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Operating Conditions that shorten Gas Engine Oil Life

NNAMDI J. ACHEBE - cLS, OMA I, MLT II, MLA 1

,#snezou | @STLE_Tribology



Benefits Statement

Going by Petrosave Laboratory oil analysis database information accumulated over the years,
from analyzing oil samples from well over 500 Gas Engines comprising different brands,
operating at remarkably different locations and subjected to varying loads, loading procedures
and all sorts of operational/maintenance practices; Gas Engine Qil life could span from under
500 to > 8,000 Hours depending on QOil quality, Oil Sump Capacity, Operating Loads and even
consistence in keeping to OEM specified Oil Make-ups.




Situation

As one strategy to minimize running cost, it is the drive of every operator to safely extract the
most hours during the life of the in-service oil. One Gas Engine OEM, in its service
communications to users, recommended 2,000 Hours Oil Drain, however, strongly recommended
the use of Oil Analysis to more appropriately determine oil change.

This presentation show cases different scenarios for which oil analysis reports produced widely
different ODIs even for same Make/Model Gas Engines but operating in different Plants.
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Case Study 1: /mpact of Oil Make-up. ,nggw ot o ml’:e Gas Engine Ol Analysis Report E
For 3 years the power plant gas engine of a Food Compary e oK Fo00s Lo Chent Contact: Mangesh Vsidya
Company Address: Near Guarcian Newspaper Dopanmam Maintenance (Power Plant)
Processing company in Lagos was operated at 3,000 — oo tagos Emad A mangeshvaidya@olamnetcom
. . . Equipment Operator/Driver: -
3,500 Hrs ODI without oil analysis backup. Equipment information _
Emeﬁ Type: Gas Engine Generator [1.4 MW] Component: Engine
Equipment |D Ref. Gas Gen #1 [Engine S/N: 1044587) MakeTypa: JENSACHER/ J420GS
Equipment Make: JENBACHER Lube Oil in use: Mobil Pegasus 805
. . . . e Emm Year of Manufacture: 2012 Oil Brapd: Mobil
Oil Analysis was installed afterwards and initial results Equpment Locato: e O Weght ew
showed that in-service GEO becomes completely Used Ol Samples - Trend of Actua Tests © o
Fresh Oil | Condeming 07 May 2014 12 Jaruary 2015] 28 Jaruaty 2015 11 February 2015 03 March 2016 ) con
degraded under 1,000 Hou rs; the Compa ny Management m Limit IB4WORF 1 O0S V0T 419500F 1/3581/02) AZ7 BOKF 10068 103 &330/OKF 1/0081/04| 4S020KF VOGS V05| .m
was IIVId E,;usmhm”w’ 0 - 1,124 3,997 259 623) 1,058
Cumm. Engine [Hrs] - - 11,343 15,795 16,103 16,467 16,903
Lube O Properfies
Color [Clear, Turbid or Dark] Clear| Dark| Dark] Dark Dark] Dark|
Viscosity @ 40C [cS1] 1258 o 25% 166.1 153.6] 132.4 141.3| 1483
Viscosity @ 100C [cS 132 =33 16 15.2| 13.7| 14.4) 14.8| ;
TBN [mgKOH/g] 62 31 26 2.5 55 3.9 28|
TAN [mgKOHg] 03 +25 41 4 09| 25§ 28
Soot [%] 0%| 2% 0.0% 0.0%| 0.0%;| 0.0%| 0.0%,
Nitration [A/cm] 0 20, 203 172 27 4.9 9.8 .
Omdation [A/cm] 0 20 135 8.5 21 3.1 63
Water in Oil [%] 0.00% 0.20% 0.00% 0.00%) 0.00%) 0.00%) 0.00%| s
Civeol [%] 0.00%| 0.02%)| 0.00% 0.00%| 0.00%| 0.00%)| 0.00%|
Elemental Analy sis
Wear Metals
Auminum, Al [ppm] 0 15 0 of 0 of 0 3
Copper, Cu [ppm] 0 15 0 10} 0 0f 0
Chromium, Cr [ppm] 0 5| 0 0| o 0 of @
Lead, Pb [ppm] 0 20 0 of 0 ol 0
Iron, Fe [ppm] 0 20 3 0] o) 4 [ !
Tin, Sn [ppm] 0 5 0 2 0 2] 0
Contaminant Metals
Silicon, Si [ppm) 0 20 0 0| 0 0 of @
Sodium, Na [ppm] 0 20 2 3| 0 0 [4
Potassum, K [ppm] 0 5 0 of 0 of 0 3
Addtve Metal
Mokbdanum [ppm] [ 10 0 0| 0 0 of @
Diagnostics:
|High TAN - causes include increased acid level in natural gas engine ol
Low TEN - causes include Ov er-extended oil drain niervals, E by, additive package, On
Service Enginear's Comment:
In-service GEQ has served out ifs useful life; Lubrication Senvice advwsed All engine wear rafes within narmal limits. Next 250 Hrs ail sampling/andlysis to monitor frend




Case Study 1: /Impact of Oil Make-up. gtlfvf AVE Fresh Ol Analysis Report

Integrated Services Limited

Client Information

Company Name: OK Foods Ltd. Client Contact: Mangesh Vaidya
Company Address: Near Guardian Newspaper Department: Maintenance (Power Plant)
Off Apapa - Oshodi Expwy Mobile Phone No.: 08063365430
Earlier fresh oil analysis produced good results showing tsolo, Lagos Emal Address: mangesh.vaioya@olamnet.com
H H H H Date: 27-Jan-15
that quality Gas Engine Oil (GEO) was in use. ° "
OKF1: Fresh Qil Sample Mobil Pegasus 805
Test Units Drum Batch No. C4A0038 Website PDS Info
Sample Taken: Jan. 26, 2015

Color Visual Clear, Brown NA

SAE Grade - 40 40

Viscosity @ 40C cSt 1247 130.0

Viscosity @ 100C cst 13.2 135

Viscosity Index, VI - 100 99

Specific Gravity [SG] @ 15C kg/m® 887 890

Total Base Number [TBN] mgKOH/g 6.3 6.2

Total Acid Number [TAN] mgKOH/g 0.3 03*

Flash Point [ ASTM D93 Closed Cup] °c 220 262 #

Water % vol Nil Nil

Note the TAN level of fresh oil is not available as a Product Data Sheet (PDS) information. However, TAN = 0.3 is typical value, which
has been measured at Petrosave Lab for several GEO samples, of authentic sources and correctly meeting other Mobil Pegasus 805
published oil parameters.

# ASTM D92 Open Cup Method

Comment(s)
1. In spite of some variations seen in the p reported above, it is safe to conclude that the fresh oil sample MEETS the product
formulation properties of Mobil Pegasus 805.




Case Study 1: /Impact of Oil Make-up. Fﬁégﬂg&gﬁ Gas Engine Ol Analysis Report ﬁ
Client Information
. . . . . . Comy Mame: DK Foods Lid. Client Contact: Mangesh Vi
1. Oil sampling intervals was shortened beginning with 50 Hrs Company Address: vear Guaraan ewspaper Doparmer: Marmanance (Paes Plen)
. . . Oif Apapa- Oshodl Expay ne No.: 08063365430
to more closely track the degradation changes in that oil. o, Laos e oD, margesh.vaidya@olmnet com
Results trend confirmed recent observation that E"‘] o e:lrn'y%':""‘”“" o e comrm Camporen o
QDI el & :  Type: ]
parameters such as - oil oxidation, TBN and TAN levels it - Libe Ol e Mot Pagass S
. . . . . . Equipment Location: OK Foods 1, Guardian Oill Weight: SAE 40
rapidly crossed threshold Limits while the remaining o - __
parameters such as Viscosity approached Warning. | e[ L e R &
mit Ll palighe e i ATIBORF 15 06| 451 WOKF 1008 107 | 4016/ OKF 135 08] AGZAOHF VOO Y 09| . Cocal
. - . - Engine Opersting Hours
2. Engine Operators insisted that all running conditions o o s o i 17320 700 15ors s
particularly Load levels remained same. sl - - o oo o oo
Vacodty @ 1000 (54 o Iy s e ! e o g
3 | tigati hifted to Oil C ti ith ific f Emgﬁ% o Lk 2o o o o 3 e
. Investigation shifted to Oil Consumption with specific focus Tl o3| vz 2 o 2 2 8
on oil make-up rate. Operators provided total Make-up oil \%“Q“;EJEFF%]] b I P “ s p a8
‘ater in [ %] 0.00%| 0.20% 0.00°% 0.00%)| 0.00%| 0.00%| 0.00%]
since the last lubrication service and that figure was much Gyooifd e pom oo o0 oo o 8
. . . Elemental Analy sis
smaller than the theoretically calculated Oil Make-up, using Ve lels I . ] ] ] 1o
the OEM guide of 0.3g of oil per KwH. E I : : : ; J e
Lead, P [ppm] Q 20 ] o o o Q
Irom, Fe [ppm] [« 20 L] 0| ] ol a i
Tin, Sn fppm] [ 5 0 o o o 0
mgmm [ 20 0 ] ] 0 o @
Sodium, Na [ppm] [} 20 [ o o o o @
Patazsium, K [ppm] [ 5 0 bl bl 0 o @
:‘::l::':n:'rppm] [ L] 1] o o o o @
DYagnostics:
Low TEN - cawses include Over-extended oil drain intervals, Excessive blowhy, Insufficient additive package, Owverheating
High TAN - causss include increased acid lavel in natursl gas sngine ol
Sarvice Englnear's Comment:
Lubrication Service is advised. Subssquent oi sampling'analysis to monitor trend.




