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Messy Middle Bootcamp Series

Diesel Dropln Alternatives: UltraLow Sulfur, Big and RenewabléFebruary 11th)/

Decarbonizing with Natural Ga&ebruary 25th)s/

CdzidzNB t NAOS&a 9 ! g AftloAfAGeaMadGhlBEEAAGAY T LY
DIESEL AND NATURAL GAS WORKSHOP (March 25th)

The Current State of HD BEV: Technologies and Capab(#fti@d 8th)
Strategizing Successful HD BEV Adop{iapril 27th)
Charging Depots, Networks & the Economics of Flgeiay 6th)

HD BEV WORKSHOP (May 20th)

The Production Processes of Hydrogen Hueine 3rd)
Moving Hydrogen from Here to There: The Distribution and Storage of Hydrogen(Bueé 17th)
The Opportunities and Challenges of Selling Hydrogen to the InduSuy 1st)

HYDROGEN FUEIZ CELL WORKSHORP (July 15th)
2023 Bootcamp is still available atttps://runonless.com/electriedepot/
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https://nacfe.org/research/thought-leadership/navigating-the-messy-middle/
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Quiz for Todayods SFfs
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Go to runonless.com and click back into the session
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Create username and password to keep track of your progress
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What You Should Know /

Q&A Recording

Submit your questions to the host I NBO2NRAY3I 27F

using the Q&A box in the upper
right-hand corner

be available on runonless.com

Technical Issues

Contact Stephane Babcock at
sbabcock@trccompanies.com
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Navigating the Messy Middle:
Life-Cycle Assessment of
Alternative Fuels

Nikita Pavienko

Aviation & Fuel Program Director, ICCT
March 2025
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Many metrics to assess the technology performance
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Upstream Emissions from Fuel Production

70

A Upstream emissions

A Fuels with zero tailpipe o %
e_mls_;s_lons can have 7 Indirect Land-Use Change
significant upstream
emissions (e.g., electricity,  Fuel Distribution
hydrogen) = Fuel Gonversion
A Land-use change can
m Soybean Trangportation

o

a
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S

contribute significantly to
upstream impacts of fuels
produced using dedicated
cropland

W
o

m Soybean Farming Herbicide and
Pesticide Use

m Soybean Farming Fertilizer Use

Life-Cycle Emissions (gG02e/ MJ)
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Soybean Oil Renewable Diesel Adapted from: California-GREET_4.0



Comparison of Upstream Emissions Across

Pathways

120

A LCA of alternative fuels
can vary considerably 10

A Wastes & residues +
renewable electricity tend
to offer deepest GHG
savings

A Upstream methane
leakage may undercut
GHG savings from
natural gas pathways
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Life-Cycle Emissions (gG0,e/ MJ)
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Efficiency Losses Compound for Hydrogen-
Derivatives
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Putting it All Together: Emissions in the Fuel-Vehicle
Cycle

1,400

A All hydrogen-powered trucks
have the potential to 1,200

significantly reduce GHG
emissions if powered by green
H2 800
A If powered by grey H,, their life £ _,
cycle emissions can be worse
than diesel trucks. £ a0 I

Battery electric Hydrogen Fuel HydrogenICE Batteryelectric Fossilnatural Hydrogenfuel Fossildiesel HydrogenICE
(100% Cell(Green H2) (GreenH2) (CA grid- gas cell (GrayH2) (Gray H2)
Renewable average)
electricity)

o
I‘ :‘ : l W Upstream Combustion
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Life-cycle emissions (gCO,e/km)



Questions?
N.Pavlenko@theicct.org
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Putting it All Together: Emissions in the Fuel-Vehicle
Cycle

Il Fuel production Fuel consumption Vehiicle manufacture Maintenance
A All hydrogen-powered trucks Current technology - 2023
have the potential to reduce Fuel el - (green -
GHG emissions if powered by )
green H, (~ 80%) . Mono-fue Ha CE 321 gikm
green H,
A If powergd py grey Hy, their life .
cycle emissions can be worse (reen Hz)
than diesel trucks. Ful o gy 1 142lgikan
L
Diesel 1,201 g/km
L
Dual-fuel H, ICE, 1,363 g/km
(grey Hz)
I R R
Mono-fuel H, ICE, 1,586 g/km
(grey Hy)

O
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Fuel economy and energy efficiency

