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*  Mapping the Transition in the 21st Centary



What is this about?

1) Overview of green technologies
- How they are made
- Global supply chains
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2) Global trends
« Manufacturing
+ Energy Whut wEII we tuke away?
: E;T;imph'cs 1) Expunq_hgﬂgleﬁj;_qnging on global system

3) Impacts on California’s Transition 2) Inform busmess and regulatory planning

= Electric Vehicles & | QT
-+ Renewables ‘:j.?-ikl?_ug_c_l for thought how best to apply efforts =




Andrew Aguilar, PE, IPSWQ, QISP

Professional Background Agriculture Gas/Electric Utilities

Manager, Environmental Engineering - NASSCO

- Air compliance - painting, blasting, diesels,
welding, air toxics
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Senior Engineer/Project Manager - Wood i

Environmental Consulting for US DoD International Security
- Water/wastewater utility design and
maintenance
- Stormwater quality
+ Asbestos sampling and abatement
» Soil remediation
« Cost estimation
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Current Green Technology

On the Horizon:
Sohd State Batteries

Transport (kg/vehicle) Lithium ron Phasphate Vanadium-Flow

Sodium, LiS, etc

Minerals used in selected clean energy technologies
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= Graphite
= Chromium

» Molybdenum
® Zinc

m Rare earths
= Silicon

» Others




Current Green Technology

Renewables- and network-related minerals

Index (2020 = 1)

S| nce 2000 "..A switch from using mainly liquids
and gases to using solids,” -Mark B Mills

ETEPE sDS E-TEPE sSDS ETEFS SDs $TEF5 SDSs STEFE EDS ;ETEPE SDS :'STEPE sSDS ?‘:TEFE sSDS ETEFS SDs
Lithium Graphite = Cobalt Nickel Manganese REEs ' Molybdenum Copper Silicon

Projected Demand by 2040 g s




. | Making Stuff
|- Nt inaGlobal Economy

_f Supply Chains Metal | Semiconductors
- and Shipping Bas and Chips
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Ocean Freight = S et

Fonnoge of Goods Shipped Overseos

2040 0

Volume of Trade - x3 from 2020 W e winvi
Since 1950 - 4 to 10.1 billions tons :

Annual Container Statistics

Expansion of global Port / Working X
Waterfront - 270% = 1,400 sg. miles -




Risks - Hesuu":e Availability |& By

-Diminishing ore grades Iy
-Lack of investment !
i -Increasing costs

W Dartad
o Inhrihia
i DeC

u Philpprees
m Ching

| i
SaisH Aratia
LI

m lram
- Al ok

] [E— [e———

.......i.ul|II||Im||||| )

= 0 S
. 4
20% 4% B0W BO% 1ppy, " Eena : . “E .

Nt LNV = i sl g: U2 » Ui e, T raums o copper geocewsing are r wfinig cpeason ' [nmpetltlnnus Cooperation

"-ﬂ."l"”'h 'I‘- I .\' o] = 5iC

Chebean Coppe O Grodes

Chidla
| lppgn
Fbcanman
Grephili & Panu
Rae marthe Frilani
[='A T Baigiam

L

'
it

Dependent on Nations:

-Disproportionately large
producers/refiners

-Poor Geopolitical relations

Raw materiali codtu leap for LFF battery cells

China Q2 2023 - LFP = NCM

-Stability ot risk




bl Challenges
. ) - Polysilicon sourcing .
Demand to sky-rocket : Fieshunng is a duwngrul:lr.

ICE = 300 chips w

A \s = - Quality l

%Ef"w'”g Ch'PE P[E‘u‘ Phone | Taiwan, US, Korea i

© EV =1,300 chips

b Chip lead times to 52 weeks

Japan, SE Asia

e — ‘ - Auto/Aero

** \ Solar/*Smart"  China
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Division of Labor
#  Inputs - Ching, Middle East
=2 Design - US, Koreg, Japan

' Equipment - Holland, Germany

Semiconductor equipment lead
ﬂtimes to 18-36 months

Future Supply
' US/EU decoupling from China
-U\rghur Furced thnr F'mtectlun Act

-US ban an chip, Al, quantum
* computing support to China

| -Seeking opportunities in India

. Fabrication * CHIPS Act reshore to US
oL -Facing labor shortage
Foundry Model -Disbursement delays




Powering the Glnbe 4

Increasing System Fragility
-Europe, Russia, Africa

The Shale Revolution

Marginal Supply = Price Volatility

Mining, Refining, Manufacturing
need energy:
-Abundant, Cheap, Reliable

World energy consumption
quadnilion Britizh thermal units
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Few mature adults

\ ®Female

" Male

Many children

2,000 1,000 1,000 2,000
Total Population [EII'JEIs] Estimates
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Female Male
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Female Male
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Female Male
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Change in size of young, working-age and elderly populations, World, 1950
to 2040
Historic estimates from 1950 to 2021, and projected to 2100 based on the UN medium scenario.

