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|xOvyOu=Wv 'pY=L G}=Dv "CU= xOW ?}mQD p}�wR=o =@ |awvYt CQwYx@ u=WlWN
XwYNt uRw |xv}W}@ |OYQO 40 w 5 '1 Vy=m w �11 u=R}t x@ |v=wQ OL V}=Ri=
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'1994 p=U QO |D=ar=]t QO [1]"OyO|t V}=Ri= |O=} R OL =D =Q u; |Q}PBsm =QD w
'u}= Q@ xwqa [3w2]"CU= xOt;CUOx@ TQ l =N w xU=t |=Q@?}DQD x@ |y@=Wt G}=Dv
'CU= xOW |UQQ@ �1995� C} wm QO Civ x@ xOwr; |=yxU=t |m}vmDw�S |=y|oS} w
|Q}PBsm =QDV}=Ri= w |Q}PBPwiv wCtw=kt lOv=Vy=m |xOvyOu=Wv G}=Dv ,=OOHt xm
xOwr; |=yxU=t s=mLDU= w Ctw=kt V}=Ri= '1997 p=U QO [4]"CU= xOw@ =yxU=t
|UQQ@ QO [5]"CU= xOW VQ=Ro Civ u=R}t Vy=m w u=tR CWPo =@ C} wm Civ x@
'|Q}PBPwiv 'Ctw=kt Vy=m '�2007� Civ x@ xOwr; TQ l =N w xU=t |m}vmDw�S
VQ=Ro QwmPt |=yl =N nQ@ QD= OwOL w C@ w]Q OYQO 'lWN |r=oJ |xv}W}@
|tm =QD CUWv QO |OYQO 50 |r= 35 V}=Ri= R}v '2008 p=U QO [6]"CU= xOW
pt=a l} u}vJty w [7]xOW xOy=Wt |Div |=yu@ QmwQO}y x@ xOwr; sQv |=yl =N
R= xO=iDU= =@ =D CU= xOW xi=[= �1944� RvwH w uwDBtmU= |x]@=Q x@ |LqY=
xaUwD �2011� QwmPt pOt TBU [8]"OwW x@U=Lt |oOQWi XN=W '|v=wQ OL
u} Rv@-pwv=D= x@ xDWe; u}rw�=m l =N |oOQWi XN=W 'u; R= xO=iDU= =@ w xOW xO=O
|xv}W}@ 'l =m]Y= |x} w=R V}=Ri= R}v 2012 p=U QO [9]"CU= xOW |v}@V}B
C@ w]Q OYQO Vy=m u}vJty w nQ@ QD= OwOL w |tm =QD XN=W 'lWN |r=oJ
u}vJty [10]"CU= xOW VQ=Ro Civ OwHw CQwY QO sQv |=yl =N |oOv@UJ w
w [11]'p}�wR=o x@ xOwr; C}v}rw�=m |m}vmDw�S C=}YwYN |UQQ@ x@ 2013 p=U QO

"CU= xOW xDN=OQB [12]'Civ x@ xDWe; |=yxU=t QO OwHwt |=y`tW Q=DiQ
|wQ Q@ xOWs=Hv= C=ar=]t G}=Dv u}@ xm OyO|t u=Wv Q}N= |=y|UQQ@