Case Study 1: /Impact of Oil Make-up. Rﬁéﬁi‘?ﬁﬁa Gas Engine OIl Analysis Report \ﬁ
. . . . Client Information
4. Root cause investigation to resolve the difference revealed Gompany Name: i fnt Contac: Mangesh Vadys
mpany Addrass: Wear Guardlan Newspaper Depgnmam. ) Maintznance {Power Plant)
that the automatic oil make-up mechanism became faulty o s Emal Adcrese: mangeshyakya@okrostcom
. . . . - Equipment Operator/Driver: -
and was shut-off while Operators decided on manual oil Equipment informaon _
quipment Type: Gas Engine Generator [1.4 MW] Component: Engine
. . . . Equipment |D Ref. n #1 [Engine S/N: 1044887] Make Typs: 4
top-up , which was inefficient. Eapimant Make: it S Liba Ol ues: A P—
Equipment Year of Manufacture: a1z Cil Bramd: Mol
Equipment Location: OK Foods 1, Guardian Oil Weight: SAE 40
5. While that incident lasted, self-help initiatives by shift Used O Sempies- Trend o Actul Laborstory Tests o
. . . Frash Oil Gn’n@el.n'ng 06 May 2015 15 May 2015 08 Juna 2015 25 June 2015 10 July 2015 D Cauton
supervisors to push oil life >1,000 Hours produced alerts of Sanel || L | emOriSE) | OCIS | SSOTISN| | SSOEIST | SO @ o
. . . .« . Engine Operating Hours
abnormal wear rates and rapid oil degradation requiring O Sanch b o - 72 = s - 1350
. . . Gumm. Engine [Hrs] g - 16,062 13.200| 18767 18,138| 19,472
Lubrication Service. Lube O roperses
Colar [Clear, Turbid or Dark] Claar| Dark] Dizriy] Diark] Dark| Dark|
Viscosty @ 40C [o81] 1258 - 25% 143.4 120.8| 1374 142.3| 137.5] .
Viscosty @ 100G [c5 132 z.43 145 13.5] 14.1 14.4] 14.1 8
TEM [mgKOH] 62 31 3.3 60| 4.4 37| 32
TAM [mgKOH] 03 +2.5) 33 0.5 21 2.5 3zl @
Soat [%] 0% % 0.0% 0.0%) 0.0%| 0.0%) oox| @
Nitrafion [A/cm] i 20 13 ) 2.4 47] 23 @
Cridation [A'em] 0 20 48 o 2.6 4 53 @
Water in Oil [3] 0.00%| 0.20°% 0.00% 0.00%| 0.00%| 0.00%| 0.00%| :
Giveol [] 0.00%| 0.02% 0.00% D.00%, 0.00%| D.00%, 0.00%|
Elemental Anslysis
Wear Metais
Auminurm, Al [ppm] o 15| 2 2 5 4 4 @
Copger, Cu [ppm] 0 18] o ol 4] o ol @
Chramium, Cr [ppm] o 5| o ol of o of @
Laad, Pb [ppm] 0 20 ] o o 0l [
Iron, Fe [ppm] [1] 20 o o o 0| o §
Tin, Sn [ppm] 0 5| ] o o 0l [\
Contaminamt Metals
Silicon, Si [pom] i 20 0 ) of 0 o @
Sodium, Na [ppm] 0 20 ] o o o o @
Potassium, K [ppm] o 5 ] o o 0 o @
Addisve Metal
Moybdanum [ppm] a 10 ] o o 0 ol @
DNagnostics:
High TAN - cawses include increased acid leved in natural gas engine ol
Low TEN - cawses include Overextanded cil drain intervals, Excessive blowby, Insuificent additive package, Overheating
Service ENgineer's Comment:
In-service of has senved out its usedd [ife; Lubrication Service agvised. Next 250 Hrs oil sampling/analysis fo monitor & end.
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Case Study 1: /mpact of Oil Make-up. R&Em;gﬁlﬂ@ Gas Engine Oil Analysis Report

Chent Information
H H H H Com Nama: OK Foods Lid. Client Gontact: M sh Vai
Manually topping up a gas engine running 24/7 across shifts by - e s e one s Ve e plant
. . Off Apapa - Oshod| Expwy Motxla Phone Na.: 08063365430
different operators has its setbacks. ol Lagos Email Address: mangesh vaidya@olamnat com
Equipment Operator/Driver: -
Equipment Information
Equipment Type: Gas Englne Generator [1.4 MW] Component: Englne
- . . Equipment ID Raf. Gas Gen#1 [Engine S/N: 1044827] Maka/Type: JENBACHER/ JA20GS
Fortunately the Company Management reviewed the situation Equpment Make: snaachen Lubs Oi n use: oo Fgasus i
Equipment Year of Manufactura: 2012 Cil Brand: Maobll
H 1 H 1 Equipment Location: OK Foods 1, Guardian Oil Waight: SAE4D
and the faulty Automatic Oil Make-up was replaced. Oil Drain e : °
o . Condigion
Interval gradually reverted to > 2,000 Hours service life. Used Ol Samples- Tend of Actual Laborstory Tests ® o
Frech Cil | Condeming| 08 Decembar 2015] 11 January 2015 29 January 2015 02 March 201E] 08 WA 2096 () oy
Sample Limit SOOSAORF1/GER /20| EADHOKF GG 121 E2TT/ONFIABGH!22| TN 1023 EADOVORF 1 EGEY Y . el
Engine Opersting Hours
Gil Sample [Hrs] 0f - 1,020 1.554) 1843 2 BDE|
Gumm. Engine [Hrs] g - 22,561 23,005 23,490 24,183 24,287
Lube Oil Properties
Color [Claar, Turbid or Dark] Clear| Diark| Dark| Diark] Diark] Dark]
Viscosity @ 40C [cS1] 125.8) + 255 197 138.8] 1437 1352 1257 @
Viscosity @ 100G [c5t] 13.2) 243 141 14.2] 14.5] 138 14.0)
TEN [mgkOHg] 6.2 a1 48 40 39| 53 51
TAN [mgkOHig] 03] +25 21 21 23] 15 17 @
Saat [%] 0% 29| 0.0%| 0.0% 0% 0.0% ol @
Mitration [A/cm] 0f m [ 2.4 33| 14 17]
Qxidafion [Afcm] 0f 0 23 43| 45 [ 2.4
Water in Oil [%] 0.00%,| 0.20%| 0.00%| 0.00% 0.00%,| 0.00%| 0.00%)
Giyool [%] 0.00%| 0.02%)| 0.00%| 0.00%| 0.00%| 0.00%| 0.00%)
Elementa Analysis
Wear Metals
Aluminum, Al [ppm] 0] 15 1} 0 0] 1} 0f :
Gopoer, Gu [ppm] 0f 15 [ 0 0f [ 0
Chromium, Cr [ppm] 0] B 1} 0 0] 4 3 .
Lead, Pb [ppm] 0f Fil [ 0 0f [ 0
Iron, Fa [ppm] 0f 0 [ 0 0f a 0
T, Sn [ppm] 0f 5 3 0 0f 2 0
Contaminant Metals
Silicon, Si [ppm] 0| 20 0 0 0| Q
Sodium, Mz [ppm] 1] 20 0 o 2| 0 o @
Fotassium, K [ppm] 0| 5 i 0 0| i o &
Additive Metal
Moybdanum [ppm] 0 10 0 1] 0 0 ol @
Mo alert sean.
Sarvice Engineer's Comment:

Al angine wear rafes within normallimits. Ol is ok for continued use. Next 500 Hrs ol sampling’analysis fo monitor rend




Case Study 2: Lubrication Service
— Impact of Partial Drain

First 500 Hrs oil sample taken after Lubrication Service revealed
that remaining oil life was less than 40%. Initial thoughts were
that operators were only carry out “oil sweetening”, a common
practice of combining partial drain-out and oil make-up in
order to manage limited oil stock; to keep engine safe and
running pending when adequate oil replenishment stock is
received to enable full lubrication service.

When the
investigations

informed otherwise, root cause
by oil analysis commenced, and

operators
driven

fortunately was quick to connect oil analysis observation to the
amount of oil used during Lubrication Service.

thrvfﬁ.v' &

Integrated Sewices Limited

Gas Engine Oil Analysis Report

Client Information
Comparny Nama: Contour Global Solusions Nigerla Client Contacts: Anshony Onwuegbuzie
Company Addrass: 1st Floor, EastWing Chy Hall Departmant: Sarvice - Power Generation

23- 25, Cathollc Misslon Street Mobile Phone No.: 08078391208

Lagos Island Email Address: <anthony.omwuegbuzie@contourglobal com:.

