supply but minimum demand
13 4 * Thereis alot of land available with high
12 payback periods
1 Supply increases as you *  However, because the payback period are
10 use land with a higher high, using biomass from that land adds a
9 carbon payback period large opportunity cost to BECCS: it is relatively
8 @ for BECCS. But demand expensive so there is little of it demanded
7 decreases because the
6 opportunity cost the @ Feasible range of BECCS removals where demand
5 energy system must matches supply: ~ 1GtCO, by 2050.! The actual
4 Demand based on overshoot tolerance: face also increases amount of BECCS will likely depend on:
3 : *  The viability of high-yield 2G crops which
) @ 25 years e 75 years provide more supply than 1G crops
1 @ *  How much biomass is used for other end uses
0 * The tolerance for overshoot which determines
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 the additional cost of BECCS

* The relative cost of alternative removal
Removals, 2050 (GtCO, / year)

1. The amount of CO, removal per unit of energy production in the modeling varies by process and feedstock, but a rough approximation is 1 GtCO, per 10 EJ. For technologles such as DACCS
comparison, BECCS removals in 2050 in the IEA NZE scenario are 1.3 GtCO, per year.
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Demand for modern biomass increases only modestly through 2050

2025 [ ()Y, —) ] 20 mmm— 140 =—
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Note: To develop this trajectory, regional supply of feedstocks was matched with regional demand; most regions can use regionally produced low carbon cost feedstocks to meet regional demand for bioenergy; a few notable exceptions include Brazil importing from
other Central & South American countries and the EU importing from Eastern Europe & non-EU European countries. On this chart, the power sector demand includes demand from energy transformation that does not use CCS (~4.3 EJ in 2050). This trajectory is
integrated into both the energy and land systems modeling. The demand for dedicated land for bioenergy crops is applied as a constraint in the land system modeling.
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Case study - Brazil: the transition away from 1g crops to low carbon cost
feedstocks requires trade and infrastructure upgrades

* Today, Brazil’s liquid biofuel sector is dominated by 1G crops ® By 2050, Brazil satisfies its 4 EJ of annual bioenergy demand
(sugarcane, corn, soy, and palm), requiring around 30 Mha of using low carbon cost feedstocks produced.
land. Additional land is required to produce solid biofuels for * This transition requires investments to modify existing
power plants to process 2G feedstocks to avoid stranding assets
* However, much of this land used today does not satisfy * It also requires a shift in the location of feedstocks toward
potential future criteria for sustainable production more sustainable land (e.g. with lower carbon payback
Current liquid biofuel production period
Million liters * This means a shift from dedicated crops to those connected
W Animal fat to agroforestry, cover crops and agricultural waste
29,906 . Palm oil

Soybean oil . . . .
= : Vd o Brazil sustainable feedstock mix in 2050
sed cooking oi
. Corn e
. Sugarcane
Total I

765
160 . Agroforestry . Crop residues . Dedicated crops

. Cover crops Manure . Food waste
. Waste oils & fats . Wood residues

5,365

Ethanol Biodiesel

1. Areathat meets the sustainability guardrails for no nature displacement, no deforestation, no food competition, and no irrigation.
2. Source: Global Power Plant Database. Map indicates locations of power plants that use biomass feedstocks and is non-exhaustive for infrastructure associated with the bioenergy industry (e.g., biofuel refineries).



https://datasets.wri.org/dataset/globalpowerplantdatabase
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Case study — Canada & Northern US:
Jobs and export opportunities

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

Low carbon cost feedstock use in 2050, EJ ° Canada and the US, respectively, account for 2.3% (0.97 EJ)
and 13.9% (5.65 EJ) of global bioenergy demand in 2050

* In Canada, dedicated area that meets the sustainability
guardrails is relatively small (c.3.5 Mha)

* Imports from the US can be limited to < 10% of the Canadian
bioenergy basket if the entire 0.2 EJ available from dedicated
crops can be used to meet domestic bioenergy demand

[ | Agroforestry

. Cover crops

. Crop residues

. Wood residues
Livestock residues

. Waste oils & fats

. Food waste

B pedicated crops

* Saskatchewan and neighboring Alberta together account for
9% of North American onshore CCS capacity, and limited

