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Introduction to this document

The BCG Executive Perspective Part 1 | US Inflation Reduction Act: Climate & Energy
Features and Potential Implications shared an overview of the US Inflation Reduction Act and
implications on the energy, transportation, clean tech, and manufacturing sectors. It also included
four action 1tems for executives across industries to take full advantage of the policy's value to:

« Reduce costs

« Re-evaluate decarbonization plans

o Capture early mover advantage

e Pursue new value pools

This new Executive Perspective further investigates the significant opportunities that
these incentives provide for industries across the economy to achieve cost savings and
greenhouse gas emissions reductions

Future editions will investigate expected supply and other bottlenecks, the opportunity of new
value pools created by these incentives, and international implications on US competitiveness for
net-zero
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The IRA provides significant opportunities to reduce
The IRA helps operating costs as well as carbon emissions

most « Incentives can help lower absolute costs: Incremental ~15%+ of

. emissions are cost-saving to abate, 1.e., have positive returns today
com panles  Incentives can help lower carbon abatement costs: Average industry
red uce abatement costs are up to 100% cheaper, though actual cost will

. vary by supplier and geographic footprint
o Pe ratin g costs « As a result, companies must reconsider net-zero goals and timelines: New
and Carbon incentives could shift immediate priorities, and companies can use

initial savings to "fund the journey” to net-zero

emissions

However, acting fast is critical
e Lock in available supply now: Supply scarcity is expected due to large
demand growth for key technologies and IRA domestic sourcing
requirements; companies must act now to access needed supply
 Plan ahead for future needs: Decarbonization efforts have long lead
times; work with suppliers to prepare for future needs and mitigate
future bottlenecks




1.1 | The IRA helps companies reduce emissions at significantly lower cost

Note: Values represent upper limits, as analysis assumes all levers capture US incentives and reach technoeconomic cost estimates

¢ $36/t
1 o ~100%
AUTO $~0/ t

.. incremental emissions ... of emissions are ... abatement cost ... cheaper average
now cost-saving to abate cheaper to abate pre-IRA vs post-IRA abatement cost
due to IRA post-IRA ($/t CO.€)

Note: Only includes own and embedded emissions (Scope 1, Scope 2, and upstream Scope 3). Cost estimates are for 2030. Cost savings assume sourcing of each component to capture IRA incentives and may
not be representative of value captured by end user due to market 1neffc1enc1es global supply chain, or other factors
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Recycling/
circularity

Reduce use of
material and
primary
feedstock by
reusing inputs

1.Carbon capture, utilization, and storage

| Nine common decarbonization levers across industries

Efficiency

Improve
energy,
materials, or
process
efficiency, e.g.,
by optimizing
transport
distances

Source: BCG analysis

Renewable
electricity

Substitute
conventional
fossil-energy
based power
generation
with
renewables

Mitigation Levers

Renewable
heat

Substitute
conventional
fossil-energy
based heat
generation
with
renewables

Fuel or
feedstock
switch

Substitute
current fuels or
other inputs
with lower or
zero-carbon
sources, e.g.,
switch to
electric
vehicles

Technology
substitution

Stand up new
processes with
lower
emissions,
waste, and
material usage,
e.g., green
hydrogen

Regenerative
Agriculture

Invest in
ecosystem
protection and
other carbon-
minimizing
land-use
approaches

Ilustrative

Removal Levers

CCust

Capture
process-related
carbon
byproduct and
store or use
them to
prevent
emissions

O

Carbon
Removal

Removing
remaining
emissions out
of the
ecosystem, e.g.,
direct air
capture (DAC)



1.3 A marginal abatement cost curve (MACC) helps prioritize

decarbonizationlevers bysshowing their cost and abatement potential

Ilustrative

For each decarbonization lever:
« The height is the cost to reduce
emissions, paid by the company or a supplier
200 « The width is the abatement potential for

the company's own and supply chain emissions
. l II“
. —— —mminEE
II‘I 2% 4% 60% 80% 100%
-100 .

Cumulative abatement

w
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($/tCO,e)

Marginal abatement cost

|
|
|
|
200 potential (MtCOye) !
|
‘ i :
|
|
NEGATIVE NET COST: COST OF ABATEMENT: 100% ABATEMENT:

Abate all supply chain and own
emissions (Scope 1, Scope 2,
and upstream Scope 3)

Implementing these levers Levers sorted by increasing cost;
will yield a net savings prioritize lowest cost levers first

Copyright © 2022 by Boston Consulting Group. All rights reserved.

