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Will Our Future Be ‘““Net Zero’”?
: RABE To NET ZERO Which countries have made a carbon neutral pledge?

CARBON NEUTRAL GOA LS BY COUNTRY This map breaks down pledges by target year and level of commitment.
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THE U.S. COMMITTED TO A 2050 TARGET,
with a 50%-52% reduction emisslons by 2030,
after rejoining the Faris Agreement in 2021,

CHINA'S 2060 TARGET
s ane of the most impactful, )
covering an estimated 25% of 1,/
global emissions. ot

THE MAJORITY
of carbon neutrality goals
are only under discussion,
with no firm plan of action. [

AUSTRALIA AND SINGAPORE
have carbon neutralambitions for
the second half of the 2lst century,
butno concrete date.  ~

MEXICO AND OTHER MEMBERS
of the Carban Neutrality Coalition
agree to target net zero emissions

by 2050, but commitment is
up to members.

Germany

Suriname

BHUTAN AND SURINAME
are the only two countries that
are carbon negative, removing
more carbon than they emit.

BRAZIL'S 2060 TARGET
was one of many new pledges
made during the LS. Climate
Summit in April 2021.

Target Year
URUGUAY'S 2030 TARGET
{under discussion) is the eartiest [
carbon neutrat pledge.
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“Net Zero’ Offers Significant Challenges and

Opportunities

Current national plans fall short of what is required

Icre e in global greenhouse gas emissions Reduction in globalg reenhouse gas emission
0jec .by 030 mparedto2010 by 2030, from 2010 levels, to ke ep
wamigt o more than 1.5 degrees Celsi

T M

Many of the required technologies
have yet to be developed / invented

Total U.S. Greenhouse Gas

Emissions by Economic
Sector in 2021

Agriculture
10%

Commercial &
Residential
13%
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And What Does ‘““Sustainable” Mean Anyway?

Consumers

®

Regulators Companies
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What'’s the Right Solution?
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Industry is Rapidly Changing to Meet Zero Emissions Targets

Norway Says All Cars in the Country EU approves effective ban on new fossil fuel
Will Be 100% Electric cars from 2035

Just 10 years until the death of fossil fuels.

Porsche ups its investment in ‘e-fuels’

Toyota, Cummins eye hydrogen-combustion engines
California to Ban the Sale of New

Exclusive: EU drafts plan to allow e-fuel Gasoline Cars
combustion engine cars Hydrogen fuel cells seek transport niches

This new device captures cO2 EVscantreach

from trucks as they drive - - _ ,
California regulators OK $1 billion for EV charging project

Transport sector should embrace life-cycle analysis to raise
standards in emissions reporting DOE launches $8B program for clean hydrogen hubs

- across US
swri.org
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Is The Future of Low / Zero Carbon Transportation a
Mix of Technologies?
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Or Will It Be ““Last Man Standing?”

BEV

-

N /| Fossil Fuel Hydrogen §
Low Carbon Fuels Jf\ ICE g FCEV |

. § .‘ﬁ : ” | " : : -' F " a 3 !.i = - il

POWERTRAIN ENGINEERING

swri.org



Can We Actually Achieve ‘Zero Emissions’ ?
A Life-Cycle Approach Can Drive Decision Making

Energy sources Credit: Argonne National Lab

&‘ n
Renewables
Fuel

Exploration Transportation Petroleum i Fuel

and recovery of crude refining ;rr_lzngg ct)r?ti?tci:?n combustion

______________________________________________________________________________________________________________________________________________

r Well-To-Wheels (WTW)
Crude oll

By our current regulatory definition, the horse would emit
double the CO, compared with most modern sedans

Co-reactants,
Catalysts,

Methanol,
Corn-derived ethanol

Argonne &
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Decarbonization Strategies are a Function of the Regulations

With Life-Cycle Analysis Regulations Without Life-Cycle Analysis Regulations
= Biofuels = BEVs
" FCEV
= Renewable Fuels
i‘ " |CE
A — — Hydrogen
® E-Fuels (Synthetic Fuels) — Ammonia

— High H:C Fuels

= Carbon Capture
¥ Credit:Aramco
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Focus on BEV’s

POWERTRAIN ENGINEERING

©SOUTHWEST RESEARCH INSTITUTE

swri.org

12



Battery Material Projections

Battery demand by region, 2016-2022 Open & Light-duty vehicle battery chemistry projections,
Constrained Chemistry and Base cases, 2021 and 2030
100% B Ma-ion
GWh/year aLNMO
600 80% mLMO
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BLMR-NMC
ONMC-highNi
BNMC-medNi

