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Carbonomics

The Green Engine of Economic Recovery

Live Agenda: Thursday, 12 November 2020

UK times:
08.00-09.00

09.00-09.30

09.30-10.00

10.00-70.30

10.40-11.20

11.30-12.00

12.00-12.30

12.30-13.00

13.00-13.30

Opening remarks

Richard Gnodde, CEO of Geldman Sachs International

Opening Keynote

Mark Carney, United Nations Special Envoy on Climate Action & Finance

The Business Case for Sustainable Investing

Amundi, Jean-Jacques Barberis, Head of Institutional and Corporate
Clients & Member of Executive Board
Moderator: Sam Morgan, Co-Head of EMEA FICC Sales

The Future of Energy
Eni, Claudio Descalzi, CEO
Moderator: Michele della Vigna, Head EMEA Natural Resources Research

Re-imagining Big Oils for a Low Carbon Future
BP, Bernard Looney, CEQ
Moderator: Anthony Gutman, Co-Head Investment Banking in EMEA

The Dual Challenge: providing more energy with lower carbon emissions
Lundin Energy, Nick Walker, COO & incoming President & CEQ

OMV, Rainer Seele, CEO

Royal Dutch Shell, Elisabeth Brinton, EVP New Energies

Moderator: Sheila Patel, Chairman, GSAM

Driving a Profitable Transition to a Broad Energy Company

TOTAL, Patrick Pouyanné, CEO

Moderator: Pierre Hudry, Head of Paris Office

Assuring Sustainability and Carbon Emissions

Intertek, André Lacroix, CEO

Moderator: Anna Skoglund, Head EMEA Financial & Strategic Investor Grp
Making Sustainable Living Commonplace

Unilever, Alan Jope, CEO

Moderator: Gilberto Pozzi, Co-Chairman Global Mergers & Acquisitions
Rethinking Mobility

Daimler, Ola Kallenius, CEQ

Moderator: Wolfgang Fink, CEQ Germany and Austria

On-Demand Agenda: Pre-recorded sessions available from
6pm (UK) on 11 November

COP26 —-12 months to the landmark UN Climate Change Conference

The Rt Hon Kwasi Kwarteng MP, UK Minister of State for Business, Energy, and
Clean Growth

Moderator: Kathleen Hughes, Global Head of Liquidity Solutions, GSAM

Farm to Fork — De-carbonizing Agriculture
Bayer, Matthias Berninger, SVP Head of Public Affairs, Science & Sustainability
Moderator: Keyur Parekh, European Pharmaceutical Equity Research

Financing a Lower Carbon Future

BNP Paribas, Constance Chalchat, Global Head of Engagement, BNP Paribas
Corporate and Institutional Banking

Moderator: Charlotte Keenan, Head of the Office of Corporate Engagement
International

Making Direct Air Carbon Capture a reality

Carbon Engineering, Steve Oldham, CEQ
Moderator: Edward Emerson, Head of Global Commodities Trading

DACS - Taking COZ2 back from the Atmosphere

Climeworks, Dr. Christoph Gebald, Director, Founder and Member of the Board &
Dr. Jan Wurzbacher, Director, Founder and Member of the Board

Moderator: Alberto Gandolfi, Head of European Utilities Research

Accelerating the shift to a Circular Economy
Covestro, Dr. Markus Steilemann, CEO
Moderator: Dr. Georgina lwamoto, European Chemicals Equity Research

Accelerating the Food Revolution
Danone, Emmanuel Faber, CEO
Moderator: David Solomon, Chairman and Chief Executive Officer

Scaling up the Path towards Net Zero
EDP, Miguel Stilwell de Andrade, CFO and Interim CEQ
Moderator: Alberto Gandolfi, Head of European Utilities Research
Continues to page 2 >
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Live Agenda: Thursday, 12 November 2020 - continued
UK times:
13.30-14.15  Flying Sustainably

Airbus, Jean-Brice Dumont , EVP Engineering

Lufthansa, Christina Foerster, Member Exec Board Customer, IT & CR

Neste, Peter Vanacker, Chief Executive Officer
Rolls Royce, Paul Stein, Chief Technology Officer
Moderator: Kathryn Koch, Co-Head of Fundamental Equity GSAM

14.15-14.45  De-carbonizing Basic Materials
ArcelorMittal, Alan Knight, GM, Corporate Responsibility
LafargeHolcim, Géraldine Picaud, CFO
Moderator: John Goldstein, Head of Sustainable Finance

14.50-15.45 The Rise of Clean Hydrogen
Air Liquide, Pierre-Etienne Franc, Head of Hydrogen Energy
Ballard Power, Randall MacEwen, President & CEO
Cummins, Amy Davis, President New Power
Linde, David Burns, VP Clean Hydrogen
Snam, Marco Alvera, CEO
Moderator: Alison Mass, Chairman, Investment Banking Division

15.45-16.15  The Clean Hydrogen Opportunity
Air Products, Seifi Ghasemi, Chairman, President and CEO
Moderator: Clare Scherrer, Global Co-Head, Industrials Group, IBD
16.20-16.50  Beyond Net Zero: Carbon Negative by 2030
Microsoft, Brian Janous, GM, Datacenter Energy & Sustainability
Moderator: Heather Bellini, Co-Head of TMT Research

16.55-17.25 A New Era for Clean Energy

NextEra Energy, Jim Robo, Chairman and CEO

Moderator: John Waldron, President and Chief Operating Officer
17.30-18.00  De-carbonizing Heavy Transport

Nikola Motor, Mark Russell, Chief Executive Officer

Moderator: Daniela Costa, Head of European Industrials Research
18.00-18.30  Closing Keynote

David Solomon, Chairman & CEO of Goldman Sachs

Moderator: Dina Powell, Partner, Investment Banking Division

On-Demand Agenda: Pre-recorded sessions available from
6pm (UK) on 11 November- continued

Accelerating the deployment of carbon capture and storage

Global CCS Institute, Brad Page, CEO

Moderator: Sharmini Chetwode, Head of ESG Research for Asia

The profitable path towards Green Electrification

Iberdrola, ignacio Galan, Chairman & CEO
Moderator: Gonzalo Garcia, Co-Head Investment Banking Division in EMEA

