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How to use this White Paper

There’s growing pressure on the transport sector to
reduce emissions from on- and off-road commercial
vehicles as well as rail operations. This is coming
from regulators, shareholders, and customers.
Operators therefore are evaluating their options
and preparing for a lower emissions future.

That’s why ExxonMobil has created this document. It’s a detailed resource
that aims to help answer questions you may have about how to reduce
emissions, efficiently.

The index will guide you to the sections that best meet your needs, with
links and references for users wanting to take a deeper dive into the topics
covered in this paper. The Definitions section in the Appendix aims to help
you with terminology you may not recognise.

44 The journey of reducing emissions to support a
net-zero future for the road transport sector will
require a portfolio of approaches. At ExxonMobil,
we have demonstrated capabilities in large-scale
solutions, proven technology expertise, and
experience working with key industry stakeholders
to create meaningful energy product solutions. #7

Steven Plas, Lower Emissions Fuels Director,
ExxonMobil

ExxonMobil: A history of innovation

ExxonMobil has powered land transport for over
one hundred years, enabling personal mobility
and commercial transport on road, off-road

and by rail. Our brands, Mobil, Esso, and Exxon,
serve customers in countries all over the world,
supplying in-yard and across our branded
network directly and via our distributors.

We are proud of our technology leadership,
employing thousands of scientists, and
engineers to develop capabilities, technologies,
and product solutions for land transport and
other sectors.

The transport ecosystem is complex, with many
different players that help serve the need to keep
people and goods moving more productively,
efficiently, and sustainably. ‘Sustainability’ as
that term is used by society spans multiple
sustainable development goals and impact
categories. Sustainability priorities vary from
company to company, and country to country,
but often reduction in greenhouse gas (GHG)
emissions is a common goal. ExxonMobil has
collaborations and strategic relationships with
players across the ecosystem, from engine and
truck manufacturers to commercial fleets.

ExxonMobil intends to play a leading role in

the energy transition. We understand that the
world of transport is changing as the ecosystem
strives to reduce emissions while maintaining
the levels of productivity and efficiency that
society expects so that people and products
arrive where they need to be when they need
to be there, affordably, and reliably. We are
working with governments at various levels to
advance policies that will help enable a resilient
and reliable transport future while the sector
advances towards meeting societal ambitions to
reduce emissions.

You'll find useful insights in our position

paper, Mobility Reimagined, on the road to
lower GHG emissions’, published in March
2023, which lays out a roadmap to lower GHG
emissions from the transportation sector and
includes some examples of the role ExxonMobil
can play in helping meet societal ambitions.

Manufacturers are developing commercial
electric (EV) and hydrogen-fueled powertrains
to meet both consumer demand and varying
governmental policies.

Yet today, most vehicles used for heavier
on-road commercial transport applications
are diesel powered. In 2023, Battery Electric
Vehicles (BEV) represented only around 1.7%
of newly registered medium- and heavy-duty
trucks in the EU and <0.1% in US according to
the [EA.2

It is essential to consider ways to reduce
emissions from existing commercial fleets
instead of relying only on a transition in vehicle
technology.

This white paper aims to dive deeper into the
need for solutions that can improve efficiency
and reduce emissions from the commercial
vehicles on the road today, with an emphasis
on the role that fuels technology can play in
reducing transportation sector emissions.

We hope it will be of use to a variety of transport
ecosystem participants, including commercial
fleets, the businesses they serve, fuel supply
chain participants, and the policy makers that
shape the sector.
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Section One

Establishing a platform for
productive, efficient, and
sustainable commercial transport,
with a focus on reducing emissions
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Enhancing transportation
productivity and efficiency

Moving people and goods from A to B is
fundamental to society and the economy.
And the need to do that more productively
and efficiently has shaped the development
of the modern transport ecosystem.

Energy Choices: Horsepower set the early
standard for transport. With the emergence of
electric power, electric carriages, powered by
batteries, emerged in urban settings, like New
York.? Similar to horses before them, batteries
get exhausted and need re-energizing, so
battery swap out stations emerged. Inventors,
including Daimler, introduced internal
combustion engine (ICE) technology, both
spark ignition (gasoline) and compression
ignition (diesel). As these technologies
matured, they rapidly displaced battery-power,
disadvantaged by early battery packs’ weight
and low energy density. Gasoline and diesel
refueling was quick, energy density higher

and the new technology prevailed because it
enabled users to go further, get on their way
faster, and therefore be more productive.

Engine Technology: Specialist manufacturers
and production line efficiencies emerged
making mobility more accessible to society.
Light-duty automobiles were followed by
bigger trucks. Gasoline widely became the
dominant power source globally for lighter
vehicles, and diesel for heavier vehicles,

going longer distances. As vehicle technology
improved performance and range, more
progressive fleets adopted these technologies,
rapidly reducing costs and improving efficiency.

Infrastructure Development: Road
infrastructure developments enhanced the
driving experience, improved journey times
and safety, and lowered vehicle maintenance/
repair bills. Just as horses needed feeding, ICE
engines required the emergence of convenient
refueling infrastructure. ExxonMobil, under
brands including Esso and Mobil, has been a
leading enabler of land mobility worldwide
from the very early days of ICE-powered
transport, its participation shaped by the
efficiency of its refining, logistics and refueling
networks.
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Intermodal: Waterways, rail, and road
competed for journey share, ultimately
reaching an equilibrium. As international
trade grew, marine ports matured into
sophisticated containerized operations to
make intermodal transfer more efficient and
an essential element of fleet strategy.

Fleet Management: A fleet management
ecosystem developed around automated,
electronic payments that enable fleets to
allow drivers to pay using fuel cards across
wider national and, later, international
networks. This ecosystem helped optimize
fleet running costs, provided better visibility
of fuel spend, enhancing productivity and
efficiency of operations. With the rise of digital
and mobile networks, fleet management has
evolved into a data-driven science guided by
telematics and fleet planning.

The Fundamentals Remain Unchanged:

Commercial transport is a competitive Figure 1

business. As with past developments, the Productivity, efficiency and total cost of ownership
readiness and suitability of innovations

around truck design, new powertrain

options and alternative fueling choices Fleet Decision Drivers Lower Total Cost of Ownership (TCO) US lllustration*
(biofuels, renewable natural gas, electricity
and H,), digital capabilities, and intermodal
optimization will be carefully assessed by

successful fleet managers through the B Truck Lease/Payments
critical lenses of productivity and efficiency. - W Driver

Total cost of ownership (TCO) models will . B Fuel

help steer their choices (see Figure 14). Efficiency B Maintenance & Repairs

Cost/Tonne Mile

) o ) Insurance
Managing costs and optimizing TCO is one

of the key challenges facing the sector and @
fuel costs is a major dimension. Refueling also Productiv @
brings operational challenges as highlighted roductivity

by research of heavy-duty commercial truck
fleet operators (see Figure 2°).

Tires

Permits, Licenses & Tolls

Higher Fleet Uptime Fewer
Empty Miles Driven

Source: ExxonMobil. Data Source: ATRI.*

ExxonMobil 5




Figure 2

Key refueling challenges faced by European heavy-duty truck fleets®

What, if any, pain points and challenges does your company face with fueling your trucks today?

PO ®

Reliable Supply & Quality:

Challenges with fuel availability especially at peak hours leading to
queues at peak times. Some face challenges with fuel contamination
or poor-quality fuel.

Infrastructure:
Need for dedicated truck-friendly stops. Limited availability of
alternatives HVO or LNG.

Time Consumption:
Queuing/fueling time can be a significant pain point, impacting
productivity & delivery schedules.

Price Fluctuations:
Frequent fuel price fluctuations. High cost of alternative fuels
like biofuels.

Billing & Quantity Issues:
Some companies face challenges with billing accuracy & fuel quantity
verification, especially when dealing with external fuel suppliers.

Data Management & Analytics:
Managing fuel-related data accurately can be challenging, especially
when incorrect entries affect overall reporting.

Source: ExxonMobil-commissioned research by Frost & Sullivan.®

“In the past two years, the whole of Europe has faced issues with the higher prices of
fuel ... Norway is facing the high-cost problem ... increases of 20%-25% for biodiesel

and other fuels.” - Norway

“We sometimes face issues in terms of the availability of good and clean diesel, as we
had to face issues in terms of the bad fuel quality.” - Norway

“LNG gas refilling network is very thin throughout the nation, so we have to make sure
our vehicles operate only in the areas that are accessible from our fueling station.” -
Germany

“Primary challenge is to maintain optimal performance of the fuel system so, finding
a station that provides diesel with high quality grades without causing any impact on
performance is crucial.” - Netherlands

“Limited availability of refueling stations & congestion ... especially during peak hours
are some of the challenges that we face with fueling our HD trucks.” - Germany

“Delivery schedule is disrupted during peak hours due to the problem of having to
spend time at fuel stations.” - UK

“Time our driver spends at the fueling station is quite high, leading to losing
productive time, impacting our delivery schedules.” - UK

“Common challenge we have here is the availability and accessibility of
infrastructure for refueling trucks. So, the choice of the reliable network is a
challenge.” - Italy

“Currently, it is not possible to use electricity over long distances, and distribution
per 100 km is not feasible. The weak points are the lack of facilities for refueling
vehicles (for electric).” - Italy




Section One

Establishing a platform for productive,
efficient and sustainable commercial
transport, with a focus on reducing emissions
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Commercial transport is growing, with
increasing emphasis on sustainability,
including reducing emissions

Figure 3
Sources of global CO, emissions, 2022¢

Road transport

Industry
Electricity generation

Buildings
Other transport

Data Source: [EA CO; Emissions in 2022 Report.®
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Road transport continues to be vital to modern life,
transporting people and goods to help meet the needs of
society and global economic growth.

Reducing transportation-related greenhouse gas (GHG)
emissions plays a part in society’s efforts to meet its net zero
ambitions. Nearly a quarter of worldwide CO, emissions

are estimated to come from transportation (see Figure 3),
and around 74% of those emissions come from the road
transport sector.®

Global transportation energy demand is expected to grow
25% from 2023 to 20507 due to global economic growth
and the associated increase in vehicles and freight. Energy
demand from road freight is projected to increase by 36%
over the same period.

Commercial transport is a complex sector with diverse
objectives. Light-Duty (LD), Medium-Duty (MD) and Heavy-
Duty (HD) vans, buses and trucks enable freight haulers,
consumer goods companies, bulk shipping, and others to
get their shipments where they need to be. Route types and
duty cycles vary considerably, including short-haul/long-
haul, return-to-base/point-to-point, and continuous use/
interrupted use. Each case requires efficient fueling solutions,
balancing truck downtime and fleet productivity. Each
requires affordable and reliable fueling, with an increasing
focus on providing potential GHG-emission-reducing
benefits while meeting operational performance criteria.

Today, the industry faces many challenges on the path to lower
GHG emissions, including a plurality of government policies
across regions, technologies, and infrastructure. The sector’s
complexity requires a higher degree of collaboration than

ever before. The energy transition for road transportation

will likely require multiple solutions and go through several
product evolutions to help achieve societal ambitions to reduce
emissions. However, with these challenges come tremendous
opportunities for innovation, societal value creation, and
transforming government policies.

This has prompted the sector to transition towards lower
GHG emission alternatives. In addition to productivity and
efficiency, commercial fleets are now assessing their fleet
management decisions through a third lens, sustainability
(see Figure 4), with a particular emphasis on achieving
emissions reductions as part of a wider set of sustainability
goals without undermining productivity and efficiency
objectives. Regarding fleet emissions, in addition to the focus
on reducing GHG emissions, focus is also on reducing other
tailpipe criteria emissions such as particulate matter (PM),
nitrogen oxides (NO ), and sulfur dioxide (SO).

Figure 4
Sustainability is emerging as a key decision
driver for commercial fleets

Key Fleet Drivers

Sustainability

Tonne Mile

Efficiency

Productivity

Source: ExxonMobil assessment informed by external sources.

lllustrative Measurements

Lower Carbon Intensity/

Lower Total Cost of
Ownership (TCO)

Higher Fleet Uptime
Fewer Empty Miles Driven



Research commissioned by ExxonMobil

amongst medium and large commercial heavy-
duty fleets across the world® highlighted that
decarbonization/reducing emissions is emerging
as one of the key challenges faced by the sector
(see Figure 5). This is especially true for the largest
heavy-duty fleets, particularly government and
public fleets. Based on the research, it is a strong
organizational focus of 57% of these commercial
heavy-duty fleets, with the strongest drivers

being corporate social responsibility, regulatory
pressures and a desire to secure competitive
advantage. Strategic focus appears to be stronger
amongst commercial operators in Europe and AP
relative to those in North America. The largest
trucking fleets (with 500 or more heavy duty
trucks) rated decarbonization/reducing emissions
as the most significant challenge facing the sector.

Figure 5

Tackling this challenge means thoughtfully building
an integrated plan. Adopting strategies to reduce
transportation emissions is a critical element

of the activities embraced by many commercial
fleets. This involves reducing the emissions from
trucking, but many organizations which operate
internationally integrate their logistics efforts
across land, sea, and air transport, with some shift
from road to rail, into their intermodal strategy.

In addition, many are focused in parallel on reducing
emissions from their broader infrastructure (for
example, lower emission distribution centers

and warehousing operations) and programs to
reduce the impact of other elements of logistics
activities (including waste management, packaging
optimization and recycling programs).

Global transportation energy
demand is expected to grow 25%
from 2023 to 2050”due to global

economic growth and the associated
increase in vehicles and freight.

Energy demand
from road freight is
projected to increase by

over the
same period.

36%

Decarbonization/Reducing emissions as a strategic imperative for medium to large commercial trucking fleets®

Biggest Sector Challenges
From a fleet operation perspective, which are

Strategic Importance of

Decarbonization

High Drivers of Decarbonization
What is driving decarbonization in your company?

the major challenges you see in your industry?

How important is decarbonization
in your company’s strategy? (It is a
cornerstone / important part of our

69% — Cost of Fuel strategy) Corporate Social Responsibility _ 77%
9 Total Cost of O tion (TCO)
58% — e D) Competitive Advantage _ 71%
54% — Decarbonization / Reducing Emissions
i 9
46% _ Secure Truck Parking e Government Regulations _ 71%
[»)
45% | chonsing Customer Necds 62% investor Relations | 0%
N - global average
44% [N sistsinabiity (U)LEZ Operations _ 58%
43% _ Vehicle Electrification 44% . .
Strategic Leadership 57%
42% _ Regulatory Compliance
37% I sy customer Needs [N 55%
35% - Maintenance Skills & Parts Grants & Incentives _ 51%
34% [ ProfiMorgins Finance Conditions [N  45%
32% - Driver Retention Cost Reducti -
ost Reduction
30% - Digitization & Telematics
. Employee Driven 22%
23% - Autonomous Operations AP EAME
Source: ExxonMobil-commissioned research by Frost & Sullivan.®
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Establishing a platform for productive, efficient and sustainable
commercial transport, with a focus on reducing emissions
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Improving fleet efficiency is the foundation of a lower emission fleet

Regarding trucking operations, ExxonMobil-
commissioned research of medium to large
commercial trucking fleets® highlighted

that improving the fuel efficiency of existing
diesel trucks is a foundational priority of their
emissions reduction plans (see Figure 6). This
makes sense because it represents a triple
win, reducing fuel consumption per ton-mile,
improving TCO, AND reducing the effective
CO, emissions per ton-mile, contributing
towards fleet emissions goals, all at the same

time. Use of additized diesel and biofuel
solutions in their diesel fleet is currently more
prevalent in European fleets than in their AP
and North American counterparts. Fleet
operators anticipate diesel powertrains will
continue to play a significant role in their
energy mix for heavy-duty trucking for

some time to come with European fleets
anticipating a faster migration away from
diesel technology (see Figure 7).

Figure 6

Emissions reduction levers deployed by medium to large European fleets®

Emissions Reduction Levers

Top 5 measures or tools deployed by trucking fleet operators
to manage their fleet towards lower carbon emissions

Driver Fuel Efficiency Training

Fleet Efficiency Analytics

Route Schedule Optimization
Reducing Idling Times / Auto Start-Stop
EV Transition

Limiting Vehicle Speed

Low Roll-resistance Tires

Use of Lightweight Trailers

Lower Emission Diesel fuels (BD/RD)
Lower Viscosity, Synthetic Lubes
Improving Aerodynamics

Using Additised diesel

Voluntary Carbon Offsets
Downsizing Vehicles

Reducing Fleet Size

I— 58%
I 54%
I 49%
I 45%
I 45%
I 43%
I 35%
I 32%
I 31%
I 28%
IS 24%

I 23%

I 22%

I 17%

I 14%

Source: ExxonMobil-commissioned research by Frost & Sullivan.®
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Figure 7

Anticipated powertrain mix by 2040 Europe HD truck fleets®

Anticipated HD Fleet Energy Source Evolution
How do you expect the mix of fuel types in your HD fleet change by 2040?

Diesel [ Natural Gas (CNG & LNG)
EAME 60%
AP 75%
NA 82%
0% 10% 20% 30% 40%

Source: ExxonMobil-commissioned research by Frost & Sullivan®.

The most progressive commercial fleets stayed
ahead of the curve and adopted technologies
to capture fuel efficiency benefits. This makes
commercial sense since fuel costs make up
~25% of a North American trucking fleet’s

cost (greater in Europe where fuel taxes are
higher). Efficient fleet operations also form

the cornerstone of lower GHG emission fleet
operations, and this is growing in importance to
commercial fleets and the entities they serve.

Forward-looking fleets have built significant
advantages by availing themselves of fuel
efficiency enhancements. Organizations like the
North American Council for Freight Efficiency
(NACFE) have helped drive the development
and adoption of vehicle efficiency enhancing
and cost-effective technologies, services, and
methodologies. Since 2007, fleets participating
in the NACFE Annual Fleet Fuel Study (AFFS)
delivered an efficiency improvement of 26%
(see Figure 8). On average over the period
2007-2022, participating fleets secured an 11%
advantage over the average US truck fleet. In
2022 alone, NACFE estimate that each truck

in AFSS-participating fleets benefited from a
nearly $7K/year fuel cost saving vs the average
US class 8 truck.®

Il Electric I Hydrogen [l Other

18%

50% 60% 70% 80%

Few, if any fleets, prioritize adopting all the
recommended best practices, but the most
efficient adopt a higher percentage of the
recommended measures. Those fleets adopting
more than 50% of the recommended measures
reported a five-year fuel economy advantage
of ~28% in 2023 over those fleets who had
adopted <30% of the available measures. For

a 100K mile/year fleet, at the five-year average
diesel prices, this was worth $12K per truck in
annual fuel savings, on average.®

5%

11%

8%

90% 100%

Opportunity areas include powertrain
efficiency, chassis optimization, tractor and
trailer aerodynamics, tire/wheel weight and
resistance, human factors like maintenance
and driving style, smart routing, reducing
empty miles driven and using the right fuels
and lubricants.

10
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Figure 9 highlights areas where fleets deploy
solutions to improve efficiency and reduce
tailpipe emissions.? In 2017, a study by The ICCT
identified the potential for a nearly two-fold
efficiency improvement over the prior decade by
incorporating these kind of measures.'

The Mobil Delvac Guide to TCO provides a good
overview of TCO and potential optimization
opportunities and NACFE? offers tools to guide
fleets through potential optimizations.

Figure 8
Fleet efficiency improvements in NA
2007-2023"

8.0

7.0

Figure 9
$/ Opportunity areas for reduced fuel consumption and lower tailpipe emissions/mile driven!

6.0 | —

5.0

e Trailer Aerodynamics Tractor Aerodynamics : Driving Training

(e.g. trailer skirts, double/triple trailers) (e.g. aero bumpers, mirrors, hood) & Incentives
3.0 : for Fuel Economy

2.0

1.0 N Maintenance Practices

0.0 Fuel Efficient
2007 2009 2011 2013 2015 2017 2019 2021 2023 Optimizing Fuel E.Fﬁciency Power Train
& Emissions / Mile Driven D (e.g. auto manual Smart Routing

transition) & fewer empty miles driven

@ NACFE AFSS Average (mpg) ® FHWA Average (mpg)

Since 2007, Class 8 Fleets participating in the NACFE (North I | | |
American Council for Freight Efficiency) Annual Fleet Fuel Study

[ |
(AFSS) have achieved a fuel efficiency improvement of 26%. I ] r Y 5
- 3 Telematics & Data
Those who have adopted more measures to improve fuel O O @@ @ . Analytics
efficiency on average outperform those with lesser adoption. Idle Reduction

(e.g. anti-idle
On average, over the period 2007-22, fleets participating in have Tires & Wheels Chassis Optimization electronic
out-performed the average US fleet by 11%. (e.g. aluminum wheels, (e.g. high efficiency alternator) engine controls) .
. - : Quality Fuel

low roll-resistance tires) : q -
NACFE AFSS Average is the North America Council for 1 & Synthetic Lubricants
Freight Efficiency Annual Fleet Fuel Study average Class 8 truck '
fuel consumption.
FHWA Average is the class 8 trucks mpg according to the US
Federal Highway Administration (the FHWA).
Data Source: NACFE.™® Source: ExxonMobil.
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Section One 04

Establishing a platform for productive, efficient and sustainable Lower emission engine technology as a
commercial transport, with a focus on reducing emissions

key enabler of lower emission transport

From the 1970s to the early 1980s, diesel engine 44 Electronic engine control,
technoldogy was primarily focused on improving S G gas recirculation,
power density and fuel economy. Adopting
turbocharging and intercooling was an important aftertreatment systems,
technological advancement during this period, and high pressure,
?rsé):je;fhtiigtenglr;es to recycle Wastzdbenergy precision el injection

gas for more power and better
fuel efficiency. More recently, European, US, and technology, have resulted
Chinese truck standards have guided stepwise in lower tailpipe emissions.
emissions control improvements. Examples include
the recent publication of Euro 7 standards in ”

Europe and new Model Year 2027-2032 standards
within the US EPA Greenhouse Gas Emissions
Standards for Heavy-Duty Vehicles—Phase 3.

The Euro standards progression as an example is
shown in Figure 10."

Figure 10
Evolution of Euro tailpipe emissions standards for NOx and PM (Euro I-7)""

European HD Diesel Engine Tailpipe Emissions Standards
Index vs Euro | HD (Steady-State Testing, g/KWHTr)

100% 100%

88% H NO,
H pPM
63%
5% 39 3% 29
I —
Euro | Euro Il Euro lll Euro IV Euro V Euro VI Euro 7

Source: ExxonMobil illustration.
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This has stimulated significant advances in
technology, reducing tailpipe emissions. The
advent of electronic engine control systems
represented a significant transformation.

Other innovations have included exhaust gas
recirculation, aftertreatment systems and high
pressure, precision fuel injection technology.
Figure 11 offers a simplified overview of how
these features combine in a current typical lower-
emission diesel engine. Future engine technology
and emission control systems are expected to

be more sophisticated and complex to meet

increasingly stringent emission standards globally.

Ex¢onMobil

Figure 11
Key elements of a modern lower emission diesel engine

Fuel filter

Diesel Exhaust Fluid system

DEF

) E MR eriank

typically located
next to fuel tank

Diesel engine DPF SCR

Diesel Particulate Filter Selective Catalytic Reduction

)\ )

Fuel pump

Fuel tank

Fuel system Diesel engine DPF SCR
Including EGR Diesel Particulate Selective Catalytic
(Exhaust Gas Recirculation) Filter Reduction
L J
Aftertreatment systems

Source: ExxonMobil illustration — not an exact replica but a simplified rendering
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Establishing a platform for productive,
efficient and sustainable commercial
transport, with a focus on reducing emissions
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The importance of fuel quality

The evolution of fuel standards

Changes to diesel engine technology and
meeting emissions standards go hand in hand
with the evolution of fuel standards. Many
regions and countries have their own diesel
fuel standards, with specifications like EN590
in Europe and the ASTM D975 standard in

the US. Some key diesel fuel quality measures
help enable a shift to lower emission diesel
technology - see Figure 12. A key focus has
been for fuel companies to lower sulfur content,
enabling the application of advanced emissions
control technologies that substantially reduce
emissions from diesel combustion. Sulfur
accumulation in the after treatment system
over the lifetime of a truck can poison or
deactivate the catalysts used to remove criteria
pollutants from an engine’s exhaust. Major
global economies like US, Canada, the UK, EU,
China, India, and Australia have all progressed
significant sulfur reductions in road fuel. The
European Union implemented its ultra-low
sulfur diesel (ULSD) specifications in 1999.12'3
The US Environmental Protection Agency
(EPA) phased in more stringent regulations to
lower the amount of sulfur in diesel fuel to its
current ULSD standard of 15 ppm. Several more
countries are taking action to upgrade to the
Euro IV 50ppm sulfur standard.™

Ex¢onMobil

Diesel performance additive technology
is complementary to an efficient, lower
emission fleet

Figure 12
Diesel fuel quality basics

Fuel performance additive technology also

plays a complementary role in strategies for Occurs naturally in all crude oils. Presence in fuel results in exhaust

S16

lower emission fleets, going hand-in-hand with Sulfur emissions of sulfur dioxide. Ultra low sulfur diesel fuel is required for
fleets fully benefiting’frorn the latest diesel Sulfur exhaust aftertreatment systems because the catalysts can be sensitive
to sulfur poisoning.

engine technology. Given the complexities P J
of today’s heavy-duty vehicle systems, the
commercial trucking industry demands more Fuel’s ability to protect the fuel system from mechanical wear, i.e.

: : . . metal-to-metal contact. As sulfur contents have been reduced to
:_.O? dleslgl f:j'l.el' l\|/1?ny| fleets recsgn!ze arnat @ Lubricity protect aftertreatment systems & reduce emissions, maintaining

'gh qua _'ty 1eseltuel s el anJus’Fa " lubricity levels is important.
commodity driven by price and offers significant
potential for optimizing modern diesel engine
performance. Th|S is an important focus area FAME (fatty acid methyl ester) isa bio-component of diesel fuel. The
.. ifi 1 0,
for fleet managers requiring more product Biodiesel EN59Q speaﬁcatlon caps FAME content at 7% by volume (B7). ASTM
knowledae as the role becomes more strateqic D975 limits FAME content to 5% by volume (B5). FAME does offer
9 gic. additional lubricity to low sulfur fuels.
A study in 2022 by a European fleet card service
provider highlighted that adoption of additized
diesel by heavy-duty commercial fleets in Cetane Measure of diesel fuel ignition quality. Higher cetane generally benefits
Europe is the number one fuel solution under Number cold starts in winter time with lower noise and less white smoke.
consideration in their strategy to enhance
efficiency and reduce tailpipe emissions.’ There
is room for further adoption of the technology. Temperature at which paraffinic waxes, naturally present in diesel, begin to
In our 2023/2024 survey of medium to Iarge Cloud crystallize to form a haze in the fuel. Wax crystals can result in fuel filter plugging.
sized commercial heavy-duty fleets, around Point The risk of filter plugging is an important consideration in colder climates, especially
as new renewable diesel fuels are introduced to reduce lifecycle GHG emissions.

1in 3 European fleets had adopted additised
diesel. In North America the current adoption
ratg among_St Surveye_d ﬂeeF yvas lowerat 1in 5, Source: ExxonMobil technology assessment.
falling to 1 in 6 for Asia Pacific fleets.

As diesel engine technology becomes

even more sophisticated and versatile, this
significantly impacts what the complete
diesel product needs to deliver. Research
and innovation at the molecular level,
combined with customer feedback, is critical
to engineering a fully formulated diesel fuel
that helps meet the performance needs of
commercial fleet managers.
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Figure 13

Diesel fuels additive technology

o°
°o

2 ()

Detergent-based additives
Can provide substantial benefits for diesel fuel products by removing
injector deposits and preventing them from forming in the first place.

Cetane improvers

Help when the crude selection or processing does not result in an on-specification
cetane number on its own. A cetane number indicates the diesel fuel’s auto-ignition
quality. Higher cetane may benefit cold starts and reduce noise and white smoke
upon starting a vehicle, particularly in winter time.

Lubricity improvers

Are required because the natural lubricity-enhancing compounds in diesel fuel are
reduced in ultra-low sulfur diesel fuel. Fuel lubricity protects the fuel pump and fuel
injectors from wear. Lubricity improvers are not necessary if a minimum of 2% fatty
acid methyl esters (FAME) are blended into the fuel.

Cold flow improvers

Cold temperatures encourage wax to drop out of diesel fuel, which can lead to
loss of flow from filter plugging or bulk gelling in the fuel tank. Cold flow additives
are added at the refinery or the terminal to ensure the diesel fuel flows at the
temperatures to which it will be exposed. Blending of cold flow additives depends
on geography and season.

Corrosion inhibitors

Over time, corrosion can impact the performance of diesel fuel systems.
Corrosion inhibitors are typically added at refineries to help prevent the corrosion
of steel and copper or its alloys (brass, bronze).

Source: ExxonMobil technology assessment.
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Diesel additives are blended in small amounts
into the fuel for vehicle performance, product
quality, safety, and regulatory purposes. They
enhance a fuel’s specific properties without
substantially altering its bulk physical makeup
(such as density, energy content). They come

in different types (see Figure 13) and achieving
the right balance for a particular application
requires careful work and significant investment
in testing and proof of performance.

Performance technology has never been more
important, but it is also complex. Finding

the right mix can be tricky. It is important to
understand the makeup of the fuel you use

to power your fleet and what questions you
should ask. High quality diesel from reputable
providers, like ExxonMobil, contains an
optimized blend of additives to meet local fuel
specifications, and exceed those standards to
achieve better performance from modern truck
fleets.

