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¢ ZRER

IR HE R F T R 2 e e —— S MRS Sl &% [ 2] B ARAEAr BT 2015 45, AH ST 7= i (i 55 ~F 1 R IR
BETRED, (HXH 2010 SRS EhME. Gl JEHEE SO RE A 2010 FERFEREA . PRl AR
77 SRS DL RE 24 172 K AR A B B 13K, DU i & 2K S5l Ak & n] DL s vr o
g EARIEMEE I 90%, BRIESZE| s RN R CGMEBUFEBOE . RIS M2, BEer= ek T M
2010 FFH] 2015 T . S BIG A EE 18 E 8 2010 R = Ge i F O Ay g o B B r = qe.

¢ ABR

W R R S IR AT SR, (EEP A R B RS 8 () B R AR, fREF 2015 SE
R i 7 AN

BB R A 24 S8 H T SEUUR IR & RO (B BRI i —— L VB A B B T 2
T EA A 5 RIAT T ER G RSO T E B K 2 S0 (0 2 ) R —— 9 L2 O o 50
ROV SRS AR BB R R0 R U 50 55 5 R o RO G R U HRRE0, al
MG AR, BERBNAI IR ON T L BRSO, LB FE R T M
PR

X E A T TS, RS 2015 FERTTUE S GRS ERE T K2R 5B 2015 F2 51 5
PR, WA Y R R E B S AR A B EOR . BB 2R AV E IS A

SEMATR A B A R R & A E R AE, EAEFTA RIS S, SR T 2RI BEA N & BB 1 A AN
THE M BA B8 RHR 7> (70%-80%) » T T #8730 9 LR B IS BRAS (2L o it iid, B A AR AL T S il
AP AR IE A AT AR, A B B BRI I8 A

P, TR E AT A T S a AR . S T & R E I RE 2 50ppm Al
10ppm Bt b 4 (1 RR BVl AR AR BR S o R (I RR e A 50 SR AR i il .

i i 32 ) FAS S 10 i A R SOR U R B — 2L E B A R I S 8 CHudm, BEARRUAS, BEARSE) o BRI, Bk
A S g R RS E A FIBORBEIER (e, P AN SEM iR L e K1, BUA K T2 Rt 0, ISt
) —— A B R A AT . B RS BB AR SRR K 2 57 il R I R

RS, [ 5CHEE BRI RAA DU T HORBIER, 8 W 1 2% Ry A SR A ER R K .

MR T VRS R R R S HEROARUEFT 75 AR S RAS AL 5. Bedm, [N E, ARHriE B T H R
Z=V50H RVP £ 60kPa[8.7psi] T 7 1 I 35 58 R I A (45 54

17 EARER R0 A 7 Al B AT B S i A TR

HAR I 2 BT T ER MR FSAR 9 (D) BB T R I P BE RO DR AN, R G BB A (AN REIR . AL RIAL 27 1 770 55D
FERLIRY rpr 2 MR A 7= AR PP R A SRR T H LA

¢ DIk FIARAEMT BT A2 RE ) (BRSNS ) PR BEARN (BT

Y B FEF M5 HTE R T 30pom (FidE 50ppm) F1 10ppm SRS BARE, LR 10ppm LTS BANE. KR T BEIOIT (22) k.
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o FPEAF LZMB RIS L MSHMMEIZE, OF KD @I, MEERA. FrIHERE, &
PERIACER . o 07 ME R B CL A R E 2 o T RAE i N — Sk BT B R v, BATCAE ST Y
KREGHF AL Z I HEF.