Financing Carbon Innovation
0GCI Climate Investments, Pratima Rangarajan, CEO
Moderator: Kara Mangone, COO, Sustainable Finance Group

Our Energy for a Sustainable Life

RWE, Markus Krebber, CFO
Moderator: Alberto Gandolfi, Head of European Utilities Research

The Future of Wind Power

Siemens Gamesa, Thomas Spannring, CFO
Moderator: Ajay Patel, European Utilities Equity Research

Carbon Storage and Hydrogen technology solutions

Storegga Geotechnologies, Nick Cooper, CEO
Moderator: Chris Pilot, Head of EMEA Energy Services, IBD

Common practices to calculate de-carbonization

The Gold Standard Foundation, Maggie Kim, CEO
Moderator: Sharmini Chetwode, Head of ESG Research for Asia

Standards for a Sustainable Future

Verra, David Antonioli, CEO
Moderator: Sharmini Chetwode, Head of ESG Research for Asia

Goldman Sachs 10,000 Small Businesses and a Sustainable Future
Toast Ale, Rob Wilson, Founder
Forster Communications, Amanda Powell-Smith, CEO
Walker-Miller Energy Services, Carla Walker-Miller, Founder and CEO
Moderator: Asahi Pompey, Global Head of Corporate Engagement
Updated: 11 November 2020. Subject to change.
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GHG emissi p ial (Gt CO2eq)

= Power generation (coal switch to gas & renewables)  m Transport (road, aviation, shipping) Industry (iron & steel, cement, chemicals and other)

= Buildings (residential & commercial) m Agriculture, forestry & other land uses (AFOLU) = Non-abatable at current conservation technologies

AGRICULTURE S BUILDINGS

De-carbonization De-carbonization technologies

technologies

De-carhonization
technologies

De-carbonization De-carbonization technologies

technologies

* Industrial combustion/ heating:
Across major emitting industris|
sectors, ¢. 40% of emissions are
associated with the use of energy,
primarily through industrial
combustion (heat) processes.
Switch from coal, natural gas to
biomass, biogas or hydrogen are
the key technologies in de-
carbonizing energy-related
emissions in industry.

« Heating: Hydrogen and
renewable electricity-run heat
pumps are the two key
technologies currently
commercially available for de-
carbonization of buildings. We
consider both in our cost
curve, both for new
developments and retrofits, for
commercial and residential
buildings.

+ Aviation: The switch to a more
efficient aircraft model is considered
a viable option for partial de-
carbonization in the near-term.
Sustainable aviation fuels (SAFs,
biojet) remain the sole commercially
available de-carbonization route
longer term.

« Switch from coal to gas: Natural
gas a key transition fuel for the
near term, particularly in heavily
coal-reliant power generation
systems globally. Biogas and
clean hydrogen co-firing in power
plants is another possible
technology considered longer-
term.

+ Improved land management
and livestock management
practices: Improved cropland,
grazing land and livestock
management practices can help
to optimize resource use for the
agriculture sector.

|+ Precision agriculture: the use of
3 technology to optimize crop

! yields, minimize excess use of

. nutrients and pesticides could all

. potentially contribute to reduced

! raw material and energy needs

! for the sector.

+ Shipping/marine: LNG ships a
technological option for ships
meeting a threshold size, marine
biofuels another viable technology,
with clean ammonia run ships the

3 « Switch to renewables: The
3 key de-carbonization technology

ultimate de-carbonization route for
power generation, which could
achieve full de-carbonizaation in
the presence of energy storage.

« Cement: Process emissions
(c60%) associated with the
materials involved such as clinker.

- Efficiency: Efficiency
improvements can reduce the
energy needs for heating and

i
i
i
longer-term. 3 electricity and are thus viable
i
i
i

cement a key technology, along
with CCUS.

options for de-carbonization.
Switch to LED lighting,
addition of cavity wall
insulation, use of thermostats
and highest efficiency HVAC
systems can all contribute to
efficiency improvements.

« Energy storage: Batteries a key
technology for intraday storage
with clean hydrogen the ultimate
solution for seasonal storage
enabling the full uptake of
renewables in the power
generation system.

Road short-haul transport: EVs
the key technology for road
passenger transport, with a small
proportion of de-carbonization
achieved through road biofuels for
places with constrained
electrification infrastructure.

« Iron & Steel: The switch from BF-
BOF process to natural gas or
hydrogen based DIR-EAF a
possible near term de-
carbonization option.

* Petrochemicals: Clean hydrogen
(either blue or green) could aid the
de-carbonization of process/raw
material-related emissions.

* Road long-haul transport:
Electrification of short and medium
haul trucks and buses a viable
option. Hydrogen FCEVs the most
promising de-carbonization option
for long-haul heavy truck routes and
forklifts.

« Efficiency: Across all industrial
processes, improvements in
efficiency & recycling have the
potential to aid de-carbonization.

(
'
'
'
'
'

Reducing the ratio of clinker to 3

2020 Cost curve
technology additions

2020 Cost curve
technology additions

2020 Cost curve
technology additions

2020 Cost curve
technology additions

Clean hydrogen for heating 3 3 + Hydrogen for full de-carbonization 3
(including switch from ¢ of iron & steel ]
conventional gas boilers to | '+ Clean hydrogen as a raw material |

3 Clean hydrogen FCEVs for 1 3 + Clean hydrogen-based seasonal
{ long-haul trucks D storage for full uptake of

. .Switc‘:hfto most efficient aircraft 3 :—T;dergg::?:nd biogas based hydrogen boilers) for ammonia and petrochemicals
In aviation

production (ie. methanol)
+ Hydrogen for high temperature
heat/combustion

+ Heat pumps run on renewable
electricity supported by hydrogen
seasonal storage

Clean ammonia-run ships CGGTs (co-firing)

HT: S—V Rv v ey 7 R - Ja—r g
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rise due to higher weight

Transport related emissions
rise due to higher weight

W7 0 IHS, t—m A& b, US EPA, 2—RE=H—,
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AL vty
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Waste

12% Recycling breakdown
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10% | Virgin 2%
8% - Lower
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6% - plastics
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60%
Recycling Incineration Landfill +
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T - IHS, ==—m1 A% > |, US EPA, World Economic Forum,

202011 A128

= Rvy s H o s A Tu—rULRETR A

23



Goldman Sachs

Carbonomics

TS52RAFv O EHHEE

TIAF v 7T D ) 2 THEARRE LORISERH Db DD, FTAF v THIE
HENIHNSGE XN D, WES AL UCHEZE S 2>, FRICHTELE CIX ZAE CHICERT
L7088, TOFEENPRKERMELER-oTWD, T AT v 7 23T 2785 ITE L TH
0. ZOENB—EHOTTAF v 7B (B0WE, A ha—7e L) O IEICEEARE) > T
W5,

Leakage to oceans: Plastics are featured most frequently among the
top ten marine debris items. A lot of marine plastic waste is fed through river
systems in Asia (10 rivers account for >90% of plastic waste in oceans, of
which 8 rivers are in Asia.)