B60%

40%

Cathode chemistry share (%)

2016 2017 2018 2019 2020 2021 2022

© Europe @ China United States @ Other

® IEA. Licence: CC BY 4.0 POWERTRAIN ENGINEERING
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0 —-—j , , , , ] What do all these chemistries have in common?
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Battery Material Projections
The Challenge of Supply and Demand

China lithium prices (CNY/MT)
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US ‘EV Independence’

Mining Material processing Cell components Battery cells
100%
75% —
™
25%
0%
Li Ni Co Gr Li Mi Cathode Anode  Battery production EV production

®China ®mEurope ®United States @.Japan OKorea ODRC B@Australia OlIndonesia ®Russia OOther
IEA. All rights reserved

= US is heavily reliant on friendly and
non-friendly states to supply EVs

= Battery circularity is required

© POWERTRAIN ENGINEERING
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US ‘EV Independence’

Commodities

China curbs graphite exports in latest Evs
critical minerals squeeze
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What is the Best Use of Our Current Resources

60000

50000 ~

40000 -
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Total Emissions (GHG-100, kg)

Sedan Lifecycle Emissions

Gasoline

— — Gasoline Hybrid
——BEV USA Grid
—BEV WY Grid

Each Tesla offsets ~ 30 tons of CO,
Each Camry Hybrid offsets 19 tons of CO,

Tesla Model 3 = 60 kWh
Camry Hybrid = 1.6 kWh

11.9 tons CO, abated per kWh with Hybrids
0.5 tons CO, abated per kWh with EVs

0

! | ! I ! | ! | ! I ! | ! I ! |
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Zhang, L., Conway, G., Bitsis, D., Smith, I. et al., "Light Duty Vehicle Life Cycle Analysis," SAE Technical Paper
2021-01-0789, 2021, https://doi.org/10.4271/2021-01-0789.

SwRI
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What about Hydrogen...?

POWERTRAIN ENGINEERING
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H,-ICE vs Fuel Cell vs BEV

H,-ICE FCEV

® Drop-in replacement

e Existing manufacturing base
* Robust operation

e Lowest initial cost

qundqi
Hydrogen Hobity
Pttty

e Zero Tailpipe emissions
e High conversion efficiency
e Smaller battery size

e Zero Tailpipe.
e Low maintenance costs

e Low operating cost
e Synergies with automation

POWERTRAIN ENGINEERING
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The Road To “Net Zero”’

* Many potential pathways

— BEV
z RACE TO NET ZERO

CARBON NEUTRAL GOALS BY COUNTRY  Yhich countries have made a carbon neutral pledge? —_— H EV

e — FCEV
— H2 ICE

— eFuels

. CHINA'S 2060 TARGET
5 ana of the most impactful,
covering an estimated 25K of

= Many of the technologies on the path
are immature

MEXICO AND OTHER MEMBERS
fthe Corban Neutralky Coalition

— Even more developed ones are not
— fully ready to be deployed at scale

= Significant opportunities for innovation
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What Would ChatGPT Advise?

In the form of a Sonnet...

® POWERTRAIN ENGINEERING
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Write a sonnet about the future
of transportation in the USA



In future's realm where transport takes its flight,
Innovation soars with boundless grace,

With whispers of a world both sleek and bright,
A tapestry of progress we embrace.

No longer bound by roads that wind and bend,
Autonomous and swift, our cars will glide,

Their electric hearts with eco-love they'll send,

Through urban landscapes, nature's beauty side by side.

Hyperloops will race beneath the ground,
Magnetic levitation, speeds untamed,

In tubes, a world where time and space are bound,
Connecting souls, through endless tunnels, framed.

The skies, a canvas for electric wings,

From drones to planes, where modern transport sings.
In virtual worlds, we'll teleport our dreams,

With virtual realities, we'll roam,

From holographic beams to sentient machines,
The future's tapestry, a vivid poem.

The future of transportation, bright and bold,
Innovation's endless journey we'll behold.



Thank you

Terry Alger

Executive Director, Sustainable Energy and Mobility

talger@swri.org
210-522-5505

Nov 16, 2023 to Nov 17, 2023
San Antonio, TX, United States

LIFE-CYCLE
 ANALYSIS

for Transportation
Symposium

https://www.swri.org/event/life-cycle-analysis-transportation-symposium
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