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Tawatchai Charoenkul. (2013). Deterioration of Lubrication Oil from Biodiesel in Diesel
Engine. Master thesis, M.Eng. (Engineering Management).
Bangkok: Graduate School, Srinakharinwirot University. Advisor Committee:

Asst. Prof. Dr.Kitti Sathapornprasath

The purposes of this research were to study performance and exhaust emission
from using biodiesel (Methyl Ester) blended with diesel fuel, as fuel in a diesel generator,
MERCEDES BENZ OM 421, 159 kW 6-cylinders, On the research, properties of biodiesel
were studied at various ratios (BO, B5, B10, B15, B20, B25, B50, B75 and B100) by testing
with the engine. The results showed that increase of biodiesel ratio causes density and
viscosity of the fuel increase. As a result, the injection nozzle has lower efficiency
becauses of incomplete combustion. In the same way, the performance test showed that
fuel consumption and specific fuel consumption of the fuel increased when the ratio of
biodiesel is increased, Moreover, due to lower heating value of biodiesel causes thermal
efficiency of the engine is reduced. A result of exhaust emission test showed that when the
ratio of biodiesel is increased, CO, HC and black smoke are decreased, but the amount of
NOx is increased

The properties of lubricating oil when using biodiesel B20 as fuel in a diesel
generator, Found that the amount of wear metals in lubricating oil contamination are
decreased. The nitrate reaction and the oxidation reaction are reduced

The economic analysis . The analysis defined diesel generator operated 321,000
kW.h/year for 15 years project plan. By using diesel and biodiesel B20 as fuel. The result
showed that using biodiesel B20 by the fixed cost biodiesel B100 are most cost effective
The net present value (NPV) was 9,502,116.46 Baht and Benefit costs ratio (B/C) was 1.24
Sensitivity analysis ,The operating cost can increase less than 24.00% and the revenue can

decrease less than 19.35 % is acceptable
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Carbon, Wt 87 77
Hydrogen, Wt 13 12

Oxigen by dif. Wh. 0 11
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Cloud Point, °C -15t0 5 -2 to 12
Pure Point , °C -35to -15 1510 10
Ceten Number 40-55 48-65
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wandandsanind uanniilesnnanusiseuaasdusiweiaseud deasrinldssant nn
PosTrUUnsaaUanas astlasnumstianasesornldwasamaszanasalasns

9. fimstlasnuaiin (Anti Rust) s1sfieztaelitihdundeduluduaionluly

TusIupadlnInsuavinasranduaiuy miaiad ﬂuﬁﬁq@ﬁﬂmmﬂunmmu 9

A

10. fia1saaanuHa (Friction Modifier) &nshazgiaiiuanuanluiidunaaiv

A

° o A A a L o 2, Aa A A & ° o o Y '
MlwanudanAelunudnaiwninisiafannanad tuxarinlwainuanlunindursaadn
v ) ™ g a U, l&/
089U WAzt REIA L TaINRY [ AT
A o o . Y v A Aa v A A o
11. An133mBaa6 ( Low Volatility) shdiunaedunidazdasiinanulngs Gaazvi
’Lﬁl,ﬁ@msizmﬂéﬁ‘a@’mm:wmiamm%”augo waz litna NI vl laa

12. faalwaine (Low Pour Point) theflazthihdundadululdnulunniigmunnl

& o 1 { { 6
5. 41 mgﬂuqmmww aammuwaaﬁmﬂ%aa ﬂ%@lﬁl‘ﬁa

5.1 m@lijﬁuﬁnﬂaaﬁmtmmgﬂu (Organization Standard)
1. 41933714 APl (American Petroleum Institute Standard) DRI LRI

ﬁﬂﬁ%ﬂLﬂ%adﬂuﬁaLﬁa (Heavy Duty Engine Oil : HDDO) Ifanwstia APl C (Commercial Qil)

§1374 2 413U API

WA AP mlEu

API CA fARTULATDILUGA QLRI B anuUULAIEAUeI a8 UANNEATERIN

7 @.@. 1940-1950 ﬁa@ﬁ‘uﬂm'ﬁﬂlﬁuﬁmﬂﬁu OEM wuzsinlwls

API CB fnSuLaIasandanuiuiwus i IwlE s eI ase ua Nnaa sz 9l
f.¢1. 1949 A1l High Sulfur Fuel

API CC FMTULAT DI UUF AL TR N UNAINEAT Y 239D @6 1961

API CD fnSULeSasuudaLauntn Aluazlaf Turbocharger finGadu
32wt a.¢a. 1955 15041 @.a. 1994

API CD-II FMTULATDIUUGALTS 2 T9Wz NuRTNANAaTuRawd a.q 1985

API CE FNTLLAS I UG AL IWANNTIS Turbocharger Wae Supercharger
AnAaduszningd a.q. 1983

API CF-4 FIMFULAT I U A LT RINURENANEAD w32n319T) a.a. 1990

(lény High Sulfur Diesel)




A1319 2 (¢18)
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4 API

R apiG ARt

API CF

API CG-4

AP| CH-4
API Cl-4

lfunu API CD lwia3assudngunld API CD uazia3asuud szuy IDI
(Indirect Injection Engine) Budszmelstl a.e. 1994

o a dll 6 £ n:i' a 3; 14 d' L% d‘f a

ARTULATAIUAALTRINWALNNNRAAILGT A.¢. 1994 NITITaLWRY

USunassuszdudn (0.05 %)

=W

o o a eal o A a & A = )
RIRTULATDIYUUAALTRITVABNTINRR u@]\‘]LL@]‘]J f.¢1. 1998 13 ‘ﬂﬁ]fg‘uu

De

ARTULATAIIUG LT NUABNNNAAYUAILGAT @.¢. 2002 119 ﬁafgﬂ'u

2

2. ¥193371% ACEA (Association des Constructeurs Europeans de'l

Automobile) WA BASDRUE 1A ITULAIBILUAALTRNBRNN (Heavy Duty Diesel)

@139 3 4 ACEA

4 ACEA

ariG A M)

ACEA E1-96/98

ACEA EZ2-96/9

ACEA E3-96/98

ACEA E4-98

ACEA E5

fRIULATBIL UG A LR NwRInN2 lU1UsziAn Naturally Aspirated
%30 Light Turbocharger

FIRSULATA I UGG LTRITUANN I@mﬁuqmauﬁ'ﬁﬁm Anti-Wear,
Bore Polish, Deposit and Sludge Control

o [ A 6a £ .. A oA
§IRTLULATE UGG LTI UNUN(Severe  Condition) LANAMENT
’gj]\‘mﬁ’] E2 LLam@ﬂmu‘m Oil Consumption , Extend Drain

o o al & o .
F1MITULATDILBAALTRINBABNNIN (Very Severe Condition) LR
Extend Drain ¥7nn31 E3

FRTULATDIUUAALTRINUWAUNNIN AT Extend Drain TR IR

132&NTN W Deposit Control

3. m@ligﬁutﬁﬂu (Japanese Automobile Standard Organization)

Japanese CD Huanasgwnasduiaisssuddlugausniiudsinnunasgm APl CD

JASO DH-1: 1HUNNATTIURcaAULATAILUAGLDR 4 T9%z ToUFd Nuntn vesdiluiulnd

4. 1@371% GLOBAL DHD - 1  Junasgiwshdunsaduaiaduuaaisa

4 391z TRV 1°ﬁmuﬁﬁfﬂﬁLﬁ@mﬂmmﬁauﬁaﬁumm@ﬁmLﬂ%amuﬁ 3 nlinna fia ACEA ;

Association des Constructeurs Europeen de I' Automobile (aﬂiﬂ)
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EMA ; Engine Manufacturers Association (a‘ﬂ%‘gam%m) WazJAMA; Japan Automobile
Manufacturers Association Inc. (filu) Hal#u1a3g1u GLOBAL DHD-1 Lwanzaa uas

v A 633 a x> dqﬁll’q/u &/ o o A 6 1 1
sanInldiuaiassudns 3 giinaldmlan maspubldianudmivieiessudiuln
g; ] I| =) v o ‘g’ v a
(@audd a.at 1998)  MriunInuguuaRelolFy mmgmﬁwlmgnwwmmumﬂ;dwamn 3
niina ﬁﬂﬁﬁwﬁumaﬁuﬁmummgwuﬁwl,@ﬁ”mmgmgaq@maaﬁ'\i 3 piimaeiy @a AP
CH-4, ACEA E5 18z JASO DH-1

5.2 mmg”nupgwﬁmﬂ'%awuﬁ (Original Equipment Manufacturer Standard

A3 4 Va3 Mercedes Benz

4933 % Mercedes Benz mﬂ"ﬁ\‘nu
MB 226.0 ARTULATDIIUAGLTAN b
MB 227 ARTULAID I A LTANAINas lUTISReT
MB 227.1 AU I UAALTANG a3 luTISIeT
o L= { { ié
MB 228.0 ANRTULATAIUUAGLTANNL NS UTI3AL90T TINITZHY

mawasntne 30,000 Alawas

MB 228.1 fFAnsuLeSssudaaniineslusnianes Fedszns
malasuane 30,000 Alatuas

MB 228.2 frSUIRS e uaa L TR wREN N Tneslumsaeafaedisees
mMaasuane 45,000 Dlaues

MB 228.3 S ULAS I AR LTRURTEN AT NSl UT S ala ST dl e ne
mswasude 45,000 Alawas

MB 228.5 fnS LIRS 0sBUAa L ras RN ATmeslur3aa o
fyzormsilRenans 45,000 Alaluas SIASLIIILA Uz

160,000 ALALNGAT EIRTLIURATN
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@134 5 4T VOLVO

¥19331% VOLVO NI
VOLVO VDS FNSULATIIUG AT Nz uENT R uuany 30,000 AlalNas
VOLVO VDS-2 fmTuiaIasauaairanlasuaiasgiulaldis EURO2 Nflszes

mafuudiy 45000 Alawas
VOLVO VDS-3 fmTuiaIasauaairanlasuaiasgiuleldis EURO3 Nflszes

maasuene 60,000 AlaLNas

#1374 6 4 MTU

A% MTU mMsldn

MTU Type 1 ﬁﬂﬁumaﬁ'uqmmwﬁ"ﬂﬁ (\ipuLin ACEA E1-96 ,E2-96)

MTU Type 2 ﬁﬂﬁu%daﬁuqmmwga FIMSULATOIU T A LTRITWAUN (LAY
ACEA E3-96)

MTU Type 3 ﬁﬂij’umaﬁuqmmwgamﬂ ({8 UINACEA E5)

(] v []
=~ o g 1 =
6. a"lL‘Vi('?!‘ll?J\Tﬂ']ilﬂﬂ&lﬂﬂ"lﬂ?lﬂd%’]&l%ﬁaaa%
:/ s g { 1 a v a :§/ { . a
muumaﬁmma:mu@"l,@gﬂwamum Lﬁaiwﬁqmauumm:qmmwmm:au
o o oA ' ) % fe =1 Ao A @
FIRTUNURFDAULARZUIZNN I@ﬂmsmLmumuwugmﬂwmm%mwamm:mﬂsuﬂga
ATANIN @ﬁﬂmﬂawmimmﬁuqmmw Lﬁa1ﬁqmauﬂ§ﬁmwmwmwmﬁ”admﬂﬁa
Y o A o o 0 A Y o
umuma?zuﬂu@1amwuawmgﬂlmmmlumoiw:nm%m mmmzﬁmmgm&%aqmauﬁ'ﬁ

Al o A A a v ¥ v =& a A a
lummaaduuazmihnangly wazidiadslddalushdunsziauzenaninasidison g ang
vaimuFeuanMwvanihdundadunasyl ldaai

v
A L @

{ ¥« . 4 a { <
1. mnﬂﬁﬂuamwmadmuu%aaauwugﬂu mmmwnnwﬁmumwmnu
a A A a 3 a aaa a < :' bl dl” 2' e A <
aanolIn ‘Vﬁa‘ﬂLiEIﬂ'J']Lﬂ(ﬂ‘]JQﬂ?EIWﬂQﬂ"ITL@“E% I(ﬂElL%W']zu']lluW%j’]uﬂiZLﬂ“ﬂ%']&l‘H;Llﬁ patiln

D

sytsznavlalasansuan Warudinudandanualrsziiaiduwnianansawduaiwndn
a t& ) v :/ L L v :’ e ~
Tane mmmamﬁmLLa:Iﬂaumawwﬂm:uumuﬁﬂumuuq@mu"l,@ ANMVARAVDIUINWA
t:l J L3 Qs (=1 a 1 a Aaa = t& v =) o L
WNNFITY msswmﬂuaaﬂsmaua]:g]ﬂl,iaﬂgﬂmﬂ@ﬂqmﬁqu mmqmwnﬂugwwﬂﬁ
n ema W o & Fo a Y oe AN
el Ao ldiswnnan uaﬂmﬂummﬂﬂamaqumwumaau LA L ARz LAE1 Tz e

Hisinmifad jiten navesmafad jisensiliihdundefauiuguguioguaud@le
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MIRADAY LAz INUNNINANTA
A % A ~ & A A o o A
2. msmuqmmwgﬂwm"l,ﬂ asnnaaugumwiuannad  Werinwihn
'Y A = A & L A A A9 . o
W& msmuqmmwm:mawamwLLa:'ﬂmvl,ﬂmuagﬂuﬂsmmmaomstwuqmmwwslamvlﬂ
Qs v { QI 3‘ 1 o {
aINI LTI LAz IRIURNI WY IR TLANA NN TUBLAUENIZ NIV LiTaNS
ugunwgnldnuainduitsnaaguauialumahnusesmguninuugly
P A o = g ° v o oA
3. gstnitlananmeluiaIasaninanasszuy  a9RIIAaIhazyin i wraa A
LR A IRNIWLAZLRONRNINW banA ‘ﬁnﬁLﬁ@mﬂmsgwﬁ‘umﬂu%umnmmﬂmﬂm:uu
PLANINNIIAIL LUK IN NN TR IMIAN18 1 ATaIININE  FIINAREAINNITLN IR
? e tg/ = dl ]
PN WLTALWEINLH Il Laiv ue
y v o i - o L —on A X oye
4. maFavanwseshiwiedwnliiseeendies  Uffseneziiadinle
= £ 'Y A6 o & ca o o P A = & A
59T% mqm%gﬂmmgwu NANADINNWILL U RUUIANBALNAAN VLT UNTAUH ANURH
g/ L ~ l&/ v v 1 v I o v tﬂq’ :/ C= ‘ﬂl =~ lgl
VoIAUNINIFIT UG mi_laaﬂ‘l%mmmuﬂs@gamn gz liiiasindFenannI
NANABLNAUNINGIIATL LLa:mﬁ‘mm:ag@miaagmdmumaaﬁnﬁu%aiaﬁﬂuﬁg@m%:
a Qs ' tﬂq, lﬂl Qs v :/ C= 1 lﬂl tﬂl va U t:l
LAAN1INANIauLbalarzlaIasanIng o qumumaammaawmﬂlmmﬂamnwuqmmw
dl' 9 Qs aaa n%/ 1 2 U dqz v A dl' 2’ L a aaa
wwailosnulizentiaguan mmnmsugnhmﬂﬂ wiatanan W ldiiueziie§izen
Auanme lanamnnilass
9 u qu, 3 \ o
5. g1vdutanarnntonand lunannuiivwrao danastraihazvinle

PN URROAWLFANRAINW  LTW %I19INAUWENTZUY a7t bl sendnatdunIatdfan

v
v '

° A A ' d = o Y e AN aa A S da o A
WNWRRDAY WIDTTHIINLALTNEIINTWN liawa wazanatfaamniinndui U luwszuuiasas
Aa A & & Py v A a . a & ¥ JAdfA A o A '
AdarIatziinid nasvinbdnanatdutwasnuinminanitslunIasaniniaszuu Fl1bH
> ' d' g A v d' Qs v v (n:l'q/ s 1
ma:agji@mammammmas:uu mmm"l,iﬂmmawmﬂavlﬂmqﬂﬂimmﬂaoﬂu LT
Lﬂ%aoﬂiaw%a%airg@ 11N1393AFaUIZA UM ANRIatl Aanlulanssvina g19szaaveds
Aunsiamnsnidn ldld wlauwdinsznsamuwniavaundaandaiuduasluannemsding
Aanarinlwnistlasnuni1sanusat aduINuraaa w1 wananhivatavinlwainuniie

d' o Y a ? b
WReW wazvibiiialaauwiidw

a Kg‘ C% 1 q
7. mﬂmﬁwuwuwaaﬁu

1. @1ANNAILNIE (Specific Gravity @ 60°F) @A1ANNTIINLNIEUD I

ihilundedungunnll 60°F drfiiauelddwividIoufisunuihdundadulna (New Oil)

1A e v 1 g/ o 1 v a wa o 1 dq, a
‘V\’]ﬂﬂ']'ﬂ’l(ﬂvl,@ LL@]ﬂ@I'N'fDWﬂ%”I%J%lﬁNN']ﬂ maﬂgummn:mmﬂﬂﬂs:ﬂaumsﬂs:muwams