Lagos, Migerla

Equipmant Cperaton Drivar:
Equipment Information
Equipment Type: Gas Englne Ganerator [1160 KW] Component: Engine
Eqguipment 1D Rei. Gen#3 [N 33180429] Make/Model: cummins | GOSKEH-G4
Equipment Maka: Cummins Lube Oil in usa: Valvollne Premium Blus GEO LA4D
Equipment Year of Manufacture: 2010 Qil Brand: Ashiland
Equipment Location: NEGC Plant Benin Qil Weight: SAE 40
Condigon
Used il Samples - Trend of Actual Laboratory Tests @ o=
Fresh Oil| Condeming 20 Soplombor 2013 14 Decambar 2013 20 Al 2014 109 Jung 2014 22 Juy 2015 ) cawon
Sample Limit ==t Rk 1 18| zEEAC: | @ cotes

Turbine Operating Hours
Gl Sarnpla [Hrs] 0 1.000] 500 500 1,500 1.000|
Cumm. Gas Engine [Hrs] [ 12,047 14,949 f v AR 27,097
Lube Ol Properties
Appearance [Clear, Turbid, Dark] Clear Diark] Dark Dark Dark Dark
Viscosiy @ 40C [c51] 118.7] +-25%| 169.1 170.8 139.5| 162.4 1503
Viscosity @ 100C [c5f] 12.8] +-20%| 16.2] 164 14.2] 158 15
TAN [mgKDHg] 03] 4 a1 43 1] a4 23
TEN [mgkOHg] 5.5) 28 18] 14 45| z1 34
Insolubles [3] 0| 15| 10.0%| 0.0%| 0.0%| 0.0%| 0.0%
Hitration [A/cm] 0 25 235 15.2 0.0} i7.2 18
Owidation [Afcm] 0 25 18.0| 175 0.0} 14.6 64
Water in Oil [%] 0.0%| 0.29%| 10.0%| 0.0%| 0.1%] 0.1 02% !
Giycol [%] 10.007%| 0.02%] 0.00%| 0.00%] 0.00%| 0.00%| 0.00%|
Bemental Analysis
Wear Metals
Iron, Fe [ppm] 0 20 0f 4 0f 0 3
Chromium, Cr [ppm] 0] 5 3| o 2| o 0
Lead, Pb [ppm] 0 a0 0| [ [ [ 0
Copper, Cu [ppm] 0 15 7| [ E 2 965
Tin, Sn [ppm] 0 10 2| 0 0f 0 0
Alurminum, Al [ppr] 0 15 i i [ i 3
Molybdenum, Mo [ppm] 0 10 0| 0 [ 0 0
Adifdve Contaminant Metais
Silican, Si [ppm] 0 25 0| i} 0| i} 0 0]
‘Sodium, Na [pprm] 0 a 4 3 0| 3 0 8
Patassium, K [ppm] 0 10 0f 0 0f 0 9

High OF Viscosity - causes Include Wrong top-up wilh thickar all, High Oxidztan, Hgh Nitration, Increasad Contamination levels, High Insalubies, Valabizabon of Ikgnkands, Emulsfiad water (siudgs)
[High Water Ingress - causes Include ieaks from O Cooler (leaking seals), Improper siorage, condensation from humid & in the ol resenolr, beanng pedestats
HIgh Lewel of Copper - causes include Baarings, Wnst Pin Bushings, Cam Bushings, Vaie Train Bushings, Thrust Washers, Odl Coolers, OF Pipings, Govemars & Ol Pumg, Ol Addtives

Service Engineer's Comment:

Cooling Water ingress is evidanced by “coolant marker” - Potassium at Caufion Leval. High Copper, occuring alone, may arise from Ol Coaler leaching. High Ol Viscosity

is a product of water emuisifying oi. Ungent Maintenance action advised. Subseguent ol sampling'analysis to monitor frend.




Case Study 2: Lubrication Service
— Impact of Partial Drain

Power Plant operators had a procedure to mechanical
drain off oil using a transfer pump. It was important that oil
change is done shortly after engine shutdown to ensure
that particulate contaminants suspended in the oil are
effective removed before they have a chance to settle at
obscure corners of the oil galleries & oil sump.

Safety consideration required that since the oil is still very
much hot, pumping device should be used to accomplish
this.

Dip level of the pipe coupled to the suction-side of the
pump was wrongly positioned within the oil sump and that
resulted to incomplete draining of the used oil.
Furthermore, without checking to ensure that the drained
out oil roughly approximated to the oil sump capacity,
operators proceeded to add fresh oil after replacing oil
filters.

Such oil changes amount to partial drain which are flagged by
oil analysis for rapid oil degradation.

PetrveSavy

Integrated Sowices Limited

Gas Engine Oil Analysis Report

Ciltent infor magion
Camparny Nama: Comour Clobal Solutions Migaria Chont Contacts: Anshory Drmnghar i
Company Addrass: ist Floor, Easa'Wing, Ciy Hal Dapastment: Sarvice - Power Generaon

23 - 35, Casholic Mission St Mckilc Phona Ma.: e 3 W

Lo Istand Email A ddross: <« ATy CAWOgELE K POOITION Mo bal Doms=-

Logus, Kigaria

Equipmant Operaar Driver:
Equipment imformaion
Eguipmant Typa: Gas Engine Caneraior [1160 K] Caomponiant
Equipmant 10 Faf. Coned [S™ 3HBIHE] MakaModak Cammins / GOSKELGA
Eguipmant Maka: Cummins Luba Ol ini usa: Vaivoline Premium B CED LA
Eguipmant ¥aar of Mamudachre: 20 CH Brand: Ashiand
Eguipmant LocaSon: MEBL Plare, Bonin 0 Weight: BAE &
Condison
Uisc-d Ol Sample s - Trand of Actual Laborabory Tasis -.G-\.

Frash Jil| Concaming) 0 Mg 2043 30 Wk 2084 ST M 2015 15 ey 21 24 By 2y ':l‘:"‘

Eampks Lim#t M S Coniariend | 18| SN Coniour i Genk| 73| ATTACorour G NF1|  H040/Soniour Gt 35| S35 onkour i Gond V23
Tir bine Operating Hours
1Ol Eampla [Hrs| | ] 1,500 2000 | 500 1,000
Cumm. Gas Enging [Hra] o 11,324 woooo e pr = 20
Lesbo QN Froparfios:
dgppawrancs [Cheor, Tumid, Dark] Claar] Dark| Cark Dark Dark Dk
Visoosly @ 40C o1 1187 P 155.4| 1E2 15| 152 14E.1 1453
Wiscosdy & 100C 255 28| H-20 153 5.8 124 14.7] 14E|
TAN [mgHOHY] o3| 4 3.4 47| 3.5 1.6 3
TEN [mgHOHY] 5E| 25 12 23| 23| 2| iE
insoiunie 55 0% 1% 54 [=ti: 4 0O%| 0% oo
Piration [Aom] o = 0.0 303 235 0.3 17
Ooridadon [Alam] o] x| T4 5.8 11.3] T o)
Water in DI [%] 00% [1E 4 LS A% [R5 1% 02%
oot ] (e ekirad el il fdeicd fdleicd (e
Elomental Anaiygs
Woar Meials
¥on, Fo jppm] o i o 3 4 k| o
Chomism, Cr [pem] o B a a o 2 o
Lead, Pt [ppei] | = ] o o 0 |
Coppar, T jopm] o 15| 10) 5 &0 5| 13
Tin, En [ppemi] o 10 ] o 0 [} 3
Aduminuem, Al jppm] | 15| ol ol il 3 2
Molytadanum, Mo [pom| o] 10| o aj ol g o]
AddkiveConuminan Meas
‘Siicon, B o x| o aj ol 0 o]
Soatiam, Na [ppei] o E 3 T 0 18| 4
Pomssum, K |opm] 0| 10| 2| 0| 0| 18| 3

Dragnostics:

Low THH - casses indiude Ovar-axiondad ol drain iniervals, Excessive biowty, insufficient addbvs package, Overeaing
High Loval of Coppo - masscs nciuie Baarngs, Wit Fin Eushings, Cam Eushings, ¥ siva Tran Eushings, Thesst Washars, 0 Coolars, 01 Fysngs, Bovamoes & OF Fump, 0 Adives:

High Leval of Sodiem - causss indeda Od addive comsifuant, Coniant sddive
High Leval of Polassim - casa s Coolan! aocivG, Trsn olemont in fual

Sorvioo Enginoar’s Commant:
Obsanve this gas angine for Cooling Water ingress ; evidenced by "coolant madens™ - Potassinm and Sodirm.  High Copper may adse from G Codler laacizng.
Lirgon: Maintonance acfon sdvisod.  Subsoguent of samping/analy:

i fo moniior i ond
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Case Study 3: Increased Production Plant Load Rﬁged Sm§; umeua Gas Engine Ol Analysis Report Lﬁ

— Impact of Process Expansion

Clignt infarmanion

Campany Nama: B2 Indusiry Lud. Cliemt Cantact: Wr. Samir Khan

COMPany Anraes Aghara Fackry Deganmant: Makrienancs - Powsr Plask
Agbara ndustral Estete Mabile Fhane No OEITTHSIRI0
Lagos Ernail Address: samir.khan@gzican.com

jose.sebastia nifigzican. com
Equipment OperatorTiniver =
Equipment Information
Eguipment Type: ‘Gap Enging Generanss [13 Mw] Component Ergging