Note: Downstream Scope 3 emissions not included 6



1.4 | Pharmaceutical company abatement curve shows

range of technologies required to abate emissions

Marginal abatement cost curve for illustrative pharmaceutical company

Abatement cost for each decarbonization lever

($/ton CO.e) lllustrative — pre-IRA
ton CO.,e

Categorization
400 5 of decarb lever
Efficienc
300 - /
B Transport
CCUS
200 B Renewable electr.
B Renewable heat
100 3 B Agriculture |
I Feedstock switch
2
0
20% 40% 60% 80% 100%

-100

Abatement potential
200 (% of yearly CO,e emissions)

Note: Only includes own and embedded emissions (Scope 1, Scope 2, and upstream Scope 3). Abatement curve shown is an illustrative
representation of typical curves within industry; specific company curves may vary
Source: BCG Decarbonization tool; BCG analysis

Example decarbonization levers

1

Switch to renewable electricity for
finished drug manufacturing

Switch to electric trucks for on-road
transport

Restore cultivated organic soils to
increase carbon levels on soil

Capture CO, (CCUS) at aluminum
processing plant where packaging
material i1s produced

Use sustainable aviation fuels for air
transport of products



1.5 | IRA reduces abatement cost of more than half of

pharma emissions

Marginal abatement cost curves for illustrative pharmaceutical company

Pre-IRA

Abatement cost for each

decarbonization lever ($/ton CO,e) :
Ilustrative

400

300

200 Avg. Abatement
Cost: $60/ tCO,e

100

o I
100%

-100 ! Abatement potential
Abatement % of lv CO

2200 Savings (% ofyearly CO5e

------------------ emissions)

Post-IRA!?

Abatement cost for each

decarbonization lever ($/ton CO,e) Ilustrative

400
Largest cost
300 reduction
from hydrogen
200 AVg Abatement tax credit
Cost: $14/ tCO.,e
100
0 T T
; 100%
~100 ] dtential
0,
500 | AbatementSavings . (% of yearly CO,e
emissions)

I Abatement Cost post-IRA Bl Abatement saving post-IRA
Abatement Cost pre-IRA [l Abatement saving pre-IRA

1. Cost savings assume sourcing of each component to capture IRA incentives and may not be representative of value captured by end user due to market
inefficiencies, global supply chain, or other factors. Note: Only includes own and embedded emissions (Scope 1, Scope 2, and upstream Scope 3). Abatement curve
shown is an illustrative representation of typical curves within industry; specific company curves may vary; Source: BCG Decarbonization tool; BCG analysis

2.3X

More
abatement
savings
post-IRA

77%

Overall
abatement
cost
reduction
post-IRA




1.6 | After energy efficiency and renewable electricity, several

techs required to reduce auto manufacturing emissions

Marginal abatement cost curve for illustrative automotive manufacturer

A$baterr(1%’1t cost for each decarbonization lever S p—, Example decarbonization levers
($/ton CO,e)
300 Categorization 1 Increase process efficiency in new
of decarb lever plastics production
Efficiency
200 I Transport 2 Switch to renewable electricity for
CCUS all manufacturing and assembly
B Renewable electr.
100 B Renewable heat , L
Switch to EVs for remaining light
g 2 B Tech Subst. 3 2l e ;
0 —— ] I Circularity/Recycling commerciat on-road transpor
20% 40% 60% 80% 100%
4 Electrify and use hydrogen for steel
-100 manufacturing
900 Abatement potential 5 Switc:h to biogas for hjgh—temp heat
(% of yearly CO.,e emissions) I UL PEgLEen

Note: Only includes own and embedded emissions (Scope 1, Scope 2, and upstream Scope 3). Abatement curve shown is an illustrativ
representation of typical curves within industry; specific company curves may vary
Source: BCG Decarbonization tool; BCG analysis 9



1.7 | Post-IRA, carbon abatement is cost-neutral

for auto manufacturer

Marginal abatement cost curves for illustrative automotive company

Pre-IRA Post-IRA? ;
Abatement cost for each Abatement cost for each 50 /0
decarbonization lever ($/ton CO.e) Hustrative decarbonization lever ($/ton CO.e) Hlustrative
300 300 Of emissions
Avg. Abatement that are newly
200 200 Cost: <$0 / tCO.,e cost saving
Avg. Abatement (-100%) post-IRA
100 Cost: $36 / tCO.e S 100
0
0 | 0 ! ~100 / 0
: 100% : 100%
~100 C ¢ Savi Abatement potential ~100 Abatement potential Overall
! ng or Sa(vigi ) (% of yearly CO,e ' i (% of yearly CO,e abatement
200 b = emissions) 200} CostSaving Levers (56%) emissions)  cost
I Abatement Abatement I Abatement ¥ Incremental reduction
Cost post-IRA Cost Reduction Savings pre-IRA Abatement Savings pOSt—l RA
due to IRA due to IRA