AATITRIINAVADW
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2. aranunie (Viscosity Kinematic @ 40°C a2 Viscosity Kinematic @ 100°C)
. a Yo o4 d a o X do o d
mameanunilaahdundadun gangil 40°C uaz 100 °C Adidudniayngavas
:’ L% 1 ::l' d' Id a n:i' o v Aa a6 g’ £Y 1 d' 1 a o > = 1
WA wRaaan keIt wilasa NN A A NS U I N R AUTENITIRIFUAR LAz UNa6D
a 'Y & ' A o o A ' { o Y o LN
MIAAAMNNTa U UIWIZWINRIFUNFNANIIR RO A UGB UIN T anunitaiduguaniavad
A o o ' A Y oA o Ao
°11aﬂmmmlugﬂmaomwumumuﬁlumﬂﬁa AR AT I N WAR D RWITNIINIA 16 bs
v a wa & 1 n:l' =S v :’ L% 1 A d' v A o' 1 6
wosdfuanmadudrnvaniisanuduwlavasiign mmwwu@ﬂvl,@mﬁ]gamammﬂmmm
o o o 6 o nl' v Aa wa o A ] :/ o ] dl' 1
fMwue FmIuiInaimrwe el jianmstunaldiidannnii 25% vasihadunsadulna
3. farianuniia (Viscosity Index - VI)  iiuarnuanfiensidasnudasany
A oA A A ad o . A a A A A a & v & =
ﬁumuaqmﬁqmﬂayﬂﬂ Un@inaiundasuaziianuniiaanadiioguaniiiudu a9t 39
oA ° , e oA P4 A % o A A o
LA n I U A A1 TRAN U R AT WNLND LTURAID AN R UL 8IANURTEAD Y
Lﬁaammﬂqmﬁgﬁ ANUNGLNBLATDILBASNTININY ﬁﬂﬁu%daﬁm:ﬁqmﬁgmﬂgdmﬂwﬁ@
maoﬁnﬁumaﬁm:goﬂdmaum%awuﬁ%au LLa:Lﬁam%awuﬁﬁwmuﬁaaﬁm%nﬂﬁmad
:/ b 1 { é’ :’ > 1 { :/ s 1 { 1 a % >
muumaﬁm:gwumwwﬁmaamuu%aaﬁmm@m HNWARDABEITRANUITHAATINT
A A A A ' o o PN v A A a o
wWaswulasanuniie Lihaseingmngiuand1ann waslJuamyaelrafidSauisuny
MNWARA ARG WINAITRE NI R UBL U aIaaaIINYNNWlrANIN 1 AANNNITFANRAIN

A A o . a A Y v
maﬂa’]iLﬂNLWN@Tuﬂj’]“%u@luuquu%aﬂau

K2
ad o o

4. 3a1ulw (Flash Point ) 38210l fis gamgiinihiuszmonansdula

LN mwaﬁﬁammmQﬂ"LMI“L@TLﬁaI@uLﬂvaW %q@m‘u"l,Wmaaﬁwﬁu%daﬁu‘lmiamﬂiﬁuﬁ’u

' '
oA =

ANNnia T,@ﬂﬁﬂﬁuﬁaaauﬂﬁmm%ﬁ@gdﬁ%xﬁﬁgmﬂﬂmgdﬁw BanNRrhava It ua L
A o v A Y oA & & a ' Y Y v A A
i lniaiiundeduiugwninadesanulidis  aanulnse nirdundadul
anudanlwsesnnulasanalunsldan ﬁﬂ'gmmvlwmLﬁuvl,m:ﬁﬂﬁl,ﬁﬂmwvl&i
L U n:l' a a : A d' v a ? L 1 d' n' J

Useanslunslfnunaannigs wsniandwdios ihasandasfuindiundaduifintn
Ta ﬂﬁ‘avl,ﬂaqm'm"I,Wmaaﬁwﬁum’aﬁm:ag’h"ﬁm 160 - 320 °C uaqudindusials niadw
mngmmiﬂmaaﬁﬁﬁu%a'aﬁul"fmsﬁma@mﬂiﬂﬁwﬁﬂmimﬂ LEAIINDIAAINNNTAD
Unpa9t0 T aLwas WIamawawi laninuINsuEInIuINmA ivuandosdjianis
funualidardinintindunaadnlnyluiinnin 45 °C

5. USaunawin (Water Content) U3unasinlusihaiunaaduldnis Jasanunluniine
v a 1 n‘f v =3 a ? nl' 1 ? L 1 dll L3 g’ d' 1
Jovazlaod3unas diazuenldinmauialTanaihndueg lwihdundeduldn infiduad
Tusinduna o an NI N AR R LA N AN MU URa 0 AR aNRAIW Lauvinana &y
HaInwnITENNI0 V‘iﬂﬁl,ﬁ@ﬂiﬂsﬁ‘av\lﬁﬂ wazlalasianda e AaTasuaziuaiisey
anuniatlfouuiasly uaziduarmalimfanasarmeauazluy druSuiainnoaslvi laln
:/ e 1 { v lg‘ Qo a 1 { a { Qo =3 :' L 1 {
PN WARDABLT NI RN TRAAV DI URE DA TRAVDILATDIINT LATATNT AN WA R DR
UIENHRRauuz SmTuinusiminuan 9'ld dnualifirlale ldiiusesaz 0.2 las
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6. A1auLduen9 (Total Base Number-TBN) tdunsaadulasnilaziiann
1 & v :‘ L 1 { ‘:I lg/ { v
anuduninagianitas LLa:amwmmLi’luﬂmmaamuumaﬁmuwwmﬁamqmﬂmm
S o ' { A £ & A Y o ' { a Aaaa o e a . .
Payindunaafw ANk NikiiesanihdurseduialjAsenuaanusandian (Oxidation)
nﬁ o v Aa a G u’&/ Id n:‘iy o v Aa 3 ' : 1 ::l' & U
FevinlitAantadunIdun snmwanutdunsaianarildiianisnansanduwsiuniidwlansla
v & ¥ o oA ¥ o oAl A & 2 A a A Aa A
AIBWINNUARDAW I@ﬂmww:muumaaumsawumLsnmauwmumnwuqmmwwumw
I ' o A o o A a vl A & A & A o
Wuaradly ivavinlwansniiaannmsn nddsianiwiduwnsadaninduwnatsnaziiaii
? Cd 1 ;:l' U s ::ZV A d' Id 1 ::l' U I3 o ;d U
inwraaan 1t a@mmiamﬂaaamimﬂummmaaaau%nauﬂummmmqmﬂm
NUVAIVINURFO AU mﬁ@mmLﬂ%@hdﬁﬁ]:fﬂhgﬂ%adﬁ‘hmumaﬁmm (Total Base
Number) lunfaziFondne 931 d1 TBN wavdJudnmsaziszifinnanisitaszder TBN 1a9
MNwRaaanlTNITYIyUAsUNUAT TBN aadtiianini lagsinadunaaanlin1snrden TBN
1NN 50% vasan TBN lusindwlna
7. USuaunn liazanslulnini (n-Pentane Insoluble) lunnsldanusisiunaadu
o aAaa o =) o v Aa A 1
sansarljisenueandanlueimeadiliifiassdszannie wee ausraniion 9l
) 1 { a 1 4 v =) é/ 1 1 o
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=3 { =) é’ U e o v 1 :/ L= Ll
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= d?’ :/ £ 1 dl' ] ::l' a
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1, qmauﬁ&ﬁaaﬁumaaﬁwﬁw,%al,waa BO B5 B10 B15 B20 B25 B50 B75 B100
1.1 enw¥auvandainds (kJikg) 45742 45537 45029 44725 44522 43813 42903 42500 42,094
1.2 0 URUUHWY BT DLNE S (kg/m’) 831 834 835 837 839 843 854 858 868
1.3 anunilaraaionds @40C° (cSt) 3.0 3.0 3.0 3.4 3.6 3.7 4.7 5.1 5.5
1.4 anuwilarasdoInds @100C° (cSt) 1.0 1.0 1.2 2.0 2.2 3.0 3.2 3.3 3.5

2. ammu:maam’%awuﬁ
2.1 sananuFwd fasihdudainas (kgh) 1204 1210 1226 1238 1245 1267 1299 1318  13.38
2.2 dananuFuldasindudanasiimne 0325 0.328 0.332 0.335 0339 0345 0354 0360 0.371
(kg/kW.h)
2.3 UsEANTMWNLTINNNTOU (%) 2421 2414 2410 2401 2384 2382 2372 2353 23.03

3. uaﬁﬂatﬁwauﬁawuﬁ
3.1 Maeasuauuanan boa (ppm) 140 138 135 121 114 108 87 76 66
3.2 Malalasansuan (ppm) 35 35 34 33 33 28 26 24 22
3.3 Malulasiaueanloa (ppm) 180 182 185 205 225 294 326 337 356
3.4 AU (%) 36 35 35 34 29 27 19 16 12
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Tassnsn 1 ummmﬂuwhﬁa'gﬁuqﬂ% (NPV) L¥inNU 8,611,788.80 LN
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= ' a
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MINAFBULYINAL 1000 TARAAT A1ANNEWINNZWNND 0.839  THiian 242,54 Fufl
la@anszua Wil urinny 59.67 Amp. fussawlWivinAL 444 Volt. Power Factor L¥inAu 0.8

o e { 6
1. maammwmmsnmaam?aaﬂum (Brake Power)

\/EVI cos (Z)

1000
\/3x445x60x0.8

BP =

1000
= 36.71 kW

[ ¥ o § a { 3 &
2. MTINI LT IN LT D INRIVDILATDILUE (Fuel Consumption)

3600V, xSG
M =
1000t

3600x1000%0.839

1000x242.54
12.453 kg/hr

0.00346 kg/s

3. 9AIINIAWLADIBIA LT DLNRIFNNE (Specific Fuel Consumption)
mg
SFC= —
BP

12.453 (kg/hr)

36.71 (kW)
0.339 kg/kW.hr

4. TdsswBanae (Fuel Power)
FP = mxQy,
= 0.00346(kg/s)x44,521.59(kJ/kg)
= 154.01 kW



5. 1se@nSn1WiBeanaSaniusn (Brake Thermal Efficiency)

BP

n,. = —x100
BTH FP

36.71(kW)
= x100
154.01(kW)

=23.84 %

1 v § a
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A0 19MTA I MAIAIA NN TOULTALNR
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W aa aMNRINBLNYULNIVILARBINLA BT ‘]I\‘ivl,(ﬂ"ﬂﬂﬂﬂﬁiﬂﬂ Standardization I@ HNIILHN

wawdamnaigulusavtuassifitna s iladuwrmmidianuiawiausesuentiuasa’

= 1 A ‘g 1 1 L o
Amasudazya mluqmqﬂmzﬁﬁazﬁmmmu 2,410 cal/ C

C, Ao mmmwaommﬁgmuﬁ@ﬁLﬁﬁamnmigmuﬁ@ (cm)

e, Ao mmm%”aumﬂmil,mvlmﬁmammgmzl,ﬁ@ = 293.x€C, cal

Qpv = (4.42(c”)x2,410 (cal/c®)-2.3x8(cal))/1g
= 10,633.80 call/g
=4.1868 Jx10,368.70 cal/g

= 44,521.59 kJ/kg



8. mi‘nmaaumwdauvlm@iamstﬂﬁiﬂmmmé‘mﬁmgu (SVT,)

NPV fa yadniagiiugnT (Net Present Value)

PVC fa yadn1a91iuaddunuIan (Present Value Cost)

faend ms‘nmaumma'au"l,meiamnﬂ'&‘wuﬂméﬁuﬁunu (SVTo) 283lasamIn 1
NPV = 8,611,788.80 U

PVC = 40,488,063.07 U

__ NPV X100
SVTe =" oue

8,611,788.80x100

40,488,063.07

= 2127 %

9. mi‘nmaa‘umwa'a‘uflm@iamstﬂﬁ‘auuﬂmé‘f’mﬂﬂvlé’(SVTB)
NPV fa yadniagiiugns (Net Present Value)

PVB fa yauldrlagiiuaasinldaan (Present Value Benefit)
faghs manageuanusawlnidanisaswulasenue e (SVTg)
NPV = 8,611,788.80 U

PVB = 49,099,851.87 Un

~ NPV X100

SVT,
B PVB

8,611,788.80%x100

49,099,851.87

= 17.54 %
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#1314 16 iaﬂams‘ﬂmauammuuﬂ%awuﬁﬁmaﬁﬂLﬁ@VLWWWI@yI%L%aLwﬁo BO

Usinowhain o J0U aal amaes nzuE Power  Ans: amnn Masan
Wamdefild  (Guadl)  wedeseud  (Hz) fnaluin Wiy Factor i (@9enTaLTeaa) w15)
(Wadda9) (sau/M7) (Volt) (Amp) KW lads  vhieszuag o4 W WnzLaTELNg
MNTAY nases  wasaw  anwdeuinde
1,000 248.09 1,800 61 443 60 0.8 37.2 248 73 31 5.3 0.7
1,000 250.15 1,800 60 443 61 0.8 36.5 248 73 31 5.3 0.7
1,000 247.16 1,800 60 443 60 0.8 38.2 248 73 31 5.3 0.7
mﬁﬂ 248.47 1,800 60.33 443 60.33 0.8 37.3 248 73 31 5.3 0.7
A3 17 °ITE’JHﬂﬂ']?ﬂ(ﬂﬁaUﬁ“iiﬂu:Lﬂ%a&ﬂuﬁaL‘ﬁﬂﬁqLﬁ@vLW‘W']I@ EJI%L%@LW&G B5
Usinowhdu o J01 A ANNG  NIzuR  Power N3y amnn i fasan
Gawdiild  Guif)  eBesoud (Hz) fnatnin  lwia Factor i (BIMLTALT ) ItTRE))
({8&d93) (o) ek (Mg KW Maige  ideszune %04 W WnzaTELNg
NI nases  wasaw  anwdeuinde
1,000 248.1 1,800 58.9 444 60 0.8 36.2 248 73 31 5.3 0.7
1,000 247.13 1,800 59.8 445 60 0.8 38.5 248 73 31 5.3 0.7
1,000 249.17 1,800 60.5 444 60 0.8 39.7 248 73 31 5.3 0.7
L@eﬁﬂ 248.13 1,800 59.73 444 .33 60 0.8 38.13 248 73 31 5.3 0.7

L2



1313 18 ﬁagamwmauammunﬂ%adwﬁﬁvﬁaﬁ%ﬁm“ﬂwimlﬁ%aLw'ﬁa B10

TETRLN A 391 aMal AMwEng nIuE Power N3 amnnd MAIAU

s Gwf)  edeseud  (Hz) fnaliitn Wi Factor lwih (B9PNLTALT eiEr) w3)

aiwdefld (3o (Volt) (Amp) KW Mg sirdaszune %04 W mzaszuieni
(a5a93) wii) anasen  namad  naoau fowinia

1,000 245.08 1,800 59.5 444 60 0.8 36.7 248 73 31 5.3 0.7

1,000 246.14 1,800 60.5 445 60 0.8 371 248 73 31 5.3 0.7

1,000 244.18 1,800 60.5 445 60 0.8 38.2 248 73 31 5.3 0.7

Lilalil 245.13 1,800 60.16 444 .67 60 0.8 37.3 248 73 31 5.3 0.7

§1379 19 iayjamsmaauammu:m%adws‘fﬁwﬁaﬁ%ﬁmiﬂﬂﬂmlﬁ%aLwﬁa B15

Ysunm 128N 38U anad AW natus Power AN gDl MRIA
Nt Gwf)  eeseud  (Hz) fnalwita Wi Factor Ll (B9PNLTALT e1Er) w13)
Baindid (vou/uwi) (Volt) (Amp) KW Mgy siidaszune %04 Wan msesng
14 AN T nesss  naean  eanwiawinde
(Nanaa7)
1,000 245.09 1,800 60 444 60 0.8 37.2 248 73 31 5.3 0.7
1,000 243.15 1,800 60 445 60 0.8 36.5 248 73 31 5.3 0.7
1,000 242.14 1,800 60 443 60 0.8 38.2 248 73 31 5.3 0.7
L%a"ﬂ 243.46 1,800 60 444 60 0.8 37.3 248 73 31 5.3 0.7

8.