Initially total process load powered by the Gas Engines were St 0 P Gan 1 1 asersean) Makeibiooe: o oo
. . . oy e . Eguipment Year of Manufasiirs: . 2l Brand: I
50 -60% of their combined installed capacities and In-service Bt Locate. e e Aghem it O wah ar o
oil life averaged 10,000 Hours for each engine. o 8 Samcis - e o At Loteaton Teat i
Frasn Cd ﬂunumh; 10 Aprii 2013 17 Apnl 2013 L] H-'fil'lll 13 June 31112 28 June 2017 |HJ|..;70II &“-‘
Sample Limi AMAGZUGGEST| 1667/ GZVGGER 8| 21&V G GEEM G 2 MGZVGGESN Q| «fF GIVGGEFY 1 OGS IGGEM W2 .0‘“
Afterwards, the Company added a new Production Line to iy o a0 - -~ 1o
. . . . .. LA, Emyire (R -| - [LVRFL ] 1 11, = [FATNES 12804 [FE-T
existing Power Plant installed capacity. Additional 1050kW R
. A PR |Elﬁl', Tutid ﬂrDIII] Chaar Doark | Dark] Dark ark| Drark] Dark
load from the new Line was therefore shared across all accaly @40C 51 s wams 1245 oo 10 = @
Waooaity & 100C [£51] 133 - 1410 138 e g 1410 M2
3 running Gas Engines. TEM 1 a br = e ol - 8
Insclulies %] L1 1% 0.0/ 0.0 [ L 0.0F| 0 0 0,05
Riiralicn [4/cm] L] 25 0 [ [ =] [« o i
Crichstiman o] a 25| L1 A8 a5 A & &
\Wale in CH %] 0.00%| 0207 L0 0005 0.00%: 0,00 01 0O oo 0
Giyeal 5 000% 007 0| .00 D.00%: 0.0 000 nooe| @
Elemantal Anafysis
Wear Matals
Huminum, 4 g [l 15| El o o ol of o
Coppar. Cu [agm] a 15§ 0 7 17 29 Ell =
Chramium, Cr fppm) a 5§ el K] X [x] & 2 @
Laad. P [ppam] a 3 0 K] [ 2| (& B
Iron, Fe [ppm| | 20 1] [ o 3 o o 5
Tin, 5 [ 0 1 4 3 o 5 10 [
Contarainant Matals
Slicen, S [poim) a 25 7 i} [ o v o @
Sadium, Ha[ppm] a B 4 o [ 4| o of @
Pertssssuam, K [poe a 1 17 [ [ 7] 4 o @
Ackdfive Metal
Meciyheeream: [ppm] | 10| | [ [ o o o @
Dhagnostics:

Hiph Levval of Copper . cass s inolide Bearnge. Wrisi P Bashings, Gam Bushings, Wales Tan Beshings. Thoust 'Washens, 01 Canlers, O0Ppings, Governors & 04 Pumg, 04 Adarives:
Hiph Lirval of Tin - cousas inc s Surfios coaing of Paises, O ey of Bradngs and Buskisgs

Sarvics Enginears Commant:
inveshgaie alerts on Copper & Tin and carmpowt comes fre mainRrance acions. Lubrication sendoe i3 adwoed. Subsequent all sampling/anaiysis fo maniar rend
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Integrated Services Limited

Case Study 3: Increased Production Plant Load
— Impact of Process Expansion

[ =
i
Gas Engine Qil Analysis Report ‘

Client Information

Company Name: 6Z Induciry Lo
.. Compsny R prmstivar S
Effect of that decision: f—
1. Raised engine load level from earlier 50 -60 % to current
. . Equipment Information
85 — 90% of installed capacity. Eqpmen Tye” et s 110
. . g . Eaupmant Mok i
2. Occasional spikes of “sacrificial metals” — Tin, Chrome, Equipment Year of Mamifacture:

Equipment Location: @ac Plant, Agbara Factory

Molly in the oil analysis reports occurring particularly

Client Contact:
ent:

Mobile Phone No.-

Email Address.

Equipment Operator/Driver:

Component
MakeMode!:
Lube O in use:
Qil Brand:

Qil Weight:

Mr. Samir Khan
Maintenance - Powear Plant
07045180713
samir_khan@gzican.com
jose sebastian@gzican.com

Engine
JENBACHER | J1203E
Pegacuc BOE

Mobil

2E4

- lmm> T8l ﬂ! 88/
during peak and/or shock loads. rrom x| oo T B S T m:;u?uc:md FET=——Tr
3. Shortened the life of in-service GEOs in those engines Engine Operaung Hours
. il Sample [Hrs] o 504 735 1.535 2431 3.101 3.790
from prior 10,000 Hrs ODI to barely 4,000Hrs today. umm. Engne s - 200 .50 a0 13w 0,008 s
Lubs OH Propenies
Appearance [Ciear, Turbia or Darx] Clear| Dark| Dark| Darx Dark Damx Damx|
Viscosity @ 40C [cSt] 122.6) +-25% 1365 145 139 1446 145.9 145.4
One Study observed that gas engine when loaded beyond 80% of T N " 29 28 25 2 35
. . . . . . . . TBN [mgKOH/g] 6.2] 31 51 51 43 38 3.5 2.8
its design capacity; results in rapid oil degradation as seen in s == oo oo o o oe oo
higher levels of Oxidation and Nitration with associated increases wgz?wﬁ“]' R e
in oil viscosity, TAN level and TBN depletion all of which combine Emonsi Ansiyss
. . Wear Metais
to shorten the oil life. Aumoun. A ol L - 2 ° 2 - - -
Chromium, Cr [ppm] of 5 2 0 0 [} 4 0
Lead. Po [ppm] D) 20 o 0 0 [}} 0 0
Iron, Fe [ppm] [\ 20 5 0 0 0 5 a4
Tin, Sn [ppm) o) H [ 4 0 [ 0 5
Contammant Meials
Silicon, S1 [ppm] of 20 0 D 0 o 0| D
Sodum, Na [ppm] of 20 2 3 2 [} [l 0
Potaseium, K [ppm] of 5 [ 5 4 [} 0| 0
Addrove Metal
Molybdenum [ppm] 0 10| ] ] 0 1] 0 0|
Diagnostics:

HIGh TAN - Cauzes InClude Increazed Scid level In natursl gas engine o
[Figh Level of Tin - causes Include Surface costing of Piztons, Ovenay of Bearings snd Bushings

Service Engineer’'s Comment:
immediate Lubrication Service is advised.

Low TEN - causes InClude Qver-extended of drain intervais, Excessive biowdy, Insufficient adoiive package, Overnestng

500 Hrs oil

lysis fo monitor trend.
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Case Study 4: Constant Production Load ,ﬁ;’;’ﬁgﬁﬁ& Gas Engine Oil Analysis Report Lﬁ
—Impact of Higher Engine Capacity
Chant Informarion
Company Mame: Flour Hila Hig PLT Clent Conkact: \eir. Dimas: Paraglotic
Company Address: D Diock Moad Dapartment: Powyar Plard
Background B ot s o o
Eguipment CperatonTriver: -
Equipmant informanion
. . . Equipment Type: Gan Engine Generabor Component: [Engine
1. Pasta Plant factory with operational load averaging 1,500 kW Eaupment 0 et Qamotimy uarenisae: =
. . Equipment Year of Marafacture: - Ol Brand: Wbl
2. Powered by either of two(2) GEJ Gas Engines =aupmen Locater ot Pase s Agars o wegne: ea
* 612G (1.8kW capacity) & e 8 Samgin.- Trone of et Loty Tovts o
. Fresn Od | Condeming 18 Fatraary 2018 I3 e 2018 08 Jorm XNE I Saplmmber 2018 01 Mevembar 2018 Ofll-“
* 620G (3.0 kW capacity). sme | o ani vaanzs ) o
3. One Gas Engine runs at a time. The gas engines are run in et o - 1853 s 12 s e
Cumm. Engine [H3] - - 12,344 13,500 43,578 14,451 14,722
alternating order. Lube 58 Properties
4. Qil change is determined by oil analysis. st =E i oo & o i E
TAN [mghoeg 03 +25 a1 23 43 12 23
TEM [mgHDE B2 i 4 38 26 43 34
Soot 4] A 26| i 8 00% =24 [ =4 00%
Nitration (Ao 0| 20| 155 £E 91 kS 57
Cnddabion [Akcm] =] e | LT £k 24 24 7.7
. . Water in Of &) O.DO| ks 3 0.00% 0.00%: 0.D0%| oo 0.00%
*  Qil Drain Interval for the J612G averages 1,000 to <2,000 Hrs s e Ml oo e o mem i
Eemerial Analysis
Wrear Mota's
Auminum, Al [ppe| =] 15 [ o 3 =] o (]
Copper, Cu ppm] o| 1% o [ a 1] o t
Chromiam, Cr [ppm] =] 5 =] o a =] 3
Lewad, P fpoey of | o o o o| o &
o, Fe o o Y z o 2| o| of @
T, Sn o] of = 4 o o o| o @
Contaminas Meta's
Sikcon, & pomi o . o o a o| o @
Sodium, Na [ppe] o| P i o o ] EI -
Polassium, K [ppm] =] & [ o | =] o .
Addithe Metal
chbdenam [ppmi =] 10 o o a =] o -.-
Bilagr :
Sorvice Enginger's Commant:
AN engine wear mfes nomal. ingenvics GEQ is approsching end of R usoful service ife; ol is ok for continued use.  Next S50 Hrs ol samalinganalyss
agvised fo defermune F Lubrication Senice (s due.