¢ B EIRRAE, FEA RS T ZRAE P IR BRI E A (EEGEREIR (MURINTER ) DL AR TR AN Ak 22 51D
o XL RRATE I AR rh AR A R I T AR O BE YRV FE N B A AR HE R ORI
& AGERIEAR, LSRR I g n & i T2
o fill AR v e ¥ 5 O — ORI T2, T AU RE AR 0 8 AR AR S A Y MR S A 2 TR
&SGR BRL IE OB AR
o Fit [m] YAC LA SUMSE TR v e 1 S O — SR T, T DA (R ACHR) A CTmT AT AR 807 it s SR RO N 38 25 IR — 8
TPRRAR) R AR S A5 H R A AR 2 TR
& MR R RS RO
o TEFTATIG RN, JovRXT I (K A (] A HRRE AR 4, AU R 40 2 DR SR A S ANAZ (07 ™ . I AR B T 2008
RSB RE LRBUL, I NS BBIR AR . R, 3B S R R B (i, 54
JEh AL B RS ) AR B AR S8t I A P
& R R AR AR SR B R A
o FCC AN b s AP ARE S & 2k T2 SIBCERERKL Ve EEaHRT, Tikx
IS FRT R T AR LR v, SR R R CR i — SRV e b BRI, SR SRR S S BB A (i, 4
TR A= BT B, WP ) & O SRR it MR I A 2 Y
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1.8 FEESIER: B RRR K E P 85 R A

B 1.1a 1 B 1.1b SR 7RIS B HI7E 50 ppm (RFEA 30 ppm) A1 10 ppm FIEFFE A (971
o3 S 5 B 2 B S o (R e R

B 1.2a A1 B 1.2b BoR 7RESEIM BT S BARHIAE 50 ppm (BREBVEERD A1 10 ppm FFEIRRA (G701, 7%
B2 B H HE AL AN 52 X H

R Lla (EIERIEVEAER AR 1ab (EPEAIRE) SR 1A 4 Sl f s & Ba il F 2 A CBFE A AR
PRMIZE A BEARTN 3 5 A 45 58 S B0 S o (e AN RS 5 [ R AT T A4 5

A7 10 ppm FEARBRITH BT E ZF A CGERCAR iAREI R RIE) 73508 871 0.7 £50-08 K70 ChED ,
TH0.9 1.1 365> (EIED) , &7t 11 £-1.4 €70 GERIEE) , AT 2.0 €024 K20 (EF) .

HE7FE 10 ppm FHERBRSE B E KT RA GRRARBREIERIRE) 258 84 0.8 FE4-1.1 4 (FE) , &
F 1.7 FE4-22 %0 (FED , 872035527 4 (B fEA 2.5 F£5-3.2 F4 (BRI .

P BT A SR AR BT v B 2 Tl 0 2 2 [ 5 1 ] 5 S 508 5 B B v e 58 24

bR b s B0 2% BRI RO 5 (52301 #4909 2% B Rt ) ALK AR Ay 542 7 BB 0B % [ At B A 4%
MNGSE (8 B TIFRTTAE) WA B S i A i | A B AN A

R Lla M R 1L1b EEIR T OIS 4R/R 5 HEBObRHE BRI BT B ZOR T ATAME I (2T 10 ppm B & R ARHELL
A1) BIRA . ki) AR R TR, TR B B AR 2 HR AL, G 10 ppm BRS B bR AR K ATSEH ]
ﬁ&%ﬁﬂ BR 5 bRiE, BR CVRMELEE A (FERSEEE LT D Sl befd, BLRRIE S & (LO%ERME 2
o !

10 S R PR R ATIRR 5 B

BIN
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B 1.1a: ZTEERFSHORBHR S ETERSAE
e bl

B 1.1b: ETERGERESHRME S ERFERAE MG E
%4317

6 anRTETIR, 287 EAERZ A 50ppm HSLAARAE 30 ppm SHAIRA; E1.1b FE L
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Bl 1.2a: ETERERHESHNERLEMR S EREREGE
%4317t

B 1.2b: ETEREEREASHNEH ST S EREREMSEE
%417

HIOW
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R Lla: A M) RSB & ERERRAEMGRE, #RESHME
4