There are many “aftermarket” additives sold
that claim to meet specific customer needs. In
contrast to the additives described above that
are blended at the refineries and terminals,
aftermarket additives are added by hand to
fuel. However, in ExxonMobil’s view, fuel should
meet the required specifications without
customers needing to purchase additional
additives. Fleet managers should always be
cautious of adding additives to diesel fuel as in
certain circumstances it can cause more harm
than good. For example, aftermarket cold flow
enhancers can interact poorly with cold flow
additives blended into the fuel at the refinery
or the terminal, resulting in filter plugging

and potentially worsening the fuel’s cold flow
properties. Aftermarket additives become

less soluble in cold temperatures and may

not dissolve correctly in the fuel. The growing

interest in “all-in-one” differentiated diesel
fuels has brought additives to the forefront as
managers look to harness the best formulation
package for their unique fleet needs. Enhancing
diesel fuel is a science best left to the experts
and we recommend fully formulated diesel
products from reputable suppliers with a long-
standing commitment to fuels quality.
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Section One

Establishing a platform for productive,
efficient and sustainable commercial
transport, with a focus on reducing emissions

06

The critical importance of fuel
detergency for high pressure,
precision injection systems

Just as lower emission engine technology is at
the heart of the modern lower emission diesel
fleet, the right fuel additive technology is at
the heart of the best modern diesel fuels. High
pressure, precision diesel injection systems
are designed to optimize fuel combustion
characteristics (see Figure 14).

This elevates the importance of diesel
detergency in ensuring the injection system
performance stays true over a vehicle’s

lifetime. Injector cleanliness is critical for the
performance of lower emission diesel engine
technology, as you can see in Figure 15.

Fuels designed to help keep precision fuel
injection systems clean can also contribute to
reduced fuel consumption. ExxonMobil’s Diesel
Efficient™ fuel, marketed under Esso, Mobil and
Exxon brands, and available in many markets
globally, incorporates a terminal-additized
detergent and many fleets are benefiting from
its fully formulated performance benefits, on-
road and on-rail (see Figure 16)."

Figure 14

Optimizing fuel combustion in modern lower emission diesel engine technology

Optimizing fuel combustion:

Engine manufacturers seek to optimize the diesel combustion process, balancing trade-offs between engine responsiveness, power,
fuel economy, and emissions. Diesel fuel, injected into the combustion cylinder, undergoes atomization, vaporization and fuel vapor-air

mixing in order to initiate the combustion process.

Fuel injectors are designed to optimize combustion:

Precise timing with tight
shutoff:

delivers the right amount of fuel
at the right time, without leakage
after injection is complete.

Spray pattern:

ensures fuel spray is appropriately
placed in the combustion zone,
promoting vigorous mixing
between fuel and air to initiate
combustion.

(0)

Fuel droplet size:

evaporate and burn faster.

ensures proper atomization and
vaporization, influencing burn rate.
Smaller droplets have a greater
surface area to volume ratio, so they

)

Spray penetration (or depth):

prevents liquid fuel from hitting and
pooling on the piston crown or cylinder
wall, where it won’t burn completely and
can generate particulate matter (soot).

Injector deposits can negatively affect these characteristics, detrimentally impacting engine efficiency, performance, and emissions.

Internal deposits can hinder the movement and seating of the injector needle, resulting in non-optimal injection timing or leakage of fuel which
can subsequently coke and generate soot. Nozzle deposits (or coking) can alter the spray pattern, fuel droplet size, and spray penetration in
undesirable ways which deviate from the original engine design.

Source: ExxonMobil.

Figure 15

Function of an effective diesel detergent technology

How the fuel injector optimizes combustion

Dlrty Internal
d it:
Spray pattern: posts
Inconsistent
Fuel not supplied
efficiently & timely Nozzle
deposits
Operation:
Injector motion is hindered o .
Zoomed in - internal view
Incomplete combustion

Source: ExxonMobil.

Cleaner

Spray pattern:
Uniform spray pattern
Small fuel droplets

Operation:
Consistent flow

Timely operation

The 1-2-3 of the right
fuel detergent

Finds deposits

Interacts with
the deposit

Releases deposit from the
metal surface & carries
away with the fuel
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Figure 16

Case Studies - Leveraging Esso Diesel @

Efficient™ Fuel Technology -
On-Road

Esso Diesel Efficient™ fuel helps lower a road transport

company’s operational cost & improves business efficiency®

We worked with one of the largest private transport providers in
Singapore, with a fleet of more than 1,000 vehicles. This fleet’s on-going
search for ways to enhance overall business efficiencies resulted in a trial
of Esso Diesel Efficient fuel.

Their fleet’s concern centred around: Cost savings: The 19-day test used a US EPA Certified
. . Tier 3 GE ES44AC locomotive, during
' tE:su:mg v:h'd:s are Tblzto o O which 16K litres of non-detergent No. 2
© stress irom heavy loads. diesel fuel were consumed to establish
=  Protecting engine life and . O

baseline performance. The engine then ran

optimising their performance. on 66K litres of Esso Diesel Efficient fuel.

=  Minimising vehicle downtime and average increase in fuel efficiency.

CRERIIanisnane=ceste The injectors that ran on Esso Diesel

The trial®, which was carried out in 1 ll O/ Sieiems e e

collaboration with Esso, exceeded O =  Anaverage 3.8% higher flow rate

expectations. L . than the injectors that ran only on
average reduction in DEF consumption. non-detergent diesel.

=  Smaller diesel fuel droplet size
distribution.

Efficient and productive fleet operation: Increased product confidence: = Visible reduction in external
»  More powerful and responsive = Greater service reliability and deposits.
engines. customer confidence.

»  Enhanced efficiency with fewer
engine breakdowns.

= Greater reduction in black smoke and
engine cleanliness retained.

= Fewer refuelling trips required.

2 This Proof of Performance is based on the experience of a single customer who used Esso Diesel Efficient™ fuel
over a trial period of 6 months. Actual results can vary depending on factors such as type of operation, vehicle,
engine, driving conditions, driving behaviour and diesel fuel previously used.

® The comparison during this trial period was against our commercial additized diesel (ADO) with different dosage
of additive(s). Data collected was based on telematics reporting on fuel consumption and mileage travelled. DEF
(AdBlue) consumption was derived from drivers’ manual record keeping. Trial was performed in Singapore by our

customer on 4 prime movers. Source: Esso Diesel Efficient™ customer testimonials.

conditions and diesel fuel previously used.

Esso Diesel Efficient™ fuel helps a rail freight operator

improve fuel economy & reduce emissions¢

We worked with one of North America’s largest rail freight operators.
To support its sustainability goals, the customer trialed Esso Diesel Efficient
fuel to test its ability to improve fuel economy and reduce exhaust emissions.

Post-trial analysis showed that Esso Diesel
Efficient delivered an improvement in fuel
efficiency.

The finding showed that if the customer’s
entire fleet switched to Esso Diesel
Efficient fuel it could annually achieve a
reduction in fuel consumption of 3 ML and
lower CO, exhaust emissions by 8M KG.¢

Non-Detergent Diesel Esso Diesel Efficient™

This injector This injector accumulated

accumulated 8,800 12,000 MWhrs on non-

MWhrs on non- detergent diesel prior to

detergent diesel only. Esso Diesel Efficient™
fuel cleanup.

¢ Results were measured over a 19-day demonstration on a single locomotive. Actual benefits and fuel economy
will vary depending on factors such as vehicle engine type, engine conditions and diesel fuel previously used.

9 Figures calculated as potential benefits that could be realized over an entire year assuming the rail company’s
entire fleet realized the same benefits as the locomotive in the 19-day field demonstration. Actual benefits and
fuel economy will vary depending on factors such as locomotive / engine type, engine conditions, operating

Ex¢onMobil
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Section One in Brief

» Productivity and efficiency are fundamental needs of commercial fleets, and this

has helped shape the solutions adopted for moving people and goods from A to
B today. All future choices are assessed through these two critical lenses.

= Demand for commercial transportation is anticipated to rise globally. This

growth in demand, and increasing societal efforts to reduce emissions, mean
sustainability, and especially reducing fleet GHG emissions, is a rapidly emerging
additional consideration of fleet planning.

= Whilst alternative powertrain technology is beginning to gain penetration in

commercial fleets, diesel technology will continue to play a major role, for the
fleet on the road today and especially longer haul, heavier-duty applications.

Commercial fleets can now choose from a range of tools (including driver
training, telematics, smart routing, and improved aerodynamics) to enhance
efficiency and reduce emissions. Leading fleets have demonstrated significant
advances, improving productivity and efficiency, thereby lowering both operating
costs (TCO) and reducing emissions per ton mile.

= Modernizing the existing fleet to benefit from the latest lower emission diesel

engine technology is a key component of the strategy used by many advanced
commercial fleets.

» Fuel quality is a key enabler of this transition to lower emission vehicle

technology. Fuel detergency is especially important in ensuring high pressure
precision injection systems function optimally.

Utilizing the right fully formulated diesel fuel technology helps advanced
commercial fleets maximize the benefits of fleet modernization and helps
optimize their efficiency in operation.




Section Two

Lowering lifecycle GHG
emissions and shifting towards
a portfolio of alternative fuels

Transportation significantly contributes to global emissions, representing around 25% of
global greenhouse gas (GHG) emissions, of which road transport makes up around 18%.°
Commercial transport makes up a significant share of road transport emissions relative

to the overall transport fleet. Duty cycles, including the distance traveled and the heavy
load hauled, mean that road freight is categorized as a harder to abate sector. 7 As global
transportation energy demand is expected to grow due to global economic growth, a mix
of vehicle and fuel technologies will be needed to meet consumers’ needs and societal
ambitions today and in the future. No one solution will be able to meet all of society’s
transportation needs while contributing to lower GHG emissions goals.

01

Calculating and tracking emissions is a key challenge
for fleets in meeting decarbonization goals

The research we commissioned of medium and
large commercial heavy-duty fleets indicates
that the majority have established emissions
targets with approaches varying around a series
of common themes. Overall the largest fleets
are more likely to have established targets - see
Figure 17.¢

In our research, around a third of commercial
trucking fleet operators highlighted
“understanding, calculating, and tracking fleet
emissions” as one of the key barriers to their
decarbonization efforts (along with costs and
availability of technology, vehicles, and fuels)

- see Figure 18. Without measurement it is
difficult to establish targets and track progress.
Policy varies between regions, countries and
indeed states/provinces. This influences how
emissions are assessed locally and regionally.
Most vehicle policies today consider tailpipe
emissions only. To advance societal goals cost-
effectively, policy makers must consider both the
full lifecycle emissions of vehicles and the fuels
they use.

By Region — NA

By Fleet Size -

Figure 17
Fleets are establishing emissions targets®

% of Trucking Fleets with Emissions Targets

EAME

AP

50-100
trucks

500+
trucks

68%

71%

Fleets with 50 or more heavy duty trucks for whom

decarbonization is a strategic consideration

Question:

75%

86%

95%

Have you established emission targets for your fleet? N=148 for EAME,
150 for NA, 150 for AP. 185 for 50-100 trucks. 83 for 500+ trucks

Source: ExxonMobil-commissioned research by Frost & Sullivan.®

Ex¢onMobil
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Section Two

Lowering lifecycle GHG emissions and shifting
towards a portfolio of alternative fuels

02

The importance of accounting for
lifecycle emissions to help meet
societal climate ambitions

The lifecycle assessment of the fuel being used
can be broken down into simplified stages as
shown in Figure 19.'8 This approach offers
the most holistic solution towards reducing
transportation emissions, as emissions occur
at multiple stages along the value chain,

both upstream and downstream of the fuel
and vehicle. Utilizing a lifecycle approach
would enable the quantification of emissions
associated with the production, transport,

use, and final disposition of both fuels and
vehicles. Policies addressing the full lifecycle
emissions of vehicles do not rely solely on
vehicle replacement to achieve the policy
objectives; they also encourage investment
and technology development that could result
in faster and more robust emissions reductions
from existing fleets.

Life Cycle Assessment (LCA) is the process
of systematically assessing a product’s total
GHG emissions over its complete lifecycle. The
process calculates the Carbon Intensity of the
fuel/energy source.

Carbon Intensity (Cl) is a measure of lifecycle
GHG emissions, expressed in units of CO,
equivalent (CO,e) emissions per unit of energy.
It is usually expressed per megajoule of energy.
CO,eis used to account for the GHG potential
of all emissions, not just CO,, expressed in

Ex¢onMobil

terms of an equivalent amount of CO, based
on each emission’s GHG potential. The fuel
lifecycle assessment is described as Well to
Wheels (WTW). The lifecycle assessment can
be split into two phases: Well to Tank (WTT)
and Tank to Wheels (TTW).

WTT represents the GHG emissions,
expressed in CO,e/MJ, associated with fuel
production and distribution to the end user
vehicle refueling point.

TTW represents the GHG emissions from a
fuel’s use (combustion) phase, expressed in
CO,e/MJ.

WTW analysis does not, however, consider
the full lifecycle of the vehicle from production
(including its components) through end

of life, including disposal. So, while WTW
methodology provides a structured
mechanism for comparing the lifecycle
emissions of different fuels, a more complete
analysis of the comparative emissions of
various vehicles and their associated fuel/
power source is required to make a fully
informed choice.

Figure 18
Main decarbonization challenges reported by commercial trucking fleets®

High Decarbonization Barriers
What do you see as the barriers to your company’s decarbonization efforts?

High LEF Cost — 72%
LEF Availabiticy | N 7%
High Upfront Costs _ 60%
Availability of Suitable LE Vehicles _ 53%
Higher Operational Complexity _ 52%
Lower Route Flexibility _ 40%
Inyard Infrastructure Complexity — 39%
Calculating & Tracking Emissions _ 36%
Residual Value / Resale Uncertainty _ 36%
Driver Experience _ 29%
Availability of Technology _ 30%
Reduced Fleet Efficiency _ 25%
Reduced Revenues _ 22%
Management Resistance _ 12%
Source: ExxonMobil-commissioned research by Frost & Sullivan.®
Figure 19
Lifecycle approach to emissions assessments
Well to Tank (WTT) Tank to Wheels (TTW)

Land Fuel
Production

Land Fuel
Distribution

Primary Fuel
Production

Land Fuel

Primary Fuel
LU Combustion/Use

Transportation

|
Well to Wheels (WTW)

Source: ExxonMobil.
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Section Two

Lowering lifecycle GHG emissions and shifting towards a portfolio of alternative fuels

03

The emergence of a portfolio
of fueling alternatives

A portfolio of alternative fuel solutions is
emerging, offering choices that can contribute
to varying degrees of reduction in lifecycle GHG
emissions from land transport. Commercial
fleets will view the attractiveness of these
emerging solutions through the lenses of
productivity, efficiency, and sustainability
described in Section One.

Figure 20 offers a simplified view of these
emerging choices.

Figure 20

Key Fleet Decision Drivers

g
Sustainability

Efficiency

®

Productivity

Source: ExxonMobil.
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Many pathways exist to lower GHG emissions in
the road transport sector. A portfolio of solutions
approach will be required as each option has
advantages and limitations. All solutions will
likely have roles to play in reducing emissions
from land transport with prospective strengths
across the wide range of duty cycles prevalent in
land transport.

Emerging alternative fueling choices for land transport

Emerging Energy Choices

©

Additized Diesel

Biofuels

Productivity

= Electricity Gas

®

e-fuels
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Figure 21 outlines these choices and some specific
considerations around the productivity, efficiency, and
sustainability lenses, which will guide selection for different
applications over time. For a brief overview of choices facing
land transport such as battery electric vehicles, hydrogen

(fuel cell electric vehicles or hydrogen ICE engines) and

RNG (renewable natural gas) we draw your attention to the
companion paper Mobility Reimagined, on the road to lower
GHG emissions, but we include a brief summary below.

Biofuels

Solutions like biofuels are an important part of the
consideration set for regulators and commercial fleets.

In addition to biodiesel and renewable diesel, which will be
covered in more detail in Sections 3-5, some commercial
operators use compressed and/or liquified renewable natural
gas (RNG) to reduce lifecycle emissions' from their trucking
operations. Switching of fleets from diesel to natural gas
(RNG or otherwise) benefits from operational scale given it
often requires new trucks and or retrofitting existing models,
repurposing of in-yard facilities and training of

maintenance teams.

Battery Electric Vehicles and Hydrogen

Electrified vehicles (EV) are one component of a
multitechnology transportation future to reduce GHG
emissions. Innovators and early adopters are beginning to
incorporate hybrids, full battery electric vehicles (BEVs) and
to a lesser extent hydrogen-powered fuel cell electric vehicles
(FCEV) in their fleets with consideration of important factors
such as range, charging times, and charging infrastructure.
Duty cycle, use cases (e.g. refrigerated trucks), terrain, and
cab temperature are additional points to consider. Fleet
managers are segmenting their vehicles into different

duty cycles. Some selectively deploy EV solutions into the
elements of their fleet, whose operation and duty cycle

best suits available solutions. The lifecycle GHG emissions
reduction potential from battery electric vehicles is highly
dependent on the carbon intensity of the electricity

source utilized.

The lifecycle GHG emissions of electricity production differ
significantly by region. Global emissions from electricity
generation have continued to grow; increasing by 1% in
2023.%° Significant investments in a lower carbon intensity

Ex¢onMobil

grid, well-developed charging infrastructure, and responsible
sourcing and manufacturing practices will be key factors
enabling these technologies to scale in the future. In addition
to fuel cell electric vehicles, hydrogen can also be used in
internal combustion engine applications, although this does
not offer zero criteria emissions at the tailpipe due to NOx
emissions. Hydrogen is viewed by many as a good alternative
lower emission solution for heavier-duty, longer haul
applications.?’ ExxonMobil is helping develop both battery
electric and hydrogen ecosystems with projects ranging
from collaborations with EV charging networks,? to lithium
extraction? and hydrogen production.?*

eFuels

eFuels are synthetic fuels that can be made using renewable
electricity to generate hydrogen, and when combined

with captured carbon, create drop-in replacements for
conventional petroleum fuels with a lower carbon intensity.
Delivering lower-cost synthetic fuels, not just from renewable
hydrogen, but also from lower carbon hydrogen, produced
from natural gas with carbon capture, could accelerate the
introduction of such synthetic fuels.

Conventional liquid fuels and internal combustion engines
provide convenient and affordable transportation options.
Liquid fuels are preferred for commercial transportation
(heavy-duty and long-haul trucks, ships and planes) due to
energy density requirements where significant on-board
energy storage is valued for long-haul driving ranges, heavy
loads, or other energy-intensive applications. eFuels should
be considered as part of the future lower carbon intensity
liquid fuels solution set.

Today, eFuels are expensive with current technology and
would require regulatory support to become economically
viable. ExxonMobil has significant technical experience and
expertise in hydrogen production, carbon capture, and liquid
fuel synthesis.

Figure 21
Overview of alternative fueling choices for land transport

Alternative energy solutions that may
be leveraged within the portfolio include:

B Biofuels and synthetic fuels that can be blended with or replace
existing conventional diesel fuels.

B Renewable Natural Gas as a lower GHG emissions substitute for
compressed or liquified natural gas (CNG or LNG).

B Electrification / EV charging that may provide a lower GHG
emissions alternative where operating conditions are conducive.

B | ower lifecycle GHG emission hydrogen (e.g. green, blue) for
a lower GHG emission alternative to hard-to-decarbonize
transportation such as HD trucking.

Key considerations:

)
=)

&)

Source: EM Land Fuels Position Paper, 2023 (with minor amendments).

Scale (supply/infrastructure)

Vehicle/fuel compatibility

Technology readiness

©

Affordability

Varied transportation needs
(use cases, LD vs. HD)

Lifecycle GHG emission reduction potential
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Lowering lifecycle GHG emissions and shifting
towards a portfolio of alternative fuels
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The role of duty cycles in shaping pathways

Commercial fleets are typically made up of a range of
vehicles from lighter to heavier-duty and operate over a
range of operating conditions. So it is to be expected that
larger commercial fleets, even though they might prefer to
simplify operationally, are likely to operate a mixed regime
of fueling choices. They may also choose to move in stages
between choices over time as infrastructure is built and
policy evolves to support certain pathways.

There are different and constantly evolving views of

the relative roles battery and hydrogen fuel cell electric
vehicles will play in commercial transport and how it will
evolve over time. Figure 22 is a highly simplified illustration
of how two of the key factors of duty cycles, load and
distance, are likely to influence fuel selection. The range

of EV is based around currently available technology

and is expected to increase as battery technology
develops further.

Fleet managers with the most ambitious plans to
decarbonize their operations are picking the most

suitable solution for different subsets of their fleet. This

is often with a more accelerated deployment of EV for
lighter duty, shorter haul, urban operations, together

with the deployment of alternative solutions for heavy-
duty, longer haul operations. Charging infrastructure and
grid investment is a significant consideration with fleets
potentially more likely to decarbonize return-to-base
fleets first while reliable heavy-duty charging infrastructure
develops for roadside fueling. Hydrogen is expected by
many to play a supporting role with an emphasis on longer
haul, heavier duty applications, and where faster refueling
times are needed to minimize downtime.

We will explore biofuels at greater length in the rest
of this paper.

Ex¢onMobil

Increasing Load

Figure 22

Overview of alternative fueling choices for land transport

Source: ExxonMobil conceptual.

Increasing Range

H FCEV and ICE

\E

longer distance
heavier haul

Lighter duty use cases likely to
electrify first.

Drayage & yard tractor heavy-
duty use cases most attractive
to convert today.

Return-to-base distribution
center operations & point to
point applications follow.

Longer & heaviest haul more
challenging to transition.

Biofuel solutions can play a
complementary role across the
full range of duty cycles.
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Lowering lifecycle GHG emissions and shifting
towards a portfolio of alternative fuels
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The importance of infrastructure in shaping pathways

Battery Electric and Hydrogen-Powered

development to support wide-spread,
convenient deployment. Enabling the
transition to EV requires significant investment  need them.
in renewable power sources, the power grid

and in a suitable high speed charging network  Policy makers play an important role in shaping

(augmented by smart grid / load balancing demand across the portfolio of solutions as
capabilities and digital route-optimization well as supply-side incentives, supporting
enablers) to enable battery recharging where infrastructure development.

it is required to get vehicles back on the road
quickly to avoid lost productivity.

Ex¢onMobil

Biofuels have the benefit that much of

(Fuel Cells and Internal Combustion Engine the existing fuel distribution and refueling
technology) require significant infrastructure infrastructure can be leveraged in the supply
chain to connect these solutions with end
users, conveniently, where and when they
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The role of policy in enabling choices

For more than a decade, ExxonMobil has supported an economy-wide price on
CO, as the simplest and most efficient way to reduce greenhouse gas emissions.
Sector-based policy options, however, if designed appropriately, could also be
an effective way to reduce emissions. To this end, we believe a holistic lower-
carbon intensity transport policy that combines a market-based, technology-
neutral fuel standard with a lifecycle vehicle CO, emission standard could drive
emissions reductions from across the entire vehicle fleet. ExxonMobil believes
that existing transportation sector-based policies could be improved to achieve
meaningful GHG emissions reductions through complementary fuel policy and
vehicles standards. This approach would encourage investment in lowering the
carbon intensity of fuels (liquid, compressed/liquefied gas, electricity, hydrogen),
improving the performance of vehicles on a lifecycle GHG emissions basis,
including those upstream of a vehicle’s tailpipe. Here are some of the desired

features of such policy framework.

Fuel policy

To encourage investment in technologies

to reduce GHG emissions from existing

fuel types, ExxonMobil is encouraging
policymakers to consider the development of
a holistic lifecycle and carbon-intensity based
fuel standard. This would be measured in
grams of CO, equivalent per Mega Joule
(MJ) of fuel energy (g CO,e/MJ) that would
provide a long-term market signal for

the production and use of lower carbon
intensity solutions. Such a standard, which
could be increased in stringency over time,
would establish a market for credit trading
that would offer flexibility on compliance
mechanisms and underpin investments in
technologies to reduce carbon emissions
from fuels and from both existing and new
vehicles. Canada’s Clean Fuels Regulations
(CFR) is just one example that has several of
the desired features.

44 To encourage investment
in technologies to
reduce GHG emissions
from existing fuel
types, ExxonMobil
is encouraging
policymakers to consider
the development of a
holistic lifecycle and
carbon-intensity
based fuel standard.

”
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Examples of lower carbon intensity fuels that might generate credits
under such a standard would include ethanol, biodiesel, renewable
diesel, renewable natural gas, hydrogen, electricity produced for EVs, and
traditional fuels produced with lower emission technology such as carbon
capture and sequestration. Moreover, the standard could be expanded
beyond road transportation to the marine and aviation sectors that
support multi-modal commercial freight journeys. Some key principles of
such a standard are that it:

= Supports GHG emissions reductions while preserving consumers’
access to affordable and reliable transportation.

= Relies upon credible, and transparent lifecycle assessment to measure
GHG emissions reductions throughout the entire lifetime of the fuel
and vehicle technology pathway.

= Establishes a clear framework that provides sufficient, long-term
certainty to enable investments towards the production of lower
emissions fuels and vehicles and avoids conflicts/duplication with
other government policies.

= Establishes technology-neutral emissions performance standards and
creates an opportunity for market-based solutions and innovations.

Ex¢onMobil

44 A lifecycle approach,
which accounts
for lifetime GHG
emissions, allows for
a more transparent
comparison between
the emissions
associated with
vehicle and fuel types.

”

Vehicle standards

In addition, complementary emission standards for new vehicles, based
on well-to-wheels lifecycle emissions accounting methodology, would
encourage lower CO.e emissions per mile/km driven (gCO,e/mile or
km). Current vehicle GHG emissions standards account only for fuel
combustion, or tank to-wheels emissions. A lifecycle approach, which
accounts for lifetime GHG emissions, allows for a more transparent
comparison between the emissions associated with vehicle and fuel
types. Moreover, it enables consistent GHG accounting, and thus provides
a more holistic approach toward encouraging advancement in vehicle
technologies that can reduce GHG emissions.

Linked fuel and lifecycle vehicle CO, standards offer a preferred,
technology-neutral policy pathway, relative to mandates which force
specific technologies. A policy that aims to reduce GHG emissions from
existing fuel types and that recognizes lifecycle emissions from new
vehicles can help retain consumer choice for the type of vehicle they prefer
to drive, would help lessen risks on energy security and supply disruption,
would retain jobs throughout the transportation sector, could grow the
role of agriculture in providing energy feedstocks, and ultimately, would

be supported through a credit-based system, not taxes, whilst delivering
emissions reductions in the most rapid and cost effective way.
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Section Two in Brief

Lowering lifecycle GHG emissions
and shifting towards a portfolio of
alternative fuels

= Given the anticipated continuing growth of commercial land
transport, and the contribution land transport makes to global
emissions, alternative energy pathways need to be developed to
reduce emissions.

= These efforts are complementary to the job of improving the
efficiency of the existing diesel fleet and solutions identified in
Section One.

= A portfolio of transport energy solutions is emerging from bio
and renewable fuels to electrified vehicles, renewable natural
gas, and hydrogen.

= Commercial fleets will assess these choices through the lens of
productivity, efficiency, and sustainability.

» Larger commercial fleets will likely need to avail themselves of a
portfolio of solutions to achieve their goals, given the variety of
use cases and duty cycles for land transport with different solutions
being advantaged at differing points of the duty cycle map and at
different stages in infrastructure and maturity development.

= Policy measures could shape the direction and pace of the energy
transition in land transport. A lifecycle approach to emissions
should be the preferred approach for evaluating energy choices
for land transport.

Ex¢onMobil



Section Three

Biofuels as a portfolio solution
for lowering lifecycle GHG
emissions from commercial fleets

01

Biofuels demand in land
transport is expected to grow

Figure 24

Alternative fuels awareness - managers
of medium to large sized heavy-duty fleets
(Europe, North America & Asia Pacific)®

How familiar you are with the following?

% Familiar or

ExxonMobil projects biofuels use will grow in land transport from 2023-2050, as shown Very Familiar
in Figure 23.” Based on fleet research, commissioned by ExxonMobil, awareness around
biofuel solutions lags behind other alternatives (see Figure 24), and fleet managers are Electric _ 95%
still determining their potential and the distinctions between different propositions. We
have found a need for more awareness of these alternatives, and clarification around Natural Gasd liquified _ 88%
terminology. We also see an appetite for education about these choices, and associated (compressed or liquified)
benefits and tradeoffs, as well as actual experience of other fleet operators. The rest of Additised Diesel o
this document is focused on addressing these questions. tisediese _ o
Renewable Natural Gas o
(compressed orliquifed [ ] 70%
. Renewable Diesel ®
Figure 23 o Biofuels use (R100 or HV0100) [ ] 63%
Projected demand for biofuels in Million barrels per day of oil equivalent
land transport 2023-507 Hydrogen _ 58%
6
Source: ExxonMobil analysis.” Diesel with up to 10% biodiesel o
(eg.57 or 810 [ ] 57%
4 Heavy Synthetic or e-fuels _ 51%
Duty
Vehicles Higher biodiesel content blends _ 44%
2 (e.g.B20 or B30)
Light Renewable Diesel blends 9%
Duty (e.g. HVO20-HVO50) ] 39%
Vehicles
0 Source: ExxonMobil-commissioned research by Frost & Sullivan.®
2023 2035 2050
" Outlook
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Biofuels as a portfolio solution for lowering lifecycle GHG emissions from commercial fleets
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Biofuels are not all the same

Firstly, and very importantly, not all biofuels are the same, given many variables and
associated choices:

» Bio-feedstock.
= Production pathway.
= Carbon intensity (which depends on several factors including the above).

For commercial trucking, there are two main biofuel solutions.

 Biodiesel, also known as Fatty Acid Methyl Ester (FAME). For more details see Section 4.

» Renewable diesel, also known as hydrotreated vegetable oil (HVO) and HDRD
(Hydrogenation Derived Renewable Diesel). For more details, see Section 5.