Labor and

Finance

Elderly [65+ vears)
Working age (15-64 years)

Young (<15 years)
1950 1960 1980

Source: United Mations - Population Division (2022) CurWworldinData.org/age-structure « 0L BY
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!_ Food and Costs of Living
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Increased costs of living: : T T :
WENeN  eod Decreasing Stability in Key Nations: .
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A P
' Moving Forward
— Tying it All Together

Justice



Advanced Clean Fleets:
ZEV only, medium- and heavy-duty trucks - 2040

State and local fleets - 60% of additions by 2024 and
100% by 2027

Drayaoge fleets- ZEV additions only, All ZEV by 2035

High-Priority and Federal - ZEV additions in 2024
or
2025, phase in % of ZEVs in fleet by type

Advanced Clean Trucks:
Phase 2 GHG and Fuel Standards
CA Hewy-Duty Engine and Vehicle Omnibus Regulation

= EPA:
- Lower fuel use and NOx/CO2 emissions
CARBE:
Prevent premature deaths and save billions in healthcare

Off-Road Diesel Fleets:
Tier 4F additions only
Progressive operation ban
ZEV phase-in

Freightliner, Nikola, Tesla, Volvo, Peterbilt, KW, BYD
First deliveries Q4 2022

Implementation Challenges
Assuming wide availability:

- Charge times up to 160 minutes
- Range and capability issues

- Energy grid infrostructure
- Uncertain OEM support

- Low Profitability for OEMs

8 Global Disruptions and Emerging Technologies
R Risk: Transition bottlepeck, logistics, and sunk costs

Expansion of Exemptions
Site ElectrificationDelays - Maximum 5 years E
Pelivery Delays \
Daily Usage = E\'duty cycle deficiencies '1
Unavailable Configurations
Water/Wastewater HEE'II extensions
Rental \Vehicles

Regulatory Burden and Recordkeeping - High

"



Non-Tailpipe Emlssmnr.
}5 t&@ a baseline for mobile source pn!lutmni
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Up to 1,000x greater than tailpipe
Bmissions

-EV's weigh 20-30% more than ICE
-instant torque

-ASCE 2021 Infrastructure Report Card:
43% of roads are mediocre or poor

Environmental Justice

New or Pending Regulation

Pursuing 100% ZEVs at expense of other innovation

Hybrids?
-Return an CO2 reductions for minerols used

Combined Cycle with Carbon Capture?

Developing countries?
-Feasibility of ZEVs
-Externalities

Renewable diesel?
70-80% reduction in lifecycle carbon, diverts landfill
wiaste, more accessible

Indigenous Land Encrnnchment
e
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What: the Ful

CHALLENGES
-Global Disruptions to:
Maonufacturing, Labor, Energy, Finance

-Critical partners at risk of de-industrializing

-Need to re-assess feasibility and timeline of Green solutions

-Constraints to production and refining - . US CA S CA
-Energy insecurity ~ o g
-Limitations of materials science e g b Average Trust in EA 39% *f

Source: Edelman Trust Barometer

OPPORTUNITIES
- N. America is energy/food independent with
good geography and demographics

; ; 1- Restore public trust

-Open, honest conversations with ourselves and the general public
-Benefits, limitations, disadvantages, and expectations

- Positioned be the global leader in "new"” Green Transition 2 - Continue collaboration to develop rules for the Green Transition

-— -Made to real-world conditions

- Demographic and financial mobility for reshoring -Realistic timelines for innovation and rollout

manufacturing/industry -

£l

3 - Open to innovations in "legacy” technologies
-Solutions need effective, sustainable, and worldwide accessibility

+ - Innovations are coming

= time scale - decades
. -1 4