B[ J5 i 58 74 FF

E1); 3 2 78 B
50 ppm RS E W0ppmHHE  SOoppmHEFE' 10ppmHEEE

ZH

EERESH
ﬁfﬂﬁ‘mmz& (SH T8/ 146 635 874 1,263 313 1,047 1,177 1,177
AN N 98 526 652 1,008 216 812 924 924
R I8 B A 2 48 110 223 255 97 234 254 254
B EW A E2 /)
AP 0.4 0.4 1.1 1.1 1.0 1.0 1.4 1.4
TEHSE ° 0.6 0.6 1.1 3.2 3.2 3.2
X B BR 5 b 7 3 A A
BRI (3501 - 0.1 0.1
RS (EN/T)
EREERESH
ﬁfﬂﬁ‘m}wﬁ (SE 7 3RTT/ 117 480 682 966 255 828 929 929
AN N 69 371 460 711 158 594 675 675
R 8 8 A 2 48 110 223 255 97 234 254 254
BAHEW A E2 /)
AR 0.3 0.3 0.9 0.9 0.8 0.8 1.1 1.1
TEHSE 2 0.5 0.5 0.8 2.5 2.5 2.5
& B BR 5 b 7 3 I A R A
BRI (35T
RS (EN/T)

H:

1. Y53 30 ppm F14E3H 10 ppm
2. BTN SA, A B
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R 1.1b: DA KM HWERRMAR S ERERN RS MERE, BRESHRR
G

[ 75 0 o

50 ppm S & 10 ppm B & & 50 ppm RS & 10 ppm R H &

EERTESH

ﬁfﬂ%‘?ﬂiﬁiﬂi CEREESE 480 1,504 1,701 1,975 443 1,543 1,956 2,660
AU PN 321 1,257 1,383 1,648 286 1,082 1,397 1,688
PRz 8 A ! 159 246 318 327 157 461 559 972
B EW A E2 /)

AP 1.7 1.7 2.4 2.4 0.4 0.4 0.8 0.8
FEHSE ! 2.1 2.1 2.7 0.0 1.3 1.3 22
K BIRK 5 b 43 0 ) B A

BRI (3R - -
RS (EaF) ! 0.3 0.2
EXRFEHRESH

ﬁfﬂﬁ‘mmz& CEREESE 387 1140 1300 1498 353 1204 1518 2131
AZNI D N 228 893 983 1170 196 743 959 1159
PR iE B A ! 159 246 318 327 157 461 559 972
BHEW A E2/F)

AR 1.4 1.4 2.0 2.0 0.3 0.3 0.7 0.7
TEHSE ! 1.6 1.6 2.0 1.0 1.0 1.7
K BIRK 5 b 83 0 i B A

BRI (3R - -
RS (ERF) ! 0.3 0.2
*

g AR, S
8 68T AT R, A E AT, T

V@ o EENBMITE T SEREK 5 ENRAGEANER, URPEESSMAT 60 kPa BESEOEMR A E S

F11 R
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TR PR A AR R T Oy A7 R AR R K 7 S T 98 0 0 Mk e A S AR A= it = R, P U B ) ) 4
P28, il XA [ K (R R Ml 8 SR R BRU IR o b 4 PTG 98 1) B A (L

R R AAG FAR R 4 RIL PR liAs OIS JE T B FEUEE R AN Mg i, BHREEE
B BRIt AN S i A A% AR AL AR H

S MR AR AN S T ORI B0t YR RS AERE T INRRCA (BiE R, WAGIEG) T IH1T 1
B AR I YT A3 55 1480 24 e 3 B A A S, B G BURF IR SR T H R BE X 28 S A K R 52

B 7 E VBB AR AR LT U AE RAR O Tk — P B AT ig
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2.0 ULSF & il 5 4 7= 4]