Figure 25
Feedstock choices to replace crude oil with bio-feeds
in lower GHG emission transportation fuels

Vegetable oils and fats
Camelina, canola
waste fats and oils

Agricultural waste
Wheat straw, corn stover

In development

Woody biomass
Forestry residue, sawdust

Refinery

Future potential 3rd generation

biofeed

Source: ExxonMobil illustration.
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There are different kinds of bio-feedstocks

Biofuels producers are navigating a range of choices around biofeed. Depending on the feedstock
chosen, biofuels are sometimes designated as 1%, 2", and 3" generation biofuels.

llustrations of the potential production pathways are summarized in Figure 25. Opening up
a wider range of pathways would help mitigate potential shortfalls in supply and/or potential
competition for feedstock between heavy land transport and marine / aviation transport.

Policy has a bearing on which pathways are supported in different geographies and/or will
influence which are more likely to emerge. There are differences in how policy makers in various
jurisdictions categorize and assess different feedstocks, with considerations including sustainability
criteria, such as potential implications for both direct and indirect land use change (ILUC).%

a) Edible oils (First generation biofuels)

Edible, primarily vegetable oils, are currently the most abundant oil feedstock available to produce
biofuels. The three most abundant edible oils are soy, canola (an edible variant of rapeseed), and
palm. Each is developed in different conditions and regions. The crops are grown, harvested, crushed
to separate the oil from the solid matter, and pretreated to remove impurities from the oil to improve

its quality.

b) Waste oils & fats (First generation biofuels)

Waste oils are primarily made up of used cooking oil, animal fats, or inedible wastes from the
production of other products (e.g. palm oil mill effluent - POME from the production of palm oil,
distiller’s corn oil from the production of ethanol).

As waste products, they have a wide range of impurities and must be pre-treated like edible oils.
Because of their diversity, they also offer unique challenges in reaching the qualities desired for
processing into fuels.

However, products made from these waste oils generally have lower life cycle carbon intensities
than products made from edible oils. For example, under the European Union Renewable Energy
Directive Annex V, the default GHG emission saving vs conventional diesel for rapeseed biodiesel
is 47%, whereas waste cooking oil-based biodiesel has an equivalent default saving of 84%.2

Two of the largest categories of waste oils are used cooking oil (UCO) and palm waste (palm fatty
acid distillate or PFAD, and palm oil mill effluent or POME).

The nature of waste value chains creates a barrier to accessing these feeds. Because waste is
inherently a byproduct rather than a primary business, these feeds need to be aggregated by
specialty companies. For example, the average US restaurant produces approximately 25 gallons
per month?¢ of UCO (there are approximately 1M?” US restaurants).
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c) Oilseed cover crops (First generation biofuels)

Cover crops are crops grown between cash crops to help manage

soil erosion, soil fertility, soil health, water, weeds, pests, disease, and
biodiversity.?® These include a wide variety of crops, including oilseeds.
Unlocking new supplies from oilseed cover crops offers important
potential for growing available feedstock for biofuel production.

Using cover crops may have agricultural benefits. It can protect and
improve the soil during fallow periods.?? Common practice has been to use
non-oil-bearing plants and to plow under the crop when it is time to plant
the primary cash crop (sometimes before the cover crop would even reach
maturity). Combining the potential agricultural benefits of cover cropping
with the production of a lower lifecycle GHG emission fuel feedstock could
create conditions for expanding oily cover crops globally,*° harvesting the
oil seeds and plowing in the rest of the crop. These benefits will need to be
considered alongside the resources required for additional cropping and
policies on oilseed cover crops being accepted or incentivized in respective
markets.

d) Cellulosic feedstock (Second generation biofuels)

Cellulosic feedstocks may offer the largest potential supply of lower
carbon intensity feedstock, but likely also present a greater challenge in
conversion to liquid hydrocarbon fuels. First, they are low energy density
solid materials like municipal solid waste (MSW), agricultural waste
(straw, stover, bagasse), and forestry waste (branches and thinnings),
which are difficult to move and process in existing assets. Second, they
often contain more than 40% oxygen by mass, compared with closer to
10% for oils and 0% for hydrocarbon fuels, which reduces product yields.
However, their global supply potential is larger than any other categories
discussed previously.

This waste needs to be collected and consolidated, so new value
chains must be developed to collect and prepare the feedstock to an
appropriately homogenized quality that can be converted into fuel.
Two exceptions to this are the categories of municipal solid waste and
forestry wood pellets.

The first is widely collected in much of the developed world, but the
degree to which it is sorted is often not sufficient to allow for processing
into fuels. Additional municipal waste sorting would be an enabler of
production of lower carbon intensity fuels from the organic waste which
has been separated out.

Ex¢onMobil

The second is waste from the forestry industry, where there is a growing
value chain collecting wastes like sawdust, slash (branches left in the
field), and thinnings (small trees removed from commercial forests

to facilitate growth of other trees). Frameworks are in place to help
prevent this value chain from contributing to deforestation, harming
biodiversity and ensuring that forestry waste genuinely is unavoidable
waste from existing (necessary) activities. These wastes are processed
into homogenous chips or pellets and transported globally for heat and
power production, but they could also be suitable for conversion to
hydrocarbon fuels.

While cellulosic feedstock is the most abundant potential feed, it is highly
distributed and difficult to move, so local supply may be advantaged.
With the expected importance of cellulosic conversion pathways,

access to affordable local feed will be important for competitiveness.

e) Algae and seaweed (3rd generation biofuels)

Algae and seaweed, if they can be produced at commercial scale, are
a potential bio-feed to consider as part of the mix of solutions for the
longer term.*!

V/4

Combining the potential
agricultural benefits of
cover cropping with the
production of a lower
lifecycle GHG emission
fuel feedstock could
create conditions for
expanding oily cover
crops globally. #7
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Section Three

Biofuels as a portfolio solution for lowering
lifecycle GHG emissions from commercial fleets

04

There are different production pathways

In conjunction with different bio-feedstocks, there are
also different production methods. We will cover these
in more detail in the following sections on biodiesel and

renewable diesel.

These pathways influence end product quality, suitability

for different applications and carbon intensity.

05

Regulators have established frameworks

for assessing the carbon intensity of biofuels

Increasingly, policymakers are establishing more
standardized approaches for the lifecycle assessment
of products like biofuels, which account for the GHG
emissions along the entire chain, covering sourcing,
distribution, and use of the products. Canada’s
federal Clean Fuel Regulations use an Environment
and Climate Change Canada (ECCC) developed

LCA model. Canadian provincial systems use the
GHGenius Model. In California, California GREET
(CA-GREET 3.0) life cycle model is used to calculate
estimated GHG emissions for differing transport fuels
under California’s Low Carbon Fuel Standard (LCFS).
The European Union’s Renewable Energy Directive
includes a WTW formula and some default values for
different types of biofuels.

Figure 26 shows in conceptual terms how lifecycle
assessment is applied to biofuels.

Figure 26
Lifecycle approach to biofuels emissions

Biofuel Lifecycle Assessment

During the biofuels lifecycle, CO, released in the combustion phase of the product is at least
partly abated by absorption in the growth phase, meaning biofuels often have a lower carbon

intensity than conventional fuels

CO; Absorbed \ \ \ CO2 Released
/ / /
Well to Tank (WTT) Tank to Wheels (TTW)
|
\ Feedstock Feedstock Feedstock Refining & Biofuel \\ Land Fuel \

Well Growth Production Transport

$- ey TG

Processing Transportation Combustion / Use

Well to Wheels (WTW)

Source: ExxonMobil illustration.
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Biofuels are supported by certification
agencies and voluntary schemes

Responsible sourcing of bio-feedstocks has an important
bearing on the overall societal benefits of biofuels as part of
a strategy to reduce lifecycle fleet GHG emissions.

Voluntary Sustainability Certification Schemes like the ISCC
EU (International Sustainability and Carbon Certification)
issue Proof of Sustainability (POS) documentation that
verify against the requirements of the Renewable Energy
Directive. The POS conveys feedstock information and
carbon intensity estimates. There are many sustainability
certification schemes that verify against a variety of
regulatory or voluntary requirements.

Voluntary assurance schemes like RFAS (The Renewable
Fuel Assurance Scheme run by Zemo Partnership, a
public-private partnership in the UK) seek to track proof of
sustainability of fuels from the point of duty to the end user
through multiple distributors and/or blenders.

30
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Section Three in Brief

Biofuels as a portfolio solution for
lowering lifecycle GHG emissions
from commercial fleets

Biofuels can play an important role in reducing lifecycle GHG emissions from
land transport and demand is expected to grow.

Different choices of bio-feedstocks are available, from 1st generation
crops to cover crops and waste oils, to the emerging potential of cellulosic
materials and 3rd generation feeds like algae and seaweed.

« Different feedstocks may require different production pathways.

Various types of biofuel are available for commercial fleets, with different
production pathways and differing levels of carbon intensity.

» The assignment of carbon intensity values of biofuels is also impacted by the

models adopted by policymakers in various jurisdictions.

= Certification schemes help document carbon intensity and feedstock origins

of different biofuels. Voluntary assurance schemes play an important role in
auditing the pass through of biofuels and their associated carbon intensity
benefits to end users through a complex supply chain.
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Section Four

Biodiesel has a role to play
in reducing lifecycle GHG
emissions from commercial
fleets, with some limitations

01

What is biodiesel?

Biodiesel is what most people think of when they talk about biofuels for commercial applications.
Biodiesel is typically FAME (Fatty Acid Methyl Ester), though less common variants such as fatty
acid ethyl ester can also qualify. Biodiesel has been questioned for quality and performance, in
part from examples of people “brewing” their own biodiesel in the back garden, something

we would not recommend. Modern biodiesel production is significantly more controlled and
sophisticated than that. Whilst biodiesel has some apparent constraints, we do believe a
portfolio of solutions are needed in order to reduce lifecycle GHG emissions from land transport.
Indeed, biodiesel is already being blended into conventional diesel in many markets around the
world as part of bio-mandate compliance programs.

Figure 27
End to end biodiesel (FAME) production pathway

How is Biodiesel Produced?

Methanol
& Catalyst

Water

Washing
& Drying

Filtering or
Distillation

Feedstock
Sourcing

Transesterification Separation Distribution

Reduce Glycerol Remove Additional quality  Typically blended
Viscosity Removal Impurities step for for marketing as
“Super-FAME" B5 or B7

Source: ExxonMobil illustration.

02

How is biodiesel produced?

Biodiesel is derived from a variety of
feedstocks (see the previous section). In
biodiesel production, the feedstock is
collected, consolidated, and pre-treated before
undergoing an esterification step to produce
Fatty Acid Methyl Ester or FAME, which is the
generic chemical term for most biodiesel (see
Figure 27). In the critical transesterification
step, triglycerides derived from the feedstock,
typically vegetable oils and animal fats, react
with short chain alcohol in the presence of a
catalyst, usually sodium hydroxide, to produce
FAME (see Figure 28). Differences in processing
and feedstocks result in varying levels of
contamination (see below) and different low
temperature properties. Biodiesel derived
from soybean oil, is most commonly available

Figure 28

in the US and is also referred to as SME (Soy
Methyl Ester). RME (Rapeseed Methyl Ester)
derived from rapeseed oil, is the most common
biodiesel blendstock available in Europe. PME
(Palm Methyl Ester) derived from palm oil, is the
most common biodiesel blendstock available in
Asia. FAME is more expensive to produce than
conventional diesel due to the typically smaller
scale of production and the increased effort of
feedstock collation. Unlike conventional diesel,
FAME is an oxygenate and this has implications
in its application. Because FAME is chemically
different from conventional diesel, national and
international standards have been developed for
biodiesel, as described in the next paragraph.

Transesterification process producing biodiesel from bio-oils.

For FAME, R is the methyl group (CH3)

R1-C-O-CH> R1-C-O-R HO-CH:2
I I
O | Catalyst O |
R>-C-O-CH * 3R-OH — R-C-O-R * HO-CH
I Il
o | . |
R3-C-O-CH; R3-C-O-R HO-CH;
I Il
@) O
Bio-oil Alcohol Biodiesel Glycerin

Source: ExxonMobil illustration.
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Biodiesel has a role to play in reducing lifecycle GHG
emissions from commercial fleets, with some limitations

03

Biodiesel standards

Specifications like EN 14214 in Europe and ASTM D6751 in the US have been defined

for biodiesel. These specifications not only establish standards for sulfur content and cold
temperature properties (cold filter plugging point and cloud point) but are also designed to
control contaminants specific to the biodiesel production process (acid, glycerin content,
presence of catalyst, presence of free alcohol and fatty acids), ensuring products blended with

biodiesel are fit for use.

04

Biodiesel blending

Biodiesel has a place in the consideration set
for commercial fleets. Its use as a blendstock,
at least up to 5-7%, is a step adopted in many
markets to reduce the carbon intensity of
diesel fuel as a class. Pure biodiesel is often
referred to as B100. It is typically used as a
diesel fuel blendstock for on and off-road
applications. Such biodiesel blends are
designated as BX, where X represents the
percentage by volume of pure biodiesel
contained in the blend (e.g., B5, B20). In many
markets, the level of bio-mandate targets or
carbon intensity targets in low carbon fuel
standards heavily incentivize producers to
blend biofuels content into the diesel pool.

FAME is a more affordable blendstock than
renewable diesel (see following section)

and hence is typically adopted earlier than
renewable diesel to meet these targets. In
most markets, FAME blending is limited

to help ensure compatibility with diesel
vehicles. National or International standards
like EN590 in Europe and ASTM D975 in

US typically state an upper limit for FAME
content (7% and 5% respectively). France
recently changed its national fuel quality law
to permit the sale of B10 under the EN16734
standard® and the German government
followed suit in 2024.52

Ex¢onMobil
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Higher biodiesel content blends

In markets like North America in many states/
provinces, higher biodiesel content blends
are preferred in warmer months, with use

of conventional or lower biodiesel content
blends in winter conditions. B5 is blended
everywhere that blending facilities exist

and in locations where there are incentives/
mandates for higher biodiesel content blends
(such as California and lllinois), levels up to
B20 can be found. B11 is common in lllinois -
even during the winter - due to the sales tax
exemption for >10% FAME volume diesel.

B20 and B30 blends, where available,

are more commonly used in road freight
operations. These biodiesel blends are
covered by their own specifications, such as
ASTM D7467 in the US (B6-B20), CGSB-
3.522 (B6-B20) in Canada, and EN 16709
(B20-30) in Europe. In a few markets, like
Indonesia, in support of domestic production,
governments mandate elevated FAME
contents as high as 35-40%.

At FAME contents of B20 and above,
particular care is required for storage and
handling of the biodiesel product as FAME
attracts water. The presence of free water
can encourage microbial growth. In research

Ex¢onMobil

conducted by ExxonMobil, operators have
reported operational implications at FAME
contents of 20% and above, including filter
blocking. The actual experience of fleet
operators may depend on factors such as
the FAME quality, application, and operating
conditions.*?

Globally, the level of adoption of higher
biodiesel content blends is relatively small,
and primarily where incentives exist to
offset the higher production price, making
the product more attractive from a TCO
comparison perspective.

Some markets have established specifications
for the use of 100% biodiesel in land
transport, e.g. EN14214. France has a
relatively well-developed B100 market,
supported by domestic agriculture and
stimulated by local rapeseed methyl ester
production. Financial incentives, the local
production narrative and favorable treatment
in Ultra-Low Emission Zones (ULEZ) under
the Crit’Aire certificate system, have helped
grow the market with truck manufacturers
like Renault, which produce B100-compatible
truck models.

i
|
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06

Advantages of biodiesel

Biodiesel has some advantages for fleets.
Firstly, it offers the potential to reduce fleet
GHG emissions on a lifecycle basis compared
to conventional diesel. The exact emissions
reduction potential depends on several factors,
including the feedstock and production
method. To illustrate the potential difference
based on feedstock, the default values in
Annex V of the Renewable Energy Directive
estimate a 47% reduction in the lifecycle

GHG emissions of rapeseed biodiesel and

an 84% reduction in lifecycle GHG emissions
of waste cooking oil biodiesel compared to
conventional transportation fuel.”” Models and
methodologies recognized by policymakers
vary and cause the lifecycle GHG emissions
estimates to also vary by jurisdiction.

Secondly, biodiesel has good lubricity, offering
additional protection against fuel pump wear.
This means that ultra-low sulfur diesel blended
with 2% or more FAME content typically does
not require the addition of lubricity additive

to meet the minimum lubricity level for road
applications.
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Biodiesel and tailpipe emissions

The implications of biodiesel for tailpipe emissions are less clear cut.
Generally, compared with conventional diesel, B100 reduces engine-
out particulate emissions, but increases engine-out NO, emissions.>

The EMA (Truck and Engine Manufacturers Association)®* highlights
research indicating that when biodiesel fuel is used in diesel engines
not having the latest emission controls, engine-out emissions of
particulate matter (PM), hydrocarbons (HC) and carbon monoxide
(CO) are less than those from engines using conventional diesel fuel.
The studies also show that use of biodiesel fuel blends may increase
emissions of nitrogen oxides (NO,) from those same engines.
Analyses by the EMA show that NOj levels vary depending on the
biodiesel blend used and the engine duty cycle employed.

The EMA's assessment concludes that any particulate matter,
hydrocarbon, and carbon monoxide emission benefits from biodiesel
will be significant only for that portion of the existing diesel fleet that
is not equipped with exhaust aftertreatment systems. This section

of the fleet will be larger in some less-developed countries than in
other more advanced markets.

08

Truck and engine manufacturer
perspective on biodiesel

Whilst generally accepting of lower levels of FAME
blending, engine and truck manufacturers are less
supportive of the broad use of elevated biodiesel blends,

on balance preferring renewable diesel. Many are happy to
support 100% renewable diesel but express concern about
biodiesel blends, primarily above B20 and in some cases
above B5. We encourage operators to refer to their owner’s
manual to determine what level of biodiesel-blended
product is right for their fleet.

In their position paper® on the Renewable Energy Directive
Fuels Quality Directive, ACEA, the European Automotive
Manufacturers Association, expressed concerns about
expanding the availability of B10, citing vehicle compatibility
with using B10 diesel as a concern. Instead of B10, they
recommended a greater focus on fully compatible drop-in
renewable diesel (see Section 5) that can deliver lifecycle
greenhouse gas emission reductions and which the whole
fleet, old and new, can use.

Engine and truck manufacturers are also concerned about
the impact of biodiesel on after treatment device longevity.
This is due to trace levels of metals left over from processing
and naturally occurring in the feedstocks, such as vegetable
oils. In response, ASTM recently approved a new low metals
grade of biodiesel with a total 4ppm upper limit for sodium,
potassium, calcium, and magnesium, combined.*”

This is becoming more important as many jurisdictions,
for example under the US EPA Clean Trucks Plan,® require
emissions standards to be met for a longer period of time
when these engines operate on the road.

The Truck and Engine Manufacturers Association (EMA),
representing world-wide manufacturers of ICE and
on-highway medium- and heavy-duty vehicles, recently
stated®' its position that additional performance testing will
determine whether fuels with higher biodiesel content are
acceptable for use in the new near zero emission engine
and aftertreatment systems or if specification changes are
required to improve compatibility.

Some engines can tolerate B10-B30 blends. For instance,
in 2016, PACCAR endorsed use of B20 in its MX-11 engine
and all model years of its MX-13 engine, both legacy
models and new equipment. This followed approval in PX-7
and PX-9 engine equipped medium duty truck models.
PACCAR diesel engines are sold in heavy-duty trucks under
the Kenworth and Peterbilt nameplates in North America.
At the time this meant around 1 million Peterbilt and
Kenworth medium- and heavy-duty trucks were approved
for running B20 biodiesel blends.**

And some modern vehicles have been specifically designed
to use B100. Examples include Renault Trucks with DTI5
and DTI8 engines, assuming the biodiesel 100% option

is selected, which Renault indicates can be used with
EN14214 standard biodiesel.

As part of their biodiesel journey, fleets considering using
B100 or B10+ blends should check with the manufacturers
of vehicles in their specific fleet when making decisions on
their fueling choices and fuel choice compatibility.

Ex¢onMobil
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Adapting to the use of biodiesel

The oxygenates and unsaturated molecules in fuels containing
higher biodiesel contents (typically B20 and above) have
implications for long-term storage stability, especially for
product exposed to higher temperatures, due to the risks of
polymerization and oxidation.

Cold temperature performance is another consideration. FAME
typically has poorer low temperature properties than conventional
diesel, resulting in an elevated risk of gelling in storage.

The oxygenates in FAME also mean it has elevated affinity
toward moisture content than conventional diesel. High

water content in biodiesel and conventional diesel can cause
problems such as water accumulation and microbial growth

in fuel tanks and transportation equipment. Together with
impurities that can be present in biodiesel, this can give rise to
the risk of filter blocking and increased vehicle and storage tank
maintenance costs (see Figure 29). A by-product of microbial
growth is production of acids, which can cause corrosion.

Contamination from unconverted feedstock (incomplete
processing), trace chemicals and byproducts from manufacture
(e.g., glycerin, soaps), water from the washing process, and
naturally occurring impurities such as plant sterols that are
carried along with the feedstocks, are largely controlled by
B100 specification limits. However, they are an important
product quality consideration when choosing a supplier.

A premium grade of B100 (also known as “super-FAME”)

is preferred for truck use in France as this grade has been
subject to additional filtration to remove impurities from FAME
production. Distillation is another technique used by some
FAME producers to remove impurities and is relatively common
in North America. Buying from a trusted supplier, with good
technical capabilities and product quality standards is crucial.

Users need to elevate housekeeping routines (water draw

off and tank cleaning) and potentially use heated tanks with
circulation during cold weather. They are encouraged to have
their tanks cleaned before switching from conventional diesel.

Similarly, users likely need to reduce drain/service intervals

for their vehicles when converting from conventional diesel

to a fuel with elevated biodiesel content. Residual fuel system
deposits may accumulate in fuel filters due to biodiesel’s higher
solvency; thus, vehicle filters may also need to be replaced
more frequently, at least initially.

Finally, biodiesel has lower fuel efficiency due to reduced
energy content vs. conventional diesel. B100 contains

about 10% less energy on a volumetric basis compared with
conventional diesel. Whilst this scales down for lower biodiesel
content blends, this may translate to lower fuel economy and
fleets should pilot usage first in their own operations and take
this into consideration in final TCO calculations.

Figure 29
Use of biodiesel of inadequate quality in fuel blends
can have negative operational implications

Potential Issues:

= Fuel system corrosion.
= Fuel decomposition.

= Filter blocking.

Potential Implications:

= Premature fuel filter failure.

= Decreased overall performance.
= Decrease in engine power.

Source: ExxonMobil.
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The experience of biodiesel users

Experiences from commercial fleets using B100 or B20+ fuels
have been mixed. Some fleets who have tried these solutions
went on to abandon biodiesel as a solution. For instance, the

US Miilitary tried B20 and experienced problems with biodiesel
oxidation, low-temperature operability, water separation,
microbial growth, and material compatibility.*® After many

years working with B20, they ultimately concluded there were
substantial unexpected costs and unintended consequences with
B20 use. They indicated a preference for renewable diesel instead.

The US Military was an early user of elevated biodiesel blends
and industry quality specifications and practices for biodiesel
have matured over time to help address these issues.

On the other hand, Transport for London announced a
Biodiesel program in 2015 and by 2017 approximately one
third of buses in London were operating on B20.#!

And commercial freight carriers, like G&D Integrated, a
specialized transportation and logistics services provider
with more than 450 trucks and 20 facilities in North America
announced in 2021 it was running its diesel-powered units
year-round on B20.42

Restaurant chain McDonald’s has also been a visible champion
of biodiesel, building circular economy relationships with
suppliers and haulers, incorporating the collection and
processing of used cooking oil from its chain. For instance,
McDonald’s UK aims to reach net zero emissions by 2040 for
their entire business and value chain. McDonald’s has used its
own used cooking oil as a feedstock for biodiesel production,
collaborating with its hauler Martin Brower, to run many
McDonald’s branded trucks on biodiesel since 2007. According
to its Corporate Social Responsibility Report, Martin Brower
has over 100 trucks operating in France with B100 and its entire
United Arab Emirates operation has shifted over to B100.4

Ex¢onMobil

Beyond buses and commercial trucking, train operating
companies are also exploring biodiesel. For instance, in 2021,
SNCF announced a pilot of B100 (RME) made in France on

15 Regiolis trains on the Paris-Granville line. They declared

the results conclusive and in July 2022 the Normandy Regional
Council approved the continued use of this product.*

So, fleets in a number of countries have shown that using
biodiesel at blend rates of B20 and above, up to and including
B100, is possible but it is evident that the quality of biodiesel
used is critical, housekeeping disciplines for storage are
essential, and vehicle compatibility requires close scrutiny.

Figure 30
Benefits of Esso Diesel Efficient™ B20 fuels
technology in reducing microbial growth in B20 fuels

ExxonMobil’s proprietary additive technology
mitigates the growth of microbial growth in B20 Fuels

Unadditized B20
Week 11
mold widely distributed

Esso Diesel Efficient™ B20
Week 11
flat interphase, clear fuel

Source: ExxonMobil Research.

11

The benefits of performance additive
technology in biodiesel

Some of the challenges associated with biodiesel

blends can be addressed with additive technology. As
with conventional diesel, deposits build up in injection
systems using biodiesel blends without detergent additive
technology, impacting fuel efficiency and engine out
emissions (including NOx & particulates) over time. The
right detergent-based technology can help clean up these
deposits, ensuring high pressure, precision direct injection
systems operate as they should and optimizing fuel
efficiency performance vs unadditized B20.4

ExxonMobil has also demonstrated the incremental
benefits from its performance additive technology for
storage stability, water handling, reducing microbial
growth and reducing filter blocking vs unadditized B20
(see Figure 30). Consequently, ExxonMobil is supplying
Esso or Mobil branded Biodiesel Efficient™ B20 fuel at
select terminals in North America and Belgium to help
meet the needs of strategic customers, incorporating the
same performance additive technology which underpins
its global Esso, Mobil and Exxon branded Diesel Efficient™
fuel product line.

24 Fleets in a number of
countries have shown
that using biodiesel at
blend rates of B20 and
above is possible but it is
evident that the quality of
biodiesel used is critical. #F
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Section Four in Brief

Biodiesel has a role to play in reducing
lifecycle GHG emissions from commercial
fleets, with some limitations

+ Biodiesel (technically FAME) has a role to play as part of reducing lifecycle

GHG emissions from commercial fleets, representing a lower capital
investment pathway, relative to many other alternatives, and more frequently
deployed by industry to date.

= These solutions continue to have their place in the transport energy portfolio

but are reaching blend limitations.

» Blending of biodiesel in conventional diesel at up to 5-7% by volume has been

shown to be suitable for most applications without significant compromise.

Blends with elevated biodiesel content, such as B20, can be used in
compatible vehicles. Fleet managers must weigh several factors before
proceeding with such blends for the first time and they must be integrated into
overall TCO assessments. We recommend the use of the right performance
additive technology as part of a fleet’s operational strategy to support engine
cleanliness and mitigate issues associated with biodiesel use.

= Some commercial operators may feel neat biodiesel, B100, has its place in

their strategy portfolio. This requires significant thought, careful piloting and
consideration of the overall costs and benefits.

= Biodiesel-containing products such as B20 and B100 can contribute to lower

lifecycle GHG emissions, but implications for fleet efficiency and productivity
are important considerations and not all fleets will reach the same conclusions.
A trusted supplier, with a relentless focus on product quality, is critical. Also
crucial is operational commitment to manage biodiesel introduction carefully,
allied with the right housekeeping and optimized servicing regimes.
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Section Five

Renewable diesel is a potential
solution for reductions in lifecycle
GHG emissions from commercial
fleets with fewer compromises

01

What is renewable diesel?

Renewable diesel is an alternative biofuel for land transportation that offers comparable lifecycle
emissions reductions compared to conventional diesel without some of the potential operational
compromises associated with biodiesel. We see this product continuing to grow in commercial
land transport and offering an attractive pathway for fleets who wish to reduce their carbon
footprints ahead of, or in line with, legislative timetables.

Renewable diesel, while made from bio-feedstocks, undergoes a completely different
transformation process to that involved in biodiesel production.

Chemically, renewable diesel is similar to conventional diesel but with a lower aromatic content.
Critically, production largely eliminates the oxygenates, which drive many of the challenges of
biodiesel. So renewable diesel can be used as a drop-in fuel, even in neat form in many vehicles.
It has high storage stability and, depending on the production pathway, can offer the potential for
great low temperature performance.

02

Renewable diesel production

There are different potential pathways to
renewable diesel production. The most
common pathway, driving production scaling
today, is through hydro-processing of the
bio-feeds, which come from similar sources to
biodiesel.

a) Hydro-Processing Path to
Renewable Diesel

This is known as renewable diesel but is also
referred to as HDRD (Hydrogenation-Derived
Renewable Diesel) in North America, and HVO
(Hydrogenated Vegetable Qil) in Europe. In
Asia, the terms renewable diesel and HVO

are becoming more recognized. Three key
processes (decarboxylation, decarbonylation
and hydrodeoxygenation) combine to convert
the feedstocks. Dependent on the exact
production methods deployed, the hydro-
processing pathway (see Figures 314 and

32) can produce a paraffinic, high cetane
hydrocarbon diesel, typically with excellent
stability and flexible cold flow properties. That
being said, renewable diesel producers have
different capabilities and some differences in the
processes they adopt. Not all renewable diesel
is produced to optimize cold flow performance
or fractionated to the same degree.

Investment in biofuels is growing and shifting
to hydro-treating / HEFA (Hydrotreated
Esterified Fatty Acids) pathways to produce
renewable diesel (RD) and sustainable aviation
fuel (SAF).