Source: https://pubs.acs.org/doi/10.1021/acs.est.7b02368.

Low recycling rates: Plastic recycling rates are very low (~12%) versus
other single use applications (eg. aluminum). Lower recycling rate is a function
of (1) low volume mass, (2) contamination of plastic waste with food and
additives, (3) poor waste mgmt. infrastructure in EMs, (4) lack of adequate
recycling facilities in DMs who export part of their plastic waste to Asia and (5)
poor economics at lower oil prices.

Single use plastic: Single use plastics are mostly used in packaging
applications. These plastics have an “in-service” life of less than one year and
become waste thereafter. Single use plastics comprise ~32% of global plastic
demand and ~42% of plastic waste generation every year. Almost one-third of
single use plastics (~10% of total plastic demand) is a key target of government
regulations and consumer perception, and face risk of phase-out over time.

S

®

Mismanaged waste: Aimost 60% of the plastic waste generated in a year
finds its way either to land fill or is unaccounted for especially in emerging

economies. C

HFT . T—A Rvv s F oy 7 X - 7o —r UG A
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Reduce

Reuse
Bio alternatives

Traditional alternatives
Mechanical Recycling

Chemical Recycling
Pyrolysis (Waste to Fuel)

Incineration (Waste to
Energy)

Notes

Challenges

Sticky consumer habits

Deterioration and limited life time
Expensive, not always environment friendly

Full cycle impact not carbon positive

Clean collection and sorting, contaminations,

downcycling, volatile returns (oil linked)
Clean collection, pilot stage
Scale, pilot stage, volatile returns (oil linked)

Carbon emissions, capex intensive, needs
government support

Single use plastics like bags, straws, cutlery
account for ¢.3% of global plastic demand

1% demand risk if 10% of bottles are re-used
Biodegradation needs specific conditions

Market share gains likely in Beverage bottles
Limited to PET, PE and PP plastics

Limited to polyester

Feed is mixed plastic types ex of PET/PVC

Incineration rates have picked up in DMs

HATF . S—L K=y« o F R - Fa—rOURE AL
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Re-Imagining Big Oils: The path to net zero carbon
Latest

targets  Details of targets introduced in 2019-2020 (ytd) Net zero target
introduced

* Repsol was the first company in the oil & gas industry to aim to become a net zero company by 2050.
« To achieve this objective, Repsol has set goals for the reduction of its carbon intensity indicator from a 2016
Repsol a 2019 baseline: 10% by 2025, 20% by 2030, 40% by 2040, and net zero CO2 emissions by 2050.
- « Key pillars outlined to contribute to the low carbon transformation of the company include but are not limited to:
REPIOL natural gas expansion, energy efficiency (3 Mt CO2 reduction for 2018-25), power (renewable installed capacity to
reach 7.5 GW by 2025), technological developments (such as CCUS), EV charging, natural sinks.

S

By 2050

» Net zero across BP’s operations on an absolute basis by 2050 or sooner.
bp « Net zero on carbon in BP’s oil and gas production on an absolute basis by 2050 or sooner.
BP {:} 2020 * 50% cut in the carbon intensity of products BP sells by 2050 or sooner.
« Install methane measurement at all BP’s major oil and gas processing sites by 2023 and reduce methane intensity of
operations by 50%.
« Increase the proportion of investment into non-oil and gas businesses over time.

S

By 2050 or sooner

« Become a net-zero emissions energy business by 2050 or sooner (covering scope 1, 2, 3 emissions).
@ « An ambition to be net zero on all the emissions from the manufacture of all RDShell products (scope 1 + 2) by 2050
at the latest.
RDShell 2020 « Accelerating its Net Carbon Footprint ambition, now aiming to reduce the Net Carbon Footprint of the energy
products Shell sells to its customers by around 65% by 2050, and by around 30% by 2035.
« A pivot towards serving businesses and sectors that by 2050 are also net-zero emissions.

S

By 2050 or sooner

» Net Zero across Total's worldwide operations by 2050 or sooner (scope 1+2)
« Net Zero across all its production and energy products used by its customers in Europe by 2050 or sooner (scope
1+2+3).
Q * 60% or more reduction in the average net carbon intensity of energy products used worldwide by Total customers by
2020