u;|m}v=mt w|m} R}i |=y|oS} w C=Q}}eD w l =N|oOwr;Ea=@|Div C=kDWtCWv
|=ysDU}U 'p=kDv= \w]N 'xOwUQi w|t}Ok uR=Nt R=CU=umtt j=iD=u}= "OwW|t
'nvH =} |Q=ov=pyU QF= QO =yx=J |RwUVD; '|r} Q =} |}=} QO '|v}tR pkv w ptL
l =N |=y|oS} w w Civ Q=Okt x@ |oOwr; u=R}t "OyO MQ |DU} QwQD EO=wL =} w
x@ xOv}; QO |}=y?}U; w |Qwi |=yOt=}B \ki xv |oOwr; ẁv u}= "OQ=O |oDU@
"OyO|t Q}}eD =Q l =N |m}v=mt w |m} R}i |=y|oS} w xmr@ 'OR=U|t OQ=w l =N
w <qN\}=QW QO G=QNDU= %Ovv=t |irDNt |=yVwQ 'xOwr; |=yl =N uOQm R}tD |=Q@
xO=iDU= l =N |wWDUW w |m} Swrw}@ |=yVwQ 'Sw}i} QDv=U R= xO=iDU= =@ |R=U=OH
=yv; uOw@ xv} RyQB w xOwr; j]=vt CaUw p}rO x@ =yv; |Q}oQ=m x@ ,qta |rw "OwW|t
|=yxSwQB QO xOWQmP |xOwr; |=yl =N R= xO=iDU= xv=OvtWwy x=Q l} "CU= OwOLt
xm CU= |QwQ[ u}=Q@=v@ "CU= |R} Ql =N w '|R=Ux=Q '|R=UOU %Ovv=t |v=Qta
OQwt QO QwmPt |xOvvmxOwr; O=wt C=Q}F-=D Qo}O w |]}LtCU} R p�=Ut Q@ xwqa
"OwW s=Hv= |}=yVywSB w C=ar=]t 'xOwr; |=yl =N |m}vmDw�S |=y|oS} w Q}}eD
Ctw=kt w |tm =QD |=y|oS} w |UQQ@ x@ x=oW}=tR; \}Lt QO '1992 p=U QO
|oOwr; xJQo = xmCU= xOt;CUOx@ xH}Dv u}= w xOW xDN=OQBCiv x@ xOwr; |=yxU=t
Vy=m =Q l =m]Y= |x} w=R |rw 'OQ=Ov xOwr; |=yxU=t sm =QD QO |v=OvJ Q}F-=D '|Div
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"�x=oW}q=B C}=U� R=Q}W x=oW}q=B p}�wR=o C=YNWt "2 pwOH
Recovered@150 0C T.B.R �Vol

Recovered@300 0C T.B.R �Vol

Recovered@357 0C 90 �Vol

F.B.P (max) 385 0C

Density@150 0C 0 820�0 860 kg/L

Color (max) 3 �
Flash point (min) 54 0C

Sulphur Total (max) 1 �Mass

Viscosity kinematic @ 2 0�5 5 mm^2=s37 80C

Cloud point (max) 1 5 0C

Pour point (max) �4 0C

Carbon residue (max) 0 1 �Mass

Ash (max) 0 01 �Mass

Water & sediment 0 05 �VOL

Cetan index (min) 50 �

150 =D 90 u}@ nQ@ QD= OwOL V}=tR; s=Hv= CyH w OYQO 40 =D 15 u}@ sm =QD
CyH� ?; =@ ?}mQD R= RwQ l} CWPo R= TB smCUO w xOW xi=[= ?; OYQO
"CU= xOW s=Hv= =yxvwtv |wQ Q@ V}=tR; �?; pt=m Pwiv w =yxvwtv uOW CUOl}
=yxvwtv xmv; R= TB '|QwLtlD w s}mLD V}=tR; CyH xvwtv |x}yD Qw_vt x@
|xv}y@ C@ w]Q x@ xHwD =@ 'OvOW |Qw;pta sm =QD V}=tR; Ovv=t xDiy l} COt x@
u=ty x@ xvwtv Qy x@ '|oOwr; hrDNt |=yOYQO |=Q@ sm =QD V}=tR; R= xOt;CUOx@
s}mLD |xvwtv CN=U x@ s=Ok= 'RwQ l} smCUO CWPo R= TB w xi=[= ?; u=R}t