§1374 20 ﬁayjamiﬂmauammuuﬂ%adwﬁﬁmaﬁnﬁmﬂﬂﬂﬂmfﬁﬁaLwao B20

Ui 1 30U aMal AMaEns nTuE Power Mgz ooyl Masan
Wawwdedld  Guf)  deseud  (Hz)  @nalWih Wi Factor  lwih (RIFLTALTOE)
(f8&803) (sow/wfi) (Volt) (41mp) KW Mads  dideszuie des Wit sz
AN TN nasas  weeauw  anwfewinie
1,000 244.02 1,800 59.5 443 60 0.8 37.5 248 73 31 5.3 0.7
1,000 240.45 1,800 60.5 445 60 0.8 37.8 248 73 31 5.3 0.7
1,000 243.17 1,800 60.2 444 59 0.8 36.8 248 73 31 5.3 0.7
L%a‘lﬂ 242.54 1,800 60.0 444 59.67 0.8 37.36 248 73 31 5.3 0.7
134 21 ﬁayjamswmaauammu:m’%ad&luﬁaLsﬁaﬁﬁLﬁ@vLWWﬂ@ﬂ%L%a Lwa\‘l B25
Usinowingu J0u aal eNey nIuE Power M aannd faIan
Wawdefild  Guad)  wleseud  (Hz)  @naliih o Wi Factor Wi (RIPNLTALT )
(ad@n7) (rau/wi) (Volt) (Amp) KW Yoo videsuis was Wi mseszng
MNTaY nasas  weeaw  Anutautinda
1,000 241.39 1,800 60.3 444 59 0.8 374 248 73 31 5.3 0.7
1,000 239.54 1,800 60.6 445 60 0.8 37.7 248 73 31 5.3 0.7
1,000 237.47 1,800 60.1 444 60 0.8 36.8 248 73 31 53 0.7
Lﬂa‘lﬂ 239.46 1,800 60.33 444 .33 59.67 0.8 37.3 248 73 31 5.3 0.7

6.
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Wi 1 Jau aMul @MuEy NITuE Power  n1aT aounnil fasan
Fawdedild  Gufl)  edessud  (Hz) fnalwin - Wi Factor Wi (@9enLTaLTe) w3)
(Wn5i5n3) (auf) (Volt) ) W NMags  idaszune way Wi dmzasELNY
AN T nases  maean  anwfewinie
1,000 238.51 1,800 59.8 444 60 0.8 37.7 248 73 31 5.3 0.7
1,000 236.23 1,800 59.7 445 59 0.8 38.6 248 73 31 5.3 0.7
1,000 235.49 1,800 60.1 443 60 0.8 39.4 248 73 31 5.3 0.7
L%a‘lﬂ 236.74 1,800 59.86 444 59.67 0.8 38.56 248 73 31 5.3 0.7
139 23 ﬁaﬂamswwaauamsnu:m’%aaU%@TﬁﬁﬁﬂﬁﬂLﬁ@vLWWWI@UI%L%aLwﬁd B75
Wi om J0u aMad eMaens . nzeE Power  n7sT amnnd faIan
Wawdedld  Guaf)  edeseud (Hz)  enalwih Wi Factor  wia (B9ANLTALT e1Er) w13)
(Hadaa3) (sou/mii) (Molt) (Amp) KW Magy ihdeszune %29 i dinzaszunsenna
ANTD naRed  nEoEw fowinda
1,000 233.31 1,800 59.8 443 60 0.8 37.5 248 73 31 5.3 0.7
1,000 235.29 1,800 60.2 443 59 0.8 37.8 248 73 31 5.3 0.7
1,000 234.23 1,800 60.3 443 60 0.8 37.6 248 73 31 5.3 0.7
L%é&l 234.28 1,800 60.1 443 59.67 0.8 37.63 248 73 31 5.3 0.7

08



1313 24 ﬁayjamimaauammu:m%adwﬁﬁvﬁaﬁ%ﬁm"[vxlﬂﬂmlﬁ%aLwﬁa B100

Y3unm ere) J0U aad amaens nITuE Power  AnaT oDl MR
ST Gwf)  eBeseud (Hz) fnaluin i Factor i (@9FLTALT ) w3)
Baindsfils (vou/unfl) (Volt) (Amp) KW Mgy sindaszine o4 Wi dmzaTzLNg
(fa8da3) ANUTDH nases  wagaw  enwdewinde
1,000 235.21 1,800 59.8 443 58 0.8 37.6 248 73 31 5.3 0.7
1,000 234.49 1,800 60.3 443 59 0.8 36.5 248 73 31 5.3 0.7
1,000 231.18 1,800 602 443 59 0.8 36.4 248 73 31 5.3 0.7
Lﬂa‘lﬂ 233.62 1,800 60.1 443 58.66 0.8 36.83 248 73 31 5.3 0.7
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hamanas  afuauveuanlos  lolaseriven  ulesanlasenled  adud

(PPM) (PPM) (PPM) (%)

BO 140 35 180 36
B5 138 35 182 35
B10 135 34 185 35
B15 121 33 205 34
B20 114 33 225 29
B25 108 28 294 27
B50 87 26 326 19
B75 76 27 337 16
B100 66 22 356 12
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”aHamiﬂmaaums@um%‘awuﬁﬁLﬁ]jaﬁ%ﬁ@"l,w“ﬂﬁw:mﬂ@ o151 301was B20 590 10 Folag
AN Jau AN ANNENS nIsuE Power  anslndh aunndl RN

Saseud 4 dngllwih Wil Factor KW (B9FLTALT ) w3)

(saumfl)  (Hz) (Volt) (Amp) lods  th3aszng Wammamad  TnIunAEA  Tnzatiung

AMUTOH anuoutinie

0800 1800 60.2 445 60 0.81 37.9 248 73 31 5.3 0.7
0900 1800 60.1 444 61 0.80 38.7 248 73 31 5.3 0.7
1000 1800 60.2 444 60 0.81 38.6 248 73 31 5.3 0.7
1100 1800 60.2 445 60 0.81 38.0 248 73 31 5.3 0.7
1200 1800 60.0 445 62 0.82 38.3 248 73 31 5.3 0.7
1300 1800 59.5 445 59 0.81 37.7 248 73 31 5.3 0.7
1400 1800 60.2 444 61 0.81 38.3 248 73 31 5.3 0.7
1500 1800 60.1 446 60 0.79 38.1 248 73 31 5.3 0.7
1600 1800 59.9 445 60 0.81 38.5 248 73 31 5.3 0.7
1700 1800 60.1 445 61 0.79 37.9 248 73 31 5.3 0.7

¥8



v

aHaﬂﬂiﬂ@ﬁaUﬂﬂiLauLﬂ%adﬂu@TﬁLﬁljaﬁﬂLﬁ@]vLWWWS:Uzﬂ’]’ﬂ@UI‘EL‘%QLW@G B20 0 10 Iy

1287 09U AMY AUENY NIEUR Power mae amnnil RN
Sasud B andlwilh Wi Factor 1o (BIPLTRLTHR) w"3)
(FOUMT)  (Hz) (Volt) (Amp) kW loky  Wdesuny  sesnesas  dndunsedun hmsasung

AT anusawinie

0800 1800 60.3 443 61 0.80 37.3 248 73 31 5.3 0.7

0900 1800 59.1 445 60 0.82 38.4 248 73 31 5.3 0.7

1000 1800 60.2 444 61 0.80 37.6 248 73 31 5.3 0.7

1100 1800 60.4 445 59 0.81 38.4 248 73 31 5.3 0.7

1200 1800 60.2 445 61 0.79 S7ES) 248 73 31 5.3 0.7

1300 1800 59.9 444 59 0.80 37.5 248 73 31 5.3 0.7

1400 1800 60.1 444 60 0.82 37.2 248 73 31 5.3 0.7

1500 1800 60.3 445 61 0.81 38.5 248 73 31 5.3 0.7

1600 1800 60.3 444 61 0.82 372 248 73 31 5.3 0.7

1700 1800 60.2 445 60 0.80 37.3 248 73 31 5.3 0.7

g8
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agamiﬂmaumslﬁum’%aaﬂuﬁﬁLfﬁaﬁﬁLﬁ@MWﬁ:ﬂ:ﬂﬂﬂ@ﬂﬁ%ﬂLw'ﬁa BO 0 10 w9l

1287 J0U ANy ANUENY NYTuE  Power ne amnnil fRIat
Sasud B andlwilh  lWHh  Factor 1o (BIFNLTALTE &) w"3)
(au/wfl)  (Hz) (Volt) (Amp) kw laige ﬁﬁmzmm RBINARDY ﬁﬁﬁu%da'ﬁu ﬁmumzmﬁ

ANNTO anuoutinie

0800 1800 60.1 445 61 0.81 37.1 248 73 31 5.3 0.7

0900 1800 60.2 444 61 0.80 38.2 248 73 31 5.3 0.7

1000 1800 60.3 444 59 0.81 37.9 248 73 31 5.3 0.7

1100 1800 60.1 444 60 0.81 37.3 248 73 31 5.3 0.7

1200 1800 60.0 444 62 0.82 38.6 248 73 31 5.3 0.7

1300 1800 59.9 445 60 0.81 38.7 248 73 31 5.3 0.7

1400 1800 60.2 444 61 0.81 37.3 248 73 31 5.3 0.7

1500 1800 59.5 444 61 0.79 38.6 248 73 31 5.3 0.7

1600 1800 60.4 445 60 0.81 38.7 248 73 31 5.3 0.7

1700 1800 60.3 444 61 0.79 37.2 248 73 31 5.3 0.7

98
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aHaﬂﬂiﬂ@ﬁaUﬂﬂiLauLﬂ%adﬂu@TﬁLﬁljaﬁﬂLﬁ@]vLWWWS:Uzﬂ’]’ﬂ@UI‘EL‘%QLW@G BO 0 10 BIlad

1287 J0U AN AUENY NIEUE Power mae ARl f89A%
w3esuue A andlwih - Wil Factor 1o (AP TRLTHR) w3)
(o) (Hz) (Volt) (Amp) kW lowds  W3essins Weamnasad  TnauwseaAn  dmsaszing

AMNTOW anusawinie

0800 1800 59.8 444 61 0.81 37.5 248 73 31 53 0.7

0900 1800 60.4 443 60 0.81 38.9 248 73 31 53 0.7

1000 1800 60.1 444 60 0.82 38.3 248 73 31 53 0.7

1100 1800 60.2 444 61 0.81 38.0 248 73 31 53 0.7

1200 1800 60.0 443 61 0.82 38.3 248 73 31 53 0.7

1300 1800 59.8 444 60 0.81 37.6 248 B 31 53 0.7

1400 1800 60.1 445 61 0.84 38.2 248 73 31 53 0.7

1500 1800 60.2 444 61 0.78 38.1 248 73 31 53 0.7

1600 1800 60.0 444 61 0.81 37.8 248 73 31 53 0.7

1700 1800 60.1 445 59 0.77 37.5 248 & 31 53 0.7

18
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6 g’ L%
mswmnsmmmwmuﬁma
ﬂ’ﬁWEI’]ﬂSﬂiﬁ’]ﬂ’]ﬂ’]ﬁuaL%aﬁﬂdadﬂﬂﬂﬂﬁiwEﬂﬂiﬂjﬁﬂﬂﬁﬁﬁﬂd’]uﬁ’]iﬁumﬂﬁ’]uv\lﬁd
mumaoa%%‘gam%m (Eenergy Information Administration ; EIA) lugur a4 gunITANa

mMsslnuwasulszdtl 2013 (Annual Energy Outlook ; AEO 2013) lasiluuaauadd

1. I AIAIANURANAINININLITWAITANANI TR TN RIN WU T2 T A9ua T
f..2010-2013 ( AEO 2010-2013 ) Lipununanhdudirauriadsludszimasnigawing

LRI WI AR RRE

®137149 25 LEAITIANHNNBALTANLYIAT LLﬂZ?ﬂﬂ’]ﬂ’]ﬁuaL‘ﬁﬂ‘ﬂ’]ﬂﬂ’ﬁWﬂ’]ﬂifﬁ luﬂiu‘ﬂﬁ

gWITOLINN Aaudl @./.2010-2013

¥ eI wAEmaNLYeY 10N RALTRINNITNYINTEE  A1ANNAANAIAINN

(Dollas/Gallon) (Dollas/Gallon ) 3’1@’1&’%%“71'1,1,?7%%0(%)
2010 2.96 3.01 1.66
2011 3.64 3.58 -1.67
2012 3.67 3.87 5.16
2013 3.53 3.59 1.67
\ade 3.45 3.51 1.71

IMNANTHAIANVAANAINLA R IV BITIATN A UALTIINAIIWEINT DTN N WAL A
WsuAunahdudaiuiaislul szinaanigawiniaiudd a.4.2010-2013 azgeninen
AN UNRAIINYINNY 1.7%

2. fuwrmIaIANRaNaIaIINIIAENLRE LTa NuiaSsludszinasnigaining

= Qs 3/ L = lﬂ' v a o v
WaunuTaianatranuiaslulszimeing laorinuals
2.1 3aTUANIUAUWEIR AT YENIZRLLNAY 29.26 UM = 1 U.S. Dollars
lasshdayaunansmasunstzinalng

2.2 YSu1a38un 1 U.S.Gallons vinnyu 8¢5 3.785



a1374 26 AanuAenmamisraINathiudmaiuiasludsemasnigauinufisuny

Y o oa A oA
MNOsNauA Eranuyaslulszme ng

90

gl e nenhiudwefiud sevhdudediud denu

A e (U.S) a39luanigosm 9ludszinelng Ranana
(Dollas /Gallon) (UIN/AAT) (UIN/aa7) (%)

2010 2.96 22.88 28.59 -19.96
2011 3.64 28.20 29.48 -4.55
2012 3.67 28.37 28.21 0.57
2013 3.53 27.29 29.87 -8.64
o 3.45 26.68 29.04 -8.14

NNAIINLINe T RAaiuiaselul szmasnige iimazdiniieniindn

Arranuvasslulszmealng winnu 8.14 %

a1374 27 wenIoinahdudialuanigain U a.¢.2013 - 2027

1 3 dwensnmeshdudims  dmwenmainaihdudoalanizewin
I R K (Cent per Gallon) (LM/aa3)
2013 2556 3.59 27.75
2014 2557 3.87 29.92
2015 2558 4.07 31.46
2016 2559 4.20 32.47
2017 2560 4.33 33.47
2018 2561 4.45 34.40
2019 2562 4.55 35.17
2020 2563 4.67 36.10
2021 2564 4.79 37.03
2022 2565 4.91 37.96
2023 2566 5.04 38.96
2024 2567 5.17 39.97
2025 2568 5.35 41.36
2026 2569 5.50 42.52
2027 2570 5.59 43.21
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2

MIUTUANWEINTAIIIA N WALTA RINITD AW L INRNATTA I
o‘:' v A €:’ o A o a
namgnsabihdudrsludszmalng = (eweinsalihdudislugnigaiain
1 a n:i' 23 (4 1 a d'
(% ANANVAANAALRREVBIAIMULUNENTI) X (% ANANURANAALARVBITIA LY

ar a = [
FRIgaLUINUNYY ﬂ‘i_liﬁﬂ'ﬂ,u'ﬂ TN ﬂvL‘Yl H))

f13719 28 AWEINIaNAuA e lwl e ing

7 7 e mensaling  mydSudmeansoinen  siewennsoiingn

ae WA aealuanigelim ssudia fralutszinelng
(LN/a9T) (UN/A67)

2013 2556 27.75 27.75*0.983*1.081 29.48
2014 2557 29.92 29.92*0.983*1.081 31.79
2015 2558 31.46 31.46*0.983%1.081 33.43
2016 2559 32.47 32.47*0.983*1.081 34.5
2017 2560 33.47 33.47*0.983%1.081 35.56
2018 2561 34.40 34.40*0.983*1.081 36.55
2019 2562 35.17 35.17*0.983%1.081 37.37
2020 2563 36.10 36.10*0.983%1.081 38.36
2021 2564 37.03 37.03*0.983%1.081 39.34
2022 2565 37.96 37.96*0.983%1.081 40.33
2023 2566 38.96 38.96*0.983%1.081 41.40
2024 2567 39.97 39.97*0.983%1.081 42.47
2025 2568 41.36 41.36*0.983*1.081 43.95
2026 2569 42.52 42.52*0.983*1.081 45.18

2027 2570 43.21 43.21*0.983*1.081 45.91
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@139 29 @nldan ﬂﬁﬂumsﬂw;ﬁﬂmm%ad HUAGLTATLA TWHN

Ui WA fldan ﬂiuﬂﬁiﬂﬁﬁid%ﬂﬂﬂLﬂ%a\‘]ﬁ%ﬁ@vl,wﬁﬁ
L")
0 2555
1 2556 71,610.00
2 2557 75,548.55
3 2558 79,703.72
4 2559 84,087.43
5 2560 88,712.23
6 2561 93,591.41
7 2562 98,738.93
8 2563 104,169.57
9 2564 109,898.90
10 2565 115,943.34
11 2566 122,320.22
12 2567 129,047.84
13 2568 136,145.47
14 2569 143,633.47
15 2570 151,533.31
AANBLIAG

algirainaassrsdwid uanldan El1uﬂ’]3@jLLﬂ%ﬂH’] LAZEIL WA

a { o = o v, U 1 s & I
WA unaataanie i Tapdiirualilawdiiny 71,610.0007 0 tudl 2556 G31du

v

U o v o Q = n::l l}/ v
mayjaﬂi:mmmﬂmmﬂuﬂ 2556 m%u@i%ﬂﬁguam@mnm FOAIINIANNTIWT0LAT 6 bib

nn 9 1

q



94

a13719 30 ainunatralunisauiaIassuaaLsaniia W

U0 we ARINIINRG Palonl sansaudes ALTDLNAS
AszUA i FaIwas FaINES U
(kW-hr) () (Litre/kW-hr) (L)
0 2555

1 2556 321,200 .00 29.48 0.391 3,702,971.00
2 2557 321,200.00 31.79 0.391 3,992,536.66
3 2558 321,200.00 33.43 0.391 4,198,034.87
4 2559 321,200.00 34.50 0.391 4,332,809.67
2560 321,200.00 35.56 0.391 4,466,250.06
6 2561 321,200.00 36.55 0.391 4,590,349.63
7 2562 321,200.00 37.37 0.391 4,693,098.74