S

TOTAL 2050 (less than 27.5 gCO2/MJ) - with intermediate steps of 15% by 2030 and 35% by 2040 (scope 1 + 2 + 3).
ToraL * 20% of capex in low carbon electricity by 2030 or sooner.
« Re-affirmation of strategy in action since 2015, with Total having reduced its global scope 1,2 & 3 net carbon
intensity by 6% in 2019, compared to 2015, and setting its target for its scope 1,2 & 3 net carbon intensity to be
reduced to less than 27.5 GCO2/MJ by 2050.
By 2050 or sooner
« Net zero emissions in the upstream by 2030 (Scope 1 & 2).
« Net zero carbon footprint for ENI group businesses' scope 1 & 2 emissions by 2040.
m 2019 * 80% reduction in absolute net GHG lifecycle emissions (Scope 1, 2, 3) by 2050, 30% reduction by 2035. @
’ « 55% reduction in net carbon intensity (scope 1, 2, 3) by 2050 and a 15% reduction by 2035.
ENI . enhanced . 4 -
eni 2020 « Zero process flarlng by 2025 and reduction of methane gmlssmns from operated assets. )
« The company is leveraging on a number of pillars including sequestration with forest and CCS, renewables (installed
capacity expected to grow to over 55GW by 2050, 3GW by 2023 and 5GW by 2025), expansion of customer base in By 2030 for upstream
gas & power, increased bio-refining and recycling in refining and chemicals. By 2040 (scope 1,2)
-80% by 2050 (Scope 1,2,3)
« Equinor announced its ambition to become net zero company by 2050 including emissions from production and final
consumption of energy (scopes 1,2,3) y
.! « Equinor targets to reach <8 kg per boe CO2 upstream emissions intensity by 2025, become carbon neutral in its
Equinor equinér 2020 global operations by 2030 and reduce absolute GHG emissions from operated offshore fields and onshore plants in
Norway towards net zero by 2050 without offsets.
« Eliminate routine flaring before 2030 and maintain methane emissions intensity near zero.
« The company aims to increase its equity generation renewables capacity to 4-6 GW by 2026 and 12-16 GW by 2035.
By 2050
« Net-zero emissions in operations is the ambition by 2050 or sooner
OHY « By 2025, OMV will reduce the carbon intensity of its operations by at least 30% (from 2010 base)
oMV oMV 2020 * In absolute numbers, at least 1 mn metric tons of CO2 emissions will be reduced in the period 2020-2025 from

operated assets

. - b i
Low/zero-carbon products to make up at least 60% of the portfolio by 2025 By 2050 or sooner on Scope 1

« The investment in low-carbon energy and new business models is expected to account for c. 5% of total capital by
2020, and 5% to 15% from 2020 onwards.

Galp galp @ 2020 « Aims to scale new upstream projects to zero flaring under normal operating conditions.
« The company is focused on expansing its renewable power generation business, with 10 GW of total installed
capacity expected by 2030.

HIFF » tkl, d— A Rvy s HF o R - Zo— L

202011 A128 37



Goldman Sachs

Carbonomics

F—H6: EEY T4 DEBEIEE

EEUT+BHEE: B, BENEER. V-V KENZII0ETRLEELGHE
MEE~DEZRL

TERKESIIHE, Z 21004 Tl b EEREINE B0 H v . Bk, AEhES,
J— /*%#%Ff%kw5%%~®ﬂm®¢#&&ofwé éﬁI@@ﬁ/77V
VA TIX, Daimler & Nikola MotorDCEOZFEWT Z DV UV —2 7 7 7 o o—Ha o
EEEIZOWTEm Uz, DaimleriXEE U 7 ¢ OFAEETHITT HREDO—DOTHY |
TEKEEIZ D00 2 B 6 DA PR FCEAT~DO B ML % I S E T 5, [\t
%, 20394E £ CICeEMEEZ h— R ==2— 0 & L, EHH (20304F) (2IZMGEd
LRABEOYHLU LT T T A AT )y REHDLWITBEBLRHBEIZT D LHEELLT
W5, Ao BAEIE, BB OFEMEI O, AP, ASEEK, VYA 7 vE T,
HEIHEONY 2 —F 2= OFT R COMFZxZRE LT %, Nikola Motor 38 E ik
DOBRFACICE R Z Y T TWDHMEET, FCREEERER ST oy 7 ) —XNERH
BhE L OYREHE MBI S 2B TV D,

BiL : EEY T 1 OEHMTEIED D
BALOWIUTEE Y 7 4 OHIELOTEEZ 2 LT, YtEEHETF— AL D LR
— b TElectric Vehicles: What’ s Next] (ZBWTHHT L7Z#EY . 2020~20404-F C
WZEVO I GE B EUTFE 8% D~ — A THIAN L CT20404121%5, 230 5 & (20204513200 /7
1) ICET D0 ORYIHOERTHET, 20U AIHES L LEVIEH R o B8
B DI8%Z Ed D L H1c D, £i-, EVOAMARE KA RiATe> TV A TlE, &
ATV TR T20~30%FE ik LW COPEHIRBI OB AZFE L TRBY ., 2D
A EVERGE BRI EI20% 0D ~2— 2 THEHN L T20304F12132, 460 5 & . 20404E12 1%
7,020 Bl #ET 2 & PRSI D, EVIREEEE NS 5o T, BBEH ANy T
—DEELAMTHIBELTCHD, BHEHEBET —L2DEAR TV A TIE, Ny T
1L20204F 0> 164GWh7> 5 20304E 121X 1, 243GWh, & 5 (220404212133, 994GWhiZ f k4~
HEMEINTND, QMRS RE AT U A TR, Ny 7 U —FEIRIEIC
SFI20%) HIIN L T20304E132, 243GWh,  20404E12136, 201GWhIZET 5 Z L1272 %,

Bk 58: HBHBEBEF—LOEKRI T YA TIRHEVERES

(20404 F THEFEH18%DR— R THKAT B RAH. .
EVEETH G/ 2MARBE LT U A EHR)

80.0
70.2
70.0

60.0

52.3
50.0
40.0
40.0
29.3
30.0 246
20.0 15.7
11.0
10.0 20 20 6.6 .
00 [

2020E 2025E 2030E 2035E 2040E

m Base Hyper adoption

% 59: ...

BEEMA/NNY T —ii5H KIBITHEK

LD Ny T U —FE TR CGEA/ RBREE ST U A, Gih)

7,000
6,201

6,000

5,000
3,994

4,000 3,616
3,000
2,243 2,295

2,000

1,037 1,243
1,000 562 .