21 5| &

AAEFE RO T A MR IEA R, KoV 5@ E (ULSF) B4R, JoH BRI (ULSG) FliB{khR
Sy (ULSD) iy r=f 2. A$8FiH HART BEJEAI MathPro A& AEFREEZEZE RS (ICCT) #E, BER
PG R B ARG BT ERARAR VR (ULSG) FLBRARSEHM (ULSD) =Rt N4 5 4 45 & M i 55 — T
YRR

AIRHBAE (D) NPt SAMASRESR, () eIl (ULSG) MIERAISEH (ULSD) /™
R E R BRAS RO ROR I 2R, LK (3D TF (S 7 A 4 SR ke . ARG 1 -

AT FR AT b R AR

5 R FLARR A 5

PRIh ) 2P RIS B 45

PRI A 7= AL SRR SRR R CIBIRIERD IR BAK
el T AEPSEBARE (ULSG) FIHHMKERSEM (ULSD) (R LZ2RA,

*® & & o o

ARTR T E AR B LE RV (ULSG) FUERHR LM (ULSD) AR =6, (H ARG RAE = 5 2 X 425
ARER TS -

2.2 £ VR TR A

A TR A SHE U 80 2R B A ol B S v — AN SRR T SCOGBRE RO FR YT . AR Y R B I IS A A A R, (4
a0 KT BT BT ;A B A vk FH 3 326 A O HE I BRI T R R i MO B I B e s R R e 4
FURLENS, 58D o HREIERDR O B S & AEAZ B0 TR A B — R 5 B 2 SR A R R ok s
BUMGME . R B T2 B2 B B A A LK TR A Dy it e R v i KR FEE M A A

AR AR A R I BN 05 SRR AR AR A T AT TRE SR ik R A SRR AL A
VFZPRHIR P i, B

¢ AR (LPG) ¢ HLER

* R & EVE A

o REL & ALK

o S (AT ATIHO o kbl (TR, MEABEL Tl AR
& SEIhR R A%

¢ W ORI Bl B0 i A0 T

® 241198 ULSF E M AT S E<30ppm BIMAES .
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R b, SRR B e, ORI AN T R
VR MR, R, SHRE ARG B, DR S A FERUS AR (Bl E . AR .

HATE 116 M AL 660 MM EIZE, fERAIA L 8500 J Mkl . & NEl #4 B S &
SR L SR IS E R E M BRI L. il A BC B A M AN VR B R B g T AL s BB ER
SRVTIRAANE . IR IR PR SR CHMA/EGE D) SRR ER . PR AR A DL R e
Py kS R SR 2

JES K R S IR T R T 0 F RORRCELLY, DRI T HARKER S0 R B, KA
DA 1507 B B B JLT AT (0973807 R 0 R e U P G 7 S RIBE U 700 F (K A7 L B
(1, PERESSHOC, KR AL PR RO (6 F IR AT R EL, DR A AR D A0 B DX 7 i 4 7
e

2.3 EFA

FERTHT 2 K T A A s ol RSt R R T o TR, AT AR 1 A el i R AR S, 2B JB TF

2.3.1 JR i By AL 22 B o)
WA Eft o Do 58 RN TR R G RS ST

g JE S R R, HRET S WINE R G . F R 2 H SRR CHRBR R T A U5 7 2
FAEIEYD o Flh A A EERME, MEAbE (RREIZD il (%7 D tR—r%
MR, PARBEMKBLE SR (Flan: 8. W) o BRI S A Wb &R R RS 7 ——CH4 (P )
—HEAZE S0 MEEZ AT (LUREMAEITR) KRR T

AR B T OV BAL 22 R VE A OB T 0 7 h B I 7 8GR, AR TR 7 2 e 22 B AR . B IR
DRI CAE 77 S—— g . XM = —— 45, TR, Wil 2.1 Fras.