A Some powertrain Hydrogen fuel consumption Energy efficiency
+ fU el mCurrenttechnology ~ Future technology mCurrent technology  oFuture technology
. . 12 14.4
combinations 103 s
have different 10 i . — 12
efficiencies . B o m y ° o8
A We cannormalize £ ! o A -
based on g, is
efficiency to
develop a 2 -
CO nSISte nt ° Pure H2 H2-diesel dual-fuel Fuel-cell Fuel-cell H2-diesel dual-fuel Pure H2 °

functional unit
(e.g., gCO,e/km)
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Cautionary statement

CAUTIONARY STATEMENTS RELEVANT TO FORWARD-L OOKI NG | NFORMATI ON FOR THE PURPOSE OF
PROVISIONS OF THE PRIVATE SECURITIES LITIGATION REFORM ACT OF 1995

This document containsforward-looking statementselatingto C h e v r opemadiansandlower carbonstrategythatarebasedonma n a g e m@rante&pectationsestimatesandprojectionsaboutthe petroleum,chemicalsand
other energyrelatedindustries Words or phrasessuchasfi ant i c ii p » p efisit net, ednpdl sandsg rodieatdy adficosnmdid s | @ a s niéf,00r e Cipstos et elsi Dapprr odckeksoedul es
Afesti Mptoess fidpaunm sfugersg i ema gi,c@amc oul fih @ouwlwd id ua gfed wst, IGbtorke Mde | d ddoefusnroadlgoaf ch joe cit Stvreastfidgipog,t@poi siedte@ént i al
i a mb i tAi aosnpsanddnsldr expressionsandvariationsor negativeof thesewords,areintende do identify suchforward-looking statementsyut not all forward-looking statementsncludesuchwords Thesestatementarenot
guarantee®f future performanceandare subjectto numerousisks, uncertaintiesand other factors,many of which arebeyondthec o mp a contrdlandaredifficult to predict Therefore,actualoutcomesandresultsmay differ
materially from whatis expressear forecastedn suchforward-looking statementsThe readershouldnot placeunduerelianceon theseforward-looking statementswhich speakonly asof the date of this report Unlesslegally
required,Chevronundertake $10 obligationto updatepublicly anyforward-looking statementsyhetherasa resultof newinformation,future eventsor otherwise

Among the important factors that could cause actual results to differ materially from those in the forward-looking statements are: changing crude oil and natural gas prices and demand forthec o mpany 6 s
products, and production curtailments due to market conditions; crude oil production quotas or other actions that might be imposed by the Organization of Petroleum Exporting Countries and other producing
countries; technological advancements; changes to government policies in the countries in which the company operates; public health crises, such as pandemics and epidemics, and any related government
policies and actions; disruptions in the ¢ 0 mp a mglpkalssupply chain, including supply chain constraints and escalation of the cost of goods and services; changing economic, regulatory and political
environments in the various countries in which the company operates; general domestic and international economic, market and political conditions, including the military conflict between Russia and Ukraine,
the conflict in Israel and the global response to these hostilities; changing refining, marketing and chemicals margins; the c 0 mp a mbhiliéy $o realize anticipated cost savings and efficiencies associated with
enterprise structural cost reduction initiatives; the potential for gains and losses from asset dispositions or impairments; the possibility that future charges related to enterprise structural cost reduction initiatives,
impairments and other obligations may be greater or different than anticipated, including as a result of unexpected or changed facts, circumstances and assumptions; actions of competitors or regulators; timing

of exploration expenses; timing of crude oil liftings; the competitiveness of alternate-energy sources or product substitutes; development of large carbon capture and offset markets; the results of operations and
financial condition of the ¢ 0 m p a supgiers, vendors, partners and equity affiliates; the inability or failure of the c o0 mp a fointéventure partners to fund their share of operations and development activities;
the potential failure to achieve expected net production from existing and future crude oil and natural gas development projects; potential delays in the development, construction or start-up of planned projects;
the potential disruption or interruption of the c 0 m p a pef@tons due to war, accidents, political events, civil unrest, severe weather, cyber threats, terrorist acts, or other natural or human causes beyond the

c 0 mp a rontdok the potential liability for remedial actions or assessments under existing or future environmental regulations and litigation; significant operational, investment or product changes undertaken