164 164
0 [ |

2020E 2025E 2030E 2035E 2040E

mBase Hyper adoption

HFT : F—= Rv v - F oy 7 X - 7o —r U g A

202011 A128

HAT : F— A Fvr -y 7 X - 7 a— LG A

38



Goldman Sachs

Carbonomics

H& 60: BEHER. NvTU—/\vIDIX MHIEEE HE 61: .. . RXR—REFRELHELTDLOD—BRDETEF

RNy T =8y J g A KRIEIZTR. . g
Ry TV =3y 7 LNy T U —R)LOMig (K/kWh, Z2H) FWM 728y 7 U —a X F G L Ck RL/kih)
300 usD
300 4
= 250 NCM
E I 250 —+—Tesla
S 200 l .
@
o 200
T 150 . 164
s
k> Hm -
8 ] 150 -
g 100 - 110
110
E 100 - * ! 35
£ s N
E ®
0 50 |
0 © ~ ® o w w w w w w $50-$75 in 2023-24
& 8 8B R & § §8 § 8§ § &8 0 e
N N N N N N LWoON©OWWWWWWWWWWWWwWwW W Wwwwwww
T D DT DT OO0 - AN O ST 0L OO0 - NMT O ONO0OOO
Battery cell cost ~ m Battery pack cost SRR J888838888383838383833833
AN N AN AN AN ANANNNNNNNNNNNNNNNN
HFT « bR, A= Rvy sy 7 R - 7o — VG AT« &R, T Ry s Yy s 2 T e — VG

VFULL), =7 Ni), a9 h(Co)ix, VF VLA A EICHEHASIND3D
DEERKREGIR T 5, YHEOHEE TIL. 20204E8 5 T2 5 O3FEHE O ATEHE )N
v TV —OKhE 720 DaAXANDOBILFEI%NEHDDLEELZLND, TNLLDOKERDOMH
RIS HBENT D HIART, Frlza v hofi HEIIEBAEIICH D08, Ny T 1 —
DARXNREIZED DL ZNOOEAEFEOEGITR A R FHME T2 220> T13%~15%D
VY UNTEERT D EHESND (T A MEFHZI2020459H O AR v Mgz FES
<) o LML, #xp/KETRy T U =GO KIERBEONTFERINDLTZH, D3
O RIRETRICKT T HRTEEOIERIFE Rl L Th 5,

O L7eax Mafrid, BIEO ARy MIEIZIE-S <, RIETROMME LT G N T
AWFETRELLE#BHT LI A7 BB D, BIE, ZNDOFEEIRIKEROKWWYE =D D=
A RMIIK R Ny T U —Dfa A FDI%) ThHMN., HRAEZOMIE N EED
E— 7 KHEICREIIT, B3 A ME40 Rz B5 (FR25%) L. kWh47-0 oy 5
—a A NI RV ERTHZ LD, o T, TRAX—EEDOF| & LIFCmER R
WCED ZNF THERICEBRINTE TNy 7 U —a3 & b OHIEI KRG TR O 21
Iy —fENTLEY TREMEDL & 5,

Bk 62: TEIRAZRMNANYTI—ORXFDI~15%% & Bk 63: AR MDBEDE—VKEFTLERITAEN

HBHRAH YT —aRX NI ERTHILIC
FESRIREIN N w7 U —D a2 M E® B EIE (R4 /kih) BEOE— i IES < 3 A ST (R4 /kWh)
180 164 . 16% 180 164 164 30%
160 - 15%. 160
14% 129% 1% - 25%
140 12% 140
120 110 10% 120 20%
o
% 95
100 100
86 78 8% 15%
80 80
60 6% 60 10%
b
4% 40 o
40 40
5%
0 0% 0 [ o
2020E 2025E 2030E 2035E 2040E Peak Spot
mmmm Battery price per kWh Li/Ni/Co cost % of total mmmm RM cost per kWh Battery price per kWh Li/Ni/Co cost % of total
B = R~vy -y B = e A - & konti Hf : THS Global Insight, Z— /L K= %o 7 A« Fa— L& HAY
Wif: F—A Rvy -y s A7 SV AT HIFT : THS Global Insight, T—/b R~y « v s 2« LB TS

202011 A128

39



Goldman Sachs Carbonomics

Ny T)—BMOESICEIBRFIEIR FA—T~DEEESHT

TRTIX, FHEEREN T > 7 2 EREKEEBERIT B I OREICBIT 5= L — 7
DRy T V—a A MINANRNyT =Ry 7OaAi MNICETLZN D00 F ) Fieo
WCHOHT LTz, 2Rk D, Ny T U —ax MZxtd b2 A b —T7 ORARDEIGE
DHEGHIE N2 ERH LR . Ny T U =T OEIC L BRFE(LDO a2 F AR
7 8T ADELEWESY, TR bEE S BRI e LA 5D DN T S EENE
BHDHZEERBRL TS, EVEHBELEV N T v 7 Oy 7 U —a X 3 ER, &
BSOS TR T UL, BURFELOKR 2 2 S OFIICE LR L MIX T aTREMEN H
Bo LU, BRSOy 7 U —HII3HEEIC R CEECHREDO PR FL, 51T
BABEOEEN LB T DR E L7032 L i3s3, fikom@) Zh
DO TIIKFZNHEE 725,

Bk 64 Ny T)—RMEEEIR FOEFLHBELREBEOIR METZE L TREDKRE
LR MH—T&—RSESHAREN

IREHIE L FEICRBIT DI EIERANY TV —a A b« »F U ATHES < NBRIHEERIRE L AT A HEH
HHIEO A N —7

1,400 - US$180/kWh battery pass EVs & trucks,
+20% case for battery in power
1,200 -
US$165/kWh battery pass EVs & trucks,
base case for battery in power
S 1,000 4
o
é US$140/kWh battery pass EVs & trucks,
‘;g -20% for battery in power
5 800 -
% US$120/kWh battery pass EVs &
g trucks, -30% battery in power
€ 600 4
g US$100/kWh battery pass EVs &...
2
3
2 400
c
o
£
S 200 4
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52
-200 -

GHG emissions abatement potential (GtCO2eq)

Conservation abatement cost curve at different battery cost scenarios
* Battery costs involve the full battery pack for electric vehicles

HAT: S— A R~y s o7 R 7o — UG

202011 A128 0



Goldman Sachs

Carbonomics

9 1) —2KEDERE - KBRS &ZE?
W HEHETF — A0 [FCEVs: In for the long-haul?) 3 XN IWhat' s the outlook

for alternative powertrain technologies in global truck markets?] (23T

L72i@ Y . RIEHEREOBIRFENEIET S O —2dOEERT 7/ o U—OFEM & LT,
IV —UKRENFEEL TS, HERRONTEY | lifEES N2, FLAEL T
T HIFE L7222 BURER OBREEM B B (FCEV) O & AEiTHo 37522, 0001

(R o HBYEE L BEEIT13ER) 28 EFD LHESND A, L DOBiRFELE B
L72BOROZEA L B E 2% & FCEVOEBEMEIZ DWW THEZ T 5 Ho B licihd L& %
Shd, XHIC, BUREEMICABIEOPr = v a VA HIEL LTWAR, Z0H
X, BEFORE A EIN O T Cld R IR & H 0 KSEFCEVOIE HIZ L » TOIER A
BETHDH, RKD T v 7EEOFEMOIICONTIE, Yo — L F—aick 5L
A= brBIOT LB TF—Va v mHBEINT-,

R% 65: FREE R L TLISHFCEVIE25, 0008 L F &, BEVEL Y Bk 66: .. KRHHAITIHARONTND Z EN—KRD

[EBMIZDAN. .