A TF ARG SR B R IR By, AR R AR R R A el R B e A e TR PR B R ke i
BELE B I A R A T . TR, TR AV RA LI R R R B E L (C/HD TR
BERER) C/H EE S EE AT i )

JRR . (RO, H CO/H Hostiim . i T R A S B, BRI C/H BB, AR i E AN
AR R A R TR Rl . 2 Ptk ot [RItE, it A 2 1 o0 B FL U A 2 A S R R T R 15 B SR A
BRI RERE, T IZ AR MR AR B K PN 2 R 0

Jaith R R S BT  LE A B DAL S T BRI PR R S A M T T i o A AR e AN R, AT R E SR
M ZETEOE - AN IR B 75 2N R AR Bt AN SR, DU SEL B A7 B0 iy it b 85 4 FR A BT B B KA
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2.3.2 JR I B R

PP E S AR A 7 58 BRI SRk A ALy, BAEARIEIOVE Y . (HA, A TR TR o SR EEAT SRt b
BARMAM: API H/ZE (MR PAD M &,

API° EFE (FF)

JEU % AR R B . B A SR & B0/ > 1 B s, it DR N g I TR . BERURREAN
S CHFRIEERK) o BCERF & A R T RS, Bl mDRR 7 (1) SRE R TARRE, W7
MM E 5 (T FRAK, ANIESZESD , 83 (2 I EAT 6 S HRE ™ i BN 7 1.

ERMAT L, AR RS A API EERR, ZSERAZE (° APD —fFl4n: 35° API. API EE 5%
R b CER: #pilkds, H APT EHE#E) /KA APT HEME N 10°

B 2.2 A T IRIRELR AR, VWAL Y (CEERETRBRRIAILE M) 2H 5 AN EE I B AR R B R AT
HAAERFE U (35° APD AT JFE (25° APD MIiE. ZEHERE T RIS E ZO X 8= 528 17 15 75 5K

=

B 22 BREMMERMOLYEER>™E

100% -

80% III

60% :i;w

40% Ot H 7
O&E

20%

0%

BEERMW EREMW F= i
KR EFFREVR S A A (2010 4F)
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MY L J5 5 o ) BB 1 R R L SR R, O L E R vk BB B AR R R TR i R
RIPIAE . SR R SRR R Y, (1D MR e RS A5/ — 2, 5 R S K P 0 B 5 i e A R 57 i
PR (2) JEMBREE, AUbR G 200 2 LR AL RE T R A 7 45 5 72 i i

B & &
E S P T A 0TS e, R I R

¢ BRI RS B BB (1) Rt B e o R A R UM A S BB AR R I C o
B, () FEURMTREEM, D (3) SEAEAhHRERAAY), IAMA T, GRS 2B AR 1%
T2 i o

¢ EHEIT RS REEPRAAE ERAY, el TEAEREA IS Y. REAY R 55
HEBCI I A5 e A R S

Rt Mo 6 20 B RE M JE AR D TR h S BR e, BRI BIPT VG, AT BRI LA RS . R AR e
rer, I RR BRI R R R, A OR AR

JECHN R ) A R Bl B I B A 0 8 (wi%) SREEF 0% (ppmw) Ron. EMATL S, RS &
ANTEME [FI: 0.5wt% (5,000 ppmw) 1 IFFONTERE M (REREMD , W& &e T REN OV Gs
D o KZHCEBIE M S EIEEN 1.0 - 2.0 wt%, (HH—L8 55 F M I & E>4wt%.

XPTAE— B, BRI T BE BB DT B AT K. PRIk, JORL IR0 75 0 R AL TR 20 O B 2 B e T OB A
SR R AREL R B B AR, T VOB R S R AL 2 R S TR R LR B S . L,
B A A B 2H 2 TR & B o T R N B AL RS

R API® EHE AR & B0 JF i 24T 2 &

R 2.1 BoR 7R A RO TR APT BRI & AT 0 RN T R B S AR AP TR
AR & BT AT 5 S A FRR T EARTE RSV

R 22 90 TS By b B — e RO, JRRR Y TR Y AP EE /B > 4
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£21:. EWEXR

i 1 ¥E
JE ik 55 2%
EE (c API) a}ﬁ (Wt.%)