1. Cost savings assume sourcing of each component to capture IRA incentives and may not be representative of value captured by end user due to market
inefficiencies, global supply chain, or other factors. Note: Only includes own and embedded emissions (Scope 1, Scope 2, and upstream Scope 3). Abatement curve
shown is an illustrative representation of typical curves within industry; specific company curves may vary; Source: BCG Decarbonization tool; BCG analysis 10



1.8 | Cost changes shift prioritization of decarbonization

levers, impacting decarbonization plans

Illustrative — Post-IRA

300 Prepare for future, low-cost carbon

removals which will replace more costly
200 abatement levers (e.g., direct air capture \

Reassess immediate priorities based on new at $70/ton in 2030 with IRA credit)

©
N
@)
@)
o
e
< S ordering of levers; accelerate where possible
s T~ 100
O Q[
&% ' ommnii
= 0 T e—
5 S |y . |
S5 I 20% 30% 40% 50% 60% , 70% 80% 90% 100%
4] | |
= : Reconsider o Ll '
o € -100 | vera I
£ 8 ! timing based on :
% § : share of abatement [
23 200 | possible at $0 net cost :
"Fund the journey" | I
by pursuing levers now Pre-IRA: 68% abatement Post-IRA: >100%
with net savings at no net cost abatement at no net cost
[auto example] [auto example]

Abatement potential

(% of yearly CO,e emissions)
Note: Only includes own and embedded emissions (Scope 1, Scope 2, and upstream Scope 3). Abatement curve shown is an illustrative representation of typical
curves within auto industry; specific company curves may vary
Source: BCG Decarbonization tool; BCG analysis 11



The IRA helps
most
companies
reduce
operating costs
and carbon

emissions

However, acting fast is critical
e Lock in available supply now: Supply scarcity is expected due to large
demand growth for key technologies and IRA domestic sourcing
requirements; companies must act now to access needed supply
 Plan ahead for future needs: Decarbonization efforts have long lead
times; work with suppliers to prepare for future needs and mitigate
future bottlenecks




2.1 | Suppliers are key to address majority of emissions for end-use industries

Raw material producers will rely on suppliers of ...whereas nearly all emissions are embodied
nascent technologies to decarbonize... for key end-use industries

290/0 300/0 330/0
61% 61%

82% 83%

s B e BN .

Cement Steel Mining Agriculture  Textiles ~ Chemicals Electronics  Construct. Automotive Food Fashion FMCG
Operations Consumed Embodied/
(Scope 1) Power etc. Supply Chain
(Scope 2) (Scope 3 upstream)
Note: Top companies selected based on number of reported Scope 3 upstream categories and industry fit; FMCG = fast moving consumer goods 13

Source: WEF Net-Zero Challenge report



22 | Demand is likely to outpace supply for both mature and

emerging technologies in the near term, putting pressure on adoption

For mature climate technologies, increasing demand For emerging climate technologies, existing scarcity
will outpace supply, particularly given domestic is expected to worsen
sourcing requirements
Electric vehicle sales (MM Units)? Direct air capture (DAC) Capacity (MtCO,)?
0 100
85
60 50-60
40 S0
20
0 0
2030 2030
I Expected Supply pre-IRA M Expected Demand post-IRA W Expected Supply pre-IRA M Expected Demand post-IRA

1. IHS Markit Sales and Production Data, BCG Analysis 2.2030 Demand based on IEA 1.5C Scenario 14



2.3 | Start now to capture early value

and de-risk the path forward

Long lead times typical... ...and several risks to timelines

Typical solar project timeline

Final investment decision Operation

— ] year
I S

Typical carbon capture project timeline

Final investment decision Operation

Design, development, permitting

i

Supply chains
Increase in demand will put pressure on supply chains,
creating a short-term squeeze on upstream capacity

Global trade flows
Domestic requirements and global regulations will affect trade
flows in and out of the U.S., shifting supply/demand economics

