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Biodiesel Trends
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The Evolution of Biodiesel in Brazill .
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TOGETHER

« Official Brazilian B100
production today is capable of
covering the needs for up to

B10 Percent Biodiesel
Concentration in Brazil
 The Brazilian plan for
biodiesel content increased 5/6/7
from 7% to 10% |n March
2016, as follows
MAEAL
— 8% in 2017
— 9% in 2018
— 0/ i
10% in 2019 p %Q@ \ \(b \b‘ % % < %

* Main reason for increased
biodiesel use in Brazil: less
dependence of imported diesel

Biodiesel concentration will continue to rise in Br azil

Source: ANP, 2016 LUbr iZOI
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Slide 4

MAEA1 Note from Legal: If it's 10% in 2016, why is 8% in 2017. Unclear.
Abreo, Marcos; 09/10/2016



Evolution of Biodiesel in Brazilian Energy Matrix syscess

TOGETHER

Raw material used for Biodiesel Installed Capacity
production (B100) — 2005-2014 of Biodiesel Production
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- REGIAD PROCUCAO
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Source: ANP, 2014
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Oil Flow in an Engine -
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Valve train

Bearings

Pistons and liners

Turbo charger

Oil flow to key areas of the engine is essential to avoid catastrophic failure
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European Biodiesel Testing succESs

TOGETHER

Engine Tests \

B15 Fuel L-104 BO5 Fuel L-106 BOS5 Fuel L-101
OM®646 LA Bio-Diesel DV6C OM501 LA

* Piston cleanliness * Viscosity Increase * Viscosity Increase
* Piston ring sticking e Piston deposits * Piston Deposits

 Sludge

\ Bench Tests
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B15 Fuel L-104: OM646 LA Bio-Diesel Engine Test .
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PURPOSE
Protection against biodiesel related oil degradation
and deposits in modern light duty diesel engines

=Ne]IN[=

 Mercedes Benz OM646, 2.2 liter turbocharged
common-rail diesel

e 110 kW maximum power

TEST CYCLE

« 120 hours, repeats a 3 hour cycle which includes both hot & cold operation

 B15 fuel used — 15% biodiesel content, mixed source

« Small quantities of B100 are injected directly into the engine’s oil pan (sump) at
regular intervals, simulating fuel dilution from post-injection

PROPOSED LIMITS
 ACEA has proposed limits for all categories except E4, E7, and A3/B3
e Industry is working on final limits for all categories
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7% B100: L-109 Bio-Diesel Test Bench Test .
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5% B100: Daimler Oxidation Test Bench Test .
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- Sampling

K 0, 72, 96, 120, 144, 168 h (EoT)
Jacketed coil
condenser
s
+— Airinlet tube =10 I/h
*— Qil bath temperature = 160° C
"""""""" e T ; i | Target temperature
1 ﬂa—
500 ml 3-necked ey
flask ' =l o Oil bath temperature
b controlled and circulated
by pumping
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MAEA2 Note from Specialties: Assum the audience knows what "FAME" stands for?
Abreo, Marcos; 09/10/2016



Higher Performing HD Lubricants

Examples
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Piston and Liner Protection .
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TOGETHER

Better OMS501 LA

A

N W
o O
! 1

MB228.3 limit
= 20 minimum

N
o
!

Piston Cleanliness
H
o
|

O 1 T
Conventional Higher Performing HD
Lubricant Lubricant

Higher performing HD lubricants exceed performance specifications,

as well as cater to Brazilian biodiesel requirement s
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Piston Cleanliness .

SUCCESS
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Better OMO646 LA Biodiesel Test
A 30 -

25
20
15
10

High reference oil

|

|

Low reference oil

Piston Cleanliness

Higher Performing
HD Lubricant
(MB 228.31 profile)

Higher performing HD lubricants exceed industry and more stringent OEM ddppsisit

limitations, providing increased engine life even w ith biodiesel presence
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Cold Flow Demonstration — with Biodiesel .

SAE 5W-30
Higher Performing S'A_‘I_E 1(_:_\_’\/'40 SAI(/IIE 15|W40
HD Lubricant | op Tier ainline

0@

00:00,31 .04 « 20 Dagrivas Calelun

SUCCESS
TOGETHER

All 3 oils were tested
the same method as
before using the Low
Temperature
Pumpability bench
test CEC-L-105.

The oil was
contaminated with 5%
of B100 (bio-diesel) to

replicate fuel dilution
within an engine.

This video coonmaaessaahinggies peeftonmnmogllilbiceant to naurketrket avadliddibde

SAE 10W-40 and SAE 1%W-40 lubricants with Biodiesel contamination
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Performance Where it Counts... |

...In the Field...in Many Vehicle Types FOGETHER

North America
14.2 Million km
24,000 hours
B00-B05

Europe/Africa d

3.9 Million km North Asia

B05-B0O7 v 1.3 Million km
> 3 2,000 hours
B00-B02

Middle East/India
0.5 Million km

South East Asia
30 Thousand km
250 hours
B0O5

Latin America
1.4MM km
BO7

T

Global Totals On-road: 21 milllion km or 500 times arouwnd the worlddrid!

Offif- naneeat : 266 @D Hauwnss ar 1138 wwamikd gy yessns!
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Summary .

TOGETHER

« Biodiesel is becoming more prevalent in many
areas of the world, and Brazil is leading the way

 The harmful effects of biodiesel use can obstruct
oll flow in modern engines, shortening the engine’s
life

« Bench, engine, and field tests prove the
performance of higher performing lubricants in a
variety of biodiesel uses and applications

« Higher performing lubricants protect engines from
the harmful effects of biodiesel use
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Working together, achieving great things

When your company and ours combine energies, great things can happen.

You bring ideas, challenges and opportunities. We'll bring powerful additive and

market expertise, unmatched testing capabilities, integrated global supply and
TSOUé:EQrElsE% an independent approach to help you differentiate and succeed.
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