or required by existing or future environmental statutes and regulations, including international agreements and national or regional legislation and regulatory measures related to greenhouse gas emissions
and climate change; the potential liability resulting from pending or future litigation; the risk that regulatory approvals and clearances related to the Hess Corporation (Hess) transaction are not obtained or are
obtained subject to conditions that are not anticipated by the company and Hess; potential delays in consummating the Hess transaction, including as a result of the ongoing arbitration proceedings regarding
preemptive rights in the Stabroek Block joint operating agreement; risks that such ongoing arbitration is not satisfactorily resolved and the potential transaction fails to be consummated; uncertainties as to
whether the potential transaction, if consummated, will achieve its anticipated economic benefits, including as a result of risks associated with third party contracts containing material consent, anti-assignment,
transfer or other provisions that may be related to the potential transaction that are not waived or otherwise satisfactorily resolved; the ¢ o0 m p a mhilify $o integrate H e sapdrationdn a successfumannerandin
the expectedtiime period the possibility that any of the anticipatedbenefitsand projectedsynergiesof the potentialtransactionwill not be realizedor will not be realizedwithin the expectedtime period thec o mp afotyré s
acquisitionor disposition of assetr shareor thedelayor failure of suchtransaction $o closebasedon requiredclosingconditions governmenmandatedsales divestituresre capitalizationstaxe sandtax audits tariffs, sanctions,
changesdn fiscal termsor restrictionson scopeof companyoperationsforeign currencymovementscomparedwith the U.S. dollar;, higherinflation andrelatedimpacts materialreductionsin corporateliquidity andaccesgo debt
markets changeso thec o mp a capitél allocationstrategiesthe effects of changedaccountingrules undergenerallyacceptedaccountingprinciples promulgatedby rule-settingbodies thec o mp a abyitg t® identify and
mitigate the risks and hazardsinherentin operatingin the global energyindustry andthe factorssetforth underthe headingfi Ri & c t anpag@s20 through26 of thec o mp a 2023Asnual Reporton Form 10-K andin
subsequertilings with theU.S. SecuritiesandExchangeCommissionOtherunpredictableor unknownfactorsnot discussedn this reportcould alsohavematerialadver seeffectson forward-looking statements

Chevron
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Chevron Renewable Energy Group production and distribution

Grays Harbor, WA

(]
[ ] ® P
° Albert Lea, MN ( J
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)
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Mason City, IA
’ - :
P * Washington,DC

. e 0 — N\
Amsterdam, Netherlands
(] [}
° ® Danville, IL
]
° Oeding, Germany

Burlo, Germany
[

° Tulsa, OK e

Long Beach, CA

Regional offices
Active Biorefineries

@ Terminal locations

Delivered 41 3 6

Terminals Active product to: States Canadian provinces Countries
biorefineries

= E
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Our story told in numbers

38

active biodiesel
production facilities

1

renewable
diesel facility

50,000+

. : truckloads in 2023
terminals in

California 1 80 +
3 9 water movements in 2023

fuel terminals 7 ; 5 OO +

across U.S. railcars loaded in 2023

© 2025 Chevron - All Rights Reserved. Privileged and Confidential.. Do not distribute without prior permission.

/08 MM

gallons sold in 2024

countries product
was sold to in 2023

states product was
sold to in 2023




Supportive biofuels policies at the U.S. state level
For biodiesel, renewable diesel and sustainable aviation fuel

®l0)
@D

©0®

Legend
G Low carbon fuel standard @ Retail tax incentive
Q Production tax incentive Cap-and-trade program

Sales/fuel tax incentive 0 Diesel fuel blend minimum m Clean heat standard

0 Income tax incentive 0 Heating oil blend minimum @ Sustainable aviation fuel incentive
eI
NOTE: LCFS and cap-and-trade includes states that have implemented OR that plan to implement regulations. '
New Mexico is working to implement an LCFS; New York and Oregon are working to implement cap-and-trade. “

© 2025 Chevron - All Rights Reserved. Privileged and Confidential.. Do not distribute without prior permission.

1)
2)

3)

The Federal Renewable Fuel Standard is applicable to all U.S. states. The Blenders Tax Credit is a

federal program that expires Dec. 31, 2024, and will be replaced by the Clean Fuel Production Credit.

This map does not reflect states that have but do not enforce a minimum biodiesel blend standard | 26
(for example, New Mexico), or state incentives for ethanol or other biofuels.