EROKRELGHIFIER

HFLOFCEV & BEVOD ¥ K 54 (201948 %) BRINZ IS D KB FRHAT — 2 a 4
100 2.0
90 ° 1.8
4.79mn 80 1.6
70 1.4
60 1.2
50 | ® 1.0
40 ° 0.8
800k 30 . 0.6
L4 °
137k 20 04
10 ° L] . ° ° ° 0.2
17,000 0 o ® o0
3 g & X @ LS SN ¢ ¥ N & Q&
S & & .
- 1000 @ T LT T
— i & * @ & & <
Passenger vehicle Bus Commercial vehicle
Number of H2 refuelling stations (2020)
mFCEV " BEV

® Number of H2 refuelling stations per 1 million/population (RHS)

HAFT : BNEF

202011 A128

HIFF + 2rEER
KFEZEOTE @M (BRE, BEEY -V o f X —0m S, FHEEFMOE S,
R RAX—FENOHELZGAOBEENEr I vra ) 2L T, @k
B ORI 72 & 72 o TV D, KEIZZFDE LD TREFEMBESK HEIF (FCEV) T
FIACE 72T, XU—« by« UXy R (BHHEROBERGERLE) | 7o
TAL LTHBNDIAEAZ . AX ) =), T oE=T 2 G Te/KFEH KON HinHa
T 5L L AHET, EHEARKERCE N O L WEESCHREIC b IS T AR
HRH 5,

KFZEOHLPLHBRIZEBNT, KBRS > 7 OBBRELEERME TH)L - by -
RA—IL (5D WVITIHE S HEMAEITET) OB EAENZ & BKFFRAD2D
NDEELBBBEL 2> TW0D, KFEIL, FIZITEMNEEY 0 = 3L X —5E M 72
{EARBIO2. 55 LT D T &7l BB E L TR ER OREEZ A L T D,
Ll KRR (RIEIZI A=) OKFEOZRLF—FEEILFRFEDORE T TORKY
AT E DA 7REHZ LR T8y DT & EF V| FCEVZR & DT & > 7 [T ClrIEAE
DEZ /2%, ZHAVETIS, [EMAKRIERRE (BREgx, ~X, N7y 7, FlEE
i) AL TEY, FAESREFEMER BB HEOE 4 HH W5, FCEVOE
KTIEBE, BAR, KE, EU, ENY —RFL TR, RItMoOEHEE Y 7 4128
JAHKFORMABIEEE T T D, BERNMTIE, N3 ¥ B8, Hyundai, RKHEE
B, Daimler?SU 94U HFCEVOBHFERFE &2 B S0 LT 5,

4



Goldman Sachs Carbonomics

DIFoXMFEIL, KERBRHEMESTEEE (FCCEV) DEEERSTDIERL L NI R/ T
— BN 720 B = RV — ALY 72 0 RRE A o KFARICIE F ST g
%ﬁﬁfﬁﬁﬁﬁﬁ(w)&ﬁyUVW%%%ECmD—k%ﬁbt#%%ik@t
HLDOTH D, Ii TR L BB ERY L (BDWITREICEES )
B A EOSE | M AKRBFCEVIZ = LV X —H ALY - HEN—R (X7 -
ko e A —)L) T)%?Aﬂ:ﬂrlﬁh‘vot@%ﬂﬁﬂfwé EWlbns, BU X, JEHE
KRB ERK L T 00— M BALY 72 0 RS T HEVIZ LR TFCEVD i Ak ) & 72 o
T3,

RE 67: [EfEKEZFE o 1-FCEV(EHMAREAE) (FTRIL Kz 68: ... EfEKESAFHOHN TS T=OHFCEVIET RILF—
F—HABEHML-YEETRS LY FILEMEVICEHERTH HAOBEME-YKRBETRTLER

F. .. T L X — BN Y 72 U (KFE (tank-to-wheel— & U » [ L
S FE S E R EO T XL — ALY 72 ) /MJ)
(tank—to-wheel~—Z kg/MJ) & [ By HLOD ) e B4 1 2K
2.0 50% . 16
2 1.8 45% g .
o . b o
H 5 = 14
£ 18 0% 2 8
> HS =
5 14 3% © 3 12
o %) o
H = €5
22 12 30% g 2 10
5= 5<
g2 10 2% % 2t
3= © 3 0.8
@ o =
32 0.8 20% > «é S o6
£% 06 15% £ £5
3 S
g 8 52 04
E-9 0.4 10% 3 g"‘ E
= 5] o
2 0.2 5% £ E 0.2
] = 3
5 o0 0% S 00
Gasoline & ICE Compressed H2 Compressed H2 Li-battery .
(350 bar), fuel cell (700 bar), fuel cell & Gasoline - ICE Compressed H2 Compressed H2 Li-battery
& storage tank storage tank (700 bar), fuel cell (350 bar), fuel cell
T : US Department of Energy, EIA, ZF—/L RK~vl W% w7 R Fa—,3)L HFT : US Department of Energy, &41&k), d—/L K~y -H v 7 X270
PR — LB A