0.89 transport would be needed between fields & biomass plants
0.08 * Mining & petroleum account for 26% of GDP in
Canada self supply U to Canada trade US self supply Saskatchewan; growth i.n biogn(.ergy provides an opportunity
for employment transition within the energy sector
* In the US, only 35% of the available bioenergy supply from

Bioenergy crops suitable for this region3: dedicated cropland is required to meet domestic bioenergy

* Camelina — Oil crop used for biodiesel and SAF demand, and excess supply suggests export opportunities for
* Switchgrass — Grassy crop used for power or cellulosic ethanol the US

Willow — Fast-growing tree used for power or cellulosic ethanol

1. Areathat meets the sustainability guardrails for no nature displacement, no deforestation, no food competition, and no irrigation.
2. Source: Global Power Plant Database. Map indicates locations of power plants that use biomass feedstocks and is non-exhaustive for infrastructure associated with the bioenergy industry (e.g., biofuel refineries).
3.  Not exhaustive.



https://datasets.wri.org/dataset/globalpowerplantdatabase
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Disclaimer

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

This report has been created by Energy Transition Advisers and Theia Finance Labs (The
Inevitable Policy Response Consortium). This report represents the Inevitable Policy Response’s
own selection of applicable data. The Inevitable Policy Response is solely responsible for, and
this report represents, such scenario selection, all assumptions underlying such selection, and
all resulting findings, and conclusions and decisions.

The information contained in this report is meant for the purposes of information only and is
not intended to be investment, legal, tax or other advice, nor is it intended to be relied upon in
making an investment or other decision. This report is provided with the understanding that
the authors and publishers are not providing advice on legal, economic, investment or other
professional issues and services. Unless expressly stated otherwise, the opinions,
recommendations, findings, interpretations and conclusions expressed in this report are those
of the various contributors to the report and do not necessarily represent the views of PRI
Association or the signatories to the Principles for Responsible Investment. The inclusion of
company examples does not in any way constitute an endorsement of these organisations by
PRI Association or the signatories to the Principles for Responsible Investment. While we have
endeavoured to ensure that the information contained in this report has been obtained from
reliable and up-to-date sources, the changing nature of statistics, laws, rules and regulations
may result in delays, omissions or inaccuracies in information contained in this report. PRI
Association is not responsible for any errors or omissions, or for any decision made or action
taken based on information contained in this report or for any loss or damage arising from or
caused by such decision or action. All information in this report is provided “as-is”, with no
guarantee of completeness, accuracy, timeliness or of the results obtained from the use of this
information, and without warranty of any kind, expressed or implied. The IPR consortium are
not investment advisers and makes no representation regarding the advisability of investing in
any particular company, investment fund or other vehicle.

The information contained in this research report does not constitute an
offer to sell securities or the solicitation of an offer to buy, or
recommendation for investment in, any securities within the United
States or any other jurisdiction. This research report provides general
information only. The information is not intended as financial advice,
and decisions to invest should not be made in reliance on any of the
statements set forth in this document. The IPR consortium shall not be
liable for any claims or losses of any nature in connection with
information contained in this document, including but not limited to,
lost profits or punitive or consequential damages. The information and
opinions in this report constitute a judgement as at the date indicated
and are subject to change without notice. The information may
therefore not be accurate or current. The information and opinions
contained in this report have been compiled or arrived at from sources
believed to be reliable in good faith, but no representation or warranty,
express or implied, is made by the IPR consortium as to their accuracy,
completeness or correctness and the IPR consortium do also not
warrant that the information is up to date.
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IPR Contacts:

Investor Enquiries:
Julian Poulter, Head of Investor Relations
julian.poulter@et-advisers.com

Media Enquiries:
Andrew Whiley, Communications Manager
Andrew.Whiley@inevitablepolicyresponse.org

Social Media: Follow us at:

IPR X (Twitter) @InevitablePol R search #iprforecasts

IPR LinkedIn Inevitable Policy Response search #iprforecasts
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