Source: U.S. Department of Energy Alternative Fuels Data Center (https://afdc.energy.gov/fuels/laws/BIOD)



https://afdc.energy.gov/fuels/laws/BIOD

States with policies to enable biodiesel use in their fleets

Sets minimum blend use and/or fleet buying guidelines for state agencies

Legend
‘ Biodiesel use requirement in state fleet
‘ High biodiesel blend capability requirement for state fleet

. Biodiesel use and high biodiesel blend capability requirements

cheuwon 1) This map does not include states that have a 2% biodiesel (B2) use requirement for their fleet; ultra low
“ sulfur diesel fuel can contain up to 5% biodiesel (B5) with no separate labelling required at the pump. | 27
© 2025 Chevron - All Rights Reserved. Privileged and Confidential.. Do not distribute without prior permission. 2)  Source: U.S. Department of Energy Alternative Fuels Data Center ( )



https://afdc.energy.gov/fuels/laws/BIOD

Adaptable
lower carbon fuel

High-quality
biofuel for use
In most conventional
diesel applications

Benefits of biodiesel
Oxygenated fuel

Lower engine Non-toxic and Highly
emissions non-hazardous blendable
Oxygen in fuel molecules Safety requirements Can be blended
helps engine burn for transport and at various levels
fuel more completely handling of B100 with diesel and
and can reduce are comparable to biodiesel for lower
tailpipe emissions vegetable oil carbon options that

provide greater
customer choice

[l

Enhanced
lubricity

No lubricity
additives are
needed when
BD is blended

with ULSD or RD
at 2% or higher

1 Product is produced from renewable oils and fats. Methanol used to make biodiesel and hydrogen used to make renewable
diesel and SAF are typically made from conventional natural gas but can be produced from renewable resources.

2CARB Assessment of the

eI
“ Characterization and NOXx

© 2025 Chevron - All Rights Reserved. Privileged and Confidential.. Do not distribute without prior permission.

Emi ssions from the Use of Bi odi es

el
Mitigation Studyo, Durbin (20111) 28

as a Mo



Benefits of renewable diesel

Paraffinic fuel

2l

e ——
High quality Ultra-high Desirable Highly Lower engine
drop in fuel Cetane cloud point blendable emissions
Can serve as a direct Cetane number Consistent cloud point Can be blended at Compared to petroleum
replacement to above 65 indicates Is typically less virtually any level with diesel, RD can reduce
petroleum diesel enhanced engine than -10 °C and diesel and biodiesel engine emissions by:
with stringent quality combustion that similar to winter pipeline for fuel options that A Up to 100% for fossil
standards that exceed helps reduce specification limits for provide greater carbon?
ASTM, CEN and engine emissions petroleum diesel at customer choice AUp to 30% for
. o particulate matter?
CGSB specifications around -10 °C A Approximately 15% for
nitrogen oxides (NOXx)2

Product is produced from renewable oils and fats. Methanolused to make biodieseland hydrogen used to make renewable

diesel and SAF are typically made from conventional natural gas but can be produced from renewable resources

missions from the Use of Biodiese

2CARB Assessment of the E
Durbin (2011)

Chevron
“I and NOx Mitigation Studyo,

© 2025 Chevron - All Rights Reserved. Privileged and Confidential.. Do not distribute without prior permission.




Benefits of biodiesel and renewable diesel are synergistic

Blended BD/RD allows for reduced carbon intensity today in virtually any diesel application

BD provides lubricity, density
and elastomer swell

RD provides NOx

reduction and cetane

50/50 blend is most similar to
petroleum diesel in fluid properties

© 2025 Chevron - All Rights Reserved. Privileged and Confidential.. Do not distribute without prior permission.

Carbon Intensity (CI) scores that are lower than petroleum
diesel allow for emissions carbon intensity reduction today

BD/RD blends can have lower
freezing points than straight RD

BD/RD blends can provide one of the lowest
overall engine emissions of any diesel fuel option

Elastomer swell, density and bulk modulus properties
of BD/RD blends are a better match for conventional
diesel than straight renewable diesel

(a0
- | 30



- Geismar improvement
and expansion project

Total site production annual
capacity will increase from
90 million gallons to
340 million gallons

Enhanced marine logistics
that will enable global trading
of feedstocks and fuel

Expected to be complete Q1 2025



Growth of the renewable fuels industry is expected to continue

Historic Production and Outlook of Biofuels in the US (MBD)

The last several """ Projections >
years have seen
growth of the biofuels a0
industry, specifically

\

|
|
|
|
|
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|
|
|
|
|
|
|
|
|
|
|
|
|
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In the renewable
diesel space

Supportive national 200
and state policy will

continue to drive l
growth of the industry I I I
_ - l l I l | I I

8

%]
=]