Raw materials sourcing
Demand for batteries and other technologies will increase,
depleting finite material supply

Domestic political uncertainty
Incentives could expire or change, requiring companies to act
soon to get known value

Permitting
For projects requiring permits, lead times can be extremely long
(although legislation may reform this process in near future)

These and other potential bottlenecks

investigated further in future report



2.4

Demand signals

« Form coalition of peers,
including industry or tech
coalitions and pooled
procurement

« Make advanced market
commitments to purchase
specific tech

Strategic investments

e Investin specific partners,
via concrete volume agreements
or other partnerships

e Provide capital with lower
expected return

Source: CDP; BCG

and/or decarbonized materials

Solar-Power Developers Pledge
to Buy U.S. Panels—If Someone
Makes Them

Renewable-energy group offers to buy billions of dollars
of US.-made solar panels over four years, but
rnment support might be needed to get domesti
wfacturing off the grounc

Group of solar
developers with
pooled module
procurement

REUTERS

£5G ENVIRONMENT

South Pole, Mitsubishi eye up to $800
million of carbon removal credits by 2030

T =
LanzaJet inks deal with
British Airways for 7,500
tons of low-emission fuel
additive per year

British Airways'
offtake agreement
for Sustainable
Aviation Fuel

THESTRAITS TIMES
Sembcorp launches renewable
energy certificate aggregator
platform

| Several ways to engage suppliers of new technologies

First Movers
Coalition signals
demand for nascent
climate technologies

= a protocol =D

Tech companies just made a bold
climate commitment

1as said itll buy everything f

Mitsubishi-South
Pole commitment to
purchase carbon
removal credits

Breakthrough Energy
Catalyst supports
nascent climate tech

The SeattleTimes el

Business

Bill Gates raises $1 billion as corporate
CEOs join race to fund clean-energy
projects

Business ecosystem
of renewable energy
credits

16



2.5 | First movers are already acting to capture value post-IRA

Toyota adds $2.5 billion to its
investment in a North Carolina

First Solar says it will spend up to battery plant.
$1.2 billion to expand U.S. nogust 31,2022 [l

production.

PIEDMONT LITHIUM SELECTS
TENNESSEE FOR NEW LITHIUM
HYROXIDE PROJECT

. . September 1, 2022 r
VW and Mercedes-Benz ink agreements with

Canada for raw materials vital to US battery

manufacturing Amazon signs green hydrogen

August 23, 2022 supply deal with Plug Power

August 25, 2022 r

Tesla Supplier Panasonic Plans Additional $4 Billion EV
Battery Plant in U.S.
August 26, 2022 r



https://www.nytimes.com/2022/08/30/business/energy-environment/first-solar-says-it-will-spend-up-to-1-2-billion-to-expand-us-production.html
https://www.nytimes.com/2022/08/31/business/energy-environment/toyota-battery-plant-north-carolina.html
https://piedmontlithium.com/piedmont-lithium-selects-tennessee-for-new-lithium-hyroxide-project/
https://www.wsj.com/articles/tesla-supplier-panasonic-plans-additional-4-billion-ev-battery-plant-in-u-s-11661495847
https://electrek.co/2022/08/23/vw-and-mercedes-benz-ink-agreements-with-canada-for-raw-materials-vital-to-us-battery-manufacturing/
https://www.reuters.com/business/sustainable-business/amazon-signs-hydrogen-supply-deal-with-plug-power-2022-08-25/

Further reading

Sustainability Strategy & Innovation MACCs
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,niim kt \ :

BT june20,2022 § BCG

Creating Shareholder The Challenges of a Companies Need to
The Next Generation of The Strategic Race to Value From C&S Sustainability Integrate Climate into Net-Zero Challenge: The
Climate Innovation Sustainability Commitments Transformation Their Strategies supply chain opportunity
Business Coalitions & Ecosystems Sustainable Resource Scarcity
Dec 8, 2021 T TRET 4,202 § = \ Oct 29, 2021 BT Decs, 2021 _"i Eﬂ;ﬁergs July 8, 2021
‘ ' P ‘ - ] . Review AP
55N $
% K 4
s P