While more capital intensive, the resultant
renewable diesel can be used as a higher
percentage blend stock or in neat 100%
renewable diesel form. This opens a route

for further lifecycle GHG emissions reduction
potential versus conventional diesel in existing
vehicles (see later in this section).

b) Co-Processing

Another pathway for renewable diesel
production is co-processing. It is the
simultaneous transformation of renewable
feedstocks with conventional crude-derived
streams through manufacturing process units
to produce intermediate or final products with
renewable content. This can represent an
effective option to drive the societal goal of
lowering greenhouse gas emissions.

Co-processing at existing facilities has benefits
versus standalone production, allowing existing
facilities to produce volumes of product with
renewable content at the scale and potential
speed needed to support society’s growing
goals. In this pathway a proportion of end
distillate production can be designated as
renewable diesel.

Co-processing depends on policy and prevailing
regulatory frameworks. Policymakers have a role
in defining the methodologies and protocols
governing renewable diesel designation

and carbon intensity/footprint value of co-
processed product. These guidelines must be
lifecycle based, technology neutral, practical to
implement, and science-based.

Amongst the benefits of co-processing, is that
it allows increased supply of renewable fuels
at lower levels of investment in pre-existing
facilities.

ExxonMobil is already working to adopt this
pathway in locations like its Gravenchon refinery
in France. In Canada, Imperial Oil (an ExxonMobil
majority-owned affiliate) has successfully

piloted co-processing® at its refineries, using

bio feedstock alongside conventional feed to
produce co-processed commercial fuels.
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Figure 31

Molecular redesign to produce renewable diesel via hydrotreating*’

= The most common way to produce
renewable diesel is hydro-treating or
hydro-processing.

= Hydro-processing saturates double
bonds & removes oxygen from the
tri-gylcerides in vegetable oil, the most
common feedstock.

= It does this via three key pathways,
decarboylation, decarbonylation &
hydrodeoxygenation.

Figure 32
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Remove
impurities

Remove
oxygen and saturate
molecules to improve

stability & allow use as
a “drop-in” solution

Optimize molecular
design to improve cold
flow properties for
improved storage and
operability

Optionally separate
out sustainable
aviation fuel &

renewable diesel
streams

Can be used neat in
100% renewable form
or as a renewable blend
stock in conventional
diesel
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c) Biomass Gasification

Whilst not in scale production today, another emerging future
pathway to renewable diesel is biomass gasification. This is a
process that converts biomass into syngas (a mixture of carbon
monoxide and hydrogen). This is achieved by reacting the
feedstock material at high temperatures (typically >700° C),
without combustion, controlling the presence of oxygen and/or
steam in the reaction. Syngas can be turned into synthetic liquid
hydrocarbon fuels, via the Fischer Tropsch process. When this
process is incorporated with carbon capture and storage (CCS),
the lifecycle carbon intensity of the renewable diesel produced is
very attractive (and can even potentially result in negative WTW
GHG emissions, i.e. removing more CO, from the atmosphere
than is produced upon combustion).* Gasification with CCS

is an example of BECCS (Bioenergy with carbon capture and
sequestration).

Whilst more energy intensive than existing hydro-processing
pathways, one of the benefits of gasification is it reduces
reliance on first generation bio-feeds and opens up second
generation cellulosic materials (see Section 3, sub-section 3d).
Furthermore, as noted above, it has the potential to achieve
negative WTW GHG emission pathways that could further help
societal GHG emission reduction ambitions.

More capital intense pathways like BECCS are expected to come
to market slower and later than HEFA pathways but likely to
become attractive based on lower effective feedstock costs

and higher CO, abated so, over time, a much bigger role for
gasification is anticipated, depending on supportive regulatory
developments.

d) Pyrolysis

One additional process that looks attractive longer-term is
pyrolysis. In this process, biomass is heated rapidly at high
temperatures (500-700C) in an oxygen-free environment. Vapors
are cooled and condensed into a liquid pyrolysis oil (also known
as Bio-Pyoil), which can be used to produce renewable fuels.

Ex¢onMobil

03

The growth in renewable diesel production

Driven to date primarily by the hydro-processing
pathway, renewable diesel production is growing fast
globally to meet rising demand with new capacity coming
on stream in North America, Europe, and Asia Pacific
(see Figure 33).#°

IEA projections (accelerated and main case) depend on
different potential policy pathways.

As production scales, renewable diesel consumption

is growing, including commercial sales of renewable
diesel blends or 100% renewable diesel (also known as
R100 or HVO100) for off- and on-road applications via
in-yard and retail/truck stop channels. In the Netherlands
there are now over 100 public access stations™ selling
renewable diesel. In California, supported by incentives

Figure 33

and the Californian LCFS standard, the renewable diesel
network is growing fast and reached over 1,400 stations
by January 2025.%

Unlike in the Netherlands and California, in some
markets, regulators have restrictions on the sale of
renewable diesel. As confidence in renewable diesel as a
solution grows, these restrictions are expected to ease.
The use of renewable diesel in Germany, for example,

in commercial fleets was restricted until recently for
testing purposes. However, in March 2024, The German
Bundesrat amended regulations to allow HVO100 sales.
Similarly, effective Oct 1st 2024, the French government
also withdrew restrictions which until then had restricted
sale of HVO100 to captive fleets.>?

IEA projection of global renewable diesel demand through 2028 (KBD)*
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Section Five Strathcona Refinery renewable diesel project

Renewable diesel is an emerging solution for reductions in lifecycle
GHG emissions from commercial fleets with fewer compromises

Figure 34
ExxonMobil’s proprietary renewable diesel production technology advantages®’

EMRD™ process

04

Renewable diesel production,
a case study - Strathcona Bio Feed

Ha

Recognizing the need for solutions for reducing GHG emissions in heavy
transportation in Canada, Imperial Qil, an ExxonMobil majority-owned affiliate, is
building a world-class renewable diesel facility at its Strathcona refinery in Alberta.
This cutting-edge facility will use locally-sourced bio-feedstock, supplemented by
blue hydrogen with carbon capture and storage technology, to create lower-emission
renewable diesel that functions similarly to its traditional diesel counterpart. When
completed, the project is expected to have a capacity of more than 1 billion liters
of renewable diesel annually.>® Not all renewable diesel is the same. ExxonMobil’s
proprietary catalyst technology will be used to optimize yields and deliver excellent
cold temperature properties. The benefits of ExxonMobil’s renewable diesel
technology are summarized in Figure 34 and 35.>

|

100% renewable
with low cloud point

Source: ExxonMobil.*?
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Figure 35

ExxonMobil’s proprietary renewable diesel production technology advantages®®

High yield
= Two stage process has a higher diesel yield versus a single
stage process.

= BIDW dewaxing catalyst has exceptional ability at deep delta
cloud to retain diesel product and avoid cracking.

EMRD™ process technology configuration
= Stage1

Hydrodeoxygenation (HDO) step to convert triglycerides
to n-paraffins.

= Stage 2

Selective isomerization of the n-paraffins to iso-paraffins
to improve cold flow properties.

= Catalyst

The EMRD™ process utilizes ExxonMobil’s BIDW
dewaxing catalyst suite.

Source: ExxonMobil.>?

05

Renewable diesel specifications

Ex¢onMobil

Operating flexibility
Two stage process design allows for separate control of
hydrotreating and dewaxing operations.

A separate hydrotreating step enables better control,
optimization, and flexibility compared to a single stage
process, with the ability to remove contaminants before
the dewaxing catalyst.

Advantages

= Two stage process provides flexibility to adjust operating
conditions as needed for changing objectives.

= Handles variations in product cold flow properties due to
different feed types or to address new requirements.

Extended dewaxing catalyst lifetime due to customized
conditions and contaminant control.

Potential to produce jet if fractionation is added.

EMRD process technology enables operational costs to
be lowered through reduced hydrogen consumption in
the dewaxing step due to the selectivity of BIDW™ to
isomerization rather than cracking.

= EMRD process technology meets operational
requirements while minimizing equipment sizing and
capital costs.

Unlike for biodiesel, in North America there is currently no
separate renewable diesel specification. Renewable diesel must
meet the diesel specification of ASTM D975 (US) or CAN/CGSB-
3.517 (Canada).

These specifications were not designed with renewable
diesel in mind — however, due to the hydrocarbon chemistry
of renewable diesel, they have generally been found to be
adequate. Any renewable diesel (or blends) sold in North
America must, at a minimum, meet their requirements.

By contrast, in Europe, EN 15940, a paraffinic diesel
specification, has been established, which defines the quality
requirements of renewable diesel and other paraffinic fuels such

Efficient process design

BIDW dewaxing catalyst has a high selectivity to isomerization,
which consumes less H; than cracking.

Improved process design, unit operations, and technical
support when hydrotreating and dewaxing operations are
provided by a single solution provider.

Services include

Initial consultations and proposal development.

Basic engineering package, including design
specifications.

Technical support during FEED, and EPC stages.
Technology training, catalyst loading and start-up support.
Unit monitoring support.

as Gas-to-Liquid (GTL) diesel. Similar to North America, blends
containing conventional and renewable diesel are covered by the
prevailing diesel specification, EN 590, though EN 590 is more
restrictive for renewable diesel content than the North American
equivalents due to its minimum density specification.

In Asia Pacific, renewable diesel is currently generally produced

to meet European or North American standards as local demand
currently remains limited by lack of supportive policy.
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Section Five

Renewable diesel is an emerging solution for reductions in lifecycle
GHG emissions from commercial fleets with fewer compromises

06

Feedstocks and carbon intensity of renewable diesel

As with biodiesel, the carbon intensity of renewable diesel depends on the
feedstock, its source, the transportation of feedstock, the production process,
and the transportation of the finished product.

Models, such as Argonne National Laboratory’s GREET model, help guide
calculation of estimated renewable diesel carbon intensity based on feedstock
and pathway.>®

Production from non-edible, waste-based feedstocks including used cooking
oil, typically offer lower carbon intensities relative to production from other
feedstocks. Calculations and estimates vary between models and across
jurisdictions but, by way of illustration, EU’s RED Il (Renewable Energy Directive
I) assign to renewable diesel from used cooking oil a default carbon intensity
reduction vs conventional diesel of 83%.

The carbon intensity of renewable diesel is dependent upon production
pathways. Lower carbon intensities can be achieved when using lower GHG
emission H2 in hydrotreating or gasification pathways and/or using gasification
pathways in conjunction with CCS.5

07

Renewable diesel and tailpipe criteria pollutant emissions

Research by CARB highlighted that renewable diesel fuel’s high cetane number
and low aromatic content can result in lower NOx emission levels for pre-
2010 on-highway and pre-Tier 4 non-road engines compared with those from
conventional diesel fuels.3*3* South-West Research Institute (SWRI) reported

in 2023 that 100% renewable diesel fuels significantly reduced soot loading
rates on the Diesel Particulate Filter (DPF). They highlighted that this would
likely lead in turn to a lower active regeneration frequency for the DPF under
part-load transient duty cycles, the implication being less fuel consumption
associated with active regeneration, and possibly improved durability of the
downstream SCR system due to less high temperature exposure.*”

08

Renewable diesel blends

Bio-mandates in Europe, and low carbon fuel
standards in California, Washington, Oregon, New
Mexico and Canada mean that renewable diesel is
being used as a blend stock for compliance purposes
in many markets.

For end customers renewable diesel blends may

offer an attractive pathway to fleets looking to lower
their operational carbon intensity. In North America,
the percentage of renewable diesel blended into
conventional diesel is recognized by the naming
convention RX, where X represents the volume
percentage of the renewable diesel that has been
blended. Accordingly, R30 represents a 30% by volume
blend of renewable diesel in conventional diesel.

Figure 36

In Europe, where renewable diesel is also referred to
as HVO (Hydrotreated Vegetable Qil), the product

is more typically classified as HVOX, for example
HVO30, a 30% by volume blend of renewable diesel
in conventional diesel. Asia Pacific typically follows
the North America convention.

The density of renewable diesel in Europe is typically
around 780 kg/m3 and hence lower than allowed

in the EN590 diesel fuel specification. Accordingly,
this may limit the percentage of renewable diesel,
which can be blended to around 30% or less. This is
dependent on the actual density of the conventional
diesel used, if the resultant blend is to meet the
higher EN590 minimum density specification.

In addition to its production plans in Canada,
ExxonMobil currently has branded renewable diesel
offers in several markets globally, across Europe and
Asia Pacific, with plans for further introductions in
collaboration with key customers (see Figure 36).

Examples of renewable diesel product deployments by ExxonMobil

affiliates & brand partners globally

Norway
HVO100

Netherlands [e550)
HVO100/30 N

D@

Germany

Product availability as of March 2025
except as otherwise noted.

GH emission reductions vary by
product. Find more information on
your regional Esso/Mobil website.
Belgium

HVO100%* *Product not presently available as

@ Hong Kong
Renewable Diesel
UK

part of our fuel product offering;
expected to be available in 2025.
**For commercial inyard offer only.

In North America, the percentage

HVO100 ) of renewable diesel blended into

HVO25
Canada D

Renewable Diesel R100
Strathcona Project*

D

@

France
HVO100*

D

Australia conventional diesel is recognized by
Rensgvoa/l?llgol:lesel the naming convention RX, where X
represents the volume percentage
of the renewable diesel that has
been blended. Accordingly, R20
represent a 20% by volume blend
of renewable diesel in conventional
diesel. In Europe, where renewable

Singapore diesel is also referred to as HVO
Renewable Diesel (Hydrotreated Vegetable Oil), the
R?g(())** ‘= product is more typically classified as
‘\\D HVOXx, for example HVO30, a 30%

D

by volume blend of renewable diesel

New Zealand . . . N

Rl Bl in conventional diesel. Asia Pacific
R20** typically follows the North America
BT convention.

Source: ExxonMobil.
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Renewable diesel is an emerging solution for reductions in lifecycle
GHG emissions from commercial fleets with fewer compromises
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The vehicle and engine manufacturer

perspective on using 100% renewable diesel

Its molecular make up means 100% renewable
diesel (R100) is a superior product for use in
modern trucks vs. 100% biodiesel (B100) and
many engine and vehicle manufacturers support
R100 use in regular production engines.

In 2016 and 2017, Cummins, for instance,
confirmed the compatibility of 100% renewable
diesel meeting EN15940 with Euro VI engine
technology (Cummins F3.8, B4.5, B6.7 and L9
engines) after an extensive test program running
on 100% HVO renewable diesel meeting
EN15940. This was followed by approval in
August 2023 of use of R100 in all its larger
industrial high-horsepower engines.*®

Also in 2016, Mercedes-Benz Trucks approved
the use of renewable diesel (HVO) in the US for
trucks fitted with its in-line six-cylinder engine
variants of the Mercedes-Benz OM 470, OM
471 (first generation) and OM 936 as well as
the in-line four-cylinder variants of the OM 934
meeting the Euro VI emissions standard.>

In 2015 Volvo Trucks North America
approved the use of renewable diesel in all
their proprietary engines and more recently
announced the use of renewable diesel as
factory fill in their diesel-powered trucks.

In Europe in 2015, after significant testing,
Volvo certified all its Euro V engines for use
with renewable diesel, and EN15940 HVO100
is certified for all new Euro VI Volvo truck
engines with no engine issues or service
interval changes.®

In 2015, heavy-duty truck and bus manufacturer
Scania approved the use of renewable diesel, or
hydrotreated vegetable oil (HVO), in its Euro 6
range provided it meets technical specification
EN15940."

ACEA, representing European vehicle
manufacturers, is more favorable of renewable
diesel than biodiesel.? The international Truck
and Engine Manufacturers Association (EMA)
acknowledges that renewable diesel fuels
“show great promise”. It highlights similarity
to conventional petroleum-based diesel fuel,
eliminating certain concerns with biodiesel.
and renewable diesel properties such as high
cetane and low aromatic content that may be
advantageous.®®

A more comprehensive list of compatibility of
various models with renewable diesel can be

found in the Appendix. We recommend that
you verify fuel compatibility with your vehicle

owner’s manual or by contacting your vehicle
manufacturer.

10

Other considerations in
using renewable diesel

European renewable diesel meeting EN
15940 has a lower density and slightly lower
volumetric energy content compared to
conventional diesel, so some fleets may see
a small reduction in fuel efficiency, likely to
be imperceptible in blends, but potentially
noticeable when using R100.

Relative to biodiesel, the main challenge
renewable diesel may face is cost. Even for a
relatively small production capacity, renewable
diesel production start-up requires more
capital investment than bringing biodiesel
production on-stream. Even absent of
investment cost, renewable diesel is more
expensive than biodiesel given the extra
processing steps.

However, in many markets, bio-mandates,
low carbon fuel standard credits and other
regulatory incentives make renewable diesel
a more attractive commercial proposition.
Given it is suitable for use in most modern
diesel vehicles, without a need to make fleet
or storage adaptations or reduce vehicle
service intervals, renewable diesel can be an
attractive proposition with minimal operational
impacts. It offers the potential for reduction in
lifecycle GHG emissions (see 6. above) versus
conventional diesel whilst leveraging existing
infrastructure.

It also offers potential as a flexible turn-key
solution for use in trucks for specific end
customers with more ambitious plans to
reduce lifecycle GHG emissions. This is a
significant factor amongst early adopters.

Ex¢onMobil
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Adoption of renewable diesel to reduce
commercial transport GHG emissions

To meet their own GHG emissions reduction goals, and those of
the companies whose goods they are moving, many fleets globally
are seeing renewable diesel as an attractive proposition. Publicly
announced examples of use and/or trial of renewable diesel across
different countries include:

Benelux
= Logistics specialist, H. Essers is using HVO100 as part of an insetting
program for their shippers, working with shippers like Nike.**

= Soft drinks company Coca Cola Europacific Partners announced a
collaboration with its local transport suppliers in the Netherlands
(Van Rijen, Zandbergen, Snel Logistics Solutions, and T-Trex) to run
their truck fleet on HVO100.4°

= Restaurant chain McDonalds, announced a collaboration with
logistics partner Havi on circular recycling of used cooking oil into
HVO100.%¢

= Package delivery company Post NL is increasing its use of HVO100.¢

UK

= Soft drinks company, Coca Cola EuroPacific Partners, announced it
was working with its packaging manufacturer Ball Beverage to trial
use of HVO100 in the transportation of its aluminum cans from the
manufacturer’s factory.®

= Competing soft drinks company PepsiCo UK announced in Nov 2022
it will power more than TM miles of truck journeys each year with
used cooking oil based renewable diesel, working with its haulage
partner, Pollock (Scotrans). The announcement states that HVO will
replace diesel in trucks travelling between the Quaker Oat mill in
Cupar and Leicester, home of Pepsico subsidiary Walkers. Pepsico
also announced a further expansion of HYO100 usage in 2024 in its
distribution operations with haulier, Eddie Stobart Logistics.*?

= Mining company and plasterboard manufacturer British Gypsum
announced in October 20227° plans to convert 40% of its UK fleet to
renewable diesel (HVO). British Gypsum is part of Saint Gobain.

us
= Oregon-based logistics company Titan Freight Systems
announced in 2021 the switch to renewable diesel across its
operations with favorable TCO outcomes without the need to
make any vehicle or infrastructure modifications.”!

In November 2022, truck leasing company, Penske,
announced’? availability of renewable diesel across 32
refueling locations in California, noting it found an overall net
positive effect on the vehicles related to renewable diesel,
including reduced maintenance-related issues along with the
added benefits of lower overall emissions.

Singapore
In 2024, dnata collaborated with ExxonMobil to become
the first ground handler at Singapore Changi Airport to use
renewable diesel, trialing Esso Renewable Diesel R20 in 12 of
dnata’s airside vehicles and generator set.”?

V/4

HVO100 is a very viable
alternative to traditional
Diesel fuel; it is the best
alternative that we can

think of until 2030, and

still a very good one till

2035 — as these trucks

will last long. #F

CEO, automotive logistics
specialist, Netherlands™

| am an evangelist

for HYO100. There

are absolutely no
barriers to adoption. (4

Fleet manager,
Public Fleet,
California’*

Ex¢onMobil
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V/4

V/4

CSG and environmental aspirations of the customer are big factors. 44 st generation biodiesel comes with constraints. Maintenance

The customer is really important. They are the ones who are of trucks is different - a lot of engines are ready to use but the

going to pay for you to invest in these things ... Renewable diesel maintenance cost goes up. It requires a dedicated tank which is a

is the lowest risk. It is not a completely different truck. It’s not a constraint. 10-15% of bulk fuel is HYO100 today ... If the customer is
significant capital investment ... If you have got any uncertainty ... ready to pay a little more for benefit of decarbonization, it is simple
that feels like the safest thing to do. If you are running overnight and efficient. The big difference is HVO is miscible so we can use
vehicles on your primary network and you are going to the other the same tank and periodically drop in the HVO ... there is no impact
side of the country, quite a few of the other options are not viable on maintenance and no extra consumption whereas for 1st gen

for you. Going to these fuels feels like the safest option. JIff biodiesel we saw over-consumption.

Manager, Large Truck Fleet Purchasing Director,

for major brand, UK"® Large France-based European

Specialist Logistics Service provider’®

Biofuel for us is an extremely good
way for us to go to reduce our carbon
footprint. For example, Sweden has
been using HVO for quite a while
now and we are looking at it for other
countries too. It is interesting because
it doesn’t imply additional investments
as you can use it with your diesel
trucks. And if you don't have access
to HVO then you can just use diesel
either way .... We did tests, several of
them for quite a long time now - it is

going pretty well. JfFf

Procurement Manager,
Large European Dairy Group”®
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Figure 37

The end user experience with renewable diesel

a) On-Road Experience

To share with you a wider range of feedback,
ExxonMobil collaborated with Frost and Sullivan
to interview 15 commercial truck fleets who have
used renewable diesel in their operations in the US
and various European markets.”*

Overall Experience:

Frost and Sullivan reported that experience of
these commercial fleets with renewable diesel was
very promising. Each fleet is different (operating
varying fleets with a range of duty cycles in a range
of markets) and their perspectives unsurprisingly
varied to some degree. But there were common
themes to their feedback.

Efficiency:

= Usually, no difference in fuel consumption.

= Some users report slightly lower, or slightly
higher consumption.

Performance:

= Reports on performance are good.

Emissions:

= Reports of fewer regenerations, reduced
DEF consumption and longer after-
treatment life in modern diesel trucks.
Reduced tailpipe emissions (NO, and
Particulate Matter) in older trucks.

Handling and User Experience:

= Some report favorably on no odor / no
smell of the exhaust gases, and lower
engine noise by operators whose vehicles
are idling or operated in a confined
environment.

= Storage experience is excellent. No algae /
no bacteria in contrast to biodiesel.

Ex¢onMobil

They used Renewable Diesel as part of an
Integrated Strategy:

The fleets’ choice to use renewable

diesel does not stand-alone, but part of
their broader sustainability plan covering
installations, routes optimization, vehicles
specs and a (relatively) methodical review of
different fuel / powertrain alternatives, based
on suitability of solution.

They regard Renewable Diesel and Biodiesel as
complementary, not competing:

 Biodiesel use is essentially limited to
blends, limiting scalability. Their perception
of biodiesel’s reputation appears to be a
potential deterrent from both a user’s and the
public’s standpoint. Renewable Diesel is seen
as drop in fuel which means scalability, can
be used neat, and can be sourced from waste
products.

» Renewable Diesel may be preferred over
Renewable Natural Gas as the latter requires
special equipment (truck, refueling), and
implies an additional technology diversity that
is particularly unwelcome in a period in which
fleets will introduce BEV; again, an advantage
for HYO100.

Most continued to use Renewable Diesel post
an initial trial period:

Post trial adoption was ~70% in fleets
interviewed, with non-adopters pursuing a
focus on other solutions, like battery electric
vehicles, and increased focus on intermodal
operations, or a pivot towards sustainable
aviation fuel in wider operations.

b) Off-Road Application

Off-road, ExxonMobil recently collaborated with
Finning, the world’s largest Caterpillar dealer,

to test the use of renewable diesel in haul truck
operations as shown in Figure 38.7°

Figure 38
Renewable diesel case study - haul trucks in Alberta, Canada

= Imperial Oil collaborated with Finning, the world’s largest Caterpillar
dealer on the potential for renewable diesel as a practical solution for
helping the Canadian mining sector’s productivity and lower lifecycle
GHG emission ambitions.

= They worked together to trial renewable diesel in CAT haul trucks
at the Kearl oilsands mine in Alberta.

= The results confirmed that this equipment can operate on a fully
renewable fuel, with similar equipment power and performance*

* All trial results and comparisons throughout are renewable diesel compared to conventional
diesel fuel. Actual benefits will vary depending on factors such as vehicle/engine type, driving
style and diesel fuel previously used. Consult the original equipment manufacturer (OEM) for
guidance on compatibility with renewable diesel.

Source: Imperial Oil & Finning Trial.”®
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Section Five

12

Enablers for scaling

renewable diesel adoption

Amongst managers of medium to large heavy- @
duty commercial fleets, renewable diesel’s

lifecycle GHG emission reduction potential and
performance are perceived as the key reasons to
consider switching. However, there are barriers

that are commonly highlighted around biofuels

for land transport (see Figure 39). These can

Renewable diesel is an emerging solution for be Iinkeq back t.o.diﬁ‘erent dirnenfs?ons of the
reductions in lifecycle GHG emissions from productivity, efﬂoenc_y, sustainability model for
commercial fleets with fewer compromises land transport (see Figure 20):

Figure 39

Renewable Diesel: Reasons for and against switching®

Productivity (uptime and reliability) Efficiency (cost/Ton mile):

= Limited network of / access to »  Price and TCO competitiveness with
biofuels solutions “where and ZEV solutions and/or conventional
when | need them.” diesel.

= Engine / Truck manufacturer @ R
acceptance and implications for Sustainability
warranties. = Sustainable sourcing of biofuels.

= Confidence in performance. = Traceability of claims around

emissions and the percentage of

Implications for maintenance intervals.
renewable fuel content.

Please rank the top 5 potential reasons that would make you switch to HVO / Renewable Diesel and the top 5 reasons you would not consider switching

Reasons for switching to Renewable Diesel

Lowering carbon emissions

Reasons for not switching to Renewable Diesel

Better fuel performance

Compliance with
governmental rules

In line with industry standards

Government incentives

OEM recommendation

No upfront investment

BT o sov [N | -
I - 67% | | < -vsicbiy
I - 7% || - i
B | A e
I - sso I o:vroven o the marc:
- EE 3o I Sconisees ™
_ 31% 26% Less efficient

Recommended by other
logistics providers

26%

(Ultra) low emission
zone requirements

24%

Our customers / shippers
have asked us to

20%

Better storage &
handling performance

18%

Alternatives like EV solutions
don’t seem ready

Ex¢onMobil

15%

Concerns around
sustainability

25%

Poorer performance

13%

Bad reputation

|1}

Source: ExxonMobil-commissioned research by Frost & Sullivan.®
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Whilst many fleets have navigated these kinds of questions,
we share our thoughts for those who are still thinking through
the issues.

a) Accessibility — Opening up renewable diesel in restricted
markets

Not all markets support the sale of biofuels like renewable diesel
(HVO) in public access stations. Some, like France,restrict sales
to captive fleets, with in-yard fueling. This limits the potential
for fleets with a mix of use-cases including on-road fueling to
maximize usage of biofuels should they wish. Some markets
continue to restrict the sale of HVO. Where restrictions remain
in place, we believe this restricts the potential for fleets seeking
to accelerate their GHG emissions reductions to do so and
encourages regulators to review these restrictions. Germany
and France both eased their restrictions in 2024 which is a
positive development.

b) Infrastructure costs — The potential for mass balance
solutions for fleets

In some markets today, renewable diesel sales are mainly
limited to segregated storage/distribution. We see no reason
why renewable diesel could not be sold in the same way as say
renewable natural gas or renewable electricity, leveraging grid/
gas network systems and effective verification and traceability.
We are willing to work with third party assurance schemes to
build out systems to support such applications.

c) Warranties — Engine / Truck manufacturer acceptance of
renewable diesel

Many truck models are implicitly suitable for renewable diesel
blends as their manuals reference industry standards that treat
renewable diesel equivalently to conventional diesel. Many
newer engine platforms have been explicitly approved for

use with blends up to R100 so long as the finished product
meets industry diesel standards. ExxonMobil is working with
equipment manufacturers and distributors in the off-road sector
to demonstrate performance of both renewable diesel and
biodiesel blends.

d) Traceability along the supply chain — The rise of assurance
schemes

We support the development of reassurance schemes which
provide an independent oversight of biofuels suppliers. We
think this can add confidence to biofuels as a solution. Industry
associations, public-private collaborations, and/or consultancies
may step in to provide this kind of service. An example is the
Zemo Partnership in the UK and its Renewable Fuel Assurance
Scheme (RFAS). Zemo offers a standardized process and third
party audit of RFAS Renewable Fuel Declarations. This oversight
gives confidence in sourcing, lifecycle GHG emissions savings
and ensuring the renewable nature of product received.”

e) Confidence in performance — Differentiation via
performance additive technology

We believe that the growing experience of fleets using
renewable diesel, and sharing some of their learnings in this
white paper, should build confidence over time. ExxonMobil
testing shows that, as with conventional diesel, renewable diesel
can leave deposits in fuel injection systems which can impact
fuel efficiency and engine-out emissions over time. These
deposits can be cleaned up with the right performance additive
technology, adding confidence to adoption of renewable diesel
as a portfolio solution to reduce lifecycle GHG emissions from
commercial fleets.

f) Affordability and TCO — The expansion of bio-mandates and
low carbon fuel standards

Biofuels like renewable diesel are inherently more expensive to
produce due to the complexity of aggregation of feed stocks,
production scale, and logistics. Without policy support to level
the playing field, the cost of biofuels makes adoption by fleets

a less affordable proposition in comparison to conventional
fuels. Regulators in California and Canada have significantly
incentivized biofuels production by introduction of LCFS
programs. In Europe, under REDII and the associated country
mandates, bio-blending contributes towards compliance and
mandate levels are rising. This is allowing renewable diesel to be
made available on a more competitive basis versus conventional
diesel. As noted above, The Netherlands now has more than
100 public access stations selling renewable diesel HVO100.%°
We continue to encourage governments for supportive policy
which incentivizes investment and innovation to provide
solutions to the marketplace. As the playing field is levelled,
adoption and production of lower GHG emission fuels grows as
we have seen across many markets. This also helps lower GHG
emission fuel accessibility.