2001 2002 2003 2004 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 \ 2022 2023 2024 2025 2026 2027
/
EBD WRD M Other N ~——— -
Footnotes for 2001-202 1
1) MBD- Thousands of Barrels a Day Footnotes for 2022-2027
2) Data Source- EIA.dov. 1) MBD- Thousands of Barrels a Day
3) Other biofuelsinclude renewable heating oil, renewable jet fuel (SAF), renewable naphtha, and renewable 2) Data Source- [EA.0rg
gasoline 3) Other onlyincludes SAF- Sustainable Aviation Fuel
4) ElAtimelineis ~2 years for actual production results to be reported 4) Projections use a base case scenario, the accelerated case is notincluded in the projected production

5) Calculation to mbd assumes 330 days of production 5) Calculation to mbd assumes 330 days of production

Chevron
© 2025 Chevron - All Rights Reserved. Privileged and Confidential.. Do not distribute without prior permission.


https://www.iea.org/reports/renewables-2022/transport-biofuels
https://www.eia.gov/energyexplained/biofuels/biodiesel-rd-other-use-supply.php

The bio-based diesel industry has continued to grow

The U.S. bio-based diesel industry reached a record

5 billion gallons

of consumption in 2024*

thttps://cleanfuels.org/2024-saw-rapid-growth-for-biodiesel-renewable-diesel/

© 2025 Chevron - All Rights Reserved. Privileged and Confidential.. Do not distribute without prior permission.



CNG station growth
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RNG for Heavy-Duty Trucking

Infrastructure, pricing, and availability

Ce Clean Energy
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.
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e — / C& Energy



Agenda

RNG for transportation

Infrastructure

Price considerations

Resources




Clean Energy

il

RNG Supply

Dairy/RNG production

3rd party RNG supply
contracts

Partnerships with

major energy leaders
(Chevron, bp, TotalEnergies,
& Tourmaline)

e |18

Distribution

600+ stations (U.S. & Canada)
Capacity to double volumes
50,000+ vehicles fueling daily
1,000 fleet customers

Maintenance + construction

Clean Energy

Vertically integrated
RNG solutions

25+ years of experience

Pioneered RNG as
a commercial fuel

38



What is renewable natural gas (RNG)?

When organic waste decays, it naturally
produces methane gas or
which can be processed and purified

into RNG.

Because RNG is derived from a naturally
occurring process that does not add new
carbon into the atmosphere, its emissions
are considered i b i o g erasulting i
emissions reporting benefits for end
users.

.
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Where does RNG come from?

Decomposing organic waste sources (feedstocks) that release methane gas
or biogas into the atmosphere.

4 N O N O N
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How iIs RNG made?

;4‘:

Manure Collection Digester

74

e N e

4 2 Clean Energy

i 10

i

Gas Cleanup Injection Pipeline CE Station
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Natural gas transportation in the US

U.5. DEPARTMENT Energy Emcil’.‘ﬂl:y & EERE Home | Programs & Offices | Consumer Information
Independent Statistics and Analysis

5 Y | Renewable Energy
U.S. Energy Information

ela Administration + Sources & Uses | + Topics | + Geography | + Tools | + Education | + News Search the AFDC C I e a n E n
i i i Alternative Fuels Data Center
Home > Natural Gas > About U.S. Natural Gas Pipslines > U.S. Natural Gas Pipeline Network Map = .
About U.S. Natural Gas Pipelines - Transporting Natural Gas FUELS & CONSERVE LOCATE LAWS & Stat I O n | Ocator l I l ap .
VEHICLES FUEL STATIONS INCENTIVES
based on data through 2007/2008 with selected updates

EERE » AFDC » Fuels & Vehicles (S Printble Version

U.S. Natural Gas Pipeline Network, 2009

cnglngstations.com

Natural Gas Fueling Station Locations

Find compressed natural gas (CNG) and liquefied natural gas (LNG) fueling stations in the United States and Canada. For Canadian stations in French, see Natural
Resources Canada.

Q Public Stations ‘W Advanced Filters 775 resultsin U.S. and Canada $

Enter location Q Compressed Natural Gas (t
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Legend
= Interstate Pipelines

NEVADA
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® ALABAM.@.
TExAs .%
Source: Energy Information Administration, Office of il & Gas, Natural Gas Division, Gas Transportation Information System

RNIA

= Intrastate Pipelines
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Sea

The EIA has determined that the informational map displays here do not raise security concerns, based on the application of the Federal phic Data
C idelines for Providing Appropriate Access to G | Dato in Response fo Security Concerns

© MapTiler & OpenStrectMap contributors
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mailto:www.cnglngstations.com

Clean Energy RNG station: Davenport, FL