Case Study 4: Constant Production Load tﬂ'o’g‘.ﬂ,-‘fﬁ Gas Engine Oil Analysis Report
. . . Integrated Services Limited
—Impact of Higher Engine Capacity
Client Information
‘Company Mame: Flour Millz Mig PLC Client Contact: Mr. Dimas Panagiotis
Company Address: Old Dock Road Department: Power Plant
Apapa, Lagos Mobile Phone Mo.: 08058299141
Email Address: i, hoo.com
Equipment Operator/Driver: -
Equipment Information
H H Equipment Type: Gas Engine Ganerator ‘Companent: Englns
e Oil Drain Interval for the 620G averages >7,000 Hrs Equpmart 1D Ret. consz 2 ritlatii s
Equipment Make: JENBACHER Lube il in use: Pegasus 805
Equipment Y'ear of Manufacture: - Ol Brand: Mobll
Equipment Location: Golden Pasta Plant, Agbara Til Weight: SAE 40
r—|
Condition
Used Oil & rend of Actual Tests . oK
Fresh Ol | Condeming 18 December 2015 13 January 2016 | 18 Febnary 2015 23 March 2016 01 November 2016 Ol::mlm
Sample Limit E175/AgD gt gt . crten
Engine Operating Hours
0 Sample [Hrs] 0 - 8,300 6,857 7.284 7832 380
Cumm. Engine [Hrs] - - 12,688 13,288 12841 12,080 14,752
Lube Oil Properties
Appearance [Clear, Turbid, Dark] Clear, Dark Dark Dark Dark Dark
Viscosity & 40C [c51] 1226 +25% 1328 1332 1232 1356 1312 (@]
Viscosity & 100C [c34] 13 2+3 1338 128 128 140 126
TAN [mghOHg] 03 +25] 18 12 13 17 03 :
TEN [mghOHg] 62 31 54 53 52 52 50 @
Soot [%] 0% % 0.0% 0o% 0.0% 0.0% 0o% Q
Nitration [Adem] o 20 oo oo 00 00 oo (@]
Owidation [Afcm] o 20 30 28 a a2 21 (@]
Water in Oil [%] 0.00% 0.20% 0.00% 0.00% 0.00% 0.00% 000%
Giycol [%] 0.00% 0.02% 0.00% 0.00% 0.00% 0.00% 000%
Elemental Analysis
Wear Metals
Ahsminum, Al [ppm] o 15 0| o o o o (@]
Copper, Cu [ppm] 0 15| 2 0 0 0 | @
Chromiurn, Cr [ppm] 0 5 0 0 0 0 2
Lead, Pb [ppm] o 20 o o o o o
Iron, Fe [ppm] ] i) o o B ] 3| :
Tin, Sn [ppm] 0 5 0 0 3 0 0
Conzaminan: Meals
Silicon, Si [ppm] o 20 o o o o o @
Sodium, Na [ppm] 0 20 0 0 0 0
Potassium, K [ppm] 0 5| 0 0 0 0 0
Additive Metal
Molybdenum [ppm] 0 10 0 0 0 0 | @
No alert seen.
Service Engineer's Comment:
All engine wear rates nomal. Sample free of exfernal ination. Analysiz indicates proper of lubricant and engine of gas generator saf.
Confinue with current oil in the gas engine and zample by the next 500 of sanvice hours.




Case Study 5: Low Production Load &tﬁ:?ﬁﬂg Gas Engine Oil Analysis Report ‘
Ciferny infor mation
Company Nama: Gz Plastic Procucts g, Lid Cliert Contacts: Mr. Toery Sainani/ Mo Assisl
C-ullwl,l’ﬂﬁ’m: Piot 1, Block E Deparimant: Plant Uslililes - Powss Flant
Maior Indusirial Esow Maobio Phione: Mos.- O B ISE (TISEIT 0SS
Baike}o Kaib sanwa Si Emaid Address: =manragemartifgectaplstic coms
. . . . ushin, Lagos Equipment Oiparatos Drvar: -
1. Plastics making factory with process load averaging 950 kW Equtpment information
2. Powered by a single GEJ Gas Engine J612G (1.8kW capacity); Codpmont 1 P, e v i —
. . Em.nnmnndw JEREACHER Lanl::ilu_1m: ‘Sanon LD S0
running at < 60% load capacity. e e i e T
3. Oil change is determined by oil analysis. oo
Usad il Bampias - Trand of Aciual Labor Tasts [T
Frash Od | Condeming T 25 Mas- 16| 13-Age-1 12-hug- 15 +Eap-1 T30k 15 O Caiitny
Eampia Limit DG GLF V3| G e T | | 27 DG G0 V75 T ATt TG00 | T G TR V3| TR e a5 1 12| . frra—
Engine Oparmnng Hours
0l Eamgpiia [Hrs] L] - 3285 3,582 3,538 4384 4,541 =07
- - Cumm. E [Hesj - - 11,330 11.525] 11,882 12428 12,685 ta.zar|
e Oil Drain Interval for the J612G averages > 4,500 Hrs —
Appeamnce [Caar, Turbd or Dark] Clear| Darg) Dark| Dar) Dark Diari| Tark|
Wisnosiy @ 40C [c31 s +25%| 124.9) 1234 1245 115.5) 1135 117 4 .
VEcosty @ 100C o3 122 43 12 134 12z 125 124 28 @
TAN [mgiOHg| 11 + 25| 24 25 29 11 1.4 1.2
TEN [mgiOHYg| 45 2.5 ag S| at 4.3 4.8 4.3 2
nzolubles [&] =1 | et DR e 0| e [=ki A
Mrragon [Aem] [ 20| TE g1 a0 53| 55 5.5|
Coearbion it om] 1] 20| g 40| 43 0.0| an 0.0|
‘Waker in O =] [l q 020%| .00 OL00%| 0.00% O00%| 0.00%, LD
ool [% U Do) i 000 (i3 000 (i ool @
Bomental Analysis
Woar Morals
Aumirem, A jope] 1] 15| E 0| 0 0| 0 2 g
Coppar, Cu [pom] 1] 15| of o 0| o 0| o
Chomium, Cr [pom| [ 5| E ol 4 El 5 ol
Laad, Fb jppr] o 20 f ol 3 ol 0 ol s
ren, Fe [ppm] [ 20| K 0| 1 0| 0 0|
Tin, En jppm] [ 5| E ol 4 ol 0 o @
Corfaminant Mafals
Siion, 31 jopm] [ 20 f 0 0 ol :
Sodium, Ka ppm] [ 2 4 2! 4 ol 3 ol
Pofassum, K [opm] [ 5 o 1 0 ol 0 o @
Agdove Motal
Mol bekenum jopm] 0 10| of ol 0 ol 0 o @
Diagr
M alort soan.
Servioe Engineer’s Commen:
LAl anging wiaar rafes wiifin Limits; analyss indcates groper parformance of lubncant! and gas engine. In-service GEQ is ok for continued use.
Wit 500 Hrs of samping‘analsis fo manitor rand.




Case Study 5: Low Production Load Fﬁf‘:ﬁﬂ{& Gas Engine Oil Analysis Report L‘
Chent Informanan
Company Hame- Irdupandent Powsr Pant Clent Contacts: Mr. Geonge Labnd | Mr. Pairick Kostws
Company Address: A Department: Clark Enamgy
Cgur. Stain Miob e Fhone Nos - OB0E5EBI2ERD | DEQZIDL1646
e ks et @etars cacrpy com
1. Government-owned Water Plant with Pumps load ST OpemEn :
. . Equ Informamna
averaging 2,040 kW per Gas Engine. e — comenert —
Eguipment ID H.e‘ anr.L'I-lllm I-H-:.Hnd:ll.u l_ﬂ:l:ljm
2. 4 x GEJ Gas Engines J620G (3.2kW capacity each) Eitmers bate. e i —
. i . . Equipmiant Location: Power Pl Akuls O/l Weight BAE &0
installed; 3 Gas Engines in operation & 1 on stand-by. —
3. Oil change is determined by oil analysis. o ey 5 e T e
= .D-ﬂ.
Engine Operating Howrs
04 E:ampie [Hrz] =] - 8131 2,315 10,468 10,734 11,287 388
Cumm. Engine [Hrs] - - 47,302 17,350 18541 18,557 13,370 20281
e ODI for each J620G Gas Engine averaged > 10,000 Hrs vt o, Totkd Doty | Gl - o - - - -
\Ibmﬂrnlmm 128 =250 | 1385 4215 1402 1355 1424 1329 .
Wistosity & 1000 k5T 130 +-20% 142 144 143 14.2 ] 13.7) !
TAN [mgHCHg 03| 4 1.5 13 12| 1.4) 12| 0.5
TEN [mgHOoHg) 62 a1 =0 5] =1 A 51 (]
insolubles [%] | 1% 0.0 o00%| 0.0 D% il DU .
Nitration JAjom] =] F— 0.0 oo 0.0 oo 00| 0.0| .
Owictabion [Aom] o = a7 3.4 a5 48 a1 vol @
Water in O [ 0.0Re 100 [ulii: D00% [ulii: 0.10%| 0UD0%E | LD .
Leliiee ] ] 0.00% | D% LD D.00%| LD 0.00%;| UD0RE | LD .
Eferrranital Anilysis
Weas Meta's
Alaminuam, Al [ppm] =] 15| 3 3 2 o 1] 3
Copper, Cu lppm] =] 15| 7| 13 | 24| 3 7| !
Crromiam, Or fppm] =] H 3 o 0 o 1] b
Lead, Po [ppe] o k] | o | o 1] o @
iron, Fe [ppm] =] F-o| ] L 3 g H |
Tin, En [pprm] =] 10| 7| 3 ] o 4 | :
Cortararant ieta's
Sllicon, 5 [pom] =] F— ] 0 ] 0 1] |
Sodum, Na Jppm] =] H 4 0 ] 0 1] | i
Fotyssium, K [ppe] o 10 | 0 | 0 o b
Addithes Matal
ki [pem] =] 10 0 o 0 o 1] 1 @
Disgnostics:
Sorvive Enginoer's Commeant:
AK ofher engine wear rates wihin rormal Imis. Lube &5 ok for confinued wss. Nexf off sampling due af 20, 787 Engine Hours fo monkor frend.