Ex¢onMobil
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Section Five in Brief

Renewable diesel is an emerging solution for
reductions in lifecycle GHG emissions from
commercial fleets with fewer compromises

Renewable Diesel offers an emerging solution for fleet lifecycle GHG emission
reductions with many advantages.

Renewable Diesel is different from biodiesel, being chemically similar to
conventional diesel and without the oxygenates which give rise to many of
biodiesel’s drawbacks.

* There are different pathways to renewable diesel. Today, renewable diesel is

predominantly produced by hydrotreating bio-feeds. Some is produced via
co-processing. Gasification with carbon capture and storage of cellulosic bio-
feeds offers potential as an attractive future pathway to lower carbon intensity
renewable diesel.

Renewable diesel production is growing rapidly, including co-processing
operations, such as at ExxonMobil’s Gravenchon refinery in France, and the
startup of a large-scale renewable diesel unit at Imperial Oil’s Strathcona
Refinery in Canada.

= Renewable diesel can be blended at higher percentages than biodiesel, whist

still meeting existing diesel specifications and the needs of existing fleets. A
number of fleets are taking advantage of R20-30 blends to reduce lifecycle
GHG emissions as a drop-in solution.

= As many vehicle/engine manufacturers are now accepting of 100% renewable

diesel for use in modern lower emission diesel engines, R100 is increasingly
part of the plans established by fleets and brands to meet fleet GHG emission
targets as a drop-in solution without associated capital investments.

Many opportunities exist to accelerate the adoption of renewable diesel in
markets around the world. A collaborative approach across the ecosystem,
between producers, marketers, regulators, assurance schemes, commercial
fleets, and shippers, is a key enabler.
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Section Six

Summary

Planning your journey to
lower emission operations

Many fleet managers will already be evaluating their options for reducing fleet
emissions. However, what is clear is that for most operators there won't be a single
route towards lower GHG emissions from their operations. As we've already seen, mixed
fleets and complex operational patterns will require a range of solutions, now and in

the future. From additized diesel to new vehicles running on novel fuel formulations,

the range of options is large and increasingly complex. Also, fleet managers may

choose a staged progression between choices over time as infrastructure is built and
regulatory policies evolve. ExxonMobil therefore suggests that fleet managers assess
their short- to long-term options to help devise a path that meets both their operational
requirements and emission reduction goals.

With this in mind, operators should generally first look at relatively simple measures
that can be implemented today, and can make a difference, including:

®  |nventorying GHG emissions.
B Establishing fuel efficiency and emissions reduction goals.

B |everaging inter-modal options where feasible to replace truck tonne miles with rail
where it is a feasible option and represents a viable lower GHG emission choice.

B Optimize diesel consumption of the existing truck fleet via:

= Enhancing attention to reducing empty miles driven to eliminate
unproductive truck miles.

Increasing emphasis on data analytics and telematics.

A renewed focus on fuel efficient driving practices, underpinned
by driver training.

= Switching to running the fleet on detergent-additized diesel
and use of high-performance lubricants.

Taken together, these measures can help enhance fleets’ day-to-day operations,
improve efficiency, lower operating costs and lower emissions per mile driven.

Ex¢onMobil
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From there, fleet managers could establish a roadmap for progressive
adoption of lower-emission technologies, which are increasingly playing
a role in helping meet their GHG emissions targets. These include:

B Accelerating the replacement of older, less fuel efficient,
higher emission trucks with more efficient, lower emission
models featuring the latest powertrain, drivetrain
and aerodynamic enhancements.

®  Leveraging new trailer designs (lightweight, longer, higher, more
aerodynamic) and optimizing pairings with front-end tractor units.

B Leveraging latest tire technology enhancements in collaboration
with tire suppliers, including real-time tire pressure monitoring,
auto-inflation and lower roll resistance technologies.

m  Considering biodiesel blends or renewable diesel to lower
lifecycle GHG emissions from this optimized diesel fleet.

B |n parallel with exploring and learning with alternatives like
battery electric, starting with the most suitable, easier to
electrify, more TCO favorable duty cycles. Where available fleet
managers should look for grant funding and incentives available
in their geographies.

Figure 40 Directional comparison of different diesel solutions”®

Diesels Compared Convgntional
Diesel
European Specification EN590
US Specification ASTM D975
Vehicle Compatibilty© All Diesel
Cetane Baseline
Cold Flow Properties Baseline
Storage & Handling Baseline
Fuel Efficiency Baseline
Engine Out NO, Emissions Baseline
Lifecycle GHG Emission Baseline

Saving Potential®

(Results vary dependent on fleets, specific fuels, feedstock & production methods and fleet operating practices)

There are pros and cons to all options, so fleet managers will need
to fully assess the alternatives - in terms of availability, cost, and
suitability — before choosing the best combination for their specific
fleet. The determining factors may change over time, so it will be
important to reassess decisions as technologies evolve.

For the longer-term, managers can start to replace portions of their
fleet with new vehicles designed to run on lower-emission fuels.
Some operations will be more suitable than others for this transition.

Fleet managers will consider many factors, including:

B Sustainability goals, with a particular emphasis on emissions
reduction targets and timelines.

B Constraints with existing in-yard operations (space limitations,
power infrastructure & local regulations).

B Operating range/routing of the different vehicles in their fleet,
including rest breaks, dwell times and suitability for fast charging.

B Some operators are considering adapting their operating
practices to accommodate a more digitized, electrified, and
longer term potentially more autonomous operation.

Additized
Diesel®

Biodiesel
(B100)®

EN590 EN14214

ASTM D975 ASTM D6751
All Diesel Adapt/Change
Baseline Similar or Better
Baseline Usually Inferior
Baseline Adaptation Required
Improved Lowest
Lower Higher

Baseline Better

EN15940
Per Diesel
Good % Compatibility
Best
Similar to Diesel®
Better
Lower®
Similar or Lower

Better

Source: ExxonMobil analysis.

Due to the complexities involved, and the potential operational
ramifications if sub-optimal decisions are made, it is essential that
fleet managers work with technology suppliers that have a proven
track record of supporting their customers with the fuel options they
need, when and where they need them.

All this requires careful consideration, a learning culture, and upfront
engagement and collaboration with drivers, maintenance and

operations teams, and other stakeholders including customers. This
is fundamental and must be built into the roadmap plans as a critical
workstream to deliver superior outcomes and return on investment.

Comparing solutions for commercial fleets

We realize all this is a lot to take in, so we have summarized below
a high-level directional comparison between conventional diesel,
biodiesel, and renewable diesel options available to commercial
fleets today (see Figure 40).78

Renewable
Diesel (R100)©

a) Modelled off Esso Diesel Efficient™ fuel. Other additised diesel
fuels may have different formulations and properties. Esso Diesel
Efficient™ fuel benefits are based on internal and third-party vehicle
engine testing, laboratory testing, and/or industry or other scientific
literature. Basis for comparison for all claims is versus Esso™
unadditised diesel. Vehicle type, engine type, driving behavior, and
other factors also impact fuel and vehicle performance, emissions,
and fuel economy. Esso Diesel Efficient™ fuel may be used in
all heavy-duty and light-duty vehicles, but results may vary. Fuel
economy testing was performed in the UK using road-trucks (Euro
Il and Euro V specifications). Product offerings and availability vary
by region.

b) Product specifications including cetane vary according to local
regulations. Depends on supplier & quality level. Properties shown
assume EN14214 vs EN590. Note D6751 is primarily designed to
be a specification for use of B100 as a blendstock.

) Product specifications including cetane vary according to local
regulations. Depends on supplier & quality level. Properties shown
assume EN15940 specification renewable diesel vs EN590 diesel.

d) Check with vehicle manufacturer for specific models.

e) Renewable diesel cold flow properties depend on processing and
in particular the level of isomerization. Care should be taken to
match the renewable diesel selected with the application’s cold
temperature requirements.

f) Actual experiences of commercial fleets with renewable diesel may
vary with some fleets reporting no difference in consumption.

g) Additised diesel with the potential to improve fuel economy can
help reduce CO: tailpipe emissions per mile driven. Indicated
lifecycle emissions for biodiesel and renewable diesel are based
on biofuel content. Depends on feedstock, production method
& policy. For our qualitative GHG comparisons, EU Renewable
Energy Directive (2018/2001/EU) ANNEX V has been used to
compare the greenhouse gas emission saving default values vs
conventional diesel for 100% biodiesel & 100% renewable diesel
from comparable used cooking oil feedstock sources.
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A vision for the future

At ExxonMobil, we develop and deploy technology solutions
that help meet society’s needs. Today, that means providing
products that are needed for modern life, reducing our own
greenhouse gas emissions and developing technologies to
advance a lower-GHG emissions future. For more detail on our
corporation’s plans we draw your attention to our Advancing
Climate Solutions Report.”

We're pursuing more than $30 billion in lower-emission
investments from 2025 through 2030 across a number of
sectors, technologies and geographies. About 50% of our
lower-emission investments are targeted at reducing emissions
from operated assets, with the balance going toward reducing
the emissions of other companies. We're focused on customers
in the heavy industry, power generation, and commercial
transportation sectors. These sectors provide great economic

Our land fuels business

value and generate significant emissions that aren’t easy to
cut. Together, these sectors account for about 80% of energy-
related CO2 emissions today. Carbon capture and storage,
hydrogen, biofuels, and lithium align with our capabilities and
have the potential to make a big difference in these hard-to
decarbonize sectors.

With advancements in technology and the clear and consistent
government policies that support needed investments and

the development of market-driven mechanisms, ExxonMobil
aims to achieve net-zero Scope 1 and Scope 2 greenhouse gas
(GHG) emissions in our operated assets by 2050, backed by

a comprehensive approach centered on developing detailed
emission reduction roadmaps for major operated assets.

Our Product Solutions land fuels business currently markets lower emission fuels in multiple countries
around the world such as the US and Canada in North America, to the UK and the Netherlands in

EAME, to Singapore and Indonesia in Asia Pacific. We are excited about our plans and the ecosystem
collaborations that are enabling them and look forward to continuing the productive conversations, which
can lead to lower lifecycle GHG emissions solutions in on- and off-road sectors.

To learn more about our land fuels plans, we invite you to follow our ExxonMobil Global Land Fuels
LinkedIn page so we can share ecosystem developments, input from those we work with and updates on

product solutions we are bringing to market.

We look forward to hearing from you.
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Appendix
Definitions

Fuel Terminology

Biodiesel (B100): Renewable, biodegradable form of diesel
typically manufactured by trans-esterification of plant oils,
waste oils and/or animal fats (tallow). Also known as FAME
(Fatty Acid Methyl Ester). The product is not hydrotreated
before blending and contains oxygen.

Biofuel: Fuel produced from biomass, including waste
vegetable oils and animal fats (such as used cooking oil).
Examples include Biodiesel, Renewable Diesel, Renewable
Natural Gas etc.

Biomass: A feedstock comprised of organic matter derived
from living or recently living organisms; e.g. wood, crops,
algae.

Bx: Biodiesel blend into conventional diesel at x vol%
biodiesel, e.g. B10.

Compressed Natural Gas (CNG) and Liquified Natural Gas
(LNG): Natural gas stored in compressed gaseous form and
liquified form, respectively.

eFuels: Broad category of synthetic fuels that includes fuel
produced from green H, which is combined with CO. The
CO comes from CO,, either from direct air capture or from
a point source. The Point source is generally biogenic for a
lower Cl. The fuels produced include methane, methanol,
ethanol, gasoline, jet, diesel, or various chemicals. This
procedure is now commonly known by the terms Power-
to-X (PtX), Power-to-Liquids (PtL) and Power-to-Gas (PtG).

Ex¢onMobil

H. (Hydrogen): Fuel used for land transportation in ICE
engines or more commonly in fuel cell electric vehicles
(FCEV). Like natural gas, hydrogen can be stored in
compressed or liquified form. The carbon intensity of H, is
influenced by the production process and colors are often
used as a shorthand for the production pathway, e.g. Grey
H,, from natural gas SMR (steam methane reformation), Blue
H, from SMR or ATR (autothermal reformation) with Carbon
Capture and Storage (CCS), Green H, from electrolysis of
water using green electricity (e.g. solar, wind, geothermal,
hydro-power), Pink H, from electrolysis of water using
nuclear power.

Liquefied Petroleum Gas (LPG): Fuel gas in liquified form,
principally propane and/or butane.

Renewable Diesel (RD, R100): Drop-in form of diesel, made
from same feedstocks as biodiesel (vegetable oil, waste,
residues). Primarily produced through hydro-processing
edible and waste oils but can be produced through pathways
like gasification. The hydro-processing step removes
impurities and oxygenates which means, unlike biodiesel, it
can be used more interchangeably with conventional diesel,
and has good cold weather performance. Also known as
HDRD (Hydrogenation-Derived Renewable Diesel), and
HVO (Hydro-treated Vegetable Oil).

Renewable Energy: Energy from renewable non-fossil
sources, namely wind, solar (solar thermal and solar
photovoltaic) and geothermal energy, ambient energy, tide,
wave and other ocean energy, hydropower, biomass, landfill
gas, sewage treatment plant gas, and biogas.?®

Renewable Fuel: Renewable fuels include liquid and gaseous
fuels and electricity derived from renewable biomass energy
sources. Examples include ethanol, biodiesel, cellulosic diesel
and compressed natural gas and electricity from renewable
biomass.°

Renewable Natural Gas (RNG): Also known as biogas,
RNG is a renewable form of natural gas (primarily methane)
usually captured from anaerobic digestion in a landfill or
from livestock manure. Can be used for land transport.

Rx: Renewable diesel blend into conventional diesel at x
vol% renewable diesel, e.g. R30.

Biofuels Production Related Terminology

BECCS: Bioenergy with carbon capture and sequestration (CCS).
Gasification with CCS is an example.

Cellulosic feed: Feedstock that contains cellulose including
forestry waste, agricultural waste, and municipal solid waste
(MSW). Can be used for gasification or pyrolysis.

Co-processing: Utilization of bio-feedstock in conjunction with
traditional crude oil / petroleum feedstock in fuel production
to help reduce the overall carbon intensity of the end-products
produced. The bio-feed can be inserted at different points in
the production process (e.g. hydro-treating) depending on the
refinery configuration and the desired products.

Gasification: Process that converts biomass into syngas (mixture
of carbon monoxide, and hydrogen. This is achieved by reacting
the feedstock material at high temperatures (typically >700°C),
without combustion, controlling the presence of oxygen and/or
steam in the reaction. Syngas can be turned into synthetic liquid
hydrocarbon fuels, via the Fischer Tropsch process.

Hydro-processing: Refining process, using hydrogen in the
presence of catalyst, to remove sulfur and oxygen from fuel
products.

Pyrolysis: Process in which biomass is heated rapidly at high
temperature (500-700C) in an oxygen-free environment. Vapors
are cooled and condensed into a liquid pyrolysis oil (also known
as Bio-Pyoil) which can be used to produce renewable fuels.
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Commercial Transport Terminology

Battery Electric Vehicle (EV): Electric vehicle
powered by a rechargeable battery.

Fuel Cell Electric Vehicle (FCEV): Electric
vehicle that uses a fuel cell, sometimes

in combination with a small battery or
supercapacitor, to power its onboard electric
motor. Fuel cells in vehicles generate electricity
generally using oxygen from the air and
compressed hydrogen.

Heavy-Duty (HD): Category of heavy road
transportation, typically for commercial carriage
of freight.

Intermodal: Use of successive modes of
transport (e.g., ocean ship, inland waterway, air,
rail, trucking) to move goods within one and
the same loading unit without handling of the
goods themselves when changing modes.

Internal Combustion Engine (ICE): Engine in
which fuels are burned (e.g., gasoline, diesel)
through spark ignition or compression to
release energy and cause motion.

Light-Duty (LD): Category of lighter road
transportation, primarily 2-4 wheelers including
motorbikes, cars and small vans.

Medium-Duty (MD): Category of road
transportation at intermediate load levels,
including smaller buses and trucks.

Total Cost of Ownership (TCO): Estimate

of the expenses associated with purchasing,
deploying, operating, maintaining and retiring

a product or piece of equipment, across the
product’s entire lifecycle. TCO can be calculated
as the initial purchase price plus costs of
operation across the asset lifespan and takes
into account resale value. It is key measure used
by commercial transport companies in selecting
between vehicles and fueling choices.

Ex¢onMobil

Vehicle Emissions Control Terminology

Diesel Exhaust Fluid (DEF): DEF is a liquid used to reduce the
amount of air pollution created by a diesel engine. Specifically,
DEF is an aqueous urea solution made with 32.5% urea and
67.5% deionized water. DEF is consumed in a selective catalytic
reduction (SCR) that lowers the concentration of nitrogen oxides
(NO,) in the diesel exhaust emissions from a diesel engine. DEF
is widely marketed under the trade name AdBlue™.

Diesel Oxidation Catalysts (DOCs): Exhaust aftertreatment
devices reducing tailpipe emissions from diesel fueled vehicles
and equipment. Generally, consist of a precious metal coated
flow-through honeycomb structure contained in a stainless-
steel housing. As hot diesel exhaust flows through the
honeycomb structure, the precious metal coating causes a
catalytic reaction breaking down pollutants into less harmful
components. DOCs promote oxidation of exhaust gas
components - carbon monoxide (CO), hydrocarbons (HC), and
the organic fraction of diesel particulates (OF). In modern diesel
aftertreatment systems, an important function of the DOC is to
oxidize nitric oxide (NO) to nitrogen dioxide (NO,), a gas needed
to support the performance of DPFs and SCR catalysts used for
NO reduction.

Diesel Particulate Filter (DPF): Filter that captures and stores
exhaust soot to reduce tailpipe emissions from diesel engines.
DPFs only have a finite capacity, so trapped particulates are
periodically ‘burned off to regenerate the DPF, reducing the
harmful exhaust emission and helps to prevent black smoke
emissions during acceleration.

Exhaust Gas Recirculation (EGR): Technique to reduce NO;
tailpipe emissions. EGR works by recirculating a portion of an
engine’s exhaust gas back to the engine cylinders. The exhaust
gas displaces atmospheric air, reducing O, in the combustion
chamber, in turn reducing the amount of fuel that can burn in
the cylinder, thereby reducing peak in-cylinder temperatures.
The amount of recirculated exhaust gas varies with the engine
operating parameters. In modern diesel engines, the EGR gas is
usually cooled with a heat exchanger to allow the introduction
of a greater mass of recirculated gas.

Selective Catalytic Reduction (SCR): Technique for reducing
nitrogen oxide (NO,) tailpipe emissions from diesel engines.
Static mixers are widely used in SCR systems before reactors to
promote the mixing of ammonia and exhaust streams.

Emissions Related Terminology

Assurance Scheme: Independent program which audits renewable fuel claims
including feedstock origin and GHG emissions reductions through the supply
chain. Examples include the Renewable Fuels Assurance Scheme (RFAS), run
by the Zemo Partnership in the UK.

Carbon Intensity (CI): Measure of lifecycle GHG emissions, expressed in units
of CO; equivalent (CO,e) emissions per unit of energy. It is usually expressed
per megajoule of energy. CO.e is used to normalize Greenhouse Gases such as
methane to a recognized Global Warming Potential (GWP) value by applying
universally accepted conversion factors. It is a measure of the GHG potential of
all emissions, not just CO.,.

Greenhouse gas emissions (GHG): Emissions expressed in CO.g, including
carbon dioxide (CO,), methane (CH,), and nitrous oxide (NO,).

GREET: The Greenhouse Gases, Regulated Emissions, and Energy Use in
Technologies (GREET™) suite of models developed by The Department of
Energy’s Argonne National Laboratory. These models are a publicly available
tool to assess lifecycle emissions associated with a wide range of energy
sources and production pathways.

Indirect Land Use Change (ILUC): Occurs when cultivation of crops for
biofuels, bioliquids and biomass fuels displace traditional production of crops
for food and feed purposes. This additional demand may increase the pressure
on land and can lead to the extension of agricultural land into areas with

high carbon stock such as forests, wetlands and peat land causing additional
lifecycle GHG emissions.®’

Life Cycle Assessment (LCA): A life cycle assessment (LCA) is a holistic
method to assess environmental aspects and quantify potential environmental
impacts throughout a product’s defined life cycle.

Lower Emission Fuel (LEF): Fuel which has lower lifecycle GHG emissions
compared to conventional fuel as measured by lifecycle analysis.

Tank To Wheels Emissions (TTW): GHG emissions, expressed in CO,e/MJ,
from the use (combustion) phase of a fuel - also known as vehicle exhaust or
tailpipe emissions.

Well To Tank Emissions (WTT): GHG emissions, expressed in CO,e/MJ,
associated with fuel production and distribution to the end user vehicle
refueling point.

Well To Wheels Emissions (WTW): Full lifecycle assessed fuel GHG
emissions, expressed in COe/MJ.

Zero Emissions Vehicle (ZEV): Vehicle which emits no CO,, particulates, or
NO, from the exhaust/tailpipe. Battery Electric Vehicles and Fuel Cell Electric
Vehicles are classed as Zero Emissions Vehicles.
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Appendix

HVO100 compatibility* with diesel engines (EAME region)

The following information only applies to the listed medium and heavy-duty engines and vehicles.

On-road New Generation XG+ Paccar MX-11 Euro lll to VI
DAF On-road New Generation XG+ Paccar MX-13 Euro lll to VI
DAF On-road New Generation XG Paccar MX-11 Euro lll to VI
DAF On-road New Generation XG Paccar MX-13 Euro lll to VI
DAF On-road New Generation XF Paccar MX-11 Euro lll to VI
DAF On-road New Generation XF Paccar MX-13 Euro lll to VI
DAF On-road New Generation XD Paccar MX-11 Euro lll to VI
DAF On-road New Generation XD Paccar PX-7 Euro lll to VI
DAF On-road New Generation XB Paccar PX-5 Euro lll to VI
DAF On-road New Generation XB Paccar PX-7 Euro lll to VI
DAF On-road XF Paccar XE Euro Il and earlier
DAF On-road XF Paccar MX Euro IV and V
DAF On-road XF Model Year 2017 and later ~ Paccar MX-11 Euro Ill to VI
DAF On-road XF Model Year 2017 and later ~ Paccar MX-13 Euro Ill to VI
DAF On-road CF Paccar BE Euro Ill and earlier
DAF On-road CF Paccar CE Euro lll and earlier
DAF On-road CF Paccar PE Euro lll and earlier
DAF On-road CF Paccar XE Euro lll and earlier
DAF On-road CF Paccar PR Euro IV and V
DAF On-road CF Paccar GR Euro IV and V
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Model Year 2015: only if the engine complies with the OBD-C

On-road Paccar PX-7 Euro lll to VI <tandard
DAF On-road CF Model Year 2017 and later ~ Paccar MX-11 Euro lll to VI
DAF On-road CF Model Year 2017 and later ~ Paccar MX-13 Euro lll to VI
DAF On-road LF Paccar PX-5 Euro lll to VI
DAF On-road LF Paccar PX-7 Euro lll to VI x::iallrdear 2015: only if the engine complies with the OBD-C
DAF On-road LF Paccar FR Euro IV and V
DAF On-road LF Paccar GR Euro IV and V
DAF On-road LF Paccar BE Euro lll and earlier
DAF On-road LF Paccar CE Euro lll and earlier
DAF Off-road New Generation XFC Paccar MX-11 Euro lll to VI
DAF Off-road New Generation XFC Paccar MX-13 Euro lll to VI
DAF Off-road New Generation XDC Paccar MX-11 Euro lll to VI
Iveco On-road / Off-road Eurocargo Tector 5 Euro VIE
Iveco On-road / Off-road Eurocargo Tector 7 Euro VIE
Iveco On-road S-Way Cursor 9 Euro VIE
Iveco On-road S-Way Cursor 11 Euro VIE
Iveco On-road S-Way Cursor 13 Euro VIE
Iveco On-road S-Way Xcursor 13 Euro VIE
Iveco Off-road T-Way Cursor 9 Euro VIE
Iveco Off-road T-Way Cursor 13 Euro VIE
Iveco Off-road T-Way Xcursor 13 Euro VIE
Iveco On-road / Off-road X-Way Cursor 9 Euro VI E
Iveco On-road / Off-road X-Way Cursor 11 Euro VI E
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lveco

lveco

MAN

MAN

MAN

MAN

MAN

MAN

MAN

MAN
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On-road / Off-road

On-road / Off-road

On-road / Off-road

On-road / Off-road

On-road / Off-road

On-road / Off-road

On-road / Off-road

On-road / Off-road

On-road / Off-road

On-road / Off-road

X-Way

X-Way

TGX

TGX

TGS

TGX

TGS

TGM

TGL

TGL

Cursor 13 Euro VIE

Xcursor 13 Euro VIE

Euro VI C (On-road)
D3876 Euro V and earlier
(Off-road)

Euro VI (On-road)
D2676 Euro V and earlier
(Off-road)

Euro VI (On-road)
D2676 Euro V and earlier
(Off-road)

Euro VI D (On-road)
D1556 Euro V and earlier
(Off-road)

Euro VI D (On-road)
D1556 Euro V and earlier
(Off-road)

Euro VI C (On-road)
D0836 Euro V and earlier
(Off-road)

Euro VI C (On-road)
D0836 Euro V and earlier
(Off-road)

Euro VI C (On-road)
D0834 Euro V and earlier
(Off-road)

On-road trucks: only following engine types
» LF45to LF50 (Euro VI A)

= LF51 to LF53 (Euro VI C)

= LF66to LF68 (Euro VI C)

= LF78to LF80 (Euro VI D)

= LF84 to LF86 (Euro VID)

= LFAB and LFAE (Euro VI D)

= LFAF, LFAI, LFAJ, LFAK, LFAL (Euro VI E)
= LFAP, LFAQ, LFAS (Euro VI E)

On-road trucks: only following engine types
» LF45 to LF50 (Euro VI A)

= LF51 to LF53 (Euro VI C)

= LF66to LF68 (Euro VI C)

= LF78to LF80 (Euro VI D)

= LF84 to LF86 (Euro VI D)

= LFAB and LFAE (Euro VI D)

= LFAF, LFAI, LFAJ, LFAK, LFAL (Euro VI E)
= LFAP, LFAQ, LFAS (Euro VI E)
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Mercedes-Benz
Mercedes-Benz
Mercedes-Benz
Mercedes-Benz
Mercedes-Benz
Mercedes-Benz
Mercedes-Benz
Mercedes-Benz
Mercedes-Benz
Mercedes-Benz
Mercedes-Benz
Mercedes-Benz
Mercedes-Benz
Mercedes-Benz

Mercedes-Benz

Renault
Renault
Renault
Renault
Renault
Renault
Renault
Renault

Renault

Ex¢onMobil

On-road

On-road

On-road

On-road

On-road

On-road

On-road

On-road

On-road

On-road / Off-road

On-road / Off-road

Off-road

Off-road

Off-road

Off-road

On-road

On-road

On-road

On-road

On-road

On-road

On-road

On-road

On-road

Actros L

Actros L

Actros L

Actros L up to 500 t
Actros L up to 500 t
Actros

Actros

Actros

Actros

Atego

Atego

Arocs

Arocs

Arocs

Arocs

T High
T High
.
.
.
D Wide

D Wide

OM473 Euro VI
OM471 Euro VI
OM470 Euro VI
OM473 Euro VI
OM471 Euro VI
OM473 Euro VI
OM471 Euro VI
OM470 Euro VI
OM936 Euro VI
OM936 Euro VI
OM934 Euro VI
OM473 Euro VI
OM471 Euro VI
OM470 Euro VI
OM936 Euro VI
DE13 Euro VIE
DE13TC Euro VIE
DE11 Euro VIE
DE13 Euro VIE
DE13TC Euro VIE
DTi8 Euro VIE
DE11 Euro VIE
DTi5 Euro VIE
DTi8 Euro VIE

61



Renault

Renault

Renault

Renault

Renault

Scania

Scania

Scania

Scania

Scania

Scania

Scania

Scania

Scania

Scania
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Off-road

Off-road

Off-road

Off-road

Off-road

On-road

On-road

On-road

On-road

On-road

On-road

On-road

On-road

On-road

On-road

Super

G-series

G-series

G-series

P-series

P-series

P-series

P-series

R-series

R-series

DE1
DE13
DE1
DE13

DE13TC

Super 13-litre

DC13

0oC13

DC09

Super 13-litre

DC13

DCO?