8 2563 321,200.00 38.36 0.391 4,817,198.31
9 2564 321,200.00 39.34 0.391 4,941,297.87
10 2565 321,200.00 40.33 0.391 5,065,397.44
11 2566 321,200.00 41.40 0.391 5,198,837.84
12 2567 321,200.00 42.47 0.391 5,333,612.64
13 2568 321,200.00 43.95 0.391 5,519,094.79
14 2569 321,200.00 4518 0.391 5,673,885.65
15 2570 321,200.00 45.91 0.391 5,765,959.52
72,291,334.68

WAELAG
Wunmswernsalsnesindud ioalas 81989910 31891%01301a T T BWAII %
U52417 2013 (Annual Energy Outlook ; AEO 2013) 283U3inARWIFaiusng aIuaa

3’18@&5&]@1% AANWIN 3



@13719 31 aihaululadira B20 lunmaidweaseuaaioaiuia Wiy (B100a1a4)

n  we. fAINIINE dunululadina @Tunuﬁﬂﬁu NATaING Samnnyawydes ALTEINGITIY
ATUR WA B100 0.2 a3 AlTa 0.8 Aas (Bay/un) Bl (L)
(KW-hr/2) (L) (InN) (Litre/kW-hr)
0
1 2556 321,200.00 5.38 23.59 28.97 0.404 3,759,004.77
2 2557 321,200.00 5.38 2543 30.81 0.404 3,998,359.30
3 2558 321,200.00 5.38 26.74 32.12 0.404 4,168,223.80
4 2559 321,200.00 5.38 27.6 32.98 0.404 4,279,628.45
5 2560 321,200.00 5.38 28.45 33.83 0.404 4,389,930.07
6 2561 321,200.00 5.38 29.24 34.62 0.404 4,492,510.59
7 2562 321,200.00 5.38 29.89 35.27 0.404 4,577,442.84
8 2563 321,200.00 5.38 30.69 36.07 0.404 4,680,023.35
9 2564 321,200.00 5.38 31.48 36.86 0.404 4,782,603.86
10 2565 321,200.00 5.38 32.27 37.65 0.404 4,885,184.38
11 2566 321,200.00 5.38 33.12 38.5 0.404 4,995,486.00
12 2567 321,200.00 5.38 33.97 39.35 0.404 5,106,890.65
13 2568 321,200.00 5.38 35.16 40.54 0.404 5,260,209.91
14 2569 321,200.00 5.38 36.14 41.52 0.404 5,388,159.80
15 2570 321,200.00 5.38 36.73 4211 0.404 5,464,267.92

G6



LY a4 NI o .
@1319 32 ahawluladioaB20 lumsiduiasassudaimariifia lWin (B10051aLANLY 4 % sall)

in W41, MAINIINES dunululadina @Tunuﬁwﬁu NAdeEl  SammImwilEes  eudamass
AU WA B100 0.2 a3 Alra 0.8 Aas (day/un) EARTEE (um)
(KW-hr/2) (L) (L) (Litre/kW-hr)
0
1 2556 321,200.00 5.38 23.59 28.97 0.404 3,759,004.77
2 2557 321,200.00 5.6 25.43 31.03 0.404 4,026,907.55
3 2558 321,200.00 5.82 26.74 32.56 0.404 4,225,320.32
4 2559 321,200.00 6.05 27.6 33.65 0.404 4,366,570.86
5 2560 321,200.00 6.29 28.45 34.74 0.404 4,508,016.04
6 2561 321,200.00 6.55 29.24 35.79 0.404 4,644,335.40
7 2562 321,200.00 6.81 29.89 36.7 0.404 4,763,006.50
8 2563 321,200.00 7.08 30.69 37.77 0.404 4,900,623.51
9 2564 321,200.00 7.36 31.48 38.84 0.404 5,039,538.17
10 2565 321,200.00 7.66 32.27 39.93 0.404 5,181,048.12
11 2566 321,200.00 7.96 33.12 41.08 0.404 5,330,279.19
12 2567 321,200.00 8.28 33.97 42.25 0.404 5,483,208.57
13 2568 321,200.00 8.61 35.16 43.77 0.404 5,679,350.21
14 2569 321,200.00 8.96 36.14 4510 0.404 5,852,717.78
15 2570 321,200.00 9.32 36.73 46.05 0.404 5,975,541.23
73,735,468.22
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a1319 33 eltane Mele waznanauuny waldwaIasaudaatrarinia Wi lasaauinua loa

U0 W. 4. anlFaaanmaineias (wn) eldannng HARBLUNUAaT
AT aLNGs Aguainuazduiiuns Pory Aniaas {m)
0 2555
1 2556 3,702,971.00 71,610.00 3,774,581.00 4,818,000.00 1,043,419.00
2 2557 3,992,536.66 75,548.55 4,068,085.21 4,962,540.00 894,454.79
3 2558 4,198,034.87 79,703.72 4,277,738.59 5,111,416.20 833,677.61
4 2559 4,332,809.67 84,087.43 4,416,897.10 5,264,758.69 847,861.59
5 2560 4,466,250.06 88,712.23 4,554,962.29 5,422,701.45 867,739.16
6 2561 4,590,349.63 93,591.41 4,683,941.04 5,585,382.49 901,441.45
7 2562 4,693,098.74 98,738.93 4,791,837.67 5,752,943.96 961,106.29
8 2563 4,817,198.31 104,169.57 4,921,367.88 5,925,532.28 1,004,164.40
9 2564 4,941,297.87 109,898.90 5,051,196.77 6,103,298.25 1,052,101.48
10 2565 5,065,397.44 115,943.34 5,181,340.78 6,286,397.20 1,105,056.42
11 2566 5,198,837.84 122,320.22 5,321,158.06 6,474,989.12 1,153,831.06
12 2567 5,333,612.64 129,047.84 5,462,660.48 6,669,238.79 1,206,578.31
13 2568 5,519,094.79 136,145.47 5,655,240.26 6,869,315.95 1,214,075.69
14 2569 5,673,885.65 143,633.47 5,817,519.12 7,075,395.43 1,257,876.31
15 2570 5,765,959.52 151,533.31 5,917,492.83 7,287,657.29 1,370,164.46

16



@139 34 dltine 1eld uasnanauuny Waldweaseuaaimaidia Wiaosininluladioa B20 (B10051a1091)

iy .4 e (uin) ne'le NARBLUN UG
AT LA Aguainmuazduiiunis T ({m) (1)
0 2555
1 2556 3,759,004.77 71,610.00 3,830,614.77 4,818,000.00 987,385.23
2 2557 3,998,359.30 75,548.55 4,073,907.85 4,962,540.00 888,632.15
3 2558 4,168,223.80 79,703.72 4,247,927.52 5,111,416.20 863,488.68
4 2559 4,279,628.45 84,087.43 4,363,715.88 5,264,758.69 901,042.81
5 2560 4,389,930.07 88,712.23 4,478,642.30 5,422,701.45 944,059.15
6 2561 4,492,510.59 93,591.41 4,586,102.00 5,585,382.49 999,280.49
7 2562 4,577,442.84 98,738.93 4,676,181.77 5,752,943.96 1,076,762.19
8 2563 4,680,023.35 104,169.57 4,784,192.92 5,925,532.28 1,141,339.36
9 2564 4,782,603.86 109,898.90 4,892,502.76 6,103,298.25 1,210,795.49
10 2565 4,885,184.38 115,943.34 5,001,127.72 6,286,397.20 1,285,269.48
11 2566 4,995,486.00 122,320.22 5,117,806.22 6,474,989.12 1,357,182.90
12 2567 5,106,890.65 129,047.84 5,235,938.49 6,669,238.79 1,433,300.30
13 2568 5,260,209.91 136,145.47 5,396,355.38 6,869,315.95 1,472,960.57
14 2569 5,388,159.80 143,633.47 5,531,793.27 7,075,395.43 1,543,602.16
15 2570 5,464,267.92 151,533.31 5,615,801.23 7,287,657.29 1,671,856.06

86
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@13719 35 Aldane Meld waznanauuny Walduiasassudairamiiia Wiharviaululadirs B20 (B100awAndn 4 % atl)

9 wa fldae ) ne'le NaABULNUGaY
AT aLNE Aguainsuazdniuns 3 (1) (1)
0 2555
1 2556 3,759,004.77 71,610.00 3,830,614.77 4,818,000.00 987,385.23
2 2557 4,026,907.55 75,548.55 4,102,456.10 4,962,540.00 860,083.90
3 2558 4,225,320.32 79,703.72 4,305,024.04 5,111,416.20 806,392.16
4 2559 4,366,570.86 84,087.43 4,450,658.29 5,264,758.69 814,100.40
5 2560 4,508,016.04 88,712.23 4,596,728.27 5,422,701.45 825,973.18
6 2561 4,644,335.40 93,591.41 4,737,926.81 5,585,382.49 847,455.68
7 2562 4,763,006.50 98,738.93 4,861,745.43 5,752,943.96 891,198.53
8 2563 4,900,623.51 104,169.57 5,004,793.08 5,925,532.28 920,739.20
9 2564 5,039,538.17 109,898.90 5,149,437.07 6,103,298.25 953,861.18
10 2565 5,181,048.12 115,943.34 5,296,991.46 6,286,397.20 989,405.74
11 2566 5,330,279.19 122,320.22 5,452,599.41 6,474,989.12 1,022,389.71
12 2567 5,483,208.57 129,047.84 5,612,256.41 6,669,238.79 1,056,982.38
13 2568 5,679,350.21 136,145.47 5,815,495.68 6,869,315.95 1,053,820.27
14 2569 5,852,717.78 143,633.47 5,996,351.25 7,075,395.43 1,079,044.18
15 2570 5,975,541.23 151,533.31 6,127,074.54 7,287,657.29 1,160,582.75
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100

g1 we  2anfaae fnlgane el yaAtusINANLULNY,
(un) (Un) Present value ; PV(Un)

0 2555 1.00

1 2556 0.93 3,774,581.00 4,818,000.00 970,379.67

2 2557 0.86 4,068,085.21 4,962,540.00 769,231.12

3 2558 0.79 4,277,738.59 5,111,416.20 658,605.31

4 2559 0.74 4,416,897.10 5,264,758.69 627,417.58

5 2560 0.68 4,554,962.29 5,422,701.45 590,062.63

6 2561 0.63 4,683,941.04 5,585,382.49 567,908.11

7 2562 0.58 4,791,837.67 5,752,943.96 557,441.65

8 2563 0.54 4,921,367.88 5,925,532.28 542,248.78

9 2564 0.50 5,051,196.77 6,103,298.25 526,050.74

10 2565 0.46 5,181,340.78 6,286,397.20 508,325.95

11 2566 0.43 5,321,158.06 6,474,989.12 496,147.36

12 2567 0.40 5,462,660.48 6,669,238.79 482,631.32

13 2568 0.37 5,655,240.26 6,869,315.95 449,208.01

14 2569 0.34 5,817,519.12 7,075,395.43 427,677.95

15 2570 0.32 5,917,492.83 7,287,657.29 438,452.63

NPV= 8,611,788.80
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A9 37 LLam;uJamLﬁ mJLmﬂ'ﬂﬁgﬁ’uqﬂﬁﬁat?mm%amuﬁﬁ Erania e ssingwlula s

B20 (B100 y1a1047)

anlgang

Nl

I we  9anAaaa yaA1usINANLULNY
‘ﬁ (un) (Un) (Present value ; PV)(LUn)
0 2555 1.00

1 2556 0.93 3,830,614.77 4,480,740.00 3,562,471.74

2 2557 0.86 4,073,907.85 4,267,784.40 3,503,560.75

3 2558 0.79 4,247,927.52 4,038,018.80 3,355,862.74

4 2559 0.74 4,363,715.88 3,895,921.43 3,229,149.75

5 2560 0.68 4,478,642.30 3,687,436.99 3,045,476.76

6 2561 0.63 4,586,102.00 3,518,790.97 2,889,244.26

7 2562 0.58 4,676,181.77 3,336,707.50 2,712,185.43

8 2563 0.54 4,784,192.92 3,199,787.43 2,583,464.18

9 2564 0.50 4,892,502.76 3,051,649.13 2,446,251.38

10 2565 0.46 5,001,127.72 2,891,742.71 2,300,518.75

11 2566 0.43 5,117,806.22 2,784,245.32 2,200,656.67

12 2567 0.40 5,235,938.49 2,667,695.52 2,094,375.40

13 2568 0.37 5,396,355.38 2,541,646.90 1,996,651.49

14 2569 0.34 5,531,793.27 2,405,634.45 1,880,809.71

15 2570 0.32 5,615,801.23 2,332,050.33 1,797,056.39

NPV =

9,502,116.46
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To9uuAaLTanLAa INHIA813 %

U1 wea  damde flgane Te'le YaA9UIDINAAD LUNL
L3 (V) (un) (Present value ; PV)(L1)
0 2555 1.00
1 2556 0.93 3,830,614.77 4,818,000.00 918,268.26
2 2557 0.86 4,102,456.10 4,962,540.00 739,672.15
3 2558 0.79 4,305,024.04 5,111,416.20 637,049.81
4 2559 0.74 4,450,658.29 5,264,758.69 602,434.30
5 2560 0.68 4,596,728.27 5,422,701.45 561,661.76
6 2561 0.63 4,737,926.81 5,585,382.49 533,897.08
7 2562 0.58 4,861,745.43 5,752,943.96 516,895.15
8 2563 0.54 5,004,793.08 5,925,532.28 497,199.17
9 2564 0.50 5,149,437.07 6,103,298.25 476,930.59
10 2565 0.46 5,296,991.46 6,286,397.20 455,126.64
1 2566 0.43 5,452,599.41 6,474,989.12 439,627.58
12 2567 0.40 5,612,256.41 6,669,238.79 422,792.95
13 2568 0.37 5,815,495.68 6,869,315.95 389,913.50
14 2569 0.34 5,996,351.25 7,075,395.43 366,875.02
15 2570 0.32 6,127,074.54 7,287,657.29 371,386.48

NPV = 7,929,730.44



39 39 uaedaaMualszlumidadl Ty ilalauaTaseudatraniiie INHae it ua L

Al WA 2aAAaN e'la@wn) A lgane (un) RGN N R ME TRV
8% (Benefit; B) (Cost; C) ¢/'lé(Benefit; B) 3184978 (Cost; C)
0 2555 1.00
1 2556 0.93 4,818,000.00 3,774,581.00 4,480,740.00 3,510,360.33
2 2557 0.86 4,962,540.00 4,068,085.21 4,267,784.40 3,498,553.28
3 2558 0.79 5,111,416.20 4,277,738.59 4,038,018.80 3,379,413.49
4 2559 0.74 5,264,758.69 4,416,897.10 3,895,921.43 3,268,503.85
5 2560 0.68 5,422,701.45 4,554,962.29 3,687,436.99 3,097,374.36
6 2561 0.63 5,585,382.49 4,683,941.04 3,518,790.97 2,950,882.86
7 2562 0.58 5,752,943.96 4,791,837.67 3,336,707.50 2,779,265.85
8 2563 0.54 5,925,532.28 4,921,367.88 3,199,787.43 2,657,538.66
9 2564 0.50 6,103,298.25 5,051,196.77 3,051,649.13 2,525,598.39
10 2565 0.46 6,286,397.20 5,181,340.78 2,891,742.71 2,383,416.76
11 2566 0.43 6,474,989.12 5,321,158.06 2,784,245.32 2,288,097.97
12 2567 0.40 6,669,238.79 5,462,660.48 2,667,695.52 2,185,064.19
13 2568 0.37 6,869,315.95 5,655,240.26 2,541,646.90 2,092,438.90
14 2569 0.34 7,075,395.43 5,817,519.12 2,405,634.45 1,977,956.50
15 2570 0.32 7,287,657.29 5,917,492.83 2,332,050.33 1,893,597.71
B/C=1.21 49,099,851.87 40,488,063.07

€0l



a1319 40 uaavaanualszlomidadltinaladuintassudaimaiiia ihaesihaululadina B20  (B100 11anae)

U9 WA 2a3ANaA e'lawn) fnlgane wn) HEG RV Eh R IAE TV
8% (Benefit; B) (Cost; C) e'ld(Benefit; B) 8318 (Cost; C)
0 2555 1.00
1 2556 0.93 4,818,000.00 3,830,614.77 4,480,740.00 4,108,212.83
2 2557 0.86 4,962,540.00 4,073,907.85 4,480,740.00 3,562,471.74
3 2558 0.79 5,111,416.20 4,247,927.52 4,267,784.40 3,503,560.75
4 2559 0.74 5,264,758.69 4,363,715.88 4,038,018.80 3,355,862.74
5 2560 0.68 5,422,701.45 4,478,642.30 3,895,921.43 3,229,149.75
6 2561 0.63 5,585,382.49 4,586,102.00 3,687,436.99 3,045,476.76
7 2562 0.58 5,752,943.96 4,676,181.77 3,518,790.97 2,889,244.26
8 2563 0.54 5,925,532.28 4,784,192.92 3,336,707.50 2,712,185.43
9 2564 0.50 6,103,298.25 4,892,502.76 3,199,787.43 2,583,464.18
10 2565 0.46 6,286,397.20 5,001,127.72 3,051,649.13 2,446,251.38
11 2566 0.43 6,474,989.12 5,117,806.22 2,891,742.71 2,300,518.75
12 2567 0.40 6,669,238.79 5,235,938.49 2,784,245.32 2,200,656.67
13 2568 0.37 6,869,315.95 5,396,355.38 2,667,695.52 2,094,375.40
14 2569 0.34 7,075,395.43 5,531,793.27 2,541,646.90 1,996,651.49
15 2570 0.32 7,287,657.29 5,615,801.23 2,405,634.45 1,880,809.71
B/C=1.24 49,099,851.87 39,597,735.40