"CU= xOW �60 |@Uv sm =QD QO

|y=oW}=tR; G}=Dv "4
�ASTM D4318� nQ@ QD= OwOL "1"4

OQ=Ov=DU= T=U=Q@ Q[=LVywSB QO xO=iDU= OQwt |=yl =N |Q}tN OL w|v=wQ OL
|Q}tN OL w |v=wQ OL |=yV}=tR; G}=Dv "CU= xOW u}}aD ASTM D4318
'CU= �100 |q=@ 'xOt; CUOx@ |v=wQ OL xm =Hv; R= "CU= xOW x�=Q= 2 pmW QO
p}�wR=o uOQm xi=[= "OQ=O |}q=@ Q=}U@ |Q}tN C}Y=N l =N xm Ci=} QO u=wD|t
�12 =D p}�wR=o QDW}@ V}=Ri= =t= 'OwW|t |v=wQ OL V}=Ri= Ea=@ �4 u=R}t x@
"CU= xDi=} V}=Ri= |v=wQ OL ,=OOHt '�16 |oOwr; QO w |v=wQ OL Vy=m Ea=@
OL QO |v=OvJ Q}F-=D |oOwr; OYQO Q}}eD xm OwW|t x_Lqt p=L u}ty QO
OL Vy=m TBU w V}=Ri= u=wD|t xv=owO |x}q |Qw�D R= xO=iDU= =@ "OQ=Ov |Q}tN
Ov=xOw@v |@]k p}�wR=o |=ypwmrwt '?; |=ypwmrwt TmaQ@ 'O=O K}[wD =Q |v=wQ
p}mWD Ov=wD|tv xv=owO |x}q u}=Q@=v@ "OvDU}v l =N =@ xv=owO |x}q p}mWD x@ QO=k w
C}Y=N x@ xHwD =@ xt=O= QO =t= 'O@=}|t V}=Ri= =OD@= QO C@ w]Q OYQO w OwW
p}�wR=o O=} R u=R}t p}rO x@ =yDv= QO w Vy=m C@ w]Q OYQO p}�wR=o |oOvvmu=wQ
|=yxDi=} "O@=}|t V}=Ri= C@ w]Q OYQO ,=OOHt u; QO OwHwt |L]U VWm w
QO =Q} R 'CU= xDW=O CQ}=et �2007� u=Q=mty w u=}Jxt=N |=yxDi=} =@ OwHwt
OL w |v=wQOL '|oOwr; V}=Ri= =@ xm CU= xOt; CUOx@ xH}Dv u}= QwmPt VywSB

R= xO=iDU= Cra x@ |Div C=kDWt x@ xDWe; sQv |=yl =N |m}vmDw�S |=y|oS} w
Ovv=t |UQ |=y|v=m R= |Dw=iDt |=yOYQO pt=W xm Ca}@] QO OwHwt |=yl =N
"OQ=Ov OwHw |v=wNsy X=N |v=m l} xv w OwW|t """ w C}v}rw�=m 'C}vwr} QwDvwt
|v=w=Qi |=yOQ@ Q=m u=Qta |UOvyt QO xm |D}vwvD@ TQ R= Q[=L VywSB QO =Pr
|R=U=H '|DavY |=y?; |=yjqD=@ '?q[=i |xQ}NP uR=Nt VWwB %xrtH R=
,=twta w OQ=O xWv=QD w 'uR=Nt 'p=v=m '=yOU E=OL= 'u}tRQ} R QO |tD= |=yxr=@ R
|OvtWRQ= C=aq]= Ov=wD|t xm CU= xOW xO=iDU= 'CU= C}vwr} QwDvwt |v=m |w=L
"OyO|t Q=Qk =t Q=}DN= QO |Div C=kDWt =@ u; |oOwr; w sQv l =N |x]@=Q |xQ=@ QO

|iQYt Kr=Yt "2
Q[=L VywSB QO xO=iDU= OQwt l =N "1"2

'OR} uO=at R= l =N u}= xm xOW xO=O VQ=iU C} Q=@ CmQW R= |D}vwDv@ TQ l =N
XwYNt |r=oJ w �|QDtwQO}y� |Ov@xv=O Q=Owtv "O};|t CUO@ OyWt w u=yiY=
|Ov@xk@] j@] "CU= xOW x�=Q= 1 pwOH w 1 pmW QO |Q}tN Cr=L C=YNWt w

"CU= �CH� q=@ |Q}tN Cr=L =@ TQ |xO=iDU= OQwt l =N 'OLDt

Q[=L VywSB QO xO=iDU= OQwt p}�wR=o "2"2
xm CU= xOW x}yD R=Q}W Civ x=oW}q=B R= Q[=L VywSB QO xO=iDU= OQwt p}�wR=o

"CU= xOW x�=Q= 2 pwOH QO u; C=YNWt

xvwtv |R=UxO=t; |xwLv "3
xOW lWN Ca=U 24 COt x@ xv=NsQo QO Q_vOQwt l =N =OD@= 'xvwtv |x}yD |=Q@
16 '12 '8 '4 p}�wR=o hrDNt |=yOYQO 'l =N lWN uRw x@ xHwD =@ TBU w
xDiy l} smCUO 'l =N |Qw;pta |=Q@ "Ov=xOW \wrNt sy =@ w xi=[= l =N x@
V}=tR; s=Hv= |=Q@ TBU w |Q=Oyov xDU@ QU |=yhQ_ QO xOt; CUOx@ \wrNt

