SVR™ AERO LUBE MAINTENANCE

Our presentation about SVR™ Aero Lube Maintenance for Aero
Derivative GT’s includes details on a research study performed
by the University of Dayton in 2000 which was undertaken to
determine how aircraft engine oil degrades to form coke on
engine components. Also included is a case study on a Roll’s
Royce gas turbine and information on our SVR™ Aero system.




(:) SVR™ Aero Lube Oil Maintenance
for Aero Derivative GT’s
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EPT Background

* Aero Derivative turbines are jet engines from aircraft

(on-wing) that have been adapted for use in the
ground

* |deal for immediate power <40-60MW

— <24hr Replacement interval (
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RB211 GT30



Aero Derivative Turbines

— Common Types

Roll Royce RB211

First Entered service 1969

* Usedon 747,767,757

e #002 Industrial version
used at TransCanada

* >750 industrial units sold

e 32MW
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GE LM6000

First Entered service 1971

* Used on Airbus A300,
A310, A330, Boeing 747,
767

* 1000 units sold

e 45-58MW
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EPT Oil Types, Volumes, and Replacement

e Use the same lubricant as aircraft versions
— MIL 23699 spec, Polyol Ester Lubricants

— A320 Aircraft uses 20-24 liters and burns % liter
per flight hour

7
|

— Daily top up and no scheduled oil changes

— Industrial versions use 4-8 drums of oil that-is
normally replaced when Acid Number reaches 1.5
(about 2 years depending on run time)

* 2 main brands: BP2380, Mobil Jetll
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EPT Variance in Operating Mode Alters

Oil Maintenance Requirements

* In Aero Derivative turbines, the oxidation by-
products accumulate in the oil, providing the feed
stock for oil deposits referred to as coking.

* Aero Derivative turbines do not have a fan that
provides significant cooling in the on-wing version.

* The extra heat, and accumulation of oxidation
products changes how these oil perform in aero-
derivative applications introducing the risk of oil
deposit formation
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Oil deposits are.common in Jet Lube applications,
These deposits are re"_:‘-"r’reﬁ'“té as OiI Coking
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Oil Coking Causes Severe Failure



EPT University of Dayton

cleanoil.com

Diowewhonded by Univensity of Calgany| o0 1005 17 M b 2007
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Coke Formation from Aircraft Turbine Engine Olls:
Part | — Deposit Analysis and Development
of Laboratory Oil Coking Test”
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Research Study, 2000

University of Dayton is a
Key Research Partner for

USAF

Key study undertaken to
determine how aircraft
engine oil degrades to form

coke on engine
components




EPT Research Study Findings

* |In the closed vials with N2 atmosphere, new
oil did not produce coke at temperatures
<350C.

e Samples on used oil produced coke within 15
minutes >250C with air or nitrogen.

— N2 did not stop the conversion of existing coke
precursor in the used sample from forming coke
but did prevent formation on new oil
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EPT Solution backed by Research

* The accumulation of oil oxidation products are the
cause of oil coking

 Removing them on a continuous basis eliminates the
subsequent formation of coke.

* N2 environment eliminates formation of coking
when oxidation products are not present.

 The combination of oxidation by-product removal
and N2 offers users the best protection available.
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V&4 SVR™ Aero —
EPT Technologically Advanced Oil Maintenance

* Removes precursors of oil coking
and oil deposits on a continuous
basis

* Continuous and unlimited N2
supply blankets oil reservoirs,
eliminating contact with 02

* Eliminates water and contact with
02 during stand by periods
offering lowest oxidation rates
possible.

* Reduces Acid Number

* Removes solid contamination e, N
SVR Aero 600 10LPM/ 2.5GPM
1x 600524 ICB element, Mechanical
filter, + TMR N2
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SVR ™ AERO/ CASE STUDY ON
ROLL'S ROYCE GAS TURBINE
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Case Study:
with RB211 Gas Turbine
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Va4 Common Issues with
EPT Aero Derivative Gas Turbine Lubricants

* Increasing acid number (TAN/AN) from oxidation
which reduces oil life and introduces risk of
equipment failure via corrosion

* High potential for oil coking because of oxidation
byproduct accumulation

* Particulate wear decreases bearing life
 Water ingression during stand-by periods

* Production down time from oil quality issues and
downtime from oil change
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&4 Lube Oil Quality Issues

EPT Aero Derivative Vs Large gas turbine
Differences Similarities
* Qil Reservoir small size 600 * SVR removes oxidation and
Liters/ 165 gallons maintain low AN
* No extraction fans  Water is not an issue during
* Use Synthetic Jet engine operation period as
Lubricant Aero Shell reservoir temp 60-75 C as

Turbine 560, Mobil Jet Oil
Il cost / USS28/liter/
S5,824/ Drum vs
S$1000/drum for Industrial

* Show problem as High Acid
number, not MPC

bearing temp will be higher
as moisture evaporates
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Normal Oil Replacement - 6-8 months

cleanoil.com
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EPT SVR/ FSIL on Offshore
Production Platforms — RB211
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EPT SVR Performance has been Excellent

* Extended oil change due to High TAN from
average 6-8 months interval to 36 months

* Reduce and Control TAN in gas turbine
ubrication oil below < 0.7

e Reduce and Control moisture <200PPM even
during standby periods

 Enhanced component life by improved system
cleanliness level
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SVR Performance
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Sampling
Date

( mg KOH/g)

3.84
2.29
2.28
2.41
2.72
2.67
1.42
1.33

1.09
0.99

18-Jul
30-Ju

Water Content (
Abs.)

67.75
53.74
53.25
57.38
56.82
56.76
53.46
50.75
46.78
45.83 1o
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Comparative Photos, one system with Oil Cokmg and
the other using a tre‘atment system
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EPT Next Steps

<> * Analysis and comprehensiv
r("r'“'r"“[“ i iy ol i i evaluation (ACETM)
* Testing, lab scale cleaning

using SVR, and re-testing.

= bidens __ — Acid Number, ISO particulate, Watet,
Additives, MPC, Metals, Viscosity

* Demonstrates SVR
e performance on your in-
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 Download form at:

http://cleanoil. com/wp_
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EPT For Additional Information:

Peter Dufresne

EPT

1-403-389-4104
pdufresne@cleanoil.com

www.cleanoil.com
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