BR LR 35-60 0-0.5
BREHR 35-60 >0.5
B R 1 4 S 26-35 0-1.1
B R 2 R 26-35 >1.1
4 10-26 0-1.1
BER &R 10-26 >1.1

22 —HEIFEMM APIEENRSE

i
HE C

APD R (wt.%)

A0 46 e IR IH /eS| 40.0 0.5

6 228 N o 4 JE 3 %H HIEIE 39.8 03

(GEVR(SF:k=Yo i R VO REBT B AR SR BIREH 38.1 1.1

KR R I SHES| 33.0 0.1
R S

BrZHHOREM Je H e 29.5 0.2

(GEVR(ZEZY5 il AP VOUE BT Fiz A 5 I S 34.0 1.9

LB 03B B R e 30.9 25

LR R H O R B 20.1 0.7

4 3% B 5% JE BT B 252 09

BEREH O R JEJRZ /R 25.0 14
s, - E)}ﬁé\ JIL

O FEE R O R 75 5 21.3 3.4

HKYR: MathPro 22 7] 4K 45 5 K il i 1

2.3.3 J& I 5 = A ) & 5 2
FHEMBEE T FEER

Hrt T TR R ST 2 APL B REANAR S R KA BRI X AR A S E IO L, et DO TR B AR . B
BEAL. B, BERERHER, SREmSCS TSR ECEEZE T E. 29K, T AP HEHEZIEEZE
TR ORI, BT RIR A RARBRENT it LA 58 [ AR H HUR o I = & 3 hn . H AT BORE AR SEAUR, 11
APL HPEERATIT ET1) o ~PIBE B IR/ DUBR K 3y, (HAR R HAEGR, FEE TS B IREAR, ZE%
ARk m R, RJEERE R L.
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AT ULBHIX R, R 2.3 RIE API HEAR S ESH T 2008 4 (SZFr) 12030 4F (T 553 X (1) Ji
MR R, B 2.3 S 7 M 2008 5] 2030 4535 APL BRI S & W R i 2k

£23: XEHEMESKREWRFHYRE:
2010 £ (5E2BR) A1 2030 &£ (FHM)D

2008 &£ (=ZfR) 2030 & (HI)D

HE (° APD m (wt.%) HE (° APD wm (wt.%)

| S 29.9 1.22 28.8 1.31
VS 24.6 1.51 23.5 1.42
K B 37.3 0.40 37.7 0.40
MR 34.1 1.11 35.4 0.98
WK 35.2 0.16 35.8 0.16
PR 33.8 1.72 33.6 1.81
e[ 36.4 0.29 37.4 0.26

R ) 32.9 1.12 32.9 1.20

K WRFREIR AR o #T (2011 )

A 2.3 EFREFEWMBEEES (2010-2030)
(—) ° API. (—) B [wt%]

K WRFREIR AR M (2011 )

®19 W
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Common Name|Carbon No.| Temp. (°F)
— > Light gases C1toC4 <60 LPG
» | SRnaphthas | C5t0C9 | 60-175 |:> |:> Gasoline, petrochemicals
_— SR naphthas | C5to C10 | 175 --350 Gasoline, jet fuel
—_—> SRkerosene | C10to C16| 350 -- 500 Jet fuel, kerosene
Crude oil
>
» | SRdistillates | C14to C20; 500 - 625 Diesel fuel, heating oil
_— SRgasoils |C20to C50; 500 -- 850 Lubricating oil, waxes
— » | SRgasoils |C20toC70|625 - 1050 |:> |:| |:> Fuel oil
L » Residual oil >C70 >1050 Bunker fuel, asphalt
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B, DLKPEIR FCC i CREAFIRLEHE NV M S B IR T Z /70D & & .

AEPHRBR I BRI LT FCC Hot A e a3 E (FCC Ak nE B &) » M T %Kk FCC
A1 I Ry BB, FCC A2 FCC AR i — b B SRl B TR kL .