When a Business How to Build a High- Identifying Resource Solving the Puzzle of The Green Economy Has
Ecosystem Is the Answer Impact Sustainability Ecosystems for Scarcities in the Race to Sustainable Resource a Resource-Scarcity
to Sustainability Alliance Ecosystems Sustainability Scarcity Problem
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https://www.bcg.com/publications/2021/next-generation-climate-innovation
https://www.bcg.com/publications/2022/winning-strategic-race-to-sustainability
https://www.bcg.com/publications/2022/why-australian-companies-need-integrated-esg-investment-frameworks
https://www3.weforum.org/docs/WEF_Net_Zero_Challenge_The_Supply_Chain_Opportunity_2021.pdf
https://www.bcg.com/publications/2022/environmental-commitments-can-create-shareholder-value
https://www.bcg.com/publications/2022/the-challenges-of-a-sustainability-transformation
https://www.bcg.com/publications/2021/ecosystems-could-help-with-sustainability-challenges
https://www.bcg.com/publications/2022/how-to-build-sustainability-alliance
https://www.bcg.com/publications/2021/how-to-tackle-resource-scarcity
https://hbr.org/2021/07/the-green-economy-has-a-resource-scarcity-problem
https://www.bcg.com/publications/2021/tackling-climate-change-with-collective-business-action
https://www.bcg.com/publications/2021/identifying-resource-scarcities

Glossary of key terms

Term Definition
Marginal Abatement A MACC presents the costs or savings expected from different emissions abatement opportunities (or levers), alongside the potential volume of
Cost Curve (MACC) emissions that could be reduced if the opportunities are implemented. MACCs measure and compare the financial cost and abatement benefit

of individual actions. They use the metric of dollars per tonne of carbon dioxide equivalent — usually represented as $/tCO2e.?

Direct air capture (DAC) Direct air capture (DAC) technologies extract CO2 directly from the atmosphere. The CO2 can be permanently stored in deep geological
formations (thereby achieving negative emissions or carbon removal) or it can be used, for example in food processing or combined with
hydrogen to produce synthetic fuels.?

Scope 1 Emissions Covers the emissions from operations under a facility’s control, including onsite fuel combustion.3
Scope 2 Emissions Covers the emissions from usage of electricity, steam, heat and/or cooling purchased from third parties.3
Scope 3 Emissions Covers upstream and downstream value-chain emissions. Scope 3 upstream emissions, or supply-chain emissions (also called "Embodied

Emissions"), cover procured products, transport of suppliers and business travel. For example, this covers emissions in the production of steel
used in the car that an automotive original equipment manufacturer (OEM) produces. Scope 3 downstream emissions cover transport of
products, usage of sold products and product disposal. For the same automotive OEM, this refers to the emissions from its cars being driven by
customers.3

Sources: 1. How to read a marginal abatement cost curve, Climateworks Centre ; 2. IEA Direct Air Capture report; 3. Net-Zero Challenge: The supply chain
opportunity, WEF in collaboration with BCG
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The services and materials provided by Boston Consulting Group (BCG) are subject to BCG's Standard Terms

(a copy of which is available upon request) or such other agreement as may have been previously executed by BCG. BCG does
not provide legal, accounting, or tax advice. The Client is responsible for obtaining independent advice concerning these
matters. This advice may affect the guidance given by BCG. Further, BCG has made no undertaking

to update these materials after the date hereof, notwithstanding that such information may become outdated

or inaccurate.

The materials contained in this presentation are designed for the sole use by the board of directors or senior management of
the Client and solely for the limited purposes described in the presentation. The materials shall not be copied or given to any
person or entity other than the Client (“Third Party™) without the prior written consent of BCG. These materials serve only as
the focus for discussion; they are incomplete without the accompanying oral commentary and may not be relied on as a
stand-alone document. Further, Third Parties may not, and it is unreasonable for any Third Party to, rely on these materials
for any purpose whatsoever. To the fullest extent permitted by law (and except to the extent otherwise agreed in a signed
writing by BCG), BCG shall have no liability whatsoever to any Third Party, and any Third Party hereby waives any rights and
claims it may have at any time against BCG with regard to the services, this presentation, or other materials, including the
accuracy or completeness thereof. Receipt and review of this document shall be deemed agreement with and consideration
for the foregoing.

BCG does not provide fairness opinions or valuations of market transactions, and these materials should not be relied on or
construed as such. Further, the financial evaluations, projected market and financial information, and conclusions contained
in these materials are based upon standard valuation methodologies, are not definitive forecasts, and are not guaranteed by
BCG. BCG has used public and/or confidential data and assumptions provided to BCG by the Client. BCG has not
independently verified the data and assumptions used in these analyses. Changes in the underlying data or operating
assumptions will clearly impact the analyses and conclusions.
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