"|Ov@ xv=O Q=Owtv "1 pmW
"xar=]t OQwt l =N |Ov@xk@] "1 pwOH

PI PL LL Gs l =N ẁv
97 41 138 2 72 |D}vwDv@ TQ
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C@w]Q w lWN |r=oJ |xv}W}@ QO |oOwr; hrDNt |=y OYQO Q}F-=D "3 pmW
"xv}y@

"|QwLtlD Ctw=kt QO p}�wR=o Cw=iDt |=yOYQO Q}F-=D "4 pmW

"|oOv@UJ QO p}�wR=o Cw=iDt |=yOYQO Q}F-=D "5 pmW

�xO=U |Q=Wi�|QwLtlD Ctw=kt V}=tR;"3"4
�ASTM D2166�

Ctw=kt u}}aD CyH ASTM D2166 OQ=Ov=DU= T=U=Q@ |QwLtlD V}=tR;
xOW x�=Q= 5 w 4 |=ypmW QO u; G}=Dv xm CU= xOW xO=iDU= =yl =N |QwLtlD
|Q}osWJ u=R}t x@ l =NCtw=kt 'p}�wR=o uOW xi=[= =@ xm OwW|t x_Lqt "CU=
uwO@ l =N w �16 |oOwr; =@ l =N Ctw=kt xm |}xvwo x@ 'CU= xOQm =O}B Vy=m

"nQ@ QD= OwOL QO |oOwr; hrDNt |=y OYQO Q}F-=D "2 pmW

V}=Ri= =@ �2013� u=Q=mty w |wQUN |=yxDi=} OQwt QO [6]"O@=}|t Vy=m |Q}tN
OwHw j=@]v= CtUk u}= QO xm CU= xDi=} V}=Ri= |v=wQ OL '�4 u=R}t x@ |oOwr;
=t= &CU= xDi=} V}=Ri= |v=wQ OL '�12 =D |oOwr; V}=Ri= =@ R}v xt=O= QO [11]"OQ=O
OL QO "OQ=Ov OwHw j=@]v= CtUk u}= QO xm 'CU= xDi=} Vy=m |oOwr; �16 QO
u}= QO xm CU= xDi=} Vy=m |Q}tN OL '�4 =D |oOwr; uOW xi=[= =@ R}v |Q}tN
'�12 =D |oOwr; V}=Ri= =@ |Q}tN OL 'xt=O= QO "OvDUy u=Um} xDi=} wO Qy CtUk
|oOwr; QO \ki CtUk u}= QO xm CU= xDi=} V}=Ri= '�16 =D |oOwr; QO w Vy=m

"OQ=O OwHw CQ}=et �8
u=Q=mty w |OwQovr u}WvVwN w �2011� u=Q=mty w QwB|QmWr C=ar=]t
Ck@=]t,qt=m |v=wQ OL QO �2007� u=Q=mty w u=}Jxt=N |=yxDi=} =@ [14]�2010�
|=yxDi=} xmCU= xOQm =O}BVy=m |v=wQ OL |oOwr;V}=Ri= =@ xm |}xvwo x@ 'Ov=xDW=O
OL QO [14w13'6]"OQ=O j=@]v= �12 w �8 |oOwr; QO \ki OwHwt |=yxDi=} =@ QwmPt
Vy=m |Q}tN OL |oOwr; V}=Ri= =@ �2011� u=Q=mty w QwB|QmWr |xDi=} |Q}tN
OL �2010� u=Q=mty w |OwQovr u}WvVwN |=yxDi=} QO TmaQ@ =t= 'CU= xDi=}