Case Study 6: Impact of Oil Sump Size Pﬁi"’ﬂp—gﬂ""rg Gas Engine Oil Analysis Report ’.ﬁ

Intagrated Services Limited

Client Information
Company Mame: Guinnzsa Nig. Ple Client Contacts: M Josl Dglamwonyl
Comj Address: 3, Banin riment: Power Plant
k e gm Dmxle Phone Nos.: OBOITTOTISS
Background ey ot o o dagen.co
Equipment OperatonDriver: -
quipmem Information
1. Bottling Plant with operational load averaging 2,400 kW Eauommant 10 2t mmpr ke tocst vaacHER s o8 1
. . Equipmenl Make: JENBACHER Lube Oil in use: Pagasus B0S
per running Gas Engine Eavgmmant Losaion Cunmsss Plant Sori O Weight ey
2. Powered by either of three(3) GEJ Gas Engines o e r—— c;m—
* J620G x 2 (3.0kW; Type 6, Class E with extended oil sump] Fresh OF | Conceming |~ Sihigs] Sl oo vl Bl Foei g.ffm
* 1J620G x1 (3.3 kW; Type 6, Class F; oil fill capacity 176 Gals). e prs o ) . . - . . . -
3. 2 or 3 gas engines run per at a time; depending on Cumm. Engine i) 1 - w4267 w047 e merd s w0
production demands. e o, Tt or D | - - o  om - -
4. Oil change is determined by oil analysis. oy @ 00C €30 ! [y I T T I R §
TAM [mgk CH/g] 04 #25 22 23 2.3 21 22 (1]
TBM [mgl OH/g] 82 3 47 45 4.3 42 4.1 &0 (8]
Soot [%] 0% 2% (i 0.0% 0% 0.0% 0.0% 00% .
Nitration [&/cm] 0| 20 a7 a7 40 4.1 4.1 [111] (9]
Oradation [Adem] [i] 20 44 48 58 B2 70 [i11]
Water in Qil %] 0.00% 0.20% 0.00% 0.00%| 0.00% D0.00% 0.00% 0.00% :
*  ODI for Older Model J620 (E Class) averaged 3,500 Hrs s ety iy et I Sy A I
T e
Alurminum, Al [ppm] 1] 15 o [1] 3| i} 2 i) .
Copper, Gu [ppm] 0 15 0 [1] ] i ] |l @
Chromium, Cr [pprm] [i] 5 3 li] o 4 5 3
Lead, Pb [ppm] 1] 20 o [1] o i} i) i) i
Iron, Fe [ppm] 0| 20 1] 1] o 0 i} o
Tin, Sn [ppm] [i] 5 [i] li] 4 3 i} i} .
Contaminant Mezals
Silicon, 5i [ppm] [+] 20 1] 1] o [ o .
Saodium, Na [ppm] 0| 20 1] 1] o 0 3 2 (0]
Potassum, K [ppm] 0 5 0 [1] ] i ] |l @
Additive Mezal
Malybienum [sp] 0 10 0 [1] [i] i ] |l @
Diagnostics.
No alert seen.

| All engine wear rafes within normal limiz.  Ofl is ok for confinued use. Subsequent off g tysiz to monifor frend.




T
Case Study 6: Impact of Oil Sump Size .ﬁgﬁgﬁgg Gas Engine Oil Analysis Report Lﬂ
Client Information
Company Name: Gulnness Nig Plc Client Contacts: MIr_ Josl Oglemwonyl
Company Address: ‘Ogba, Banin Depariment: Powar Plant
Edo Stats Mobile Phone Nos.: DB03TTOTISS
Email Address: Joal.Oglemwonyl@diagec.com
Equipment Operator Driver: -
quipmem Information
*  ODI for newer J620 (F Class) averaged 1,300 Hrs Eaipment Type: o crgmecerrtr 5340 Companant. O et oo
Equipment Make: JEMBACHER Lube il im use: Pagasus 805
Equipment Date: 2014 il Brand: Mobil
Equipment Location: Gulnness Plant, Benin il Weight: SAE40
The J620 - Type 6, Class F has all the design attributes of modern Engines Used O Samples - Trend of Astuzl Laboratory Tests 0 o
. . . . . Fresh Oil Cmdemng 25-Sep-16 4-0ct-16 17-Det-16] F1-Dct-16 15-Mow-15 2Ny
compact size (implying smaller oil sump) Sample | Lmt | | 7 =k =g
¢ fuel efficient (burns hotter) and i J - . - - - -
* primed to deliver more power (support more load) Summ. Engine [Frs] 1 - 1 18250 e rese 14180 1A
Lube Oil Properties
Appearance [Clear, Turbid or Dark] Clear Dark Dark Dark| Dark Dark Dark
. . . . . . Wiscosity @ 40C [c31] 1297 +25% 1588 126.3 1343 142 5] 1473 1511 O
Above requirements take their toil on the in-service GEO causing Viscosity @ 100C [e5q 122 =s2 154 133 130 144 148 150 %
. . . TAN [mgHK CHig] 04 +25 a 04 12 1.5] 21 24
* rapid oil degradation & Sy = - o om oo e o o O
* shortened oil service life oot o] | e 20 25 ! 4 e 8
‘Water in Qil [%] 0.00%: 0120% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% :
Glyeol [%] 0.00% | 002% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% .
Elemental Analysis
Wear Mezals
Alurminurm, Al [ppm] [+] 15 0 0 2 o 0 0 .
Copper, Cu [ppm] [i] 15 0 0 ] i ] 0 @
Chromium, Cr [ppm] [+] 5 1] o o 1] 3 i
Lead, Pb [ppm] [1] 20 1] o o 1] i) 0
Irom, Fe [ppm] [1] 20 1] 1] o 1] o i i
Tin, Sn [ppm] [+] 5 0 0 a o 3 0 .
Contaminant Metals
Silicon, Si [ppr] [+] 20 0 0 a o 0 0 .
Sadium, Ma [ppm] [1] 20 1] 1] o 1] o i .
Fotassum, K [ppm] [i] 5 0 0 [ 0 ] ol @
Addritive Metal
Molybdenum [ppm] [i] 10 0 0 1] 0 ] ol @
Diagnostics:
Low TSN - causes Include Ower-sxtenced of drain Intervas, Depleted aodifives, Excessive Dlowny, Wong/nsuficient additive package, Cvemeating
Service Engineer's Comment:




. . . [
Case Study 7: Impact of Contaminants R%tfﬁ?ﬁﬂg Gas Engine Oil Analysis Report \ﬂ
- e.g. Cooling Water Ingress
Ciient Information
Company Name: Independant Power Plant Client Contacts: Mr. Muhammad Asim ! Mr. Patrick Nzekwe
Company Address: Alausa, keja Department: Clark Energy
. . . . . tafe Mobile Phone Mos.: (8076961902 | 0BOZ2241545
That contaminants can compromise the lubrication function s Email Address: munamma asim@ciarke-energy.com
. . . . . . ) . patrick. nzekwe@clark-energy.com
of in-service oil and thereby shorten oil life is well known. Equipment Operator/Driver :
Equipment Information
Equipment Type: Gas Engine Generator (3.0 MW) Component: Enging
Equ?pmem ID Ref. Gan #1 [SM: 1072715] MakﬂMogd: . JENBACHER | JGE20 F
The Gas Engine has established 2,000 Hrs ODI trend. However, it —— it -
. . . Equipment Location: Power Plant, Alausa Qil Weight: SAE 40
severe Cooling Water ingress detected after 468 Qil Hrs _
. . . . i les - Tres al ag oK
evidenced by high “coolant markers” — Sodium & Potassium; Frosh O | Condoring | TR s ] i o] T
. . . . . . 17-Mov-14 Limit 14 il Gus| .ormzl
forced Lubrication Service after just 1,712 Qil Hrs following Engine OperatingHors
. 0l Sample [Hrs] i} - 483 895 B5Q 1,201 1,712 03
‘Cumm_ Engine [Hrs] - - 2,008 2233 2487 2738 3,182 35
Mtce repairs.
Lube il Properties
Appearance [Clear, Turbid or Dark] Clear| Dark| Dark Dark Dark| Diark| Dark
Viscosity @ 40C [c5t] 1227 =+ 25 135.3] 1286 14180 140.3] 151.3] 1313 :
Viscosity @ 100C [c5t] 132 z+3 138 142 144 14.8| 15.0 136
TAN [mgkOH/g] 0.4 +2.5) 17 12 26 27 a2 sl @
TEM [mgkDH/g] 8.2 31 43 43 38 3.4 27 57 .
Soot [%] 0% %) 0.0% 0.0% 0.0% 0.0%) 0.0% | @
Niitraticn [A/em] i 20| ] 27 41 5.5 58 ool @
‘Owidation [Afem] 1} 20| 5.3 7T 2.0 2.2 10.3] a5 .
Water in Qil [3%] 0.00% 0.20%] 0.00% 0.00% 0.00% 0.00%| 0.00% 0.00% .
Glyeol [%] 0.00% 0.02%) 0.00% 0.00% 0.00% 0.00%| 0.00% 0.00% .
Elemental Analysis
Wear Merals
Aluminum, Al [ppm] 1} 15| 1] 0 0 0| 1] 0
Copper, Cu [ppm] 0 15 [ 3 0 3| 3 0 ‘
Chromium, Cr [ppm] 0 5| i 2 ] bl 3 ol ©
Lead, Pb [ppm] i} 20| 1] i) o [1] 3 o :
Iron, Fe [ppm] 1} 20| a 10 7 pal 14 3
Tin, Sn [ppm] 0 5| i ] 6 bl i o| @
Contaminant Metals
Siicon. Si [ppm] i 20| [ 0 ] [i] (9]
Sodium, Ma [ppm] 0 20 4 -] 184 223 a0a 3| @
Fotassium, K [ppm] 0 5| i ] 41 25| [ ol @
Additive Metal
Molybdenum [ppm] i 10) i ] ] [i] i ol @
Diagnostics:
High Leved of Sodil nciude O L, Coolant aodiive, Road SaTin, Grease
Service Engineer's Comment:
High Sodium level, though reducing but sfill persists; mo maintenance action advised for now. Off iz ok for confinued use. Subsequent oi ing/analysis to frand.