& RPN E AL TR B L BRI R B TR IR B e B R JERHE A 4 DA S AR R B SR T B, ART A K
st R B R R (— LB L R IB AT 5 77 A e M Be A R AR KD .
SELE

Khr L, A EEI BRSNS YRIRE Y. 0B T2 RN X S BN 2R 22 5, s —F
WA 0 S5 AL 7 185 RSP R B 2 T O ) B

AR RE AN DETZ, MR RIREZREAT 8, 2@ SRR (R RD MR R Rk
RO REY . AEECEYOATRIER, ZIEE MR MR FIEH T2, RMPoC (M) Rl WL
o

IR RICESRIMA K E NG, R0 SRSV TR RKINA WG . Bk, ) 20 oo, s i 240
T BRI BERE A 2R FB )

7T — B (L TS RETH 2485 1ppm BOFRIREE .
Boitn: SEMRMNERBLES, BUESE—MRZESHEHNSIE.
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IR S —AE B T, AR EDERRE PSR 25, ZRRRESW IR ERLE?.
AR Fo LR ST 57 B R B, PR M MG A B P AR P ) T B R EL R I (2.4.2 1) h BRIt
TIERACEY) . WK AR AT R FIRN RS R EERAEE

N TREMSC R #AE

P BV Z BA A RS REM &R T Z 870, AL T AR O EEm. WEs » A5
T A B SNKHTHERC ;I8 — 08 iR EE T 2R M3 R

T E ) SRR B B4

A R

i [ AR T2 B
BRI AL BN 43 5

JE AR AL

IS AV AT s

R A PR 2R

® & & O o o

INERA BN AL R B R LA KRB WLk, Hl & 7R CEEEmmT B R&1RY 45%)
i EE A A R A R AL . ORI SRR SR R R T A U T B e A R D S T
KA AL . R ITH R TORAE A BOAERAME, EHREMLE S st, LR ZHRm 4 —
Bt , T IR SORIAE A A P N R AN A BB R ) B I P PR

Hrit | EM FT R ZE PO AN/ B i T E AL, R ARt R M R E R R, RN TZA I s gl
RSN ARl SRl CRIRAD - BAVERZRIR: o3 —Se Rl B AT A= Bl & FT AR R i el 4
FRIREE CRIRSD « HAI/ERZRIR . I 7 8 R SR 28 1 7 AR P Bt Ak LB 7= o R LB 7 M) PR S S R R AR
s A VR BV I ORE, DU R B RCR BEAT A AR SR B A

7= B R

ANESRIT KRN B R RC B A T, RS IR RN T R e A, DA R LR R Y RS R, D
AW BRAS AR P R AT 5 P 38 B A M R URE A v P F3 b R it o B8 AR R AE LD 20 e BRI (R8s P 45 M
WA SR (BB R SRR SRS DUAMERRHE (BInEkeE. MRD .

M IR PR E R 2 AN SR, B (1D Bl A2 oA 2 2 0 BeR i B — IR AL 0 R AR A — A
LB, BIARH . BB SEMRE oK, (20 R BIRAL MR RE S F A 1T AR 72 2 FF S L AT
AR 1) i DR DG AR T, LS (3D AR S /N SR MR 1 it 45 TR DA 7 i O A IS T RERERE I B T AN 2 i I LA o i
W, MR 6 - 10 AR IERHR GV SRIIREHEZ) 4 - 6 MZIREURHIR 51 .