Ll =X —MAEA Y720 22~ (RV) TR E FCEVO 22 2 M X[RIZEDEV
AV VICED2EEBATHEY, HE VAN TIERL 70d, RIEHRKERXEDOY;
A, REOHEMET T 25— CEVORFE N7 U — (300kWhid b) (FEEmTH DT
W, FCEVO T R X —H NS 720 a X hOBESINEED, #-oT. NRAP LS Y
DR EDRIERENE TIEFCEVAFFIE A S, 72, ZONHHCE L Tk, SFJEO Hf
FTARTUIHOWNT, HASINTEZR AT =2 L, MRV X —ZERmT 570D
AT LAOBEBERBEEBRE L, i, ICERMAEOSGAIINBEEE v ) v ¥
V7 EVOBEITY F U LM, FCEVOGAITRENE & JEREKBIT Y v 7 D&
noszlicinsd,

202011 A128 i



Goldman Sachs

Carbonomics

X3k 69: FCEVERLHFEEL— FOBEVOFRIE/FEER KD
HBETIRKRAKREST I MNTH— L.
FEH/ FE RPN H]

160 150
140

120

o
]

Time to refuel (measured in
minutes)
(2] @
o o

40 30
20
3 3
0
ICE FCEV BEV - DC (100kW) BEV - AC (22kW)

Kz 70: .. FE-EAETEIMGERLEBAE/MEOERET
Y EFEHREEZS)T. ..
BEV/FCEVEF /L O i foc i B AL 5

666 km

505 km 502 km

420 km 395 km
Average EU weekly
275km 275k distance: 250km
™ ™ 250km 235 km
 boooed bood I ..... I ...... I 186k

Tesla VWID.3 Renault Opel PeugeotFiat 500eBMW i3s Mini Hyundai Toyota
Model Y  Pro Zoe Corsa-e e-208 Cooper  Nexo Mirai
R135 SE

HAT : SR, F— A Rvr - o7 2 - Za— A

HIFT : &R, = R~y -y s 2 - 7 a— L EEHRER

Rk 71 ... HfiEEE CORBMEIRLEEGRARIIRIE
BESwvY
VY 5 A8 F w2 L FREE (km)
Max EU daily truck 1,000km
distacnce: ¢.800km 805km
483km  500km
400km
300km
200km  200km  210km
@b Q’Z’ @0 &
& S
K P & Oq;,,o %é“ \o@ 90 é}\
@?} oo\’” < S @Q <<\’® 05}fz> & «2/6\@ sz
= Sl < OV? @q}
@é

EUDT A 272 0 J5e e 2B 1 TR R OMR ] (P-H 3 2 90km/h & 4H7E)

HFT : Transport & Environment, EU, I— /L R<Y «H w7 R« Fm—s3L

BEEFRAED

HFE 72: HHO#HEETIIFEREVOEH IR MIFAZEDICEZE
£96,000~7,000—RA E£@ 5. ..
ICEEBEVD =t & bk Heigs (R, . — 1)

1,200
800
1600 150 500 |
— —
46,850
40,000 JEEAUUY
800 600
w [ c £ 3T~ x ] c [ %] >
¢ £ & ¢ %z § § & £ ¢ &
% 2 K] 23 > 2 2 S S o
38 i £ 7 oS el £ SRS = 7]
o @ 3 =S 7} £ @ EE 3 S
2 [ = 5 2 ° Ll o
S 1 o 8 © I o °
= < o = w o
& @ 3
o

HF . =L K=y e o 7 A - Ja— UG FHIE N

BEk 73: ... ZNITH L TCRIZEDFCEVOERAEIEEH-YD
IR ME25, 000—0O kA S
TCE & FCEVOD =t & b Lhifs GR B, . — 1)

1,200
80
6,500 500 —
20,000 -
1,000 64,600
PP s000 800 600
(0] x 2] (] [}
8 ¢ & 5§ B § £ 3 ¢ ¢ %
5 2 8 4 kot K kS K S5 S 2
2 w £ @ Q 3 c E g2 3 %
[$) @ % 8 g @ g E o 8
g 2 5 g g 3 © 3
= < < [
X w >
] = E §

& 74 SEEHTIIFCEVO IR FEEAIZELALOE
ETIEREMAEMETIIKROEMEEL Y TRILX—
EOET (BLUREHEEDES) ZRMLTHEEFANEED
TRNAF B Y7 2 A N (F T « by s KA —L
$/M7)

Passenger vehicles Trucks (long-haul)

o
©

N

%

o
o
Q

Gasoline  Litattory  Comprossad Comprossod  Diesel
H2 ICE

Cost per unit of output energy (tank to
wheel) ($/MJ)
o O O o o o
o =2 N W b
N

Li-battery ~Compressed Compressed
H2 H2

(350 bar) (700 bar), (350 bar), (700 bar),
FC FC FC FC

® Low cost case High cost case @GS base case

HAT : S— kv - o F R - Fa—rU GRS

202011 A128

HAT : SR, = Rwr -y 7 2 - Za— U RS IHATS

43



Goldman Sachs Carbonomics

HFE 75 IRITMEE TIZFCEV k5 v 2 [XTCOR—X TIFE|S LN X MEIFS#IE R E= LY
7T A8 T v 7 OFETA 2 A | (TC0, 154 [#)

SR— BV truck Diesel Truck

2020 2025 2020 2025 2020

Model '{/’ ——

Cost of Truck $250,000 $210,000 $250,000 $190,000 $120,000
Cost of fuel $6 per kg/H2 $4.80 per kg/H2 0.10 % per kWH 0.10 % per KWH $2.58 per gallon
Fuel consumption 7.5 miles per kg 7.5 miles per kg 0.4 miles per KWh 0.45 miles per kWh 8 MPG
Fuel cost over 15 years $1,200,000 $960,000 $375,000 $333,333 483,750
Maintenance costs $259,500 $259,500 5242400 $242,400 $311,800
Battery costs 38,400 $5,688 $120,000 $81,262 50
Payload losses 50 50 $266,667 $200,000 50
Total cost $1,717,900 51,435,188 51,254,067 51,046,996 $915,550
$ per mile $1.15 50.96 50.84 50.70 50.61