-
Case Study 7: Impact of Contaminants ,nfgrmd el i L.m?,:: Gas Engine Oil Analysis Report
- e.g. Cooling Water Ingress
Client Information
Company Mame: Independent Power Plant Client Contacts: Mr. Muhammad Asim / Mr. Patrick Nzekwe
Company Address: Alausa, keja Department: Clark Energy
Lagos State Mobile Phone Mos.: 08076961902 / 08022241545
Email Address: muhammad. asimi@clarke-energy.com
patrick.nzekwe@clark-energy.com
Equipment Operaton/Driver: -
. Equipment Information
¢ ODI for same J620G reverted to 3,000 Hrs post Mtce Repairs Equipment Type: o Engn Goertor 30 Component engns
Equipment ID Ref. Gan #2 [SM: 1072710] Make/Model: JENBACHER | JGE20 F
Equipment Make: JEMBACHER Lube Oil in use: Pegasus 805
Equipment Date: 202 Oil Brand: Mobill
Equipment Location: Power Plant, Alausa Oil Weight: SAE 40
Condition
Used Oil Samples - Trend of Actual Laboratory Tests @ o
Fresh Qil | Condeming 12-May-14) Sun-14) 14-Juk-14] 13-Aug-14 13H0cE14] TR0 (O copen
Sample Limit EENABUAGOEYE| IEISABUSAGERTE| [y
Engine Operating Hours
0 Sample [Hrs] o - 457 710 1.017 1,261 1,725 104
‘Cumm. Engine [Hrs] - - 1,937 2,100 2407 2741 3,205 3531
Lube Ol Properties
Appearance [Clear, Turbid or Dark] Clear| Diark| Dark Dark Diark| Dark| Dark
Wiscosity @ 40C [cSt] 1207 + 25%| 135.3 1281 1442 150.5| 152.8 12220 @
Viscosity @ 100C [c5t] 132 =3 4.0 142 146 15.0) 15.1 137 @
TAN [mgkDH'g] 0.4 +2.5] 1.5] 13 31 3.2 34 oe
TEN [mgkOH'g] 62 31 50 43 38 34 24 56 :
Soot %] (i3 %) 0.0% 00% 0.0% 0.0% 0.0% | @
Nitration [A/cm] 0 20 0.0 20 33 5.2 £0 w| @
Oxidation [Afcm] o 20 47 65 76 B.2] 2.8 34 .
Water in Ol [%] 0.00% 0.20%| 0.00% 0.00% 0.00% D.00r%| 0.o0% 000k @
Giyeol [%] 0.00% D.02%| 0.00% 0.00% 0.00% D.00r%| 0.o0% 0.00% .
Elemental Analysis
Wear Merals
Aluminurm, Al [pprm] 0 15| o ] ] 0| 2 o @
Copper, Cu [ppm] 0 15| 0 0 0 3 0 0
‘Chromium, Cr [ppm] 0 5 o ] ] 0] o ] s
Lead, Pk [ppm] o 20 o o o 2| o o
Iron, Fe [ppm] 0 20| 0 0 0 0| 0 0 3
Tin, Sn [ppm] 0 5 0 0 0 0 5 |l @
Contaminant Metals
Silicon, Si [pprm] 20 o o o 0| o o @
Sodium, Na [ppm] 0 il 8 4 1 il ol @
Fotassium, K [ppm] 0 5 a 0 17 4| 0 ol @
Additive Metal
Molybdenum [ppm] 0 10 0 ] ] 0] 0 o @
Diagnostics:
o dlerts seen.
Service Engineer's Comment:
All engine wear rates within normal limifz. O iz ok for continued uze. ol fysiz to monifor trend.




.
Case Study 8: Impact of Fake GEO Brands R&Eﬁg\ﬁﬁﬁe Gas Engine Oil Analysis Report ﬁ
Client Information
Company Name: OK Plass Lid Cliont Contact: Naresh Lenka
Company Address: :;:ugn‘nlasﬂ!n!,lﬂ!.lumm mal::n;%‘r;em' ml;n;.;{llmrﬂhnﬂ
Background mugmmw Email Addrass: B nareshlenkaz3@gmail.com
_ i Equipment Cperator Driver: -
Eqﬁ?w?:r:rgygwmm Gas Engine Ganarstor [1.4 MW] Componuri_: Engine
1. Some Gas Engine operators, erroneously believe in Eaumont ek s Libs O 5o o g
. . . . Equipment Year of Manufacture: 13 Qil Brand: Mobil
buying from unauthorized Oil Vendors at cheaper prices Equipment Location: ok Plst e il Weight s
2. Often oil drum offered at cheaper price is mere perfect e O Sarmples- Trend of Actu Laborstory Tests o
. Frash Ol CDrldeIning 12 May 2015| 03 June 2015 12 June 2015 13 July 2015 23 July 2016| O Cawson
copy Of a Successful Brand’s drum deS|gn ”externa/” but 2FAug-14 Limit ATSRORFEEEV) 5055 ORF/GEH1/10| S1ZMONFEEIVTT SE45TAFIEE 12| sesmmRRane S| oy o
fails remarkably to match its content quality “internal”. -7 i o - - 1000 - -
. i . Cumm. Engine [Hrs] - 4,000) 5,285 5,380 5,857} 5.978]
3. Such purchases most time put the gas engine to risk, Lt 08 roperics
because the quality content of the oil is compromised ?@ﬁ"%{ﬁﬁ%ﬁl | s s 2 ik i 9
. . . . . . iscosity . 1 - =+ . > .
4. |If oil analysis is in place, such poor oil quality may be T maKonl o E 20 28 1 2 5
. . . . Soot [3%] 0| 29| 00| 0.0%| 0L0%| 0.0 0.0% |
quickly detected from measuring rapid degradation of eton e f K 24 24 a2 o @
key lubricant parameters Pt o]  oam aoos oo Bt o o] &
Elsmental Analysis
Wear Metals
Aluminum, Al [ppm] 0| 15 1 1 4 0 | @
Copper, Cu [ppm] 0| 15 B 12 3 0 0 =
. . . . Chrormium, Cr [ppm] 0| 5 0 0 0| 0| 0|
e 0Oil Analysis detected the in-service GEO was both Leas Poleen) 9 = ! 0 o 0 18
over-Based and over-Acidified, shortening its service seer A | ‘ ’ ’ 1@
Contaminant Metals
life. Fresh oil analysis confirmed, the GEO was fake. e S oo - 2 E 9 K 29
Potassium. K [ppm] 0| 5 0| 0 [ 0 of @
Additive Metal
Molybdenum [ppm] 0| 10 0 i 0 0 o @
3mn‘-l’c:;1um- causes Include Ofl adaitive constituent, Coolant asdive, Road SaivDit, Grease
Service Engineer's Comment :
Coofing Water ingress is indicated by presance of Sodium at Critical Leval; maintenance action advised. All enging wear matals within Limits.
In-service GEOis ok far continued use. Every 150 Hrs ol sampling’analysis advised to monitor trand.