DCO07

DC16

Super 13-litre

Euro VIE

Euro VIE

Euro VIE

Euro VIE

Euro VIE

Euro VI

Euro VI

Euro VI

Euro VI

Euro VI

Euro Ill to Euro VI

Euro Ill to Euro VI

Euro V to VI

Euro Il to Euro VI

Euro VI

Only trucks with chassis number

= 9172513 and higher (Angers production site)

= 2082023 and higher (Sodertalje production site)
= 5307129 and higher (Zwolle production site)

Only trucks with chassis number

= 9172513 and higher (Angers production site)

= 2082023 and higher (Sodertalje production site)
= 5307129 and higher (Zwolle production site)

Only trucks with chassis number

= 9172513 and higher (Angers production site)

= 2082023 and higher (Sodertalje production site)
= 5307129 and higher (Zwolle production site)

Only trucks with chassis number

= 9172513 and higher (Angers production site)

= 2082023 and higher (Sodertalje production site)
= 5307129 and higher (Zwolle production site)

With the exception of DCO7 101

Only trucks with chassis number

» 9172445 and higher (Angers production site)

= 2081940 and higher (Sodertalje production site)
+ 5306936 and higher (Zwolle production site)
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Scania

Scania

Scania

Scania

Scania

Scania

Scania

Scania

Scania

Scania

Scania

Scania

Scania
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On-road

On-road

On-road

On-road

On-road

On-road

On-road

On-road

On-road

On-road

On-road

On-road

Off-road

R-series

R-series

S-series

S-series

S-series

S-series

L-series

L-series

Crewcab

Crewcab

Crewcab

V8

DC13

DCO9

DC16

Super 13-litre

DC13

0C13

DCO7

DCO9

DC13

DC0O?

DC0O7

V8

DC16

Euro lll to Euro VI

Euro lll to Euro VI

Euro VI

Euro VI

Euro VI

Euro VI

Euro VI

Euro VI

Euro VI

Euro VI

Euro VI

Euro VI

Euro VI

Only trucks with chassis number

» 9172513 and higher (Angers production site)

= 2082023 and higher (Sodertalje production site)
» 5307129 and higher (Zwolle production site)

Only trucks with chassis number

» 9172513 and higher (Angers production site)

= 2082023 and higher (Sodertalje production site)
» 5307129 and higher (Zwolle production site)

Only trucks with chassis number

» 9172445 and higher (Angers production site)

= 2081940 and higher (Sodertalje production site)
» 5306936 and higher (Zwolle production site)

Only trucks with chassis number

= 9172513 and higher (Angers production site)

= 2082023 and higher (Sodertalje production site)
= 5307129 and higher (Zwolle production site)

With the exception of DCO7 101

Only trucks with chassis number

» 9172513 and higher (Angers production site)

= 2082023 and higher (Sodertalje production site)
» 5307129 and higher (Zwolle production site)

Only trucks with chassis number

» 9172513 and higher (Angers production site)

+ 2082023 and higher (Sodertalje production site)
+ 5307129 and higher (Zwolle production site)

Only trucks with chassis number

» 9172513 and higher (Angers production site)

+ 2082023 and higher (Sodertalje production site)
» 5307129 and higher (Zwolle production site)

With the exception of DCO7 101

Only trucks with chassis number

» 9172445 and higher (Angers production site)

» 2081940 and higher (Sodertalje production site)
» 5306936 and higher (Zwolle production site)
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Scania Off-road Super 13-litre Euro VI
Only trucks with chassis number
. = 9172513 and higher (Angers production site)
Scania Off-road xT Dets Euro VI = 2082023 and higher (Sodertalje production site)
= 5307129 and higher (Zwolle production site)
Only trucks with chassis number
. = 9172513 and higher (Angers production site)
Scania Off-road xT DCoy Euro VI = 2082023 and higher (Sodertalje production site)
= 5307129 and higher (Zwolle production site)
Scania Off-road XT DCO7 Euro VI With the exception of DC0O7 101
Volvo On-road FH16 Aero D17 Euro VI
Volvo On-road FH Aero D13 Euro VI
Volvo On-road FH Aero D13 |-Save Euro VI
Volvo On-road FH16 D17 Euro VI
Volvo On-road FH D13 Euro VI
Volvo On-road FH D13 |-Save Euro VI
Volvo On-road FMX D11 Euro VI
Volvo On-road FMX D13 Euro VI
Volvo On-road FM D11 Euro VI
Volvo On-road FM D13 Euro VI
Since 2016, all Volvo Penta diesel engines have been compati-
Volvo Off-road Penta D5 Eurollto V ble with HVO 100
Since 2016, all Volvo Penta diesel engines have been compati-
Volvo Off-road Penta D8 Eurollto V ble with HVO 100
Since 2016, all Volvo Penta diesel engines have been compati-
Volvo Off-road Penta D11 Eurollto V ble with HVO 100
Since 2016, all Volvo Penta diesel engines have been compati-
Volvo Off-road Penta D13 Eurollto V ble with HVO 100
Volvo Off-road Penta D16 Euro ll to V Since 2016, all Volvo Penta diesel engines have been compati-

ble with HVO 100
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* Information contained in this Appendix is only applicable to HVO 100 meeting EN 15940 specifications. The above table is for information purposes
only and contains third-party content. As of October 2024. ExxonMobil is not responsible for any errors or omissions, or for the results obtained from
the use of this information. All information in this page is provided ““as is””, with no guarantee of completeness, accuracy, timeliness or of the results
obtained from the use of this information. ExxonMobil makes no representation or warranty as to any third-party content, including but not limited to
engine compatibility data, and ExxonMobil’s use thereof is not an endorsement, recommendation, or adoption of such content. Please contact your
engine manufacturer for more information.

ExxonMobil has also provided links in this document to third-party websites for ease of reference (see sources** for more information). These links
direct you to third-party websites not controlled by ExxonMobil, and you will be subject to their terms and conditions. All statements and opinions
expressed on these sites are solely those of the content provider.

XTL

To check compatibility with HVO 100 for passenger
cars, please, check the manufacturer’s drivers guide

and/or check the fill point for the XTL mark.

**Sources

DAF Alternative Fuels Guidelines MAN HVO 100 Engine Press Release
DAF Alternative Fuels Guidelines Page 3 Renault Alternative Energy for Trucks
DAF Alternative Fuels Page 3 Renault Environment and Sustainable Mobility
DAF CF Scania Crewcab Specifications

DAF CO2 Emissions Reductions Scania G Series

DAF New Generation for HVO 100 Scania L Series

DAF New Generation Trucks Scania P Series

DAF New Generation XB Scania R Series

DAF XB Scania S Series

DAF XF Scania Super

Daimler HVO 100 Engine Approval Scania V8 Specifications

IVECO 2021 Solutrans Offering Scania XT Specifications

IVECO Sustainable Mobility of Commercial Vehicles Announcement Volvo Alternative Fuels for Trucks Guide
IVECO S-Way Viewer Volvo FH16 Aero Specifications

IVECO T-Way | Iveco Volvo Penta and Sustainability

IVECO X-Way Viewer Zemo Renewable Fuels Guide

MAN HVO 100 Article
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https://ww2.arb.ca.gov/sites/default/files/classic/isd/fuels/diesel/altdiesel/20111013_carb final biodiesel report.pdf?_ga=2.253199241.1282740984.1714571881-1091002622.1683158582
https://ww2.arb.ca.gov/sites/default/files/classic/isd/fuels/diesel/altdiesel/20111013_carb final biodiesel report.pdf?_ga=2.253199241.1282740984.1714571881-1091002622.1683158582
https://ww2.arb.ca.gov/sites/default/files/classic/isd/fuels/diesel/altdiesel/20111013_carb final biodiesel report.pdf?_ga=2.253199241.1282740984.1714571881-1091002622.1683158582
https://www.weforum.org/agenda/2016/04/the-number-of-cars-worldwide-is-set-to-double-by-2040#:~:text=The%20global%20number%20of%20cars,trillion%20in%20the%20same%20period.
https://www.statista.com/statistics/1246737/forecast-road-freight-activity/
https://content.dps.mobil.com/cvl-fleet/en/pdf/Mobil-Delvac-TCO-Guide.pdf#:~:text=Put%20simply%2C%20Total%20Cost%20of%20Ownership%20is%20the,life%20disposal%2C%20and%20just%20about%20everything%20in%20between.
https://www.unep.org/explore-topics/transport/what-we-do/partnership-clean-fuels-and-vehicles/sulphur-campaign
https://www.unep.org/explore-topics/transport/what-we-do/partnership-clean-fuels-and-vehicles/sulphur-campaign
https://www.iea.org/reports/electricity-market-report-2023
https://news.imperialoil.ca/news-releases/news-releases/2022/FLO-teams-with-Imperial-to-support-Canadas-emissions-reduction-goals/default.aspx
https://corporate.exxonmobil.com/news/news-releases/2023/1113_exxonmobil-drilling-first-lithium-well-in-arkansas
https://corporate.exxonmobil.com/news/viewpoints/low-carbon-hydrogen
https://www.scientificamerican.com/article/former-life-of-the-electric-car/
http://www.truckandenginemanufacturers.org/file.asp?A=Y&F=Facts+You+Should+Know+About+Biomass%2DBased+Diesel+Fuels%2Epdf&N=Facts+You+Should+Know+About+Biomass%2DBased+Diesel+Fuels%2Epdf&C=documents
https://www.iea.org/reports/co2-emissions-in-2022
https://www.iea.org/energy-system/transport#tracking
https://nacfe.org/research/affs
https://brc.org.uk/media/677719/net-zero-logistics-report-final-18-may-21.pdf
https://theicct.org/publication/fuel-efficiency-technology-in-european-heavy-duty-vehicles-baseline-and-potential-for-the-2020-2030-timeframe/
https://www.transportpolicy.net/standard/eu-heavy-duty-emissions/
https://www.sciencedirect.com/science/article/pii/S2213343714002140
https://www.europarl.europa.eu/RegData/etudes/STUD/2015/513991/IPOL_STU%282015%29513991_EN.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.328.01.0082.01.ENG&toc=OJ:L:2018:328:TOC
https://www.mckinsey.com/capabilities/operations/our-insights/global-infrastructure-initiative/voices/unlocking-hydrogens-power-for-long-haul-freight-transport
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32023L2413&qid=1699364355105
https://nature.berkeley.edu/classes/es196/projects/2007final/MillerJ.pdf
https://ahdb.org.uk/cover-crops
https://www.fsa.usda.gov/Assets/USDA-FSA-Public/usdafiles/State-Offices/Iowa/pdfs/Cover_Crop_Fact_Sheet.pdf
https://www.ers.usda.gov/webdocs/publications/100551/eib-222.pdf?v=9246
https://www.oliverwyman.com/our-expertise/journals/energy-and-natural-resources-journal-volume-7/underutilized-feedstocks-are-key-to-renewable-fuels-growth.html
https://apps.dtic.mil/sti/tr/pdf/ADA623374.pdf
https://www.london.gov.uk/sites/default/files/cost_benefit_analysis_full_report.pdf?msclkid=1d94acbbbbe311eca1248bf5a493516a
https://biodieselmagazine.com/articles/735350/peterbilt-kenworth-truck-maker-paccar-approves-b20-use
https://www.acea.auto/publication/b10-diesel-fuel-vehicle-compatibility-list/

Appendix

HVO100 (R100) compatibility* with diesel engines (North America region)

The following information only applies to the listed medium and heavy-duty engines and vehicles.

Manufacturer

Application

Emission
Level

Comments

Cat-branded Diesel engines can use renewable diesel in blends up to 100%. Must meet D975, EN 590
(except density), or EN 15940. Some elastomers prior to early 1990's may not be compatible, refer to dealer

Caterpillar Off-road B See comment B for guidance. Diesel generators compatible for over a decade, consult dealer for guidance. Model TH255C
with Deutz TD 2.9 engines with exhaust gas aftertreatment of US EPA Tier 4 interim compatible.
. Duramax Turbo V8 . .
Chevrolet On-road Silverado 2500 HD 6.6L - R99 or R95 for 2006-2023 GM brands all diesel engines
. Duramax Turbo V8 . .
Chevrolet On-road Silverado 3500 HD 6.6L - R99 or R95 for 2006-2023 GM brands all diesel engines
. Duramax Turbo V8 . .
Chevrolet On/Off-road Silverado 4500 HD 6.6L - R99 or R95 for 2006-2023 GM brands all diesel engines
. Duramax Turbo V8 . .
Chevrolet On/Off-road Silverado 5500 HD 6.6L - R99 or R95 for 2006-2023 GM brands all diesel engines
. Duramax Turbo V8 . .
Chevrolet On/Off-road Silverado 6500 HD 6.6L - R99 or R95 for 2006-2023 GM brands all diesel engines
Chevrolet On-road 4500 XD Low Cab | 14 Turbo Diesel - R99 or R95 for 2006-2023 GM brands all diesel engines
Forward 5.2L
Chevrolet On-road 5500 XD Low Cab | |-4 Turbo Diesel - R99 or R95 for 2006-2023 GM brands all diesel engines
Forward 5.2L
Chevrolet On-road 6500 XD Low Cab Cymmms Turbo - R99 or R95 for 2006-2023 GM brands all diesel engines
Forward Diesel 6.7L
Chevrolet On-road 7500 XD Low Cab Cymmms Turbo - R99 or R95 for 2006-2023 GM brands all diesel engines
Forward Diesel 6.7L
) Mercedes-Benz ) Both Tier 4F / Stage V, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS harvesters
CLAAS Off-road Xerion 4500 12.8L Tier 4F / Stage 5 and tractors that meet the latest Stage V emissions standard since 1 October 2023.
CLAAS Off-road Xerion 5000 Mercedes-Benz Tier 4F / Stage 5 Both Tier 4F / Stage V, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS harvesters
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and tractors that meet the latest Stage V emissions standard since 1 October 2023.
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CLAAS
CLAAS
CLAAS
CLAAS
CLAAS
CLAAS
CLAAS
CLAAS
CLAAS
CLAAS
CLAAS
CLAAS
CLAAS
CLAAS
CLAAS

CLAAS
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Application

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Axion 810

Axion 820

Axion 830

Axion 840

Axion 850

Axion 860

Axion 880

Arion 630

Arion 650

Arion 660

Trion 740

Jaguar 990

Jaguar 980

Jaguar 970

Jaguar 960

Jaguar 950

FPT 6.7

FPT 6.7

FPT 6.7

FPT 6.7

FPT 6.7

FPT 6.7

FPT 6.7

DPS 6.8 L

DPS 6.8 L

DPS 6.8 L

Cummins L9 8.9L

MAN D2862 24.2L

MAN D2862 24.2L

MAN D4276 16.2L

MB OM 473 LA
15.6L

MB OM 473 LA
15.6L

Emission

Level

US Tier unlisted
/ Stage V

US Tier unlisted
/ Stage V

US Tier unlisted
/ Stage V

US Tier unlisted
/ Stage V

US Tier unlisted
/ Stage V

US Tier unlisted
/ Stage V

US Tier unlisted
/ Stage V

US Tier unlisted
/ Stage V

US Tier unlisted
/ Stage V

US Tier unlisted
/ Stage V

US Tier unlisted
/ Stage V

Tier 4 / Stage V

Tier 4 / Stage V

Tier 4 / Stage V

Tier 4 / Stage V

Tier 4 / Stage V

Both US Tier as well as Stage V, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.

Both US Tier as well as Stage V, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.

Both US Tier as well as Stage V, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.

Both US Tier as well as Stage V, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.

Both US Tier as well as Stage V, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.

Both US Tier as well as Stage V, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.

Both US Tier as well as Stage V, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.

Both US Tier as well as Stage V, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.

Both US Tier as well as Stage V, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.

Both US Tier as well as Stage V, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.

Both US Tier as well as Stage V, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.

Brochure lists as HVO Ready, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.

Brochure lists as HVO Ready, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.

Brochure lists as HVO Ready, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.

Brochure lists as HVO Ready, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.

Brochure lists as HVO Ready, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.
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Application

Emission

Level
MB OM 471 LA ) Brochure lists as HVO Ready, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
CLAAS Off-road Jaguar 940 12.8L Tier 4/ Stage V harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.
MB OM 471 LA ) Brochure lists as HVO Ready, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
CLAAS Off-road Jaguar 930 12.8L Tier 4/ Stage V harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.
MB OM 473 LA ) Brochure lists as HVO Ready, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
CLAAS Off-road Jaguar 880 15.6L Tier4 harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.
MB OM 471 LA ) Brochure lists as HVO Ready, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
CLAAS Off-road Jaguar 860 12.8L Tier4 harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.
MB OM 471 LA ) Brochure lists as HVO Ready, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
CLAAS Off-road Jaguar 850 12.8L Tier4 harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.
MB OM 470 LA ) Brochure lists as HVO Ready, HVO (hydrotreated vegetable oil) has been approved for use in CLAAS
CLAAS Off-road Jaguar 840 10.6L Tier4 harvesters and tractors that meet the latest Stage V emissions standard since 1 October 2023.
Generator
Cummins Off-road - setsin s_tandby Generator sets in standby applications, EN15940 required
applications, see
comment
Cummins Off-road ) QsK19 ) EN1 5940 required, for use in industrial segments, contact distributor for more information and most recent
fluids manual
Cummins Off-road ) K19 ) EN1 5940 required, for use in industrial segments, contact distributor for more information and most recent
fluids manual
Cummins Off-road ) Qsk23 ) EN1 5940 required, for use in industrial segments, contact distributor for more information and most recent
fluids manual
Cummins Off-road ) QsT30 ) EN1 5940 required, for use in industrial segments, contact distributor for more information and most recent
fluids manual
Cummins Off-road ) QsK3s ) EN1 5940 required, for use in industrial segments, contact distributor for more information and most recent
fluids manual
Cummins Off-road ) K38 ) EN1 5940 required, for use in industrial segments, contact distributor for more information and most recent
fluids manual
Cummins Off-road ) QsK4s ) EN1 5940 required, for use in industrial segments, contact distributor for more information and most recent
fluids manual
Cummins Off-road ) K50 ) EN15940 required, for use in industrial segments, contact distributor for more information and most recent

Ex¢onMobil

fluids manual
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Cummins
Cummins
Cummins

Cummins

Cummins
Cummins
Cummins
Cummins
Cummins
Cummins
Cummins

Cummins

Cummins
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Application

Off-road

Off-road

Off-road

Off-road

Off-road

On-road

On-road

On-road

Off-road

Off-road

Off-road

Off-road

Off-road

On-road

QSK60

QSK78

QSK95

V903

ACE

ISB

ISL

ISF

QSB

QsC

QSL

QSF

B4.5

B6.7

Emission

Level

EN15940 required, for use in industrial segments, contact distributor for more information and most recent
fluids manual

EN15940 required, for use in industrial segments, contact distributor for more information and most recent
fluids manual

EN15940 required, for use in industrial segments, contact distributor for more information and most recent
fluids manual

EN15940 required, for use in industrial segments, contact distributor for more information and most recent
fluids manual

EN15940 required, for use in industrial segments, contact distributor for more information and most recent
fluids manual

EN15940 required

EN15940 required

EN15940 required

EN15940 required

EN15940 required

EN15940 required

EN15940 required

EN15940 required

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN

15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.
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Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
Cummins On-road - L9 - service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration

code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code

released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
Cummins On-road - X12* - service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration

code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code

released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
Cummins On-road - X15* - service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration

code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code

released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.

Renewable Diesel fuel must meet the industry standard specifications: ASTM D975, CAN/GCSB-3.517, EN

Detroit Diesel On/Off-road - Series 60 - 15940

Renewable Diesel fuel must meet the industry standard specifications: ASTM D975, CAN/GCSB-3.517, EN

Detroit Diesel On/Off-road - MBE 900 - 15940
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Detroit Diesel On/Off-road ) MBE 4000 ) ngz\gable Diesel fuel must meet the industry standard specifications: ASTM D975, CAN/GCSB-3.517, EN
Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.

Detroit Diesel On/Off-road - DD5 -

Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.

Detroit Diesel On/Off-road - DD8 -

Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.

Detroit Diesel On/Off-road - DD13 -

Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.

Detroit Diesel On/Off-road - DD15 -
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Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Detroit Diesel On/Off-road ) DD16 ) Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.
EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.
Fuels meeting EN 15940 and ASTM D975. Engines without exhaust gas after-treatment (EDG engines) and
engines with exhaust gas after-treatment
(DOC / DPF / SCR) of emission stages EU Stage Ill B/ EU Stage IV, or US EPA Tier 4 interim / US EPA Tier 4
Deutz AG Off-road - D22 - final respectively.
Engines with exhaust gas after-treatment with active regen (combustion) of emission stage US EPA Tier 4
Interim are excluded.
Fuels meeting EN 15940 and ASTM D975. Engines without exhaust gas after-treatment (EDG engines) and
engines with exhaust gas after-treatment
(DOC / DPF / SCR) of emission stages EU Stage Ill B/ EU Stage IV, or US EPA Tier 4 interim / US EPA Tier 4
Deutz AG Off-road - TD2.2 - final respectively.
Engines with exhaust gas after-treatment with active regen (combustion) of emission stage US EPA Tier 4
Interim are excluded.
Fuels meeting EN 15940 and ASTM D975. Engines without exhaust gas after-treatment (EDG engines) and
engines with exhaust gas after-treatment
(DOC / DPF / SCR) of emission stages EU Stage Ill B/ EU Stage IV, or US EPA Tier 4 interim / US EPA Tier 4
Deutz AG Off-road - TCD 2.2 - final respectively.
Engines with exhaust gas after-treatment with active regen (combustion) of emission stage US EPA Tier 4
Interim are excluded.
Fuels meeting EN 15940 and ASTM D975. Engines without exhaust gas after-treatment (EDG engines) and
engines with exhaust gas after-treatment
(DOC / DPF / SCR) of emission stages EU Stage Ill B/ EU Stage IV, or US EPA Tier 4 interim / US EPA Tier 4
Deutz AG Off-road - D29 - final respectively.
Engines with exhaust gas after-treatment with active regen (combustion) of emission stage US EPA Tier 4
Interim are excluded.
Fuels meeting EN 15940 and ASTM D975. Engines without exhaust gas after-treatment (EDG engines) and
engines with exhaust gas after-treatment
Deutz AG Off-road _ D29 ) (DOC / DPF / SCR) of emission stages EU Stage Ill B/ EU Stage IV, or US EPA Tier 4 interim / US EPA Tier 4

final respectively.
Engines with exhaust gas after-treatment with active regen (combustion) of emission stage US EPA Tier 4
Interim are excluded.
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Deutz AG

Deutz AG

Deutz AG

Deutz AG
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Application

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

TCD 2.9

TD 3.6

TCD 3.6

TCD 4.1

TCD 5.2

TCD 6.1

TCD7.8

Emission

Level

Fuels meeting EN 15940 and ASTM D975. Engines without exhaust gas after-treatment (EDG engines) and
engines with exhaust gas after-treatment

(DOC / DPF / SCR) of emission stages EU Stage Ill B / EU Stage IV, or US EPA Tier 4 interim / US EPA Tier 4
final respectively.

Engines with exhaust gas after-treatment with active regen (combustion) of emission stage US EPA Tier 4
Interim are excluded.

Fuels meeting EN 15940 and ASTM D975. Engines without exhaust gas after-treatment (EDG engines) and
engines with exhaust gas after-treatment

(DOC / DPF / SCR) of emission stages EU Stage Ill B / EU Stage IV, or US EPA Tier 4 interim / US EPA Tier 4
final respectively.

Engines with exhaust gas after-treatment with active regen (combustion) of emission stage US EPA Tier 4
Interim are excluded.

Fuels meeting EN 15940 and ASTM D975. Engines without exhaust gas after-treatment (EDG engines) and
engines with exhaust gas after-treatment

(DOC / DPF / SCR) of emission stages EU Stage Ill B / EU Stage IV, or US EPA Tier 4 interim / US EPA Tier 4
final respectively.

Engines with exhaust gas after-treatment with active regen (combustion) of emission stage US EPA Tier 4
Interim are excluded.

Fuels meeting EN 15940 and ASTM D975. Engines without exhaust gas after-treatment (EDG engines) and
engines with exhaust gas after-treatment

(DOC / DPF / SCR) of emission stages EU Stage Ill B / EU Stage IV, or US EPA Tier 4 interim / US EPA Tier 4
final respectively.

Engines with exhaust gas after-treatment with active regen (combustion) of emission stage US EPA Tier 4
Interim are excluded.

Fuels meeting EN 15940 and ASTM D975. Engines without exhaust gas after-treatment (EDG engines) and
engines with exhaust gas after-treatment

(DOC / DPF / SCR) of emission stages EU Stage Ill B/ EU Stage IV, or US EPA Tier 4 interim / US EPA Tier 4
final respectively.

Engines with exhaust gas after-treatment with active regen (combustion) of emission stage US EPA Tier 4
Interim are excluded.

Fuels meeting EN 15940 and ASTM D975. Engines without exhaust gas after-treatment (EDG engines) and
engines with exhaust gas after-treatment

(DOC / DPF / SCR) of emission stages EU Stage Ill B/ EU Stage IV, or US EPA Tier 4 interim / US EPA Tier 4
final respectively.

Engines with exhaust gas after-treatment with active regen (combustion) of emission stage US EPA Tier 4
Interim are excluded.

Fuels meeting EN 15940 and ASTM D975. Engines without exhaust gas after-treatment (EDG engines) and
engines with exhaust gas after-treatment

(DOC / DPF / SCR) of emission stages EU Stage Ill B / EU Stage IV, or US EPA Tier 4 interim / US EPA Tier 4
final respectively.

Engines with exhaust gas after-treatment with active regen (combustion) of emission stage US EPA Tier 4
Interim are excluded.
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Deutz AG

Deutz AG
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Deutz AG
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Application

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

TTCD 6.1

TTCD 7.8

TCD 12.0 V6

TD16.0V8

TCD9.0L4

TCD 12.0 L6

TCD 13.5L6

Emission

Level

Fuels meeting EN 15940 and ASTM D975. Engines without exhaust gas after-treatment (EDG engines) and
engines with exhaust gas after-treatment

(DOC / DPF / SCR) of emission stages EU Stage Ill B / EU Stage IV, or US EPA Tier 4 interim / US EPA Tier 4
final respectively.

Engines with exhaust gas after-treatment with active regen (combustion) of emission stage US EPA Tier 4
Interim are excluded.

Fuels meeting EN 15940 and ASTM D975. Engines without exhaust gas after-treatment (EDG engines) and
engines with exhaust gas after-treatment

(DOC / DPF / SCR) of emission stages EU Stage Ill B / EU Stage IV, or US EPA Tier 4 interim / US EPA Tier 4
final respectively.

Engines with exhaust gas after-treatment with active regen (combustion) of emission stage US EPA Tier 4
Interim are excluded.

Fuels meeting EN 15940 and ASTM D975. Engines without exhaust gas after-treatment (EDG engines) and
engines with exhaust gas after-treatment

(DOC / DPF / SCR) of emission stages EU Stage Ill B / EU Stage IV, or US EPA Tier 4 interim / US EPA Tier 4
final respectively.

Engines with exhaust gas after-treatment with active regen (combustion) of emission stage US EPA Tier 4
Interim are excluded.

Fuels meeting EN 15940 and ASTM D975. Engines without exhaust gas after-treatment (EDG engines) and
engines with exhaust gas after-treatment

(DOC / DPF / SCR) of emission stages EU Stage Ill B / EU Stage IV, or US EPA Tier 4 interim / US EPA Tier 4
final respectively.

Engines with exhaust gas after-treatment with active regen (combustion) of emission stage US EPA Tier 4
Interim are excluded.

Fuels meeting EN 15940 and ASTM D975. Engines without exhaust gas after-treatment (EDG engines) and
engines with exhaust gas after-treatment

(DOC / DPF / SCR) of emission stages EU Stage Ill B/ EU Stage IV, or US EPA Tier 4 interim / US EPA Tier 4
final respectively.

Engines with exhaust gas after-treatment with active regen (combustion) of emission stage US EPA Tier 4
Interim are excluded.

Fuels meeting EN 15940 and ASTM D975. Engines without exhaust gas after-treatment (EDG engines) and
engines with exhaust gas after-treatment

(DOC / DPF / SCR) of emission stages EU Stage Ill B/ EU Stage IV, or US EPA Tier 4 interim / US EPA Tier 4
final respectively.

Engines with exhaust gas after-treatment with active regen (combustion) of emission stage US EPA Tier 4
Interim are excluded.

Fuels meeting EN 15940 and ASTM D975. Engines without exhaust gas after-treatment (EDG engines) and
engines with exhaust gas after-treatment

(DOC / DPF / SCR) of emission stages EU Stage Ill B / EU Stage IV, or US EPA Tier 4 interim / US EPA Tier 4
final respectively.

Engines with exhaust gas after-treatment with active regen (combustion) of emission stage US EPA Tier 4
Interim are excluded.
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Fuels meeting EN 15940 and ASTM D975. Engines without exhaust gas after-treatment (EDG engines) and
engines with exhaust gas after-treatment
(DOC / DPF / SCR) of emission stages EU Stage Ill B / EU Stage IV, or US EPA Tier 4 interim / US EPA Tier 4

Deutz AG Off-road - TCD 18.0 L6 - . .
final respectively.
Engines with exhaust gas after-treatment with active regen (combustion) of emission stage US EPA Tier 4
Interim are excluded.
Ferris literature indicates compatibility and instructs to verify with engine manufacturer

. ) Cat-branded Diesel engines can use renewable diesel in blends up to 100%. Must meet D975, EN 590

Ferris Off-road 15-6200 Caterpillar C1.7 ) (except density), or EN 15940. Some elastomers prior to early 1990's may not be compatible, refer to dealer
for guidance. Diesel generators compatible for over a decade, consult dealer for guidance.

Ferris Off-road IS-2600 \S(aAr::nswar 3TNM74F- | _ Ferris literature indicates compatibility and instructs to verify with engine manufacturer

FPT Industrial Off-road ) F34 ) All of FPT Industrial’s Tier 4 Final and Stage V engines are fully compatible with diesel and paraffinic/
renewable fuels, such as HVOs.

FPT Industrial Off-road ) F36 ) All of FPT Industrial’s Tier 4 Final and Stage V engines are fully compatible with diesel and paraffinic/
renewable fuels, such as HVOs.

FPT Industrial Off-road ) N67 ) All of FPT Industrial’s Tier 4 Final and Stage V engines are fully compatible with diesel and paraffinic/
renewable fuels, such as HVOs.