140)"



L 3 1 1 YV { a { o a v :' s t&l 3‘ 1
139 41 uaaseanualszlomidedrltinailaduintassudaimaniiiia ihaesihaululadimaB20 (B100 iawindi 4% ¢ail)

¥ e 2andeaa e'la(wn) A e @in) EGRIHN g R ME TRV
7 8% (Benefit; B) (Cost; C) 519l (Benefit; B) 518918 (Cost; C)
0 2555 1.00
1 2556 0.93 4,818,000.00 3,830,614.77 4,480,740.00 3,562,471.74
2 2557 0.86 4,962,540.00 4,102,456.10 4,267,784.40 3,528,112.25
3 2558 0.79 5,111,416.20 4,305,024.04 4,038,018.80 3,400,968.99
4 2559 0.74 5,264,758.69 4,450,658.29 3,895,921.43 3,293,487.13
5 2560 0.68 5,422,701.45 4,596,728.27 3,687,436.99 3,125,775.22
6 2561 0.63 5,585,382.49 4,737,926.81 3,518,790.97 2,984,893.89
7 2562 0.58 5,752,943.96 4,861,745.43 3,336,707.50 2,819,812.35
8 2563 0.54 5,925,532.28 5,004,793.08 3,199,787.43 2,702,588.26
9 2564 0.50 6,103,298.25 5,149,437.07 3,051,649.13 2,574,718.54
10 2565 0.46 6,286,397.20 5,296,991.46 2,891,742.71 2,436,616.07
11 2566 0.43 6,474,989.12 5,452,599.41 2,784,245.32 2,344,617.75
12 2567 0.40 6,669,238.79 5,612,256.41 2,667,695.52 2,244,902.56
13 2568 0.37 6,869,315.95 5,815,495.68 2,541,646.90 2,151,733.40
14 2569 0.34 7,075,395.43 5,996,351.25 2,405,634.45 2,038,759.43
15 2570 0.32 7,287,657.29 6,127,074.54 2,332,050.33 1,960,663.85
B/C= 1.19 49,099,851.87 41,170,121.43

GoL



AWIN B

o o a 6 a
n’mumanﬂmzuaxqmmwwaﬂﬂaﬁL?jaﬂixmm&maLaamai"u El\iﬂiﬂvl“llN% W .¢1.2550



107

1314 42 ﬁmu@&'ﬂmmma:qmmwmaﬂuiaﬁmaﬂszmmuﬁaLaama%maam@vlmﬁu W €.

2550

NEMI ATRNL dariinue Anesay

1 wiiateatned (Methyi ester) Yaazlagimin laiginnin 96.5 EN 14103

2 AMURWINLY B4 grundl 15 °C (kg/m3) laidinnin 8eouazlsi  ASTM D 1208

§Ind1 900
3 anunila o ganpdl 40 °C (udsland ) laignmin 3.5 uasld ASTM D 455
gINin 5.0

4 90w (Flash point) laiginnin 120 ASTM D 93

5 fnwzdin (Sulphur) Yasazlassiwin laigendin 0.0010 ASTM D 2622

6 MNaw (Seeaz 10 maamnﬁmﬁammwsné’uﬁaﬂax VL&igan’h 0.30 ASTM D 4530
Tagiiwiin

7 Fruandinu (Cetane Number) Laiginin 51 ASTM D 613

8 \ihdana (Sulfated ash) Jenaslagihwin laigenin 0.020 ASTM D 874

9 1 (Water) 3agazlagnianin laiganin 0.050 ASTM D 2709

10 fUuilaunamua (Total contaminant) $asa:lagin laigenin 0.0024 ASTM D 5452
WIN

11 NMINANTBWUHINBILAS (Copper strip corrosion) VLajgaﬂiﬂ ANNELLRY ASTM D 130

12 whgInwae Manal Jisenaandiadu o gamnd laidhnin 6 EN 14112
110 °C_ Flug

13 anuaILdwnIa (Acid number) 833w "L&igjlaﬂﬁw 0.50 ASTM D 664
Inunadoulaasanloddansy

14 flaladu (lodine value) n3u'laladuda 100 n3u laiganin 120 EN 14111

15 nsndluaiinafistamnes Yauaslagiamin laigendn 12.0 EN 14103

16 Wwynuwes (Methanol) Sawaslassimin laigendn 0.20 EN 14110

17 TuTundumaslse (Monoglyceride) $auaslagsiniin laigenin 0.80 EN 14105

18 lanaialse (Diglyceride) Yasazlasvimin laigenin 0.20 EN 14105

19 lasnawralsé (Triglyceride) Yawazlagimin laigenin 0.20 EN 14105

20 naLmaIudas: (Free glycerine) Yasazlagiinmiin laigenin 0.02 EN 14105

21 nALTaTURInYa (Total glycerine) Sauaslaginniin laigeni 0.25 EN 14105

22 Iammjuﬁ 1 (lodouuazlnunaidon) mglkg laigenin 5.0 EN 14108-9
Iammjuﬁ 2 (uAalTauuazuunii@an) mglkg laigenin 5.0 prEN 14538

23 Wasno$a (Phosphorus)  asazlagninniin laigendn 0.0010 ASTM D 4951

24 gL uue (additive) (@3) lddwldeai lésuany

VAUTALINNETY aniuqiﬁawé'omu
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Focusu’ # 1S09001:2008 Certified FocusLab Ltd.

™
Fluid & Oll Amadysis Technology
y Cow : 28173 sUnitld  Fuel BO Lub.B
= Mama + Brinakharinwirot University U
T | oy 5
0 . P Unit Type : Sngine Diesel
w Address : 114 Sukhumnit 23 u o
E Bengiok : Unit Make : MERCEDES BENZ
. o T Unit Modal : 0u421
Site E o1
Location : ‘.‘w.é’.?.%{. : GHELL GADIMIA SAE 40

L
Oll Bystem Capacity : 30 Lies

All waar conditions and wear iesis appear in normal working range.

All ol eonditions and o tasts appear in normal woring ranga.
All eontaminant canditions and cantaminant leve's appear in namral rangas.

Tasteods : EBMMOD 60400 E0S0D

Someng: L
Current Sample | Pravious Sample Easzeline and Alarm Limit
Condition History LT T
Alarm Limit
bl -+ B Alarm Limit Matrix -Sat N
- - — m riX - Bme
Lab ID T 212620 | ; B it b 7ol ]
Bottle ID ] ” 50 z :
Data Sampled = & 1-Deed2 i . Engne Dissal Ganaral 3t
Oil Hours (Kms}) a & &0 [ { |  (Cadinia SAE 40 B
Unit Hours (Kms) | 7311 N (Srinaknarinwirot University)
0il Added (Litars) | e
Filters Hours (Kms)
Inon 338 1.7
Chremium 15} a0 il
Lead 1.7 13 | il i
Copper 1.4 0.5 o ]
Tin 0.0 00 | i b Bl 230 >0 »30
Aluminum ! 20 i1 L] 0 =30 > 30
Micke! | 0.0 iki] b o =20 10 20
Silver 1 0.0 121 | ]
Malybdenum 0.0 0.0 o
Titanium | 00 (ili} o
Qil Condition ; £ I ,‘ i b
Wigcoeity @ 40°C D445 oSt 1338 1332
Viscosity @ 100°C Daddf &t 139 ' 141 <108 184
Oxidation FTI= ' Aes I 74 | 8.2 >138
Mitraticn ETIR A .7 | | a5 =214
TAN D:B74 | MHHE
TBN D-4738 | nig kg 124 130 <33
Contamination
Water ETIR | % (Wt) 0.08d4 I 0050 E ¥
Fusl | 0.10 »5
Glyce (1]
Soot % (W) 040 525
U-Causizn
\fanadium L] I
Sodium 88 12 12 228 =50
Silicon .4 0.6 B =) 2325 =3 35
Additive Element -
Boron D-853E PEM 1 [1]
Magnesium D-8636 PEM 23 28
Caleium D-8E3E | PPM 4200 4113
Barium D.3585 | PEM [i] 2
Phosphorus D-883E PPM 310 m
Zinc De3535 | PRM 478 3 453
R R
Flesh Point D-3828 L <170 <180
iscosity Indsx De2270 100 103
Mate: Alerm Limits ere veriable ane dapentant upon dstsset siza snd 1 be Lsed a8 genersl quideling.
MoSign o _N} : NORMAL o ‘ 2 | first bevenl warning fimit } 3 W . : Waming | secondievel waming imi )
FratLeem ala= plst Limit i Upser Lavsl agicr Lower Laved
U-Warring ¢ Upper WARNING Level L-Waming ¢ Lowsr WARNING reguired Level Sacord Level Aamm Alert Limitin Usper Level and'or Lower Lavsl
Baseine  will be deta of avfher “Tha new ci” or "Refleranca cil® or "0dl speclicafion”. THO = The rew ol , RO Relermnca ci , 08 = 04 Spacfation
Accuracy of inerpomtati wiaion ame based on e iple and nformation suppied. No warranty is sxpraand or impied for fis oot

Focusiab Lid. 238 Thosapal Land 4 Bidg., BangnasTrad Rd KMs3 Bkk 1C2E0 Thailand | hitg:ihwwow focusiab.cocth | Email: focusiab@focusiab. coth | Tel: +682 361 BE0D | Fax: + 882 3818587
FLs&5 n
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FocusLab Ltd.

Fiuid & O Araiysis Teshnaiegy
Z Code : 28173 ¢ Unit1ID
¢ Mame : Srinakharinwirot University a Fuel BO Lub.B
T | — -
a9 . * Unit Typa : =ngine Disz=l — -
= 114 Bukhurmit 23 [l G Ovarall Condition ]
: S 'aa.g-:uu  UnitMake : MERCEDES BENZ NORMAL - NORMAL ‘“’ND"RNL
& g T Unit Modal : 04 421 , ShE :
Sha z ol
Lotation : ‘fv].g‘;'a; + SHELL GADINIA SAE 40

L

Testcods : EBMI0 BOMOD EOSD0

Oll 8ystam Capacity : 3 Lies
All waar canditions and wear 18818 2ppaar n nosmal warkag range.

All il conditions and of tasts appear in normal working range.
All contaminant canditions and contaminant levals appear in nomnal ranges.

Somens L

Current Sampla Pravious Sample

® T 0|6 6
Lab D 4 212621 212620 O]
Bottle ID g L 100 50
Date Sampled = x | 04-Dec-12 I 01-Dec-12
Oil Hours (Kms) 3 i 100 80 |
Unit Hours (Kms) 7351 7311
il Added (Liters) |
Filters Hours (Kms) | 1

Baszeling and Alarm Limit

Alarm Limit

B

A Alarm Limit Matrix -5at Name
L {Equipment typa / oil typa)
E Eng e Diesal Ganaral 34

| Gadinia BAE 40

N [(Srnaknarimwirat Univeesity)

E

fron 5 4
Chromium D8ESs | PRM 0.2 0.1 0.1 0.0 ]

Lead D8535 | PPM 0.3 15 17 93 ]

Copper DEE3E | “PPM 08 e 11 s | o

Tin passs | fppw 0.0 03 | an oo 0
Aluminum DhE5as PEM 1.2 0.1 20 0.0 ]

Nicke! D535 00 oo | 0.0 0.0 0SS 50 10 2
Silvar o 0.0 0.0 0.0 oo o
Moalybdsnum DREESE I PRY 0.0 0.0 0.0 0.0 a
Titanium D0-85085 PEM 0.0 000 0.0 00 | ]

0il Condition

Wiscosity @ 40°C D5 1288 1338 1332
Vigcosty @ 100°C | D-445 134 1 139 | 141
Oxidation FTIR 11.0 7a gz
Mitration ETIR 123 §1r a5

TAN D874

TEN Datac | 115 | 124 | 130 <33

Water

Fuel SAW
Glyeal FTIR
Soot ETIR
Vanadium

Sodium

Silicon

Additive Element

Boron 5 PPM 1 1
Magnesium B PPM 23 23

Calcium D-8585 | PPM 412 4200

Barium D506 | PPM [i] 1]
Phosphorue D85885 PPM a7 310

Zing D8535 | PPM | 471 3 478 N
Flagh Point D-3&28 ©

Wiscosity Indsx Dw2270 100 100

8
4113
L]
n
453
Lousen Ucastion |G
€T <180
108

MNate: Alerm Limits ere veriabie arc dapencent upon dateset size and W be ueed as general guideline.
MoSign o= (N) - NORMAL - ‘ 2 | frst lovel waming imit} . W . : Waming | second iewel waming imit)
T FratLevel Alzr= Alst Limit i Uposr Lavel amdier Lowar Lewst

U Warring : Unper WARKING Level L-Warring : Lowsr WARKMNG raguired Lavel Seznd Lavel Amm Alert Lk o Usper Lave adior Lower Leved

Bagsfe  will be deta of sifheer "The new ci” or “Rafersnos ol or "0 speciicaiion”. ThO = Therew ol , RO = Relerance ci , O3 = 0i Spacficaton

Azzurazy of mrpstabion and - am bmamd on rap hmatenssmzien No warracty i seoresamd or moied for this roeet
Focusiab L4d. 330 Thosapal Land 4 Bidg., Bangna-Trad Rd KM.3 Bkk 10280 Thailand | eo.th | Ermail: co.%h | Tal: 4882 3681 BBOD | Fax: + 8B2 3813687
FL-B.E
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FocusLab Ltd.

Fluid & U Andiyais Tochnotogy
e cunitld | Fuel BO Lub.B
: MNama  : Srinakharinwirot University u
T | — -
[} i ¢ Unkt Type : Engine Disssl
,g Adtrese 1311-5ukhurn.\123 E UnitMaks : MERCEDES 822
R 10110 T Unlt Modal : OM 421
Ste : Ol type 1
Location : O Pacwey ¢ SHELL GADINIA SAE 40
Testcods : EEMOD 0400 EDSND &

Oil 8ystam Capacity : 30 Les

All wear conditions and wear lests appear n notmal workng range.
All oil conditions and o 1asis agpear in normal working range.
All contaminant canditions and cantaminant \eve's appear in norral ranges.

somens L

Current Sample

Pravious Sample Basaline and Alarm Limit

Condition History 1 ol cont
N Alarm Limit

= W W ® W PR Al Lt Mateix-Set N

Lab ID 212822 212821 212620 - e i S e
4 :

Bottle 1D i 150 100 50 : (Equipment type | oil type)
Date Sampied E | 08-Dec-12 | 04-Dec-12 01-Dec-12 ¢ Enone Diesel General S
il Hours (Kms) E £ 180 100 | 50 | Gadinia SAE 40
Unit Houra (Kms) 7411 7ag1 7344 N (Bdnaknarinwirat University)
Oil Added (Liters) ] E

Filters Hours (Kms)

Iran

o
Chromium Dgsss | FEM 02 00 0z 0.1 01 0.0 )
Lead 3 13 28 03 15 17 13 a
Coppear 1.1 02 | 08 os | 1.1 05 a
Tin 0.0 23 | a0 03 0.0 0o 0
Aluminum 20 1.4 12 0.1 20 0.0 0
Hicks oo oo | oo 00 00 0o 0
Silver a558 0.0 00 00 0.0 00 0o 0
Molybdsnum psas | eew 0.0 08 0o 00 00 00 0
Titanium n.f5as |PRM 0.0 00 | 00 anl | 0.0 00 0
Qil Condition f
viscosity @ 40°C oaas | sty | 1208 1269 1338 1332
Viscosity @ 100°C | O 8t 138 124 | 138 141
Owidation FTIR 0.8 110 7.8 5.2
Hitration iz l 121 123 117 25
1
e |

0.2
Fual 0.10 o010 YT )
Glyco! U] 4] [
Soot 040 0.40 | 0.40 528
|

Vanadium 0 0 i} 0
Sodium 14 | 3 13 12
Silicon 5.2 0.7 3.4 0.0 E.4 0.6 [ )&_
Additive Element = -
Baron PPM q N 1 0
Magnesium PPM 24 23 23 Fi ]
Calcium PEM 4372 4128 4200 4113
Barium PEM L] 1] [1] a
Phosgharus PEM 300 297 an m
Zinc PPM 500 26 471 K] a7 3 453

Luszn u-nmu-
Flash Point D-3828 oo 70 =B
Viscasity Index D-2270 100 100 100 L

MoSgn o NORMAL o = | first lervsd waming imit

N) - .
UeWaming Upper WARNING Level LeWaming

Bassine  will be defa of sither “The new ci” or “Referanze ci* or "0il specfication”.
Azrimgy ot RIS 202 T TECEI D &R 2R o7 Ep RS SCE veE SETTE 403 Cinmaben S50 e

Mate: Alerm Limits ere veriable sro depencent upon detssst sins nc 92 be Lssc 28 penersl guideling.

