Outline presentation -

SUCCESS
TOGETHER

« Sustainability through Fuel Economy and how lubricants
play a role.

— Passenger Car Engine Oils

« Lubrizol’'s approach to sustainability and role in Fuel
Economy improvement / CO2 reduction

— Commercial Vehicle Engine Oils

* Applicational examples from the world of lubricants
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Fuel Economy - PCMO
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Focus could shift from ‘just tail-pipe’ to vehicle life-cycle CO, emissions”
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Efficiency & Emissions | Hardware Changes sugs

TOGETHER
PC Gasoline
Lower @

N @

PFI = Port fuel injected

Cat = Catalytic converter

TGDI = Gasoline Direct Injection
DPF = Diesel Particle Filter

LNT = Lean NOx Trap

SCR = Selective Catalytic Reduction
DPF = Diesel particulate filter

PC Diesel

Emissions
(NOx, HC, particulates)

Higher

Fuel Economy Economical

Changes in engine design to increase fuel economy and lower emissions
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How will OEMs meet the legislation? |
Significant hardware changes, a technology race! TOGETHER

Euro 6d - 2021

Diesel Technology

y Ao_llvanced common Diesel Technology
= rail systems .
ol DpF;/ . [E)CPEII;S Diesel Technology
< _ « Wil this continue...
= | Gasoline Technology * SCR
= |- PFI « Stop / Start :
= |. Twc « Engine downsizing Gasoline Technology
o « Rightsizing
g _ - Waste heat recovery
= Gasoline Technology » Variable compression
c « GDI
i - TGDI Hybrid Technology
%) * Engine downsizing « HEV
= - GPFs « PHEV
« Stop / Start * Range Extender

Full Electric Vehicle
Lubrizol
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New Durability challenges .

Low Speed Pre Ignltlon (LSPI) TOGETHER

| LSP yco r many Europ

o
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increased LSPI tendencies 1 HF

""" u_u

. Some OEMs e taking steps b mclude LSPI pe f,i) nance tests
in their own gecmcatlons for example: & .
— Daimler, see latest V2016.1
— PSA, see updated specifications (B71 2290, 2312, 2302)
— GM-Opel, dexos1™: 2015
— Ford

« Some OEMs are also including chemical limits in their
specifications
— PSA
* Industry specifications will also include performance tests

— API SN PLUS (licensable from May 15t 2018)
— Future ACEA and GF-6 updates likely to include LSPI tests

\" ,
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European Lubricants | Market Structure u

LOW HTHS (<3.5cP)

SUCCESS
TOGETHER
High SAPS : Mid SAPS Low SAPS Mid SAPS
[ Premium
) .
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Older API i | Future Mid & Low SAPS market growth
+ OEM 10W-40 SW-40 GPF/DPF compatibility is a key driver
G LN l| - LSPIis aconcern for newer TGDI/GDI engines
roup 1, 1l Future products need to address this performance
10W-40 I need
15W-40
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|
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SUCCESS
TOGETHER

« Lubrizol’'s approach to sustainability and role in Fuel
Economy improvement / CO2 reduction

— Commercial Vehicle Engine Oils
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o= - -
improving lives

Lubrizol (J Inspiring sustainability,
P\ ~

Sustainability of Lubrizol = ESG+E

Product
Innovation

Ethics

Regulatory & Climate
Compliance Change & Air
Quality
Corporate
Governance & ' Besource
Policy Efficiency (water,

energy, waste)
Social

Talent Development &

Diversity L

Activities

HSES

We conduct business responsibly, maximizing environmental, societal and economic performance. This includes continuous improvement in
our health, safety and environmental performance, supplying products that address some of the world’s largest challenges, investing in our
people and developing talent, and providing meaningful support for our communities.
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Lubrizol Sets Goals

Our long-term, company-wide goals demonstrate our
commitment to key drivers for operating responsibly

Greenhouse Gases* Waste Generation

Waste Disposal Energy Use

= = heiny essential
o Lubrizol proprietary information — cannot be used or copied without written (



Lubrizol
ST IO

Lubrizol Achieves Results

Lubrizol mapped its global environmental footprint, measuring the progress toward
Improvement in additional environmental markers for 55 of the largest facilities across the

globe

From 2010 to 2014, From 2010 to 2014, From 2010 to 2014
Lubrizol reduced Lubrizol reduced Lubrizol reduced
its global carbon its global fossil fuel its water use by
footprint by footprint by

6% 15.5% @ 3.8%

Update to carbon footprint planned in 2019 (extended version)
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Case Study — Heavy Duty Diesel Engine Oil

m Eeing essential

Global Warming Potential

(kg CO, eq/vehicle lifetime)
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Lastly ..... .

.... the effect of engine design + lubricant technology have played &%

European Commercial Vehicles — Efficiency Progress .

SUCCESS
TOGETHER

Fuel consumption has been greatly
reduced since 1965, in turn

reducing CO, emissions European Emissions Progress

The evolution of EURO emissions

Emissions [ ]

- Impact of Euro VI TOGETHER

CO,
emissions

30 years ago, 1 heavy on-highway truck produced the same level of particulate
matter as 100 heavy good vehicles produced in 2017.

Decreased
50% since 1965

This reduction has not been dri

Source: ACEA 2016 _

REEREREE

L
Europe has som L
EL

Source; ACEA 2018 -

14444

To make this possible, E6 Lubricants are required to Protect Diesel Particulate Filters
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