FPT Industrial Off-road ) Cursor 9 ) All of FPT Industrial’s Tier 4 Final and Stage V engines are fully compatible with diesel and paraffinic/
renewable fuels, such as HVOs.

FPT Industrial Off-road ) Cursor 13 ) All of FPT Industrial’s Tier 4 Final and Stage V engines are fully compatible with diesel and paraffinic/
renewable fuels, such as HVOs.
Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.
Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets

Freightliner On-road Cascadia Detroit DD13 ) the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.
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Freightliner

Freightliner

Freightliner
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Application

On-road

On-road

On-road

On-road

Cascadia

Cascadia

Cascadia

Cascadia

Detroit DD15

Detroit DD16

Cummins X12

Cummins X15

Emission

Level

Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.

Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.
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Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.

Freightliner On-road M2 112 Plus Detroit DD13 -

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
Freightliner On-road M2 112 Plus Cummins L9 - service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration

code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code

released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.

Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.

Freightliner On-road M2 106 Plus Detroid DD5 -

Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.

Freightliner On-road M2 106 Plus Detroid DD8 -
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Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
Freightliner On-road M2 106 Plus Cummins B6.7 - service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration

code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code

released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
Freightliner On-road M2 106 Plus Cummins L9 - service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration

code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code

released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.

Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.

Freightliner On-road 114SD Plus Detroit DD13 -

Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.

Freightliner On-road 114SD Plus Detroit DD8 -
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Freightliner

Freightliner

Freightliner

Freightliner

Ex¢onMobil

Application

On-road

On-road

On-road

On-road

114SD Plus

114SD Plus

108SD Plus

108SD Plus

Cummins L9

Cummins X12

Detroit DD8

Cummins L9

Emission

Level

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN

15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.
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Freightliner

Freightliner

Application

On-road

On-road

108SD Plus

EconicSD Plus

Cummins B6.7

Detroit DD8

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.

Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.

GMC

GMC

On-road

On-road

Sierra 2500 HD

Sierra 3500 HD

Duramax Turbo V8
6.6L

Duramax Turbo V8
6.6L

R99 or R95 for 2006-2023 GM brands all diesel engines, no further update

R99 or R95 for 2006-2023 GM brands all diesel engines, no further update

IC Bus

Ex¢onMobil

On-road

CE Series

Cummins B6.7

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.
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Application

IC Bus On-road

IC Bus On-road

TC Series

RE Series

Cummins B6.7

Cummins L9

Emission

Level

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.

Retired model:

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.

International On/Off-road

MV Series

Cummins L9

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.
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International

International

International

International

Application

On/Off-road

On/Off-road

On/Off-road

On/Off-road

LT Series

HV Series

HV Series

HX Series

Cummins X15

Cummins B6.7

Cummins L9

Cummins X15

Emission

Level

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.
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Isuzu

Isuzu

Application

On-road

On-road

FTR

FVR

Cummins B6.7

Cummins B6.7

Emission

Level

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer to
the owner’s manual.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.

Isuzu mute to renewable.

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer to
the owner’s manual.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all

vintages are approved to use paraffinic diesel fuels in North America.

Isuzu mute to renewable.

JCB

JCB

JCB

Off-road

Off-road

Off-road

JCB 430

JCB 444

JCB 448

Fuels must meet EN 15940, compatable models with JCB 430/444/448 from Stage IlIB - Stage V, but call
dealer to confirm compatibility.

Fuels must meet EN 15940, compatable models with JCB 430/444/448 from Stage IlIB - Stage V, but call
dealer to confirm compatibility.

Fuels must meet EN 15940, compatable models with JCB 430/444/448 from Stage IlIB - Stage V, but call
dealer to confirm compatibility.

John Deere

Off-road

See comment

All John Deere engines can use renewable diesel in blends up to 100%. Must meet D975, EN 590, or EN
15940.

Kenworth
Kenworth
Kenworth

Kenworth

Ex¢onMobil

On-road

On-road

On-road

On-road

T680

T680

W990

W990

Paccar MX-11

Paccar MX-13

Paccar MX-11

Paccar MX-13

For MX-powered chassis, Kenworth bulletin (Paccar company), EN 15940 required
For MX-powered chassis, Kenworth bulletin (Paccar company), EN 15940 required
For MX-powered chassis, Kenworth bulletin (Paccar company), EN 15940 required

For MX-powered chassis, Kenworth bulletin (Paccar company), EN 15940 required
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Application

Emission

Level

Kenworth On-road WQ00L Paccar MX-13 - For MX-powered chassis, Kenworth bulletin (Paccar company), EN 15940 required

Kenworth On-road T800OW Paccar MX-13 - For MX-powered chassis, Kenworth bulletin (Paccar company), EN 15940 required

Kenworth On-road T880 Paccar MX-11 - For MX-powered chassis, Kenworth bulletin (Paccar company), EN 15940 required

Kenworth On-road T880 Paccar MX-13 - For MX-powered chassis, Kenworth bulletin (Paccar company), EN 15940 required
Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

Kenworth On/off-road T880 Cummins X15 - *While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer
to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

Kenworth On-road W90 Paccar MX-11 - For MX-powered chassis, Kenworth bulletin (Paccar company), EN 15940 required

Kenworth On-road WS90 Paccar MX-13 - For MX-powered chassis, Kenworth bulletin (Paccar company), EN 15940 required

Kubota Off-road - All - U.S. only, not Canada: Use EN15940 HVO, extension of approval to U.S.superseding all EU announcement
HVO can be used interchangeably with petroleum diesel. Renewable diesel at any blend up to a

Mack On-road All Mack Class 8 MP7, MP8 and - maximum of 100% (RD100) that conforms to ASTM D975 or EN15940 will not adversely affect engine or

models MP10 o

aftertreatment performance or durability.
HVO can be used interchangeably with petroleum diesel. Renewable diesel at any blend up to a

Mack On-road Anthem MP7 - maximum of 100% (RD100) that conforms to ASTM D975 or EN15940 will not adversely affect engine or
aftertreatment performance or durability.
HVO can be used interchangeably with petroleum diesel. Renewable diesel at any blend up to a

Mack On-road Anthem MP8 - maximum of 100% (RD100) that conforms to ASTM D975 or EN15940 will not adversely affect engine or
aftertreatment performance or durability.
HVO can be used interchangeably with petroleum diesel. Renewable diesel at any blend up to a

Mack On-road Anthem MP8SHE - maximum of 100% (RD100) that conforms to ASTM D975 or EN15940 will not adversely affect engine or
aftertreatment performance or durability.
Discontinued NA 2017, HVO can be used interchangeably with petroleum diesel. Renewable diesel at any

Mack On-road Titan MP10 - blend up to a maximum of 100% (RD100) that conforms to ASTM D975 or EN15940 will not adversely

Ex¢onMobil

affect engine or aftertreatment performance or durability.
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Mack

Mack

Mack

Mack

Mack

Mack

Mack

Application

On-road

On-road

On-road

On-road

On-road

On-road

On-road

Granite

Granite

LR

MD Series

Terra PRO

Terra PRO

Mack Pinnacle

MP7

MP8

MP 7

Cummins B6.7

MP7

MP8

MP8

Emission

Level

HVO can be used interchangeably with petroleum diesel. Renewable diesel at any blend up to a
maximum of 100% (RD100) that conforms to ASTM D975 or EN15940 will not adversely affect engine or
aftertreatment performance or durability.

HVO can be used interchangeably with petroleum diesel. Renewable diesel at any blend up to a
maximum of 100% (RD100) that conforms to ASTM D975 or EN15940 will not adversely affect engine or
aftertreatment performance or durability.

HVO can be used interchangeably with petroleum diesel. Renewable diesel at any blend up to a
maximum of 100% (RD100) that conforms to ASTM D975 or EN15940 will not adversely affect engine or
aftertreatment performance or durability.

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.

HVO can be used interchangeably with petroleum diesel. Renewable diesel at any blend up to a
maximum of 100% (RD100) that conforms to ASTM D975 or EN15940 will not adversely affect engine or
aftertreatment performance or durability.

HVO can be used interchangeably with petroleum diesel. Renewable diesel at any blend up to a
maximum of 100% (RD100) that conforms to ASTM D975 or EN15940 will not adversely affect engine or
aftertreatment performance or durability.

HVO can be used interchangeably with petroleum diesel. Renewable diesel at any blend up to a
maximum of 100% (RD100) that conforms to ASTM D975 or EN15940 will not adversely affect engine or
aftertreatment performance or durability.

New Holland
New Holland
New Holland

New Holland

Ex¢onMobil

Off-road

Off-road

Off-road

Off-road

Workmaster 50

Workmaster 55

Workmaster 60

Workmaster 65

FPT R753

S8000 2.9L

FPT R753

S8000 2.9L

Tier 4B Final

Tier 4B CEGR +
DOC

Tier 4B Final

Tier 4B CEGR +
DOC

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO
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New Holland

New Holland

New Holland

New Holland

New Holland

New Holland

New Holland

New Holland

New Holland

New Holland

New Holland

New Holland

New Holland

New Holland

New Holland

New Holland

New Holland

Ex¢onMobil

Application

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Workmaster 70

Workmaster 75

Workmaster 95

Workmaster 105

Workmaster 120

T7

T9 Series

T5 Series

T5 Series Dual
Command

Té6 Series

TS6 Series

Powerstar Series

T4 F/V

T3 Series

T3F Series
Compact

T4F S

TH Series

FPT R753

S8000 2.9L

FPT F53.4L

FPT F53.4L

FPT F53.4L

FPT NEF 6.7L

FPT Cursor 13

FPT NEF 4.5L

FPT F5G 3.4L

FPT NEF, 4.5L and

6.7L

NH FPT / NEF 4.5L,

6.7L

FPTF5C

FPT F34 and F36

3.4L,3.6L

S8000 2.9L

S8000 2.9L

FPT F36 F5C

FPT NEF 4.5L

Emission

Level

Tier 4B Final

Tier 4B CEGR +
DOC

Tier 4B SCR +
cuc

Tier 4B SCR +
Ccuc

Tier 4B SCR +
cuc

Tier 4B Final-
Stage V

Tier 4B/Final-
Stage V

Tier 4B

Tier 4B

Stage V

Tier 4B Final

Tier 4B DOC+
[t. CEGR, Tier
4B Hi-ESCR+Lt
CEGR

Tier 4B Final

Tier 4B
CEGR+DOC

Tier 4B
CEGR+DOC

Tier 4B

Tier 4B

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO
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New Holland

New Holland

New Holland
New Holland

New Holland
New Holland
New Holland
New Holland
New Holland
New Holland

New Holland
New Holland

New Holland
New Holland
New Holland

New Holland

New Holland
New Holland
New Holland

New Holland

Ex¢onMobil

Application

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Genesis T8 Series

Té6 Series |l
Stackcruiser Series

Speedrower Plus
Series

FR480
FR550
FR650
FR780
FR920
CR7.80

CR7.90

CR8.90

CR9.90
CR10.90
(CX8.80

CX8.90

T4F/V

Braud 9070M

Braud 9070L

Braud 9090L

FPT Cursor 9 6
531in3

FPT NEF N45 4.5

New Holland 6.7L

FPT 4.5L

FPT Cursor 13
FPT Cursor 13
FPT Cursor 16
FPT Cursor 16
FPT Vector 20
FPT Cursor 9

FPT Cursor 9

FPT Cursor 13

FPT Cursor 13
FPT Cursor 16
FPT Cursor 9
FPT Cursor 9

FPT F34 and F36
3.4L,3.6L

FPT Tier 4B HI-
eSCR 4cyl

FPT Tier 4B HI-
eSCR 4cyl

FPT Tier 4B HI-
eSCR /écyl

Emission

Level

Tier 4B

Tier 4B Final

Tier 4 Final

Tier 4B

Stage V
Stage V
Stage V
Stage V
Stage V
Stage V
Tier 4B

Tier 4B/ Stage
V Opti-Clean

Stage V
Stage V
Stage V
Stage V

Tier 4A and Tier
4B

Tier 4B

Tier 4B

Tier 4B

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO
FPT Tier 4f and Stage V compatible with HVO
FPT Tier 4f and Stage V compatible with HVO
FPT Tier 4f and Stage V compatible with HVO
FPT Tier 4f and Stage V compatible with HVO
FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO
FPT Tier 4f and Stage V compatible with HVO
FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO
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New Holland
New Holland
New Holland
New Holland
New Holland
New Holland
New Holland
New Holland

New Holland

New Holland

New Holland

New Holland

New Holland

New Holland

New Holland

Ex¢onMobil

Application

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Braud 9090X

Braud 9090X Olive

Braud 9090X Olive

Braud 7030M
Grape

Braud 8030L
Grape

C327

C330

C332

C337

C345

C362

L328

L334

C314

B75D

FPT Tier 4B HI-
eSCR /écyl

FPT Tier 4B HI-
eSCR /écyl

FPT Tier 4B HI-
eSCR /écyl

FPT NEF 4.5L

FPT NEF 4.5L

FPT / FSH FL463A
34L

Perkins
404F-E22TA 2.2L

FPT/FSH
FL463A*G001 3.4L

FPT/FSH
FL463A*G001 3.4L

FPT/
FSBFL413E*B002*
3.4L

FPT/
FSBFL4130*C005
3.4L

FPT/FSH
FLA463A*F001
3.4L

FPT/
FSBFL413E*N002
3.4L

Kubota D1305-E4B

FPT F5BFL413B
34L

Emission

Level

Tier 4B

Tier 4B

Tier 4B

Tier 4B / Stage 4

Tier 4B / Stage 4

Tier 4 Final

Tier 4 Final

Tier 4 Final

Tier 4 Final

Tier 4 Final

Tier 4 Final

Tier 4 Final

Stage V

Tier 4 Final

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

EN 15940, meet D975, EN590 (ex. Density), Perkins diesel (ex. Density). Any blend with diesel, and blend

bio up to B20

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO
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New Holland
New Holland
New Holland

New Holland

New Holland
New Holland
New Holland

New Holland

New Holland
New Holland
New Holland
New Holland
New Holland
New Holland
New Holland

New Holland

New Holland

New Holland

Ex¢onMobil

Application

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

Off-road

B95D

B95D TC

B110D

usob

ML15

ML12T

ML12

ML23

ML35T

ML50T

W50C

W60C

W70C

W80C

W80C LR

E70D

E17C

E26C

FPT F5BFL413B
34L

FPT F5BFL413B
34L

FPT F5BFL413B
34L

F5HFL463D*FO05
34L

Kubota D1105 1.1L

Kubota D902 0.9L

Kubota D902 0.9L

Kubota C1505 1.5L

Kubota V2403 CR
2.4L

Kubota V3307 CR
33L

FPT F5H FL463B
3.4L

FPT F5H FL463C
3.4L

FPT F5H FL463A
3.4L

FPT F5H FL463A
3.4L

FPT F5H FL463A
34L

Kubota V2607-
CT-T 2.6L

Kubota D902 0.9L

Kubota D1305 1.3L

Emission

Level

Tier 4 Final

Tier 4 Final

Tier 4 Final

Tier 4 Final

Tier 4 Final
Tier 4 Final
Tier 4 Final

Tier 4 Final

Tier 4 Final

Tier 4 Final

Tier 4 Final

Tier 4 Final

Tier 4 Final

Tier 4 Final

Tier 4 Final

Stage V

Tier 4B

Tier 4B

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO
FPT Tier 4f and Stage V compatible with HVO
FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO

FPT Tier 4f and Stage V compatible with HVO
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Emission

Application
PP Level
New Holland Off-road E30C Kubota D13051.3L  Tier 4B FPT Tier 4f and Stage V compatible with HVO
New Holland Off-road F50C ng—_FSHFMégD Tier 4 Final FPT Tier 4f and Stage V compatible with HVO

Diesel engines use renewable diesel in blends up to 100%. Must meet D975, EN 590 (except density), or EN
Perkins Off-road - 400 Series - 15940. Some elastomers prior to early 1990's may not be compatible, refer to dealer for guidance. Diesel
generators compatible for over a decade, consult dealer for guidance.

Diesel engines use renewable diesel in blends up to 100%. Must meet D975, EN 590 (except density), or EN
Perkins Off-road - 904 Series - 15940. Some elastomers prior to early 1990's may not be compatible, refer to dealer for guidance. Diesel
generators compatible for over a decade, consult dealer for guidance.

Diesel engines use renewable diesel in blends up to 100%. Must meet D975, EN 590 (except density), or EN
Perkins Off-road - 1100 Series - 15940. Some elastomers prior to early 1990's may not be compatible, refer to dealer for guidance. Diesel
generators compatible for over a decade, consult dealer for guidance.

Diesel engines use renewable diesel in blends up to 100%. Must meet D975, EN 590 (except density), or EN
Perkins Off-road - 1200 Series - 15940. Some elastomers prior to early 1990's may not be compatible, refer to dealer for guidance. Diesel
generators compatible for over a decade, consult dealer for guidance.

Diesel engines use renewable diesel in blends up to 100%. Must meet D975, EN 590 (except density), or EN
Perkins Off-road - 1500 Series - 15940. Some elastomers prior to early 1990's may not be compatible, refer to dealer for guidance. Diesel
generators compatible for over a decade, consult dealer for guidance.

Diesel engines use renewable diesel in blends up to 100%. Must meet D975, EN 590 (except density), or EN
Perkins Off-road - 1700 Series - 15940. Some elastomers prior to early 1990's may not be compatible, refer to dealer for guidance. Diesel
generators compatible for over a decade, consult dealer for guidance.

Diesel engines use renewable diesel in blends up to 100%. Must meet D975, EN 590 (except density), or EN
Perkins Off-road - 2000 Series - 15940. Some elastomers prior to early 1990's may not be compatible, refer to dealer for guidance. Diesel
generators compatible for over a decade, consult dealer for guidance.

Diesel engines use renewable diesel in blends up to 100%. Must meet D975, EN 590 (except density), or EN
Perkins Off-road - 2200 Series - 15940. Some elastomers prior to early 1990's may not be compatible, refer to dealer for guidance. Diesel
generators compatible for over a decade, consult dealer for guidance.

Diesel engines use renewable diesel in blends up to 100%. Must meet D975, EN 590 (except density), or EN
Perkins Off-road - 2400 Series - 15940. Some elastomers prior to early 1990's may not be compatible, refer to dealer for guidance. Diesel
generators compatible for over a decade, consult dealer for guidance.

Diesel engines use renewable diesel in blends up to 100%. Must meet D975, EN 590 (except density), or EN
Perkins Off-road - 2500 Series - 15940. Some elastomers prior to early 1990's may not be compatible, refer to dealer for guidance. Diesel
generators compatible for over a decade, consult dealer for guidance.

Diesel engines use renewable diesel in blends up to 100%. Must meet D975, EN 590 (except density), or EN
Perkins Off-road - 2800 Series - 15940. Some elastomers prior to early 1990's may not be compatible, refer to dealer for guidance. Diesel
generators compatible for over a decade, consult dealer for guidance.
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Application

Emission

Level

Diesel engines use renewable diesel in blends up to 100%. Must meet D975, EN 590 (except density), or EN

Perkins Off-road - 4000 Series - 15940. Some elastomers prior to early 1990's may not be compatible, refer to dealer for guidance. Diesel
generators compatible for over a decade, consult dealer for guidance.
Diesel engines use renewable diesel in blends up to 100%. Must meet D975, EN 590 (except density), or EN
Perkins Off-road - 5000 Series - 15940. Some elastomers prior to early 1990's may not be compatible, refer to dealer for guidance. Diesel
generators compatible for over a decade, consult dealer for guidance.
Post-2021 Emissions/2022 Model Year Warranty: PACCAR Inc. approves the use of paraffinic diesel at any
blend level or as a stand-alone fuel, providing that the following conditions are met:
. = The paraffinic diesel in the fuel meets EN 15940 specifications, and
Peterbilt On-road >79 Paccar MX-11 ) » The finished fuel meets the properties of ASTM Standard D975
The use of approved paraffinic diesel fuel does not affect the PACCAR engine warranty, or its maintenance
intervals.
Post-2021 Emissions/2022 Model Year Warranty: PACCAR Inc. approves the use of paraffinic diesel at any
blend level or as a stand-alone fuel, providing that the following conditions are met:
. = The paraffinic diesel in the fuel meets EN 15940 specifications, and
Peterbilt On-road >79 Paccar MX-13 ) » The finished fuel meets the properties of ASTM Standard D975
The use of approved paraffinic diesel fuel does not affect the PACCAR engine warranty, or its maintenance
intervals.
Post-2021 Emissions/2022 Model Year Warranty: PACCAR Inc. approves the use of paraffinic diesel at any
blend level or as a stand-alone fuel, providing that the following conditions are met:
. = The paraffinic diesel in the fuel meets EN 15940 specifications, and
Peterbilt On-road >89 Paccar MX-13 ) » The finished fuel meets the properties of ASTM Standard D975
The use of approved paraffinic diesel fuel does not affect the PACCAR engine warranty, or its maintenance
intervals.
Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.
Peterbilt On-road 589 Cummins X15 - *While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer
to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.
Post-2021 Emissions/2022 Model Year Warranty: PACCAR Inc. approves the use of paraffinic diesel at any
blend level or as a stand-alone fuel, providing that the following conditions are met:
Peterbilt On/Off-road 567 Paccar MX-11 ) = The paraffinic diesel in the fuel meets EN 15940 specifications, and

Ex¢onMobil

= The finished fuel meets the properties of ASTM Standard D975
The use of approved paraffinic diesel fuel does not affect the PACCAR engine warranty, or its maintenance
intervals.
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Peterbilt

Peterbilt

Peterbilt

Application

On/Off-road

On/Off-road

On/Off-road

567

567

520

Paccar MX-13

Cummins X15

Paccar MX-11

Emission

Level

Post-2021 Emissions/2022 Model Year Warranty: PACCAR Inc. approves the use of paraffinic diesel at any
blend level or as a stand-alone fuel, providing that the following conditions are met:

= The paraffinic diesel in the fuel meets EN 15940 specifications, and

» The finished fuel meets the properties of ASTM Standard D975

The use of approved paraffinic diesel fuel does not affect the PACCAR engine warranty, or its maintenance
intervals.

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

Post-2021 Emissions/2022 Model Year Warranty: PACCAR Inc. approves the use of paraffinic diesel at any
blend level or as a stand-alone fuel, providing that the following conditions are met:

= The paraffinic diesel in the fuel meets EN 15940 specifications, and

* The finished fuel meets the properties of ASTM Standard D975

The use of approved paraffinic diesel fuel does not affect the PACCAR engine warranty, or its maintenance
intervals.

Thomas Built

Thomas Built

Ex¢onMobil

On-road

On-road

Saf-T-Liner C2

Saf-T-Liner C2

Detroit DD5

Cummins B6.7

Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN

15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.
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Thomas Built

Thomas Built

Thomas Built

Thomas Built

Thomas Built

Thomas Built

Ex¢onMobil

Application

On-road

On-road

On-road

On-road

On-road

On-road

Saf-T-Liner EFX

Saf-T-Liner HDX

Saf-T-Liner HDX

Transit-Liner C2

Transit-Liner C2

Transit-Liner EFX

Cummins ISB

Cummins B6.7

Cummins L9

Detroit DD5

Cummins ISB

Cummins ISB

Emission

Level

ISB approved

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.

Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.

ISB approved

ISB approved
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Thomas Built

Thomas Built

Thomas Built

Application

On-road

On-road

On-road

Transit-Liner HDX

Transit-Liner HDX

Transit-Liner HDX

Detroit DD8

Cummins B6.7

Cummins L9

Emission

Level

Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.

Volvo
Volvo

Volvo

Ex¢onMobil

On-road

On-road

On-road

VNL

VNL

VNR

D11

D13

D11

Use interchangeably up to 100% maximum if conforms to ASTM D975 or EN15940, will not adversely
affect engine or aftertreatment performance / durability. All diesel engines certified for HYO100.

Use interchangeably up to 100% maximum if conforms to ASTM D975 or EN15940, will not adversely
affect engine or aftertreatment performance / durability. All diesel engines certified for HYO100.

Use interchangeably up to 100% maximum if conforms to ASTM D975 or EN15940, will not adversely
affect engine or aftertreatment performance / durability. All diesel engines certified for HYO100.
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Volvo

Volvo

Volvo

Volvo

Volvo

Volvo

Application

On-road

On-road

On/Off-road

On/Off-road

On-road

On-road

VNR

VNX

VHD

VHD

VAH

VAH

Emission

Level

D11 -

D13 -

D11 -

D13 -

Use interchangeably up to 100% maximum if conforms to ASTM D975 or EN15940, will not adversely
affect engine or aftertreatment performance / durability. All diesel engines certified for HYO100.

Use interchangeably up to 100% maximum if conforms to ASTM D975 or EN15940, will not adversely
affect engine or aftertreatment performance / durability. All diesel engines certified for HYO100.

Use interchangeably up to 100% maximum if conforms to ASTM D975 or EN15940, will not adversely
affect engine or aftertreatment performance / durability. All diesel engines certified for HYO100.

Use interchangeably up to 100% maximum if conforms to ASTM D975 or EN15940, will not adversely
affect engine or aftertreatment performance / durability. All diesel engines certified for HYO100.

Use interchangeably up to 100% maximum if conforms to ASTM D975 or EN15940, will not adversely
affect engine or aftertreatment performance / durability. All diesel engines certified for HYO100.

Use interchangeably up to 100% maximum if conforms to ASTM D975 or EN15940, will not adversely
affect engine or aftertreatment performance / durability. All diesel engines certified for HYO100.

Volvo Penta

Off-road

All on / off-road -

All 2016 and greater Volvo Penta diesel engines compatible with EN 15940 HVO

Wartsila

Wartsila

Wartsila

Ex¢onMobil

Off-road

Off-road

Off-road

IMO Tier Ill, EPA

34DF Tier 3

31 IMO Tier Il

31DF IMO Tier Il

Paraffinic diesel fuels from synthesis and hydrotreatment can be mixed with fossil distillate fuel and residual
fuel with various ratios. Fossil fuel being used as a blending component has to fulfil Wartsila’s distillate and
residual fuel specification based on the ISO 8217:2017(E) standard. Depending on the bio component
type its quality has to meet either the EN 14214:2012 standard included in the table FAME, or the EN
15940:2016 standard included in the table Paraffinicdiesel fuels from synthesis

and hydrotreatment.

Expectation to operator to meet EN 15940:2016 but also to contact Classification Society and/or Flag
Administration for confirmation.

Paraffinic diesel fuels from synthesis and hydrotreatment can be mixed with fossil distillate fuel and residual
fuel with various ratios. Fossil fuel being used as a blending component has to fulfil Wartsila’s distillate and
residual fuel specification based on the ISO 8217:2017(E) standard. Depending on the bio component
type its quality has to meet either the EN 14214:2012 standard included in the table FAME, or the EN
15940:2016 standard included in the table Paraffinicdiesel fuels from synthesis

and hydrotreatment.

Expectation to operator to meet EN 15940:2016 but also to contact Classification Society and/or Flag
Administration for confirmation.

Paraffinic diesel fuels from synthesis and hydrotreatment can be mixed with fossil distillate fuel and residual
fuel with various ratios. Fossil fuel being used as a blending component has to fulfil Wartsila’s distillate and
residual fuel specification based on the ISO 8217:2017(E) standard. Depending on the bio component
type its quality has to meet either the EN 14214:2012 standard included in the table FAME, or the EN
15940:2016 standard included in the table Paraffinicdiesel fuels from synthesis

and hydrotreatment.

Expectation to operator to meet EN 15940:2016 but also to contact Classification Society and/or Flag
Administration for confirmation.
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Paraffinic diesel fuels from synthesis and hydrotreatment can be mixed with fossil distillate fuel and residual
fuel with various ratios. Fossil fuel being used as a blending component has to fulfil Wartsila’s distillate and
residual fuel specification based on the ISO 8217:2017(E) standard. Depending on the bio component
type its quality has to meet either the EN 14214:2012 standard included in the table FAME, or the EN
15940:2016 standard included in the table Paraffinicdiesel fuels from synthesis

and hydrotreatment.

Expectation to operator to meet EN 15940:2016 but also to contact Classification Society and/or Flag
Administration for confirmation.

Wartsila Off-road - 32 IMO Tier Il

Paraffinic diesel fuels from synthesis and hydrotreatment can be mixed with fossil distillate fuel and residual
fuel with various ratios. Fossil fuel being used as a blending component has to fulfil Wartsila’s distillate and
residual fuel specification based on the ISO 8217:2017(E) standard. Depending on the bio component
type its quality has to meet either the EN 14214:2012 standard included in the table FAME, or the EN
15940:2016 standard included in the table Paraffinicdiesel fuels from synthesis

and hydrotreatment.

Expectation to operator to meet EN 15940:2016 but also to contact Classification Society and/or Flag
Administration for confirmation.

Wartsila Off-road - 20 IMO Tier Il

Paraffinic diesel fuels from synthesis and hydrotreatment can be mixed with fossil distillate fuel and residual
fuel with various ratios. Fossil fuel being used as a blending component has to fulfil Wartsila’s distillate and
residual fuel specification based on the ISO 8217:2017(E) standard. Depending on the bio component
type its quality has to meet either the EN 14214:2012 standard included in the table FAME, or the EN
15940:2016 standard included in the table Paraffinicdiesel fuels from synthesis

and hydrotreatment.

Expectation to operator to meet EN 15940:2016 but also to contact Classification Society and/or Flag
Administration for confirmation.

Wartsila Off-road - 26 IMO Tier Il

Paraffinic diesel fuels from synthesis and hydrotreatment can be mixed with fossil distillate fuel and residual
fuel with various ratios. Fossil fuel being used as a blending component has to fulfil Wartsila’s distillate and
residual fuel specification based on the ISO 8217:2017(E) standard. Depending on the bio component
type its quality has to meet either the EN 14214:2012 standard included in the table FAME, or the EN
15940:2016 standard included in the table Paraffinicdiesel fuels from synthesis

and hydrotreatment.