Lower WARKING naguired Level

' W . : Waming | second el waming fmil |
FrstLeval Alarm Jlert Limitin Upper Leval srdier Lower Levsl
Bezornd Level Az Alert Limi o Usper Leve andlor Lower Lawet
ThQ = Therew ol , RO = Relerance cil , OF = 0 Spaciication
Mo wararty i sxoressed o maied for g et

Focusiab L4d. 238 Thosapal Land 4 Bidg., Bangna-Trad Rd ®M.3 Bkk 10280 Thaitand |

ezth | Email:

FL&E

coth | Tal: 4682 381 BEOD | Fax: +B8E2 3813687
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FOCUSLAB".

# 1508001:2008 Certified

112

FocusLab Ltd.

Fluid & U Andiyais Tochnotogy
e cunitld | Fuel BO Lub.B
: MNama  : Srinakharinwirot University u
T | — -
[} i ¢ Unkt Type : Engine Disssl
,g Adtrese 1311-5ukhurn.\123 E UnitMaks : MERCEDES 822
R 10110 T Unlt Modal : OM 421
Ste : Ol type 1
Location : O Pacwey ¢ SHELL GADINIA SAE 40
Testcods : EEMOD 0400 EDSND &

Oil 8ystam Capacity : 30 Les

All wear conditions and wear lests appear n notmal workng range.
All oil conditions and o 1asis agpear in normal working range.
All contaminant canditions and cantaminant \eve's appear in norral ranges.

somens L

Current Sample

Pravious Sample Basaline and Alarm Limit

Condition History | ol Cont
v Alarm Limit

= W B @-f ® & w PR A it Misrix ot N

Ten A d it rix -Sat Name
Iéan:lll?n i' 2159?32 5 2112 56322 2112:]21 5 {Equipment type / oil type)
Date Sampled E | 12-Dac-12 I 08-Dec-12 04-Dec-12 E Engina Diesal Genaral 8H
il Hours (Kms) E £ 200 150 | 100 ;  Gadinia SAE4D
Unit Hours (Kma) 7481 7411 7384 N [Fdnakharinwirot University)
Oil Added (Litars) | E

Filters Hours (Kms)

Iran

o
Chromium Dgsss | FEM 02 00 0z 0.0 02 01 )
Lead 3 15 22 13 28 0.3 15 a
Coppear 14 i5 1.1 I 08 05 a
Tin 0.0 04 | a0 23 0.0 03 0
Aluminum 19 0.0 20 1.4 12 0.1 0
Hicks oo or | oo 00 00 0o 0
Silver a558 0.0 00 00 0.0 00 0o 0
Molybdenum D535 I PEy 0.0 22 0.0 08 00 00 0
Titanium n.f5as |PRM 0.0 00 | 00 anl | 0.0 00 0
Qil Condition f
viscosity @ 40°C ouaas | sty | 1248 1289 1260 1332
Viscosity @ 100°C | O 8t 134 s | 1.4 141
Owidation FTIR 10.8 o8 11.0 5.2
Hitration iz l 122 121 123 25
1
e |

i 0.2
Fual 0.10 010 YT )
Glyco! Li] 4] [
Soot 040 0.40 | 0.40 528

|
Vanadium L) 0 a 0
Sodium 15 | 14 13 12
Silicon 4.2 0.8 5.2 0.7 3.4 0.0 [ )5_
Additive Element = -
Baron PPM q N 1 0
Magnesium PPM 24 24 23 Fi ]
Calcium PEM 4175 4372 4128 4113
Barium PEM L] a [1] a
Phospharus PRM 200 300 207 n
Zinc PPM ag1 43 500 28 a7 3 453
Luszn u-nmu-

Flash Point D-3828 oo 70 =B
Viscasity Index D-2270 102 100 100 L

MoSgn o NORMAL o = | first lervsd waming imit

N) - .
UeWaming Upper WARNING Level LeWaming

Bassine  will be defa of sither “The new ci” or “Referanze ci* or "0il specfication”.
Azrimgy ot RIS 202 T TECEI D &R 2R o7 Ep RS SCE veE SETTE 403 Cinmaben S50 e

Mate: Alerm Limits ere veriable sro depencent upon detssst sins nc 92 be Lssc 28 penersl guideling.

Lower WARKING naguired Level

' W . : Waming | second el waming fmil |
FrstLeval Alarm Jlert Limitin Upper Leval srdier Lower Levsl
Bezornd Level Az Alert Limi o Usper Leve andlor Lower Lawet
ThQ = Therew ol , RO = Relerance cil , OF = 0 Spaciication
Mo wararty i sxoressed o maied for g et

Focusiab L4d. 238 Thosapal Land 4 Bidg., Bangna-Trad Rd ®M.3 Bkk 10280 Thaitand |

ezth | Email:

FL&E

coth | Tal: 4682 381 BEOD | Fax: +B8E2 3813687
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# 1508001:2008 Certified

FOCUSLAB".

113

FocusLab Ltd.

Flut & O Anatysis Tochnaiegy
S Code  :28173 eUnitld [ Fuel BO Lub.A
: Mama  : Srinakharinwirot University u
; II'!I Unlt Type : Ergire Dissel
,g Addrege ;;;u;mmmza ‘ Unit Msks : MERCEDES 32MZ
R 1010 T Unit Model : OM 421
Eita R

Location : : PTTHAVITA TYPE Il SAZ 40

Testcode : ES50400 5400 E0SD0

» Ol typa I
? ey
L

Ol Syetern Capachy : 20
All wear conditons and wear tasts appaar i normal working ranga.

All ol conditions and ol tests appear in nomal working ranga.
All contaminant conditens and contaminant levals aogear in normal ranges.

Liem

Sometai L

Current Sample

Pravious Sample
Condition History

Lab Iy

Bottle ID

Date Sampled
Oil Hours [Kms)
Unit Hours (Kms)
Oil Added (Liters) |
Filters Hours (Kms)

POy s

Iran

Baseline and Alarm Limit

Alarm Limit

Alarm Limit Matrix -Set Nama
(Equipment typa [ oil type)

Engne Disse Ganesal FTT
Navia Type || SAE 40
(Srinaknharinwinot Uiniversity)

ME =~ m e o

Chromium DWBBSE | FRM 00 0.0 il
Lead 5 07 1.0 o
Copper 08 oE | g
Tin 0.0 oo | 0
Alurminum 0.0 (] g
Nicks! oo oo | 0
Siver 3528 0.0 0.0 o
Molybdenum psas | eew 555 ana 120
Titanium D8535 |-PBM 0.0 0.3 | } d
0il Condition
Viacosity @ 40°C Dedds | oSt [ 1283 1337
Viacosity @ 100°C | O-2 e 135 | | 141
Oxidation FTIR 108 83
Nitration FTiR I l g0 82

1

|

Giyoo! i}
Boot T % (W) 0.45 |

|
anadium PEM [i] 0
Sodium PPM a | 4
Silicon FPM 3.2 5.2 10
Additive Element : T
Boron PPM 1 0
Magnesium PPM 18 16
Calcium PEM 3433 M
Barium PEM 1] 2
Phosphorus PPM 702 L
Zinc PPM 1117 355 1516

Luszn u-nmu-

Flash Point D-3828 on 470 <180
Viszosity Index 0.2270 103 108

Notm: Alerm Limiss are verisbie erc dependant upon dateset size end i be vsed 8a genersl guiceling.
Meggn o (N) : NORMAL = A : (fratleve waming ity
Uearning Uppar WARNME Leval LoWarning

Bassina  wil be deta of sither "The new cil” or Referance o or "0il specification”.
Aoouracy of misrmretaSon and recom—endabion am Sased o cnesaniatves samp e and imkrmatn suszies.

Lower WARKING required Laval

W .: Warnng [ secend kevel waming imit |}

First Leval Alarm _Alert Limil in Upger Leval andier Lower Leval
Zaccnd Level Al Alert Lt im Uzer Lawe amdicr Lowe: Lawel
ThO = Tha new il . R0 = Refierance o . OS = Ol Specifoaticn
Mo warracly s axzresses o moed o b ot

Focusiah Lid. 2730 Thosapol Land £ Bidg., Bangna-Trad Ad KM.3 Bkk 10280 Thailand | hitp-fwaw. focusiab co th | Email: focusiab B focusiab.co th | Tel- 4862 387 BEI0 | Fax: + B82 3818587

FLas
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Focus W # 1S08001:2008 Certified EocnskalLid.

™
Fluid & Ol Anaiyais Technoiegy

; Code C 28173 ¢UnitlD | Fuel BO Lub.A
: Mama  : Srinakharinwirot University u
; II'!I Unlt Type : Ergire Dissel
= Addreee : ;;;”;"”“‘“23 © UnitMake : MERCEDES 22
R 1010 T Unit Model : OM 421
Eita R
T o QRUEES : PTTNAVITATYPE I SAZ40

L
Ol System Capaclty @ 30 Lies

All wear conditons and wear tasts appaar i normal working ranga.
All ol conditions and ol tests appear in nomal working ranga.
All contaminant conditens and contaminant levals aogear in normal ranges.

Testcode : ES50400 5400 E0SD0

Sometai L

Pravious Sample Basaline and Alarm Limit

Current Sample
Condition History

Iy, N\_ N "I.“I Alarm Limit

B
Lab ID 212829 212628 T it hakixScthiame
Battle ID i' 100 50 : fEpent type / ol hpe)
Date Sampled S | 13-Feb-13 I 03-Fab-13 ¢  Enane Diesel Ganeral PTT
Oil Hours (Kms) E = 400 5 I Navia Type || SAE 40

Unit Hours (Kma) F181 Ti11 N (Brinakharinwirot Linivarsity)
il Added (Liters) | E

Filters Hours (Kms) |

Iran

o
Chromium D535 | PRM 00 0.0 a0 0.0 o
Lead oe 1.9 0.7 1.0 a
Copper 08 oo | 0s og | a
Tin 0.0 0.0 I 0.0 0o 0
Alurminum 1.3 0.8 0.0 1.1 a
Nicks! oo oo | 00 00 0
Silver 0o 01 0.0 00 0
Molybdznum psas | eew B12 a7 555 08 120
Titenium CRE53E PR 00 00 0.0 03 0
0il Condition :
Viacosity @ 40°C Dedd5 o8t ' 1300 1283 1337
Wiacosity @ 100°C 0-4 =5t 138 1 135 1 141
Oxidation FTIR 04 108 B3
Hitratian Fma | l 88 80 53
TAN DO74 |
TBN Dua738 B e I 302 | 103
‘Wiate: FTIR 0.124 0.132 0150
Fuel 2w ) 0.10 | 0.10 |
Giyoo FTIR | Abs 0 0
Soot FT % (Wit) 0.45 0.45 |

|
anadium PEM [i] i] 0
Sodium PPM T & 4
Silicon FPM 4.5 3.6 | 3.2 52 10
Additive Elemeant -
Boron D595 | PeM 1 | 1 [
Magnssiuvm PEM 17 18 16
Calgium PeM 3842 2433 KT
Barium PPM (1] o 0
Phosphorus PPM 72 702 L
Zinc PEM 1249 273 117 355 1516
Lusizn u-nmu-

Flash Point D-3828 oo | 470 <180
Viszosity Index 0-2270 104 102 108

Notm: Alerm Limiss are verisbie erc dependant upon dateset size end i be vsed 8a genersl guiceling.
hoSgn o (N) : NORWAL o A (frsllevel wamirgist) ., W oo . : Wenng [ second level waming it}

3 FratLmvm Almm _Aimrt Limitin Lipzer Lavsl ander Lower Lavel
UnMarning - Upper WARKING Level Leitarning : Lowsr WARNING recuired Laval Becmnd Lavel Al Alart Limt i Upzer Lawel rdicr Lower Lavel
Bassina  wil b= et of sither “The new oif” or ‘Refersnce o or "0l specifoator. THO® The news| . RO w Refeence ol OF m O Specfoation
ACriTacy of misretation and recomendaton ane tased on cresenistves sampe and information supies N wararty is mupresesd or mofied for fis oot

Focusiah Lid. 2730 Thosapol Land £ Bidg., Bangna-Trad Ad KM.3 Bkk 10280 Thailand | hitp-fwaw. focusiab co th | Email: focusiab B focusiab.co th | Tel- 4862 387 BEI0 | Fax: + B82 3818587
FLas
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# 1508001:2008 Certified

FOCUSLAB".

115

FocusLab Ltd.

Flurd & O Aralyaiz me

e B s unitd | Fuel BO Lub.A
: Mama  : Srinakharinwirot University u
; II'!I Unlt Type : Ergire Dissel
,g Addrege ;;;u;mmmza ‘ Unit Msks : MERCEDES 32MZ
R 10110 T Unit Modal = OM&21

Eita R

Ltk = o QRUEES : PTTNAVITATYPE I SAZ40

L

Ol Syetern Capachy : 20
All wear conditons and wear tasts appaar i normal working ranga.

All ol conditions and ol tests appear in nomal working ranga.
All contaminant conditens and contaminant levals aogear in normal ranges.

Testcode : ES50400 5400 E0SD0 .
Liem

Sometai L

Current Sample

Pravious Sample

Condition History Wear il

M @
Lab ID r 212630 212629 212628
Bottle ID & 150 100 50
Date Samplad § | 18-Faa-13 I 13Feb-13 08Fet-13
Oil Hours (Kms) E s 150 100 | 50
Unit Hours (Kms) 7211 7181 7104
il Added (Liters) |

Filters Hours (Kms)

Iran

Baseline and Alarm Limit

Alarm Limit

Alarm Limit Matrix - Set Name
(Equipment typa [ oil type)
Engne Disse Ganesal FTT
Navia Type || SAE 40
(Srinaknharinwinot Uiniversity)

ME =~ m e o

o
Chromium DeBas | oM 00 0.0 o0 0.0 0.0 ]
Lead 3 15 1.7 08 b 0.7 1.0 o
Copper 08 oo | 0E oo | 0E 08 a
Tin 0.0 oo | 0.0 04 0.0 0.0 0
Aluminum 1.0 2.3 1.3 08 0.0 1.1 0
Nicks! 0 oo | 0.0 00 0.0 0.0 0
Silver 3535 0.1 0.0 (1] 01 0.0 0.0 0
Molybdenum psas | eew 577 343 B12 07 555 30.8 120
Titanium D8535 |-PBM 0.0 46 | 0.0 na | 0.0 03 0
0il Condition :
Viacosity @ 40°C Dedd5 o8t [ 1215 1300 1283 1337
Wiscosity @ 100°C | D=4 =5t 135 | 139 | 135 141
Cidation FTIR 12.6 04 10.8 B3
Nitration FriRiL) l 93 88 2.0 53

1
e |
‘Watar FTIR 0.120 0124 0432 bas)
Fuel =AW ) 0.10 | 0.1 | o
Giyoo FTIR Abs 0 1] ]
Boot T % (W) 0.45 0.45 | 0.45
|
anadium PEM [i] i] ] 0
Sodium PPM 2 7 ] 4
Siligon PEM g8 7.5 | 45 35 3.2 5.2 10
Additive Elemeant -
Baran M 1 | 1 1 0
Magnesium PPM 18 17 18 16
Calcium PeM 3524 3642 2433 UM
Barium PPM 1} 0 ] 2
Phosphorus PPM &0 726 702 L
Zinc PEM 1158 384 1248 273 117 3585 1518
LCuszn u-nmu-

Flash Point D-3828 | oC 70 <180
Vizcosity Index B2z 108 104 103 i

Notm: Alerm Limiss are verisbie erc dependant upon dateset size end i be vsed 8a genersl guiceling.
Meggn o (N) : NORMAL = A : (fratleve waming ity
Uearning Uppar WARNME Leval LoWarning

Bassina  wil be deta of sither "The new cil” or Referance o or "0il specification”.
Aoouracy of misrmretaSon and recom—endabion am Sased o cnesaniatves samp e and imkrmatn suszies.

Lower WARKING required Laval

W . : Wenng [ secend kevel waming imt |}
First Leval Alarm _Alert Limil in Upger Leval andier Lower Leval
Zaccnd Level Al Alert Lt im Uzer Lawe amdicr Lowe: Lawel
ThO = Tha new il . R0 = Refierance o . OS = Ol Specifoaticn

S warrarty i mxeresses o ot b e

Focusiah Lid. 2730 Thosapol Land £ Bidg., Bangna-Trad Ad KM.3 Bkk 10280 Thailand | hitp-fwaw. focusiab co th | Email: focusiab B focusiab.co th | Tel- 4862 387 BEI0 | Fax: + B82 3818587
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FOCUSLAB".

# 1508001:2008 Certified

116

FocusLab Ltd.

Flurd & O Aralyaiz me

e B s unitd | Fuel BO Lub.A
: Mama  : Srinakharinwirot University u
; II'!I Unlt Type : Ergire Dissel
,g Addrege ;;;u;mmmza ‘ Unit Msks : MERCEDES 32MZ
R 10110 T Unit Modal = OM&21

Eita R

Ltk = o QRUEES : PTTNAVITATYPE I SAZ40

Testcode : Z30400 SM400 ECSDO &

Ol Syetern Capachy : 20

Liem

All wear conditons and wear tasts appaar i normal working ranga.
All ol conditions and ol tests appear in nomal working ranga.
All contaminant conditens and contaminant levals aogear in normal ranges.