[14w13]"CU= xDi=} V}=Ri= |Q}tN

�ASTM D698� sm =QD V}=tR; "2"4
Ov=xOW?}mQD p}�wR=o =@|awvYt CQwYx@ xm l =N |=yxvwtv |wQ Q@ sm =QDV}=tR;
V}=Ri= =@ 3 pmW x@ xHwD =@ "CU= xOW s=Hv= ASTM D698 OQ=Ov=DU= T=U=Q@
'CU= xDi=} Vy=m xv}y@ C@ w]Q w lWN XwYNt uRw |xv}W}@ '|oOwr; OYQO
u}vJty w p}�wR=o uOw@|@]k Q}e p}rO x@ xv=owO |x}q p}mWD sOa p}rO x@ u}= xm
�1998� u=Q=mty w =Owo}t C=ar=]t =@ G}=Dv u}= "CU= u; |oOvvmu=wQ C}Y=N
Cw=iDt lWN XwYNt uRw |xv}W}@ OQwt QO �1995� u=Q=mty w O=vUp= w
XwYNt uRw |xv}W}@ '|oOwr; V}=Ri= =@ =yv; C=ar=]t QO xm |}xvwo x@ 'CU=
[4w3]OQ=O OwHw |ovy=ty C@ w]Q Vy=m OQwt QO =t= 'CU= xDi=} V}=Ri= lWN
�2011� u=Q=mty w QwB|QmWr w �2007� u=Q=mty w u=}Jxt=N |=yxDi=} QO
|=yxDi=} =@ |oOwr; V}=Ri= =@ xv}y@ C@ w]Q w xv}W}@ XwYNt uRw Vy=m OQwt QO
|v=}kOY |=yxDi=} QO |ovy=ty u}= [13w6]"OQ=O OwHw pt=m j=@]v= Q[=L j}kLD
|DQwY x@ 'OwW|t xOy=Wt R}v �4 |oOwr; QO RH x@ �2006� |y=QW |}=} Q}H w
|oOwr; V}=Ri= =@ w V}=Ri= lWN XwYNt uRw |xv}W}@ �4 |oOwr; QO \ki xm

[15]"O@=}|t Vy=m
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"p}�wR=o Cw=iDt |=yOYQO QO Q=Wi =@ pNrND C@Uv C=Q}}eD "6 pmW

"sQwD XN=W w |oOQWi XN=W QO p}�wR=o Cw=iDt |=yOYQO Q}F-=D "7 pmW

QO hrDNt u=QoWywSB \UwD |v=wQ OL Q@=Q@ QO |oOQWi XN=W u=R}t "8 pmW
"|Div |=yu@ QmwQO}y x@ xOwr; |=yl =N

|=yxO=O Q=@Da= O}}-=D CyH |]=@vDU= Q=t; |UQQ@ "6
VywSB

pkDUt w xDU@=w Q}eDt u}@ ,qw= =}; xm xDmv u}= |UQQ@ w =yxO=O Q=@Da= O}}-=D Qw_vt x@
QF-wt xDU@=w Q}eDt QO Ov=wD|t xR=Ov= xJ =D pkDUt Q}eDt ,=}v=F w OQ=O OwHw |}x]@=Q
xt=O= QO xJv; 'CU= xOW xO=iDU= SPSS Q=Ri=sQv QO |]=@vDU= |=yuwtR; R= 'OW=@
'|oDU@ty uwtR; %uwJty |irDNt |=yuwtR; R= pY=L G}=Dv 'CU= xOW x�=Q=

"CU= uw}UQoQ uwtR; w 'u}ov=}t p}rLD

u=R}t x@ |oOwr; QO Vy=m u=R}t u} QDW}@ xm OQ=O hqDN= �60 R= V}@ |oOwr;
Vy=m |tm Q=}U@ ?}W =@ l =N Ctw=kt '|oOwr; V}=Ri= =@ 'xt=O= QO "CU= �57

"OQ=O Twmat |x]@=Q |oOwr; OYQO =@ l =N Ctw=kt u=R}t Q_v x@ "CU= xDi=}
Q}}eD w |oOv@UJ Vy=m w xv=owO |x}q p}mWD sOa Ctw=kt Vy=m u}= p}rO
|oOwr; uOW xi=[= =@ '4 pmW j@=]t "CU= |}xv=O |=yl =N CtU x@ l =N Q=DiQ
V}=Ri= =@ xt=O= QO w xDi=} V}=Ri= |Q}PBpmW =t= 'CU= xDi=} Vy=m Ctw=kt xJQo =
j=@]v= R}v |v=wQ OL |=yxDi=} =@ G}=Dv u}= "CU= xDi=}Vy=m R}v |Q}PBpmW '|oOwr;
|Q}PBpmW R}v =Hv}= QO w xDi=} V}=Ri= |v=wQ OL �4 |oOwr; QO xm |}xvwo x@ 'OQ=O
OQwt QO �2007� u=Q=mty w u=}Jxt=N R= xOt;CUOx@ |=yxDi=} "CU= xDi=} V}=Ri=
|oOwr; V}=Ri= =@ xm |}xvwo x@ [6]'OQ=O j}@]D ,qt=m OwHwt C=aq]= =@ |oOv@UJ
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