Expectation to operator to meet EN 15940:2016 but also to contact Classification Society and/or Flag
Administration for confirmation.

Wartsila Off-road - 38 -

Paraffinic diesel fuels from synthesis and hydrotreatment can be mixed with fossil distillate fuel and residual
fuel with various ratios. Fossil fuel being used as a blending component has to fulfil Wartsila’s distillate and
residual fuel specification based on the ISO 8217:2017(E) standard. Depending on the bio component
type its quality has to meet either the EN 14214:2012 standard included in the table FAME, or the EN
15940:2016 standard included in the table Paraffinicdiesel fuels from synthesis

and hydrotreatment.

Expectation to operator to meet EN 15940:2016 but also to contact Classification Society and/or Flag
Administration for confirmation.

Wartsila Off-road - 46 -
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Application Level

Paraffinic diesel fuels from synthesis and hydrotreatment can be mixed with fossil distillate fuel and residual
fuel with various ratios. Fossil fuel being used as a blending component has to fulfil Wartsila’s distillate and
residual fuel specification based on the ISO 8217:2017(E) standard. Depending on the bio component
type its quality has to meet either the EN 14214:2012 standard included in the table FAME, or the EN
15940:2016 standard included in the table Paraffinicdiesel fuels from synthesis

and hydrotreatment.

Expectation to operator to meet EN 15940:2016 but also to contact Classification Society and/or Flag
Administration for confirmation.

Wartsila Off-road - 46F IMO Tier Il

Paraffinic diesel fuels from synthesis and hydrotreatment can be mixed with fossil distillate fuel and residual
fuel with various ratios. Fossil fuel being used as a blending component has to fulfil Wartsila’s distillate and
residual fuel specification based on the ISO 8217:2017(E) standard. Depending on the bio component
type its quality has to meet either the EN 14214:2012 standard included in the table FAME, or the EN
15940:2016 standard included in the table Paraffinicdiesel fuels from synthesis

and hydrotreatment.

Expectation to operator to meet EN 15940:2016 but also to contact Classification Society and/or Flag
Administration for confirmation.

Wartsila Off-road - 50 -

Paraffinic diesel fuels from synthesis and hydrotreatment can be mixed with fossil distillate fuel and residual
fuel with various ratios. Fossil fuel being used as a blending component has to fulfil Wartsila’s distillate and
residual fuel specification based on the ISO 8217:2017(E) standard. Depending on the bio component
type its quality has to meet either the EN 14214:2012 standard included in the table FAME, or the EN
15940:2016 standard included in the table Paraffinicdiesel fuels from synthesis

and hydrotreatment.

Expectation to operator to meet EN 15940:2016 but also to contact Classification Society and/or Flag
Administration for confirmation.

Wartsila Off-road - 64 -

Paraffinic diesel fuels from synthesis and hydrotreatment can be mixed with fossil distillate fuel and residual
fuel with various ratios. Fossil fuel being used as a blending component has to fulfil Wartsila’s distillate and
residual fuel specification based on the ISO 8217:2017(E) standard. Depending on the bio component
type its quality has to meet either the EN 14214:2012 standard included in the table FAME, or the EN
15940:2016 standard included in the table Paraffinicdiesel fuels from synthesis

and hydrotreatment.

Expectation to operator to meet EN 15940:2016 but also to contact Classification Society and/or Flag
Administration for confirmation.

Wartsila Off-road - 20DF IMO Tier Il

Paraffinic diesel fuels from synthesis and hydrotreatment can be mixed with fossil distillate fuel and residual
fuel with various ratios. Fossil fuel being used as a blending component has to fulfil Wartsila’s distillate and
residual fuel specification based on the ISO 8217:2017(E) standard. Depending on the bio component
type its quality has to meet either the EN 14214:2012 standard included in the table FAME, or the EN
15940:2016 standard included in the table Paraffinicdiesel fuels from synthesis

and hydrotreatment.

Expectation to operator to meet EN 15940:2016 but also to contact Classification Society and/or Flag
Administration for confirmation.

Wartsila Off-road - 46DF -
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Paraffinic diesel fuels from synthesis and hydrotreatment can be mixed with fossil distillate fuel and residual
fuel with various ratios. Fossil fuel being used as a blending component has to fulfil Wartsila’s distillate and
residual fuel specification based on the ISO 8217:2017(E) standard. Depending on the bio component
type its quality has to meet either the EN 14214:2012 standard included in the table FAME, or the EN

Wartsila Off-road ) S0DF ) 15940:2016 standard included in the table Paraffinicdiesel fuels from synthesis
and hydrotreatment.
Expectation to operator to meet EN 15940:2016 but also to contact Classification Society and/or Flag
Administration for confirmation.
Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.
Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets

. the specifications listed in this document.

Western Star On-road 47X Detroit DD13 ) ReneF\)NabIe Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.
EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.
Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.
Renewable Diesel can be blended with up to 5% biodiesel (B5/R?95) provided that the finished fuel meets

. the specifications listed in this document.

Western Star On-road 4% Detroit DD13 ) ReneF\)NabIe Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.
EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.
Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.
Renewable Diesel can be blended with up to 5% biodiesel (B5/R?95) provided that the finished fuel meets

Western Star On-road 57% Detroit DD13 ) the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.
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Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.

Western Star On-road 49X Detroit DD15 -

Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.

Western Star On-road 57X Detroit DD15 -

Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.

Western Star On-road 49X Detroit DD16 -

Renewable Diesel (R100) is compatible provided that it meets the specifications listed in this document.
Renewable Diesel can be blended with diesel fuel in any blend ratio (R1 to R99) provided that it meets the
specifications listed in this document.

Renewable Diesel can be blended with up to 5% biodiesel (B5/R95) provided that the finished fuel meets
the specifications listed in this document.

Renewable Diesel blends up to 100% must be produced to meet the specifications of EN15940 prior to
blending with petroleum or biodiesel.

EN15940 fuel will meet ASTM D975 standards and may be marketed as either in North America.
Renewable Diesel blends with a maximum concentration of 5% biodiesel (B5) must meet ASTM D975, or
CAN/GCSB- 3.520 at a minimum, and DETROIT™ requirements detailed at DDC-SVC-BRO-120.

Western Star On-road 57X Detroit DD16 -
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Western Star

Western Star

Western Star

Western Star

Application

On-road

On-road

On-road

On-road

47X

47X

49X

49X

Cummins L9

Cummins X12

Cummins X12

Cummins X15

Emission

Level

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

B4.5, B6.7 and L9 engine platforms are compatible with paraffinic renewable diesel fuels meeting the EN
15940 specification. Both On-Highway and Off-Highway versions of the B6.7 and L9 platforms and all
vintages are approved to use paraffinic diesel fuels in North America.

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.

Cummins has approved up to 100% blend of paraffinic fuels for B6.7, L9, X12* X15* On-Highway engine
series. Cummins HELM™ platforms and advanced diesel engines are also supporting customers in their
journey to lower emissions through renewable diesel compatibility.

*While running with Paraffinic Fuel, check or reset valve lash at half the specified service interval. Refer

to the owner’s manual. *While running with Paraffinic Fuel, check or reset valve lash at half the specified
service interval. Refer to the owner’s manual. X15 CM2350 X130C must be built or have an ECM calibration
code released after November 9, 2022. X15 CM2350 X140C must be built or have an ECM calibration code
released after December 19, 2022.
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* Information contained in this Appendix is only applicable to 100% Renewable diesel (HVO 100) meeting ASTM D975 and
CAN/GCSB-3.520 specifications. The above table is for information purposes only and contains third-party content. As of October 2024.
ExxonMobil is not responsible for any errors or omissions, or for the results obtained from the use of this information. All information in

un. i

this page is provided

as is””, with no guarantee of completeness, accuracy, timeliness or of the results obtained from the use of this

information. ExxonMobil makes no representation or warranty as to any third-party content, including but not limited to engine
compatibility data, and ExxonMobil’s use thereof is not an endorsement, recommendation, or adoption of such content. Please contact
your engine manufacturer for more information. ExxonMobil has also provided links in this document to third-party websites for ease of
reference (see sources** for more information). These links direct you to third-party websites not controlled by ExxonMobil, and you will be
subject to their terms and conditions. All statements and opinions expressed on these sites are solely those of the content provider.

**Sources

CAT - Power from Renewable Liquid Fuels

CAT - Renewable and Alternative Fuels For Use in Diesel Engines
Cat® - TH255C Telehandler

Chevrolet - 2024 Silverado Chassis Cabs

Chevrolet - 2025 Silverado HD

Chevrolet - Low Cab Forward

Chevrolet - Silverado HD (Previous Year)

Claas - Increase your productivity

Class - JAGUAR 800

Class - Seven facts you need to know about the diesel alternative, HVO.

Class Forage harvesters - Jaguar

Class Tractors Arion

Class Tractors Xerion

Cummins - A deep dive into renewable diesel
Cummins - Biodiesel FAQs
Cummins - Hydrotreated Vegetable Oil (HVO) Explained

Cummins Announces Approval of Unblended Renewable Diesel Use in all Industrial High-Horsepower Engines

Fuel Quality Requirements and Recommendations
GMC - Compare Sierra 2500 HD Trims

GMC - Compare Sierra 3500 HD Trims

IC Bus - CE SERIES SCHOOL BUS

IC Bus - Cummins® L9. INDUSTRY-LEADING POWER
IC Bus - TC Series Chassis

International - HV™ SERIES

International - HX® SERIES

International - LT® SERIES

International - MV™ SERIES

Isuzu - Warranties

Isuzu Engines - FAQ - Q20

John Deere - Renewable Fuels

John Deere Power Systems FAQ
Kenworth - T880

Kenworth - Technical Information Bulletin

Kubota Announces Its U.S. Tractors Can Run on Vegetable Oil

Cummins Announces Compatibility With Select Renewable Diesel Fuels For B6.7 And L9 Engines

Cummins high horsepower diesel generator sets now approved for use with hydrotreated vegetable oil fuel

Kubota is Paving the Way Towards a Better Future

Kubota Unveils Fuels Breakthrough For Entire Engine Range

Deutz - Fuels (Diesel engines)

Engine Compatibility

Ferris - 2024 Catalogue

Ferris - 1S 2600 Zero Turn Mower

Ferris - IS® 6200 Diesel Zero Turn Mower

FPT Industrial At PowerGen 2023. A Full Range Of Relliable And Efficient Energy Sources

FPT Industrial Displays Impressive Engine Lineup At Ara Show 2024 In New Orleans

Mack Trucks - BODY BUILDER INSTRUCTIONS
Mack Trucks Now Uses HVO to Move Completed Trucks Off Production Line

Mack Trucks Switches to Renewable Fuel in its Production Line
New Holland - New T4F S

New Holland - POWERSTAR™ SERIES

New Holland - T6 SERIES

New Holland - T7 SERIES

Ex¢onMobil
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https://www.cat.com/en_US/by-industry/electric-power/electric-power-industries/renewable-liquid-fuels.html
https://www.cat.com/en_US/by-industry/electric-power/Articles/White-papers/renewable-and-alternative-fuels-for-use-in-diesel-engines.html
https://s7d2.scene7.com/is/content/Caterpillar/CM20170831-57619-37435?_gl=1*gsum1v*_gcl_au*NzAyOTkxMjQxLjE3MjYyMzIwNDA.*_ga*MzYxODg3NDE1LjE3MjYyMzA5MTA.*_ga_RJ3G1WBXL7*MTcyNjU3NzAzMy42LjEuMTcyNjU3NzQ3NS41MC4wLjA.
https://www.chevrolet.com/commercial/silverado-chassis-cab
https://www.chevrolet.com/commercial/silverado/2500hd-3500hd
https://www.chevrolet.com/commercial/low-cab-forward-cab-over-truck
https://www.chevrolet.com/commercial/previous-year/silverado/2500hd-3500hd
https://www.claas.com/en-us
https://www.claas.com/en-us/agricultural-machinery/forage-harvesters/jaguar-800
https://www.claas.com/en-gy/discover/stories/farming-with-future-in-mind/seven-facts-about-the-diesel-alternative-HVO
https://www.claas.com/caas/claas/media/89948/data/145d5c7ab1a067b674e1d230689ff32c
https://www.claas.com/caas/claas/media/188734/data/1d1bd5b74c99489339722998decb286a
https://www.claas.com/caas/claas/media/68138/data/114d6b540d7b9ec457149dc25b0692fd
https://www.cummins.com/news/2024/05/16/deep-dive-renewable-diesel
https://www.cummins.com/engines/biodiesel-faqs
https://www.cummins.com/news/2022/07/01/hydrotreated-vegetable-oil-hvo-explained
https://www.cummins.com/news/releases/2023/08/25/cummins-announces-approval-unblended-renewable-diesel-use-all-industrial
https://www.cummins.com/news/releases/2017/05/31/cummins-announces-compatibility-select-renewable-diesel-fuels-b67-and-l9
https://www.cummins.com/news/releases/2021/12/06/cummins-high-horsepower-diesel-generator-sets-now-approved-use
https://www.deutz.com/fileadmin/user_upload/produkte/kraftstoffe_der_zukunft/tr_0199_99_01218_6_en.pdf
https://www.dtnatechlit.com/portal-public/0000040598-fuels-brochure/0000040598.xml/$/0000061841
https://briggs.widen.net/s/lbv79qfsmj/ferris-2024-en-lr
https://www.ferrismowers.com/eu/en_gb/product-catalog/zero-turn-mowers/is-2600-zero-turn-mower.html
https://www.ferrismowers.com/eu/en_gb/product-catalog/zero-turn-mowers/is-6200-zero-turn-mower.html
https://www.fptindustrial.com/en/media/press-releases/2023/02/22/13/13/Powergen
https://www.fptindustrial.com/en/media/press-releases/2024/02/29/16/42/ARA-2024
https://www.dtnatechlit.com/portal-public/0000040598-fuels-brochure/0000040598.xml/$/0000061840
https://www.gmc.com/trucks/previous-year/sierra/2500hd/sle-slt/build-and-price/features/trims?selectedIndex=0
https://www.gmc.com/trucks/previous-year/sierra/3500hd/sle-slt/build-and-price/features/trims?selectedIndex=0
https://www.icbus.com/-/media/Project/Navistar/ICBus/ICBus/Buses/CE-Series-School/2023-Launch/2023-Launch-Documents/IC_BUS_NextGen-CE-Spec-Diesel_July2023.pdf?rev=0d59041236974cfbb8aa0868ba855814&hash=F4E9479B5FFDD7E56FAF198E614E9F0D
https://www.icbus.com/buses/school/reseries
https://www.icbus.com/buses/commercial/tcserieschassis
https://www.international.com/products/trucks/series/hv
https://www.international.com/products/trucks/series/hx
https://www.international.com/products/trucks/series/lt
https://www.international.com/products/trucks/series/mv
https://www.isuzucv.com/en/service/warranty
https://www.isuzuengines.com/faqs/
https://www.deere.com/en/engines-and-drivetrain/renewable-fuels/
https://www.deere.com/en/engines-and-drivetrain/learn-more/faq/
https://www.kenworth.com/media/hovn4prk/kenworth-t880.pdf
https://static.nhtsa.gov/odi/tsbs/2019/MC-10154731-9999.pdf
https://www.farm-equipment.com/articles/21175-kubota-announces-its-us-tractors-can-run-on-vegetable-oil
https://www.kubotaengine.com/kubotas-sustainable-drive-paving-the-way-for-a-carbon-neutral-future/
https://kdg.kubota-eu.com/en/blog/news/kubota-unveils-fuels-breakthrough-for-entire-engine-range/
https://www.macktrucks.com/media/files/parts-and-service/support/body-builders/manuals/heavy-duty/2022/mack-section-1-oil-and-filter.pdf
https://www.macktrucks.com/mack-news/2024/mack-trucks-now-uses-hvo-to-move-completed-trucks-off-production-line
https://www.macktrucks.com/magazine/articles/2024/april/mack-trucks-switches-to-hydrotreated-vegetable-oil-fuel
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/5a245b55d54546679b2534e8c7876cdf?v=5b8ac80c
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/b5e6652f358a4edfb916e4d185576194?v=ffd7e8f6
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/1863181669f2438a9ce80b017d23079c?v=c0e8ad9c
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/fa3299cc42db43309d25b81f73719c9f?v=d3614f44

**Sources

New Holland - T9 SERIES With PLM INTELLIGENCE™

New Holland - TH SERIES TELEHANDLERS

New Holland Agriculture - BRAUD COMPACT SERIES GRAPE HARVESTERS
New Holland Agriculture - BRAUD HIGH CAPACITY GRAPE HARVESTERS
New Holland Agriculture - BRAUD OLIVE HARVESTER

New Holland Agriculture - CR REVELATION

New Holland Agriculture - CX8 COMBINES

New Holland Agriculture - FR SERIES FORAGE CRUISER

New Holland Agriculture - GENESIS® T8 SERIES WITH PLM INTELLIGENCE™
New Holland Agriculture - NEW HOLLAND TSé

New Holland Agriculture - NEW T5 DYNAMIC COMMAND™& AUTO COMMAND™ TRACTORS

New Holland Agriculture - NEW T4FV ROPS T4FV CAB

New Holland Agriculture - Specialty Tractors

New Holland Agriculture - SPEEDROWER® PLUS SELF-PROPELLED WINDROWERS

New Holland Agriculture - STACKCRUISER® SELF-PROPELLED BALE WAGONS

New Holland Agriculture - T5 SERIES

New Holland Agriculture - T5 SERIES DUAL COMMAND™

New Holland Agriculture - TS6 SERIES I

New Holland Agriculture - WORKMASTER™ Utility Tractors

New Holland Construction - C314

New Holland Construction - COMPACT EXCAVATORS

New Holland Construction - COMPACT TRACK LOADERS AND SKID STEER LOADERS
New Holland Construction - COMPACT WHEEL LOADERS

New Holland Construction - E70D MIDI EXCAVATORS D Series

New Holland Construction - LOADER BACKHOES

New Holland Construction - ML12 T TELESCOPIC REACH SMALL ARTICULATED LOADER
New Holland Construction - ML12 SMALL ARTICULATED LOADER

New Holland Construction - ML15 SMALL ARTICULATED LOADER

New Holland Construction - ML23 SMALL ARTICULATED LOADER

New Holland Construction - ML50 T TELESCOPIC REACH SMALL ARTICULATED LOADER
New Holland Construction - ROUGH TERRAIN FORKLIFT

New Holland Construction - TRACTOR LOADER

Paccar MX-11 - Operator’s Manual
Paccar MX-11 - Operator’s Manual (2017)
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Paccar MX-13 - Operator’s Manual (2017)
Paccar MX-13 - Operator’s Manual (2021)
Perkins - Drop-In LCI Fuels

Perkins - Fuelling a more sustainable future

Perkins - Renewable fuels for use in diesel engines
Peterbilt - Model 520 (2021)

Peterbilt - Model 520 Operator’s Manual

Peterbilt - Model 567

Peterbilt - Model 579

Peterbilt - Model 589

PIP5856 Use of R-99 or R-95 diesel fuel

Renewable Diesel First Fill for all New Volvo and Mack Trucks

Service Bulletin Technical

Tech Link - DCBS Becomes Essential Equipment
Thomas Built Buses - SAF-T-LINER® EFX OPERATOR’S MANUAL
Thomas Built Buses - SAF-T-LINER® HDX OPERATOR’S MANUAL

Thomas Built Buses - Transit-Liner® EFX. Thomas Built is in it for the long haul. And the short haul.

Thomas Built Buses - Transit-Liner® HDX. A comfortable ride. A commitment to safety.
Thomas SAF-T-LINER C2 Manual page 73

Volvo expands its range of biodiesel-powered trucks

Volvo Penta

Volvo Penta - How HVO can benefit you on land and at sea

Volvo Penta - Renewable fuel engines

Volvo Trucks North America Continues ‘Toward Zero’ by Fueling All New Trucks with HVO at the New River

Valley Plant

Wartsila - DF Engine

Wartsila - DF Engine - W31

Wartsila - MS Engine

Wartsila - MS Engine - 14 Product Guide
Wartsila - MS Engine - W20

Wartsila - MS Engine - W32

Wartsila quidance on usage of biofuels in respect to NOx emission

Western Star - Drivers Manual
WESTERN STAR Offers Components That Deliver The Power And Reliability You Can Count On



https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/6d2e71a729db46e19d6226bc5d7aecb6?v=be2d6bc1
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/f17e4418ea7341b88177ce35488b4505?v=dbbad1fe
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/1c111ba09a3f4287a6c4a92d6e45efc0?v=55e46562
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/b51f82346cfe44d388581ddff1d2cbff?v=8f8e6f2d
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/3811f6267a8243f7bd02b6f7c4fd9fe7?v=365bcc94
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/91c0c1c19e2d4890ab3ecb8345aa505f?v=8bd600fd
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/0e40c4a9eb9044e296960832ca7985ed?v=4d654882
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/ec369bd383904ac7abb42e3f11f87a69?v=57b2d88e
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/b5c2b003f53e4392a4306d56c2ee7fd1?v=461d70c4
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/5fb2f7f97e604c739a020e8efedb92ec?v=0dffa22a
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/3c15bf5f37494a26ba811db5a4354926?v=f262d7d4
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/0621ed01ff024708af5110c92b480e52?v=557718ff
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/899cbe172bf643cd9664e67d53e12e37?v=3e394595
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/a4f8c59d86e54c2f9d258bb47ca1d4c0?v=6617d2df
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/cfd6b33f7e8d42298496905209b8c263?v=abb2c6e0
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/fd8be394a9f44fe48b75fb8581d677c3?v=7bbcf580
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/b928c54c21c44a12a55f9043501d7c49?v=f403dfaf
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/aa2b2e16f00c4765943fbc79554f5cd9?v=62dc6e84
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/918a3eb56d1b46b99d027715f41f4e8c?v=80f29994
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/4f9c1a4c0ce04c5ebacb441e0cd5776a?v=b850687e
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/10940b2e766e413284125e3b1ef4523e?v=4169c119
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/99dc8a35fc104ca89819d1f593cc542f?v=90b91dba
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/c0ed1cd7f6c1430bad7bed6ae47d80c7?v=3e6d94fe
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/afb3e87138da47d0b4d04c246128d8ae?v=fe4bbab0
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/3832c2b4d4c74114be74523fe55daa3e?v=ebfcf43b
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/8ec556f556694485af69f8e8c4e6cfa9?v=c464c7ee
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/f55db8338d054bba94655ade4609b5f9?v=33fdd54e
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/31aa704575cc4010bf7f6c027f616875?v=e97cd78c
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/961b569d300e416e8efe6482239c7d66?v=fd86bc8f
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/8965929fc40c4f09a7ae31ba7687746e?v=7bf23b94
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/c24ba90705fb4cd1a6663fb85a48e5a6?v=c5335dbf
https://cnhi-p-001-delivery.sitecorecontenthub.cloud/api/public/content/71bf4625856d47999eefecf4680d6434?v=416d8eae
https://www.peterbilt.com/static-assets/documents/resources/paccar_mx-11_operators_manual.pdf
https://www.peterbilt.com/static-assets/documents/resources/paccar_mx-11_operators_manual_2017.pdf
https://www.peterbilt.com/static-assets/documents/resources/paccar_mx-13_operators_manual_2017.pdf
https://www.peterbilt.com/static-assets/documents/resources/paccar_mx-13_operators_manual_2021.pdf
https://s7d2.scene7.com/is/content/Caterpillar/CM20240607-ac092-fe7c5?_gl=1*pjrcnz*_ga*MTA5ODI2NjY5OC4xNzI2MjM1MTAx*_ga_RX13XMZKNR*MTcyNjIzNTEwMC4xLjEuMTcyNjIzNTI3NC4xMy4wLjA.
https://www.perkins.com/en_GB/campaigns/powernews/features/renewable-fuels-in-perkins-engines.html
https://www.perkins.com/en_GB/company/sustainability/renewable-and-low-carbon-intensity-fuels-for-use-in-diesel-engines.html
https://www.peterbilt.com/static-assets/documents/resources/2021_model_520_operators_manual.pdf
https://www.peterbilt.com/static-assets/documents/resources/model_520_operators_manual.pdf
https://www.peterbilt.com/static-assets/documents/resources/2021_model_567_operators_manual.pdf
https://www.peterbilt.com/static-assets/documents/resources/2021_new_model_579_operators_manual.pdf
https://www.peterbilt.com/static-assets/documents/resources/2024%20Model%20589%20Operator%E2%80%99s%20Manual.pdf
https://static.nhtsa.gov/odi/tsbs/2022/MC-10213816-9999.pdf
https://www.truckinginfo.com/10220432/renewable-diesel-first-fill-for-all-new-volvo-and-mack-trucks
https://static.nhtsa.gov/odi/tsbs/2022/MC-10227041-0001.pdf
https://gm-techlink.com/wp-content/uploads/2022/06/GM_TechLink_10_Mid-May_2022.pdf
https://www.dtnatechlit.com/portal-public/aem-html-content-en-6-30-23/content/dam/indexed/dtna/pdfs/en_us/thomas-built-buses/drivers-manuals/Saf-T-Liner+EFX+Operator%27s+Manual.pdf
https://www.dtnatechlit.com/portal-public/aem-html-content-en-6-30-23/content/dam/indexed/dtna/pdfs/en_us/thomas-built-buses/drivers-manuals/Saf-T-Liner+HDX+Operator%27s+Manual.pdf
https://thomasbuiltbuses.com/more-buses/commercial-buses/transit-liner-efx/
https://thomasbuiltbuses.com/more-buses/commercial-buses/transit-liner-hdx/
https://www.manualslib.com/manual/1798409/Thomas-Saf-T-Liner-C2.html?page=73
https://www.volvotrucks.com/en-en/news-stories/press-releases/2024/may/volvo-expands-its-range-of-biodiesel-powered-trucks.html
https://www.volvopenta.com/en-us/
https://www.volvopenta.com/en-us/about-us/how-hvo-can-benefit-you/
https://www.volvopenta.com/en-us/industrial/industrial-engines/alternative-fuels/
https://www.volvotrucks.us/news-and-stories/press-releases/2024/april/volvo-trucks-north-america-continues-toward-zero-by-fueling-all-new-trucks-with-hvo-at-the-new-river-valley-plant/
https://www.volvotrucks.us/news-and-stories/press-releases/2024/april/volvo-trucks-north-america-continues-toward-zero-by-fueling-all-new-trucks-with-hvo-at-the-new-river-valley-plant/
https://www.wartsila.com/docs/default-source/product-files/engines/df-engine/w34df-product-guide.pdf?sfvrsn=5116cb45_23
https://www.wartsila.com/docs/default-source/product-files/engines/df-engine/product-guide-w31df.pdf?sfvrsn=96a9145_21
https://www.wartsila.com/docs/default-source/product-files/engines/ms-engine/product-guide-w31.pdf?sfvrsn=c478b945_23
https://www.wartsila.com/docs/default-source/product-files/engines/ms-engine/wartsila-14-product-guide.pdf?sfvrsn=73478b44_16
https://www.wartsila.com/docs/default-source/product-files/engines/ms-engine/product-guide-o-e-w20.pdf?sfvrsn=a101c545_15
https://www.wartsila.com/docs/default-source/product-files/engines/ms-engine/product-guide-o-e-w32.pdf?sfvrsn=4102c545_12
https://www.ssa.org.sg/wp-content/uploads/2022/08/Annex-A_4-Wartsila.pdf
https://dtnacontent-dtna.prd.freightliner.com/content/dam/public/dtna-servicelit/dtna/pdfs/en_us/western-star/drivers-manuals/47X%2C%2049X%20Drivers%20Manual.pdf
https://www.westernstartrucks.com/powertrain/

This material was prepared for discussion purposes only. ExxonMobil is not, by means of this material, rendering legal, business, financial, investment, accounting, human resources, tax, or professional
advice or services. Consult your own qualified professional advisor regarding any actions related to your business or this material. ExxonMobil shall not be responsible for any loss sustained by any
person or entity who relies on this material. Any third-party data or scenarios discussed herein reflect the modeling assumptions and output of their respective authors, not ExxonMobil, and their use
and inclusion herein is not an endorsement by ExxonMobil of their likelihood or probability. ExxonMobil recognizes that considerable uncertainty exists in all internal and external modeling as to, among
other things, government policies, technology, geopolitics, economic growth and trends, and consumer preferences. This material includes forward-looking statements. Actual future conditions and
results (including the achievement of ambitions to reach Scope 1 and 2 net zero from operated assets by 2050, the timing and outcome of projects to supply lower-emission fuels, energy demand,
energy supply, the relative mix of energy across sources, economic sectors and geographic regions, imports and exports of energy, and future investments in these markets) could differ materially due
to changes in economic conditions, technology, the development of new supply sources, political events, demographic changes, and other factors discussed herein and under the heading “Factors
Affecting Future Results” in the Investors section of our website at https://corporate.exxonmobil.com. Any reference to ExxonMobil’s support of, work with, or collaboration with a third-party
organization within this material does not constitute or imply an endorsement by ExxonMobil of any or all of the positions or activities of such organization. ExxonMobil Corporation has numerous
affiliates, many with names that include ExxonMobil, Exxon, Mobil, Esso, and XTO. For convenience and simplicity, those terms and terms such as Corporation, company, our, we, and its are sometimes
used as abbreviated references to specific affiliates or affiliate groups. Abbreviated references describing global or regional operational organizations, and global or regional business lines are also
sometimes used for convenience and simplicity. Nothing contained herein is intended to override the corporate separateness of affiliated companies. This material is not to be reproduced without the
permission of Exxon Mobil Corporation. All rights reserved.
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