Sometai L

Current Sample

Condition History Wear
Y

Pravious Sample

N

Lab ID e 212631 2126350 212628
Bottle ID & 200 150 100
Date Samplad § | 23-Feb-13 I 13Fab-13 13Fes-13
Oil Hours (Kms) s 200 150 | 100
Unit Hours (Kms) E 7281 F211 T164
il Added (Liters) |

Filters Hours (Kms)

Iran

Baseline and Alarm Limit

Alarm Limit

Alarm Limit Matrix - Set Name
(Equipment typa [ oil type)
Engne Disse Ganesal FTT
Navia Type || SAE 40
(Srinaknharinwinot Uiniversity)

ME =~ m e o

o
Chromium DdEes | PeM 0o 0.4 oo 0o 0.0 0.0 ]
Lead 5 11 1.2 15 17 0e 11 o
Copper 0s oo | o0& oo | 0E 0g a
Tin 0.0 oz | oo 00 0o 0.0 0
Aduminum 12 0.8 1.0 23 13 0g 0
Micks! o 0a | oo 0o og 0o o
Siver 3528 01 0.0 o1 00 04 0.4 0
Molybdznum psas | eew 421 2.2 877 343 612 a7 120
Titarium CnB535 |- PRM 0.0 00 | oo A | 0. a0 ]
0il Condition f
Viacosity @ 40°C osds | oo . 1368 1215 130.0 13T
Viacosity @ 100°C | O-2 135 | 135 1 138 141
Cidation FTIR 11.4 128 04 B3
Nitration iz l 10.0 a3 BE 53
TAN D074 )
TBN D473 1o 150 1 103 | 10.2 103
Water FTIR 0.110 0.120 0.124 0150
Fuel =AW ) 0.10 | 0.1 | om0
Giyoo FTIR Abs o ] ]
Boot T % (W) 0.45 0.45 | 0.45

|
anadium PEM [i] i] ] 0
Sodium PPM g & T 4
Siligon M 54 25 | £5 75 4.5 3 10
Additive Elemeant -
Baran M 1 | 1 1 0
Magnesium PPM 18 16 17 16
Gl oM 3807 3524 3642 W
Barium PPM 0 0 ] 2
Phosphorus PPM 488 870 726 L
Zine PEM 281 88 1158 384 1240 73 1518
LCuszn u-nmu-

Flash Point D328 | o0 CHEL
Vizcosity Index B2z 103 108 104 i

oS o () @ NORMAL = : { frstlevel warming it}
Ueitzrning Upper WARNING Level JE—

Bessina  will ba cata of siher “The new ci” cr Referenme o or "0il specfcaticr”.
Azurany o miemrtetn and racomandabon av Samad o msramnintes gamr e ad imkrmaen suosies

Mom: Alerm Limiss sre verisble erc deperdant upon deteset size erd tn be wsed =8 gerersl guiceling.
& & W . : Wenng [ secend kevel waming imt |}

First Leval Alarm _Alert Limil in Upger Leval andier Lower Leval

Zaccnd Level Al Alert Lt im Uzer Lawe amdicr Lowe: Lawel

ThO = Tha new il . R0 = Refierance o . OS = Ol Specifoaticn

Lower WARKING required Laval

S warrarty i mxeresses o ot b e

Focusiah Lid. 2730 Thosapol Land £ Bidg., Bangna-Trad Ad KM.3 Bkk 10280 Thailand | hitp-fwaw. focusiab co th | Email: focusiab B focusiab.co th | Tel- 4862 387 BEI0 | Fax: + B82 3818587

FLas

Page 1/5



FOCUSLAB".

# 1508001:2008 Certified

117

FocusLab Ltd.

Flut & O Anatysis Tochnaiegy

S Code : 28173 £ Unitld | Fuel B20 Lub.B
: Mama  : Srinakharinwirot University u
; II'!I Unlt Type : Ergire Dissel
,g Addrege ;;;u;mmmza ‘ Unit Msks : MERCEDES 32MZ
R 1010 T Unit Model : OM 421

Eita R

T o QRUEE! : SHELL GADINA SAZ 40

Testcode : ES50400 5400 E0SD0

L

Ol Syetern Capachy : 20

Liem

All wear conditons and wear tasts appaar i normal working ranga.
All ol conditions and ol tests appear in nomal working ranga.

All contaminant conditens and contaminant levals aogear in normal ranges.

Sometai L

Current Sample

Condition History

N @
Lab Iy e 212824

Bottle ID i 50

Date Sampled § | 15-Dec-12 I
Oil Hours [Kms) = 50

Unit Hours (Kms) E 6211

Oil Added (Liters) |

Filters Hours (Kms)

Iran

Pravious Sample

Baseline and Alarm Limit

Alarm Limit

B

A Alarm Limit Matrix -5et Name
5 (Equipment typa [ oil type)
E Engne Disse Ganesal SH

|  Gadinia BAE 40

N (Brinakhariwirot Linivarsity)

E

Chromium D535 | PRM 00 0.0 o
Lead g 0.0 1.0 a
Copper 07 oE ] | g
Tin 0.0 01 I a
Aluminum 24 0.2 o
Nicks! oo oo | 0
Silver 535 0o 0.0 0
Molybdenum psas | eew 0o 0.0 o
Titarium CnB535 |- PRM 0.0 0o | } 2
0il Condition
Viacosity @ 40°C odds | sty 1230 1332
Wiacosity @ 100°C 0-4 =5t 136 1 1 141
Oridation FTIR 7B 8z
Nitration Fria | l 118 45
1
v | B
0.2

) 5
Giyco FTIR | Abs 0 |
Soot FT % (WL] 0.46 | 5185

|
Wanadium FPM Li] 0
Sodium PPM 13 12
Silicon PEM 130 13 | 8 225
Additive Elemeant -
Boron PeM 1 | 0
Magnesium PRM 21 28
Calcium PEM 3088 4113
Barium PPM 0 0
Phosphorus PRM 325 a1
Zinc PPM 453 an 453
Lusizn u-nmu-

Flash Point D-828 | o© A0 <18
Wiscosity Index D-2270 100 L

Bassina  wil be deta of sither "The new cil” or Referance o or "0il specification”.

Notm: Alerm Limiss are verisbie erc dependant upon dateset size end i be vsed 8a genersl guiceling.
Nosgn o (N) : NORMAL o A (Frsilevel wamingimt) . W oo . s Wik
Uearning Uppar WARNME Leval LoWarning Lowar WARNMIE required Laval

Acourasy o miemrtation and racomandabon am Sased o sreseniaties samp e ad ks sussies

| smcend level waming fimi |
First Leval Alarm _Alert Limil in Upger Leval andier Lower Leval
Zaccnd Level Al Alert Lt im Uzer Lawe amdicr Lowe: Lawel
ThO = Tha new il . R0 = Refierance o . OS = Ol Specifoaticn

S warrarty i mxeresses o ot b e

Focusiah Lid. 2730 Thosapol Land £ Bidg., Bangna-Trad Ad KM.3 Bkk 10280 Thailand | hitp-fwaw. focusiab co th | Email: focusiab B focusiab.co th | Tel- 4862 387 BEI0 | Fax: + B82 3818587
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Focus W # 1S08001:2008 Certified EocnskalLid.

™
Fluid & Ol Anaiyais Technoiegy

; Code C 28173 ¢UnitlD | Fuel B20 Lub.B
: Mama  : Srinakharinwirot University u
; II'!I Unlt Type : Ergire Dissel
= Addreee : ;;;”;"”“‘“23 © UnitMake : MERCEDES 22
R 1010 T Unit Model : OM 421
Eita R
T o QRUEE! : SHELL GADINA SAZ 40

L
Ol System Capaclty @ 30 Lies

All wear conditons and wear tasts appaar i normal working ranga.
All ol conditions and ol tests appear in nomal working ranga.
All contaminant conditens and contaminant levals aogear in normal ranges.

Testcode : ES50400 5400 E0SD0

Sometai L

Pravious Sample Basaline and Alarm Limit

Current Sample
Condition History

Iy, N\_ N "I.“I Alarm Limit

B
Lab ID 212625 7ize2d R Muix St Name
Battle ID i' 100 50 : fEpent type / oll hpe)
Date Sampled S | 18-Dec-12 I 15-Dec-12 ¢  Enane Diesel Ganeral SH
Oil Hours (Kms) E - 100 50 | | GadnaSAE4D
Unit Hours (Kma) 851 511 N (Brinakhariwirot Linivarsity)
Oil Added (Liters) | E
Filters Hours (Kms) |

Iran

o
Chromium D535 | PRM 00 0.0 a0 0.0 o
Lead 0.4 0.e 0.0 1.0 a
Copper 1.7 o | o7 oo | a
Tin 0.0 0.4 I 0.0 0.1 0
Alurminum 1.7 1.0 21 02 a
Nicks! oo oo | 00 00 0
Silver 0o 0.0 0.0 00 0
Molybdenum psas | eew 0o 14 oo 0o o
Titanium w8535 |- FPM 0.0 00 | 0.0 oo 4 a
0il Condition
Viacosity @ 40°C oz | sty 137 1200 12
Wiacosity @ 100°C 0-4 =5t 134 1 136 1 141
Cridation FTIR 8.7 7.8 5.2
Nitration iR i) l o 16 a5
1
| <6.5

0.2

5
Giyoo FTIR | Abs 0 | 0
Soot FTl % (WL 0.48 0.45 | 325

|
anadium PEM [i] i] 0
Sodium PPM 12 i 12
Silicon FPM 7.7 0.7 | 1_33 1.3 [ )5_
Additive Elemeant -
Boron D595 | PeM 2 | 1 0
Magnesium PPM 23 21 Fi ]
Cedusi M 4228 3088 a3
Barium PPM (1] o 0
Phosphorus PPM 348 325 an
Zinc PPM 511 26 53 30 453
Lusizn u-nmu-

Flash Point D-3828 oo | 470 <180
Viszosity Index 0-2270 08 100 108

Notm: Alerm Limiss are verisbie erc dependant upon dateset size end i be vsed 8a genersl guiceling.
hoSgn o (N) : NORWAL o A (frsllevel wamirgist) ., W oo . : Wenng [ second level waming it}

3 FratLmvm Almm _Aimrt Limitin Lipzer Lavsl ander Lower Lavel
UnMarning - Upper WARKING Level Leitarning : Lowsr WARNING recuired Laval Becmnd Lavel Al Alart Limt i Upzer Lawel rdicr Lower Lavel
Bassina  wil b= et of sither “The new oif” or ‘Refersnce o or "0l specifoator. THO® The news| . RO w Refeence ol OF m O Specfoation
ACriTacy of misretation and recomendaton ane tased on cresenistves sampe and information supies N wararty is mupresesd or mofied for fis oot
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Focus W # 1S08001:2008 Certified EocnskalLid.

Fluidl & Ol Anwlysis mwm
¢ Code : 28173 £ Unit ID
E Mams : Srinakharinwirot University 5 Fuel BZO LUbB
; II'!I Unlt Type : Ergire Dissel
,g Addrege ;;;u;mmmza ‘ Unit Msks : MERCEDES 32MZ
R 110 T Unit Modal : OM 421
Eita R

Qiltypel L g =
o Qecbsy ¢ SHELLGADIMASAZ 40
L

Ol System Capaclty @ 30 Lies

All wear conditons and wear tasts appaar i normal working ranga.
All ol conditions and ol tests appear in nomal working ranga.
All contaminant conditens and contaminant levals aogear in normal ranges.

Location :
Testcode : S20410 M0  EOSDO

Somehai L
Current Sample Pravious Sample Basaline and Alarm Limit
Condition History | oil  Cant.
v Alarm Limit
W © : @ Lt PO i it Mt St N
Lab D 212628 212625 212624 A i st Nama
£ :
Bottle 1D i 180 100 50 - SR ant iype /ol hpe)
Date Sampled S | 22-Dag-12 I 18-Dec-12 15-Dec-12 ¢  Enane Diesel Ganeral SH
Oil Hours (Kms) E [ 150 100 | 50 |  Gadinia BAE 40
Unit Hours (Kms) 7011 £081 B0 N (Brinakhariwirot Linivarsity)
il Added (Liters) | E
Filters Houra (Kms) |

Iran z . ¥
D85885 FRM 00 0.0 0.0 0o 0.0 0.0

0
Chromium ]
Lead 0.0 0.2 0.1 k] 0.0 1.0 a
Copper 0s 04 | 12 o o7 0g a
Tin ] oo I 00 0.4 o0 0.1 4
Alurminum 14 0.1 LT 1.0 21 0.2 a
Hicks! oo oo I 0.0 oo 0.0 0.0 hi
Silver 0o 0.0 0.0 0o 0.0 0.0 a
Molybdznum psas | eew 0.0 15 0o 14 0o 0.0 0
Titenium D859 PEM 0.0 E | 0.0 ans 0.0 00 a
0il Condition i
Wiscosity @ 40°C Dmdds == ' 1254 127.1 1200 1332
Wiacosity @ 100°C 0-4 133 1 133 1 136 141
Oridation FTIR l 10.4 o7 7.8 62
Nitration Fnai) 122 12.1 116 s
1
|
Water BIR RSt 108 0.108 0.108 0080 32
Fusl AW 0.10 0.10 | oo )
Giyoo: FTIR Abs 0 ] ]
Boot T % (W) 0.45 0.45 | 0.45 328
|
anadium PEM [i] i] 0 0
Sodium PPM 13 | 12 13 12
Silicon FPM 12.3 5.6 7.7 0.7 ‘1-3.9 1.3 [ )&_
Additive Element : e
Boron 0.8585 | FEM 1 2 q 0
Magnssiuvm PEM 21 23 21 Fi-}
Calcium PEM 2047 4225 3088 4113
Barium PPM 1] ] ] 0
Phosphorus PPM 341 346 325 an
Zinc PPM 454 36 511 26 458 30 453
Luszn u-nmu-

Flash Point D-3828 oo | 470 <180
Viscosity Index D-2270 100 oo 100 i

Mom: Alerm Limiss sre verisble erc deperdant upon deteset size erd tn be wsed =8 gerersl guiceling.

MoZgn  or N - NORMAL or A E; | first lerved waming fimit & W . : Wenng [ second kevel waming imit |

First Leval Alarm _Alert Limil in Upger Leval andier Lower Leval

UnMarning - Upper WARKING Level Leitarning : Lowsr WARNING recuired Laval Becmnd Lavel Al Alart Limt i Upzer Lawel rdicr Lower Lavel

Bassina  wil b= et of sither “The new oif” or ‘Refersnce o or "0l specifoator. THO® The news| . RO w Refeence ol OF m O Specfoation

ACriTacy of misretation and recomendaton ane tased on cresenistves sampe and information supies N wararty is mupresesd or mofied for fis oot

Focusiah Lid. 2730 Thosapol Land £ Bidg., Bangna-Trad Ad KM.3 Bkk 10280 Thailand | hitp-fwaw. focusiab co th | Email: focusiab B focusiab.co th | Tel- 4862 387 BEI0 | Fax: + B82 3818587
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Focus W # 1S08001:2008 Certified EocnskalLid.

Flut & O Anatysis Tochnaiegy

¢ Code : 28173 £ Unit ID
E Mams : Srinakharinwirot University 5 Fuel BZO LUbB
; II'!I Unlt Type : Ergire Cissel
,g Addrege ;;;u;mmmza ‘ Unit Msks : MERCEDES 32MZ
R 10110 T Unit Modal : OM 421

Shta -

Locatlon : ‘I’m + SHELL GADINA SAZ 40

L
Ol System Capaclty @ 30 Lies

All wear conditons and wear tasts appaar i normal working ranga.
All ol conditions and ol tests appear in nomal working ranga.
All contaminant conditens and contaminant levals aogear in normal ranges.