Case Study 8: Impact of Fake GEO Brands

Fresh Qil Analysis Report Fresh Oil Analysis Report
P \tr¢$n4g ysis Rep ELredAVE i
Integrated Services Limited Integrated Services Limited
Client Information Client Information
Company Name: OK Plast Ltd. Client Gontact: Naresh Lenka Company Name: OK Plast Ltd. Client Gontact: Naresh Lenka
Company Address: TA, lllasamaja Scheme, ltire Junction Depariment: Maintenance (Power Plant) Company Address: 7A, lllasamaja Scheme, ltire Junction Department: Maintenance (Power Plant)
Off Isolo Expressway Mobile Phone No.: 08027936088 Off Isolo Expressway Mobile Phone No.: 08027936088
Isolo, Lagos Email Address: nareshlenka23@gmail.com Isolo, Lagos Email Address: nareshlenka23@gmail.com
Date: 14-Jun-16 Date: 14-Jur-16
Fresh Mobil Pegasus 805 Mobil Pegasus 805 Fresh Mobil Pegasus 805 Mobil Pegasus 805
Test Units Make-up Oil Tank - Gas Engine #1 Website PDS Info Test Units Sampled: June 11, 2015 Website PDS Info
Sampled: June 12, 2015 Drum Batch No. C220028
Color Visual Clear, Brown NA Color Visual Clear, Brown NA
SAE Grade - 40 40 SAE Grade - 40 40
Viscosity @ 40C oSt 1207 130.0 Viscosity @ 40C oSt 143.8 130.0
Viscosity @ 100C cSt 12.9 135 Viscosity @ 100C oSt 145 135
Viscosity Index, VI - 100 99 Viscosity Index, VI - 100 99
Specific Gravity [SG] @ 15C kgm* 892 890 Specific Gravity [SG] @ 15C kgm® 898 890
D )
Total Base Numbar [TBN] mgkOHg 64 6.2 Total Base Number [TEN] mgKOH/g 87 8.2
Total Acid Number [TAN] mgKOHg 1.6 03" ) Total Acid Number [TAN] mgKOH'g 1.8 0.3* )
Flash Point [ ASTM D93 Closed C| c 215 282# Flash Point [ ASTM D3 Closed C| c 215 262 #
Water % vol Nil Nil Waler % vol Nil Nil
Elemental Analysis - Select ppm Elemental Analysis - Select ppm
Iron, Fe 2 Iron, Fe g
Gopper, Cu 3 Copper, Cu 8
Sodium, Na 42 Sodium, Na 32
Potassium, K 0 Potassium, K 0
" Note the TAN level of fresh oil is not available as a Product Data Sheet (PDS) information. However, TAN = 0.3 is typical value, which " Mote the TAN level of fresh oil is not available as a Product Data Sheet (PDS) information. However, TAN = 0.3 is typical value, which
has been measured at Petrosave Lab for several GEC samples, of authentic sources and correctly meeting other Mobil Pegasus 805 has been measured at Petrosave Lab for several GEO samples, of authentic sources and correctly meeting other Mobil Pegasus 805
published oil parameters. published cil parameters.
[# ASTM DS2 Open Cup Method # ASTM D92 Open Cup Method
Comment(s) Comment(s)
Fresh oil sample taken from the Make-up Gil Tank of GEJ Gas Engine No. 1 is NOT Mobil Pegasus 805. Fresh oil sample taken from Drum [Batch # C220028] is NOT Mobil Pegasus 805.




Case Study 8: Impact of Fake GEO Brands P
ELYoPAVE G ine O i
: . as Engine Qil Analysis Report
ﬂ Vor ﬁ*"'fe Fresh Qil Analysis Report Integrated Services Limited 9 Y P
Integrated Services Limited
Client Information Client Information
Company Nama: OK Plast Lid. Client Contact: Naresh Lenka Company Name: OK Plass Lid. Client Contact: M. Imad
Company Address: 7A, lllasamaja Scheme, Itire Junction Department: Maintenance (Power Plant) Company Address: TA, llasamaja Scheme, e Juncton Department: Mainte nance { Power Plant)
Off Isolo Expressway Mobile Phone No 08027936088 Off Isolo Expressway i 07030030070
Isolo, Lagos Email Address: nareshlenka23@gmail.com Isoia, Lagos Email Addrass: danian_ng@hoimail.com
Equi fvar: -
Date: 2aeduts _ i quipment Operator Dirivar:
Equipment Information
OKPlast: Frash Oll Sample Mobil Pegasus 505 Equipmant Typa: Gas Engine Generator [1.4 MW] Component: Engine
Test Units Drum Batch Mo. C530044 Website PDS Info Eqguipment ID Rai. Gas Gen #1 [3/N: 1087650] MakaType: JENBACHER / JGC420 GS-NL
Sample Takerr July 24, 2015 Eqguipment Maka: GE JENBACHER Lube Cil in usa: Miobil Pegasus 805
Eqguipment Year of Manufacture: 2013 il Brand: Miobil
Color Vieus! Clear, Brown NA Eqguipment Location: Ok Plast, lde Ol Weight: SAE 80
SAE Grade - 40 40 [Conaition
Used il Samples - Trend of Actual Laboratory Tests . oK
Viscosity @ 40C oSt 127.8 130.0 Fresh Qi | Condeming 07 Saptemioer 2015| 12 Cotober 2015 12 Nowember 2015 07 Decemider 2015| 06 January 2016( () paecn
25-Aug-14 Limit SEEMOWFOGEY 14 SE0E ORPIOGF1/15| SELNOWFOGE V16| SRBRONFIGGHIT] GOB4/ORPGGE 1/18) .
Viscosity @ 100C oSt 132 135 Crical
. Engine Operating Hours
Vi Indeax, VI - 97 99
iscosty fndx 0 Sample [Hrs] o - 1,156 1,885 2.250) 247 3
Specific Gravity [SG] @ 15C kgm? 87 890 Gumm. Engine [Hrs] E - 6554 7,083 7.648 8,059 8.445
Total Base Number [TBN] mgKOH/g 6.2 6.2 Lube O Properfies
Calor [Clear, Turd or Dark] Clear Diark| Dark| Dark| Dark| Dark|
Total Acid Number [TAN] mgKOH'g 0.4 03" Viscosity @ 40C [c51] 1228 + 25%| 128.6] 1333 138.9) 127 9| 1333 @
o Viscosity @ 100C [cS1] 13.0 z+3 13.5 13.8 14.2] 13.4) 13.9]
Oxidation Alem 0 NA TAN [mghOHig] 04 +25 15 25 23| 03| 15
Flash Point [ ASTM D33 Closed C: c 214 262 % TEN [mgKOHg] 82 3 58 AT 38 51 54
int [ osed Curl Soot [%] 0%, 2%, 00 0% (IR 0% 00
Water sovol Nil Nil Nitration [Alcm] 0 20 3.0) 43 6.1 0 o @
Cridation [Afcm] 0 20 21 3 3.8 0 0
Elemental Analysis Water in Gil [3] 0.00% 0.20%| 0.00%, 0.00%| 0.00%| 0.00%, 0.00%,
Wear Metals Ppm Glycol [3] 0.00% 0.02%| 0.00%, 0.00% | 0.00%| 0.00%| 0005
Iron, Fe " 0 NA
Chrome, Cr 0 NA Elemental Analysis
Lead. Pb 0 NA Wear Metals
Copper, Cu 0 NA Aluminum, Al [ppm] 0 15 0 0 0 0| 0|
I:l &n . 8 m Copper. Cu [ppr] 0 15 0o 0 0| i 0|
Juminum, .
™ Chromium, Cr [ppm] 0 5 0 0 0 0 o @
Contaminant Metals ppm
Siican, 8 " o NA Lead, Pb [ppm] 0 20 0 0 0| 0| | @
Sodum, Na 0 NA Iron, Fa [ppm] 0 20 0 0 0| 0 of @
Potassium, K 0 NA Tini, Sn [ppm] 0 5 0 3 0 0 of @
Additive Metals ppm
Caleiumn, Ca N 1248 NA Contaminant Metals
Phosphorus, P 265 NA Silicon, Si [ppm] ] 20 0| 0 ) 0| o @
Zinc,Zn 454 NA Sodium, Na [ppm] 0| 20 0 3 [ 0f of @
_ L Potassium. K [pem] 1] 5 0 0 2| 0f | @
* Note the TAN lavel of frash oil is not available as a Product Data Sheet (PDS) information. However, TAN = 0.3 is typical value, which
2: it::; :asuredsﬁmsmmwsmm GEO sampls, of authentic sources and correctly masting other Mobil Pagasus 805 Additive Metal
4 ASTM D32 Open Cup Mthod Molybdenum [ppm] 0 10 0 0 0] 0 o @
MA - Not Available as standard Mobil PDS information
Diagnostics:
Comment(s) Mo alert saen.
1. In spite of some variations seen in the parameters reparted above, it is safe to conclude that the fresh oil sample MEETS the product
formulation propartias of Mobil Pegasus 805, Service Engineer's Comment :
2 MNote that Sodium is measured Nilfor the Fresh Pegasus 805 sample. Al engine wear metals within Limits. fn-service GEQ is ok for continued use. Subsequent 500 Hrs oil sampling'analysis to monitor trand.




Other Impacting Factors

Oil Make-up with DEO

It is common practice in almost all the Power Plants to run Gas Engines as the prime source of power while retaining the Diesel
Engines as backup in case of gas supply outage. In a few cases, operators’ initiatives to replace properly blended GEO with multi-
grade DEO had also resulted in shortened oil life.

In some case studies already covered, thinning down of oil viscosity, partly from comparatively lower viscosity & shearing of VI
improver additives of multigrade DEO blends, rapid increase in Nitration and associated TAN increase, higher TBN with resultant
increase in ash deposits are some of the observations, compelling oil analysis to flag for early oil change.

Gas Fuel Quality

Petrosave Laboratory hopes to commence running GC analysis on gas samples to investigate Industry-wide reduction of Qil life
across different Power Plants. Early indications point in direction of quality of Natural Gas supplied to the Nigeria Energy Industry
which may not be farfetched, as Gas Vendors struggle to meet market demands against the backdrop of severe gas outages
resulting from rampant cases of pipeline vandalization.



Wrap-up

In conclusion, above case-studies attempted to showcase operating conditions within which
gas engine may efficiently and effectively be operated to yield optimum value and good return
on its investment.

1. Use OEM approved GEO Brand, genuinely sourced from authorized Distributor(s)
2. Always ensure complete oil drain during every Lubrication Service
* Include some form of physical inspection; replace oil filters as well
3. Ensure adequate & consistent oil make-up mechanism
* Automatic top-up system is recommended
4. Extended oil sump size offer oil life extension benefits over standard/compact sumps
*  Ensure contamination monitoring/control in place to avoid ruining large volume of oil
in a single incident
5. Monitor for early detection of contaminants
*  Make Oil Analysis the preferred tool
6. Choose installed Engine Capacity sized for optimal Process Load requirement
* Operating load, 70 — 80% of engine capacity advised
* 70-80% size also capable of accommodating Peak Load & Shock Loads as may arise



Thank You