% per mile {ex-payload) $1.15 $0.96 $0.66 $0.56 $0.61

HIT « AR, F— A Rvy -y 7 2 - 7 a— U RGE R AT

H 76: JEIEBERRE A TIIBEVAVRE R TR B AL R RIED = O DB

“ Tesla Model 3 SR BMW 330i Toyota Mirai

Type of vehicle BEV ICE FCEW

Price ($, ex-subsidies) 537,990 541,250 557,500

EPA range (km) 402 km 714 km 502 km

Curb weight 1726 kg 1614 kg 1850 kg

Energy source 50 kWh battery pack 60 litre fuel tank Two hydrogen tanks (5kg, 700 bar)
Cost of refuelling (CA) $6.5 $52.2 $83.2

Refuelling time 30 minutes (80% DC charge) 2 minutes 5 minutes

0-60 mph 53s 5.5s 9.0s

CO2 g/km 0 g/km 150 g/km 0 g/km

HIFT : &gk, S—n R~y sy s 2 - 7 a— LG
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] ] ] O |
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Electric vehicle

(EV) Energy Transmission, Electric battery & E-engine
generation distribution €.70-90%
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[ I | [
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H [4] T
3 > B A o A R Al <2 &
O o= L =
, 2
FCEV Energy Electrolysis Compression Distribution Fuel cell, small electric battery and
(H, local 100% c. 60-70% c. 55-65% c. 45-60% engineo
distribution) c. 25-40%
I e | e ] ] [ I
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3) Direct air carbon capture & storage
(DACCS): the wild card technology that
could unlock almost infinitely scalable de-
carbonization poteintial

2) Industrial CCUS: varying costs that
are inversely related to the carbon
concentration of the stream
1
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m Natural gas processing Fertilizer production = Hydrogen production
" lron and steel production ® Ethanol production = Power generation
® Chemical production u Oil refining ® Various
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HPT : Global CCS Institute Status Report 2019
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Direct Air Carbon Capture (DACCS)

Strengths Challenges Opportunities
1) New concept in need of 1) Primary energy consumption in DACCS is attributed to the heat
1) Very large cumulative potential further technological innovation required for sorbent/solvent regeneration. Identifying sorbents that
in relation to other carbon removal pathways that could  required to bring energy requirements optimize the binding to CO2 such that it is strong enough to enable
be infinitely scalable and costs down to a level that is efficient capture but weak enough to reduce heat requirement
commercially competitive. during regeneration is key.

2) Reaction kinetics are important as they impact the rate at which
CO2 can be removed from air. If the rate is low a much larger area
for air-sorbent/solvent material contact will be required which
translates into a large air contactor area and thus higher capital
costs. Optimization of air contactor design through geomtery and
pumping strategy is another key technological aspect.

2) DACCS can be sited in a very wide 2.) The very somall concentratlgn of C.02
. X § X in air (c0.04%) compared to industrial
range of locations including areas near high energy .
. e . streams makes the economics of the
sources and geological storage potential since there is

L capture process unattractive and calls
no need to be close to sources of emissions ) .
for further innovation.

L : 3) Given the high energy_mtensny . 3) CO2 offtake, transport and utilization is a key component for an
3) There are limited land and water requirements for  of carbon capture technologies, there is - . - o
. . . efficient system operation. Finding new opportunities for CO2
DAC relative to other pathways such as natural sinks or an evident need for zero carbon P . ) :
L . utilization is therefore vital. Examples include synthetic fuels and
BECCS. electricity for the most efficient, from a

climate change standpoint, operation. petrochemicals.

4) Technological advantages over conventional CCS
include the absence of high levels of contaminants
present in plants’ flue gas streams, and no need for a
design targetting the complete CO2 capture with a single
stream pass which is usually the case for CCS applied
to industrial flue gas streams.

AT« ICEF Roadmap, =—/V K<y « B o7 & « Ja—r UG A
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HiFT : Carbon Engineering

Cl imeworks

Climeworks b ELEZZERR R EIED EALICI D MLA TV LD RFETH D, BIE, FHLIEZN D001 1
Yy F I N EBRBSETEY, ZORKRHUBROEDONRAAL A, TARATU R, A2V T7DTay=7 b
T, ZRENAEMKIN00 k> /50 k2 /150 b > DCO,DEILZAT> T D, CO,DERBUIMFM L T2 Al
ZHAERRLFITRETZT I T, T4 Z— RN ND, ZEXEMEE S AT 2T, BRI 4
NE— EEKFICER E BB S 25 R A 2 T\ D, SRELLTC0, TT 4 ¥ —p\ilijz D &£ 100° C
Ak TR LN GRESLIWENAA C7HAETR) | 74 VF =0 ST 2RO, 2 FEIL L T
JRAECO, & L THHGT %, Climeworks|EDACCS TARIZ & ¥ [RIX L 72C0, Zpfdh & L CHRIET 5 Z &I L Vs
ELLTERA DT, AL ADT T 2 MIAERL000 b 23O, DHEHGRES) & 473 5 FIDODACCS gk T &
%, Z 9 LIzEUL L7=COIEEHDIRE (XA A DGebruder Meier ) IZHAF STV DIED, B - ik
DEGECAFBEI DA (AudiReSunfire L #2H) IR ST 5,

202011 A128 57



Goldman Sachs Carbonomics

3 96: ClimeWorks®DACCST A T4 FDHE

Air is drawn into capture plant, a
o modular system of collectors
Inside the collectors carbon dioxide
binds chemically to a filter
b ' e Once the filter is saturated, it is
= ) closed off and heated to 100°C

Thisreleases the CO,, which is
collected

Detail of one of
the collector
modules

APPLICATIONS FOR THE COLLECTED CO,

{ p
= F ] oy
v W :
na - | o’ ™
y feedl m\
¥ Edid| U
Food and beverages Greenhouse horticulture Energy, fuels and materials
Carbonated drinks, Raised CO, levels increase  Fuel and other products
Meat and vegetable photosynthesis and yield such as plastics from
packing, Dry ice for atmospheric CO, rather
chilling food than extracted fossil fuels

HIPT @ Climeworks

Global Thermostat
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Heather Bellini has announced her intention to retire from Goldman Sachs as of December 31, 2020 and has accepted an offer to work at
a private company in the cyber security industry following such date.

Please note: Third party brands used in this report are the property of their respective owners, and are used here for informational
purposes only. The use of such brands should not be viewed as an endorsement, affiliation or sponsorship by or for Goldman Sachs or
any of its products/services.
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