Testcode : ES50400 5400 E0SD0

Somehai L
Current Sample Pravious Sample Basaline and Alarm Limit

Condition History | oil  Cant.

v Alarm Limit

D e g ®_® Lt PO i it Mt St N
Lab D 212627 212626 212625 A i st Nama

£ :

Bottle 1D i 200 150 100 - SR ant iype /ol hpe)
Date Sampled S | 28-Dac-12 I 22-Dec-12 18-Dec-12 ¢  Enane Diesel Ganeral SH
Oil Hours (Kms) E [ 200 150 | 100 |  Gadinia BAE 40
Unit Hours (Kma) Fos1 FO11 B9 N (Brinakhariwirot Linivarsity)
il Added (Liters) | £

Filters Houra (Kms) | |

Iran

o
Chromium DeBas | oM 0.1 0.0 ] 0a 0.0 0.0 ]
Lead 04 2.2 0.0 02 0.1 0.8 o
Copper 10 T 0s GED N o 1.0 a
Tin 0.0 28 | 0.0 04 0.0 04 0
Aluminum 22 0.3 14 0.1 17 1.0 0
Nicks! 0 oo | 0.0 00 og 0.0 0
Silver 0.0 0.0 0o 04 04 0.0 0
Molybdznum psas | eew 0.0 14 0o 15 0.0 oF] 0
Titanium CnB535 |- PRM 0.0 04 | 0.0 ae, | 0.0 0.0 0
0il Condition T
Viacosity @ 40°C Dedds | o8t [ 1268 1254 127.1 1332
Wiscosity @ 100°C | D=4 =5t 134 | 133 | 133 141
Cidation FTIR l 7.6 104 87 8.2
Hitration FriRiL) 18 122 121 25
TAN D074 1
TBN D473 B 12 1 122 | 122
Watar N T 0.108: 0.108 o108
Fuel =AW 0.10 0.1 | o
Giyoo FTIR Abs 0 ] ]
Boot T % (W) 0.45 0.45 | 0.45

|

anadium PEM [i] i] ]
Sodium PPM 13 | 13 12
Siligon PEM 5.0 0.5 123 56 7.7 0.7
= ==
Additive Elemant e
Boron FRM 1 1 2
Magnesium PPM 21 21 23
Calgium PeM 4054 3047 4228
Barium PEM (1] o o
Phosphorus PRM 3 341 348
Zinc PEM 473 29 454 3 511 26
Flash Point D-3828 | o
Vizcosity Index B2z 2% 100 99

Notm: Alerm Limiss are verisbie erc dependant upon dateset size end i be vsed 8a genersl guiceling.
hoSgn o (N) : NORWAL o A (frsllevel wamirgist) ., W oo . : Wenng [ second level waming it}

3 FratLmvm Almm _Aimrt Limitin Lipzer Lavsl ander Lower Lavel
UnMarning - Upper WARKING Level Leitarning : Lowsr WARNING recuired Laval Becmnd Lavel Al Alart Limt i Upzer Lawel rdicr Lower Lavel
Bassina  wil b= et of sither “The new oif” or ‘Refersnce o or "0l specifoator. THO® The news| . RO w Refeence ol OF m O Specfoation
ACriTacy of misretation and recomendaton ane tased on cresenistves sampe and information supies N wararty is mupresesd or mofied for fis oot
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# 1508001:2008 Certified

FOCUSLAB".

121

FocusLab Ltd.

Flurd & O Aralyaiz Wﬂﬁﬂ‘m

S Code : 28173 £ UnitlD | Fuel B20 Lub.A
: Mama  : Srinakharinwirot University u
; II'!I Unlt Type : Ergire Dissel
,g Addrege ;;;u;mmmza ‘ Unit Msks : MERCEDES 32MZ
R 1010 T Unit Model : OM 421

Eita R

T o QRUEES : PTTNAVITATYPE I SAZ40

L

Ol Syetern Capachy : 20
All wear conditons and wear tasts appaar i normal working ranga.

All ol conditions and ol tests appear in nomal working ranga.
All contaminant conditens and contaminant levals aogear in normal ranges.

Testcode : ES50400 5400 E0SD0 .
Liem

Sometai L

Current Sample

Pravious Sample
Condition History

Lab Iy

Bottle ID

Date Sampled

Oil Hours [Kms)
Unit Hours (Kms)
Oil Added (Liters)
Filters Hours (Kms)

POy s

Iran

Baseline and Alarm Limit

Alarm Limit

Alarm Limit Matrix -Set Nama
(Equipment typa [ oil type)

Engne Disse Ganesal FTT
Navia Type || SAE 40
(Srinaknharinwinot Uiniversity)

ME =~ m e o

Chromium DWBBSE | FRM 01 0.0 il
Lead 5 0.4 0.7 o
Copper 0o X | g
Tin 0.0 oo | g
Alurminum 00 0.0 a
Nicks! oo oo | 0
Siver 08528 0.0 0.0 0
Molybdenum psas | eew 104.0 3§ 120
Titanium D8535 |-PBM 0.0 0.0 | } d
0il Condition
Viacosity @ 40°C Dedds | oSt [ 1240 1337
Viscosity @ 100°G | O-4 St 135 1 1 141
Oxidation FTIR 118 83
Nitration FTiR I l 73 82
1
v |

Giyoo FTIR |
Soot ET % (W) 0.44 |

|
Wanadium PeM 0 0
Sodium PPM 5 | 4
Silicon FPM 7.8 1.5 10
Additive Element . e
Boron PPM 1 0
Magnesium PPM 17 16
Calcium PPM 3614 UM
Barium PPM (1] 0
Phosphorus PPM 1265 k)
Zinc PPM 1501 64 1516

Luszn USaiien | Witeming |

Flash Point D-3828 on 470 <180
Wiscosity Index D-2270 104 108

Mote: Alerm Limiss are verisble erd d

m sperdant upon datesst size end o bewsed s gerersl guiceling
KoSgn o (N) - NORMAL z

or | Frsd bervel wamsing fimit '

we [l v

Ueltzrning Upper WARNME Level Litarning Lower WARKME raguired Laval
Bmssinn  wilbn e o mther T nmw o o Ffreem o7 o O seccater

Acourasy o miemrtation and racomandabon am Sased o sreseniaties samp e ad ks sussies

| smcend level waming fimi |

First Leval Alarm _Alert Limil in Upger Leval andier Lower Leval
Zaccnd Level Al Alert Lt im Uzer Lawe amdicr Lowe: Lawel
ThO = Tha new il . R0 = Refierance o . OS = Ol Specifoaticn
Mo warracly s axzresses o moed o b ot

Focusiah Lid. 2730 Thosapol Land £ Bidg., Bangna-Trad Ad KM.3 Bkk 10280 Thailand | hitp-fwaw. focusiab co th | Email: focusiab B focusiab.co th | Tel- 4862 387 BEI0 | Fax: + B82 3818587
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Focus W # 1S08001:2008 Certified EocnskalLid.

™
Fluid & Ol Anaiyais Technoiegy

L Code : 28173 £ Unit 1D
E Nama  : Srinakharinwirot University o Fuel B20 Lub.A
; II'!I Unlt Type : Ergire Dissel
y fuldrmes: 3 é;;";" e © UnitMake : MERCEDES 22
K 1ot T Unit Modal : OM 42t
Site B
Location : o Qilypel : PTTHAVITATYPE I SAZ &0

L
Ol System Capaclty @ 30 Lies

All wear conditons and wear tasts appaar i normal working ranga.
All ol conditions and ol tests appear in nomal working ranga.
All contaminant conditens and contaminant levals aogear in normal ranges.

Testcode : ES50400 5400 E0SD0

Sometai L

Pravious Sample Basaline and Alarm Limit

Current Sample
Condition History

Iy, N\_ N "I.“I Alarm Limit

B
Lab ID 212833 22632 T it hakixScthiame
Battle ID i' 100 50 : fEpent type / ol hpe)
Date Sampled S | 04-Mar-13 I 28Fab-13 ¢  Enane Diesel Ganeral PTT
Oil Hours (Kms) E = 400 5 I Navia Type || SAE 40

Unit Hours (Kma) B751 E711 N (Brinakharinwirot Linivarsity)
il Added (Liters) | E

Filters Hours (Kms) |

Iran

0
Chromium DefB35 | FRM oo 06 01 00 o
Lead 0.0 0.7 0.0 o7 a
Copper 01 0z | 00 03 | a
Tin o0 LG d I 00 0o 0
Aluminum 0.0 0.0 0.0 0.0 a
Nicks! oo o5 | 00 00 0
Silver 01 0.0 0.0 0o a
Molybdsnum D8535 I BEN 002 3z 104.0 g 120
Titenium CRE53E PR 00 00 0.0 00 I | 0
0il Condition i
Viacosity @ 40°C Dedds | oSt [ 1306 124.0 13T
Wiacosity @ 100°C 0-4 =5t 131 1 135 1 141
Oridation FTIR l 0.4 118 B3
Niration Fnai) 58 73 53
TAN D874 1
TBN Dua738 1 10 I g | 103
‘Wiate: FTIR 0.133 0.145 0150
Fusl AW ) 0.10 0.10 |
Giyoo: FTIR Abs 0 o
Boot T % (W) 0.44 0.44 |
|
anadium PEM [i] i] 0
Sodium PPM 5 | 5 4
Silicon FPM 7.5 2.0 7.8 1.5 10
Additive Element : T
Boron 0.8585 | FEM 0 1 0
Magnesium PPM 17 17 16
Calcium PPM a7 3614 M
Barium PPM (1] o 0
Phosphorus PPM 1281 1265 L
Zinc PPM 1466 56 1501 Gd 1516
Luszn u-nmu-
Flash Point D-3828 oo | 470 <180
Viszosity Index 0-2270 101 104 108
Mom: Alerm Limiss sre verisble erc deperdant upon deteset size erd tn be wsed =8 gerersl guiceling.
MoZgn  or N - NORMAL or A E; | first lerved waming fimit & W . : Wenng [ second kevel waming imit |
First Leval Alarm _Alert Limil in Upger Leval andier Lower Leval
UnMarning - Upper WARKING Level Leitarning : Lowsr WARNING recuired Laval Becmnd Lavel Al Alart Limt i Upzer Lawel rdicr Lower Lavel
Bassina  wil b= et of sither “The new oif” or ‘Refersnce o or "0l specifoator. THO® The news| . RO w Refeence ol OF m O Specfoation
ACriTacy of misretation and recomendaton ane tased on cresenistves sampe and information supies N wararty is mupresesd or mofied for fis oot
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Focus W # 1S08001:2008 Certified EocnskalLid.

Flut & O Anatysis Tochnaiegy
o Cade) 28173 eUnitlD | Fuel B20 Lub.A
: Mama  : Srinakharinwirot University u
; II'!I Unlt Type : Ergire Dissel
,g Addrege ;;;u;mmmza ‘ Unit Msks : MERCEDES 32MZ
R 1010 T Unit Model : OM 421
Eita R

 Oilnyped ; =
o Geamsy PTTHAVITATYPENSAZ 40
L

Ol System Capaclty @ 30 Lies

All wear conditons and wear tasts appaar i normal working ranga.
All ol conditions and ol tests appear in nomal working ranga.
All contaminant conditens and contaminant levals aogear in normal ranges.

Location :
Testcode : S20410 M0  EOSDO

Somehai L
Current Sample Pravious Sample Bazeline and Alarm Limit
Condition History ar | ol Cont.  p——
rm Limit
W B @ Lt 2 Alarm Limit Matrix -Sat N
Lab ID 212634 212833 212632 - - e
Bottle 1D g 180 100 50 - S Egant typa /o hpe)
Date Sampled S | 08-Mar-13 I 04-Mar-13 28-Fat-13 ¢  Enane Diesel Ganeral PTT
0il Hours {Kms) E = 150 100 | 5 | Navia Typa Il SAE 40
Unit Hours (Kms) B211 E751 BT N (Brinakharinwirot Linivarsity)
Oil Added (Liters) ] E
Filters Houra (Kms) |

Iran L : . B
D85885 FRM 00 0.3 0.0 08 0.1 0.0

0
Chromium ]
Lead 0E | 0.0 07 0.0 o7 0
Copper 03 04 | 0.1 il 0.0 03 a
Tin 0.0 ik} I 0.0 o7 0.0 0.0 0
Aluminum 04 0.7 0.0 00 0o 0o a
Hicks! oo o2 I 0.0 05 0.0 0.0 hi
Bilver 00 0.0 01 00 0o 0o 0
Molybdenum DB535 I BEM 1040 43 ogz a2 104.0 a6 120
Titanium C-B535 |=PRM 0.0 00 | 0.0 (11 0.0 0.0 a
0il Condition i
Wiscosity @ 40°C Dmdds == ' 1188 130.8 1240 137
Wiscosity @ 100°C 0-4 =5t 132 1 137 1 135 11
Omidation FTIR l 147 0.4 116 B3
Nitration FTiR l B.1 BE 7.3 5]
1
|
‘Watar FTIR | % (Wi} 0.132 0133 0145 0.150
Fusl AW 0.10 0.1a | om0
Giyoo FTIR Abs o ] 0
Boot T % (W) 0.44 0.44 | 0.44
|
anadium PEM [i] i] ] 0
Sodium PPM 5 | 5 5 4
Silicon PPM 7.0 2.1 7.5 2.0 7.8 15 10
Additive Element : T
Boron D.8585 | PEM 0 0 1 0
Magnesium PPM 17 17 17 16
Calcium PPM 3584 Erab 3614 M
Barium PPM 1] ] ] 0
Phosphorus PPM 1307 1201 1265 M
Zinc PPM 1500 67 1466 56 1501 64 1516
Luszn u-nmu-

Flash Paint D328 | °oC | <170 <180
Vizcosity Index B2z 104 101 104 i

Mom: Alerm Limiss sre verisble erc deperdant upon deteset size erd tn be wsed =8 gerersl guiceling.

MoZgn  or N - NORMAL or A E; | first lerved waming fimit & W . : Wenng [ second kevel waming imit |

First Leval Alarm _Alert Limil in Upger Leval andier Lower Leval

Uearning - Uppar WARKING Leval LoWarning : Lowsr WARNME required Laval Rezznd Lave A= Alert Limid i Upzer Level aedicr Lowes Lavel

Bassina  wil be deta of sither "The new cil” or Referance o or "0il specification”. ThO = Tha new il . R0 = Refierance o . OS = Ol Specifoaticn

Acoumacy of mlspretation and recommendation am based on epresentstives sampie and inormaticn suspied N warcanty & sxpressed or implied forthis mport
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Focus W # 1S08001:2008 Certified EocnskalLid.

Fluidl & Ol Anwlysis mwm
¢ Code : 28173 £ Unit ID
E Mams : Srinakharinwirot University 5 Fuel BZO LUbA
; II'!I Unlt Type : Ergire Dissel
,g Addrege ;;;u;mmmza ‘ Unit Msks : MERCEDES 32MZ
R 110 T Unit Modal : OM 421
Eita R

 Oilnyped ; =
o Geamsy PTTHAVITATYPENSAZ 40
L

Ol System Capaclty @ 30 Lies

All wear conditons and wear tasts appaar i normal working ranga.
All ol conditions and ol tests appear in nomal working ranga.
All contaminant conditens and contaminant levals aogear in normal ranges.

Location :
Testcode : S20410 M0  EOSDO

Somehai L
Current Sample Pravious Sample Bazeline and Alarm Limit
Condition History ar | oil  Cant.  m—r
rm Limit
Y e 4 ®_® Lt PO i it Mt St N
Lab D 212635 212634 212633 A » s
Bottle 1D g 200 150 100 - S Egant typa /o hpe)
Date Sampled S | 12-Mar13 I 05-Mar-13 04-Mar-13 ¢  Enane Diesel Ganeral PTT
il Hours [Kms) E o 200 150 | 100 1 Navita Typa Il SAE 40
Unit Hours (Kma) Bas1 B811 &7 N (Brinakharinwirot Linivarsity)
il Added (Liters) | E
Filters Houra (Kms) |

Iran i I E .
D85885 FRM 00 04 0.0 03 0.0 0.6

0
Chromium ]
Lead 0g 0.1 0.8 11 0.0 07 0
Copper 08 08 | 03 LED N 0.1 0z a
Tin 0.0 i I 0.0 00 0.0 o7 0
Aluminum 03 0.0 0.4 07 0o 0o a
Hicks! oo 13 I 0.0 02 0.0 0.5 hi
Bilver 00 0.0 0.0 kil 0.1 0o 0
Malybdenum DB535 I BEM 648 19 104.0 43 a2 a2 120
Titanium C-B535 |=PRM 0.0 00 | 0.0 (11 0.0 0.0 a
0il Condition i
Wiscosity @ 40°C Dmdds == ' 1238 118.9 1308 137
Wiscosity @ 100°C 0-4 =5t 135 1 132 1 13.7 11
Oridation FTIR l 423 147 04 B3
Niration Fnai) 9.1 8.1 88 53
1
|
Watar FTIR | % (Wi} 0.113 0.132 0133 0150
Fusl AW 0.10 0.10 | oao
Giyoo! FTIR Abs i} o o
Boot T % (W) 0.45 0.44 | 0.44
|
anadium PEM [i] i] ] 0
Sodium PPM 7 | 5 5 4
Silicon PPM 7.3 4.0 7.0 2.1 7.5 2.0 10
Additive Element : T
Boron 0.8585 | FEM 1 0 0 0
Magnesium PPM 19 17 17 16
Calcium PPM 3734 3584 a7 M
Barium PPM 1] ] ] 0
Phosphorus PPM 1011 1307 1201 M
Zinc PPM 1164 61 1500 &7 1466 56 1518
Luszn u-nmu-

Flash Paint D328 | °oC | <170 <180
Vizcosity Index B2z 108 104 101 i

Mom: Alerm Limiss sre verisble erc deperdant upon deteset size erd tn be wsed =8 gerersl guiceling.

MoZgn  or N - NORMAL or A E; | first lerved waming fimit & W . : Wenng [ second kevel waming imit |

First Leval Alarm _Alert Limil in Upger Leval andier Lower Leval

Uearning - Uppar WARKING Leval LoWarning : Lowsr WARNME required Laval Rezznd Lave A= Alert Limid i Upzer Level aedicr Lowes Lavel

Bassina  wil be deta of sither "The new cil” or Referance o or "0il specification”. ThO = Tha new il . R0 = Refierance o . OS = Ol Specifoaticn

Acoumacy of mlspretation and recommendation am based on epresentstives sampie and inormaticn suspied N warcanty & sxpressed or implied forthis mport
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1. iassnanltiwminaaadiduiaTasaudarraiasasninnie INH1Ta

Mwilsznal 45 terasudatraiiia lWiiEa
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