OB RE R R N BRI T b, B3 RGN B REURA I FIREAT TR AR & .
FEL AT CHTIR G RE R SRR = AT A 78 ) ESE I MB IRRFE . TH SRS MBI 2 BRI TS, DL R
7 FRAR A T 7 7 b R A A IR RS o HLA ™ BB TR IE R D B SR A
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2.5 ULSF 4 /= ) 5 A JR

AT BRI T FE AR B #5ALFah) H ULSG A1 ULSD A 7= 1 DU /> 38

L AR F=VRMOR S i RS TR I MR 0 T A5 R SRR 32 e, DRI &
2. ZEf% ULSG Ml ULSD i i M)~ T8

3. NFF& ULSG F1 ULSD Al FH A it | 1ig 42

4. 51F4 ULSF FRifEAR K 1R oA

2.5.1 IR SR i 35 R RORH I 3 Bk i
R B R E R
SN A — B I CRAB LA B A AL T X ) o S, R SR

REFF Rl A BT IR R . T NS AR R R — AL R ERE TR, (R
.

R 2.9 S T EFE R BRER, Rl TR SR ER A RS R A (EERERD T
Fl o

R 2.9: MRS IR E R LR 4 AR 40 B0 4 1
BB 3 B

BIRERH (Vol%) FpiE [ RVP FER E:S I J22

RON MON (ppm) (psi) (vol%) (vol%) (vol%)
JE 22 1 LA v Y 5--10 71 70 ~120 12 - -
L ALY 0--10 82 80 1 13 - -
T .
ﬁﬁ TR S S PR 5--10 94 92 <10 3 . -
R 20-30 97 88 <4 5 60 5
. 500-
FCC 3 fisi 30--35 92 80 5 25 1 30
1500
L= Y- FEAGES A i v 0--5 88 80 ~500 19 0.5 0.5 50
=3 4 ISy
pua%&ﬂ’]ﬁﬂm 5--15 78 76 <4 11 2 2
H
WA RN, 0--5 73 71 ~150 13 3 1 1
I 3E MTBE 0--15 118 102 <5 8 = =
N 0--10 123 103 <5 18 . =
TR 92 82 10-1000  8-13 20-40 1-4 10-20
H
HTFs*%) .
B RIR 97 87 1--1000 8-13 20-40 1-4 10-20

MBS RVP 557 8 DAL R AR BLE ARl | B AN R T AN o RVP AEAF 2= AN o

#£34 ]
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£ 2.9 L TIRZBIREEIRE, RO EAAR R E B T Fh B o — SR EoRHm &, oo SR 5 A
FCC A A =ix L= G I ool T2 A& . filn, REELK, FCC A rIo & & KL A =X Fl FCC A
v 3 B R JEC R S B 17100 L, A BN 2wt% (20,000 ppm) FJE AT A RS RSB AN 0.2wt% (2000
ppm) [ FCC A v .

2 RO EE XS R MBS, BRET O AR EE R A0 — P TORBGRERE IO B . BARR UL, 45 OB S R
A A ) SSRGS W I AR EE

FEEHIBR AN T2 00, BT FCC A i bl & B AE VUM A AL 7y AT BT o B R AR B 4, FCC A i 27
TR A EORUR, 29 R B 90%.. AR A T ok AT LR A i U HL AR A KT SRR

A, ULSG 477 ER%T FCC A kAT ks AR (CEE il InE A ) o EREE M) J, ULSG 4=

TR AL A A 3R AT BB . B A AR OB B AR AE, ULSG A7 3 BEROGS BL AR A i e MRAL T AR AT It
it o

5¢ i B 1R R R

SNSRI AR — BT S S (CEERE AR SR, BRGSO b A Y AR X ) o
FAM SR =B AR A B RER [HST7, S WERAEYSEmA (—EF ) tsm ] K$
BY). ARG —FE, T RS S #2 h ) — AR RS R, (BRI AR,

R 210 FIH 7R E WA SIS IR, JFEy I T RER SR IR R T B 1 TR R ) S RV

R 2.10: FR#ESEH B TR IR A B B A FR 43 B0 A e
S0 5 5

(Vol%) B 77E R

(ppm) NWAY YN (vol%) thE
i JERCRT 25--33 3000 45 19 0.82
JE 22 1
ERE 31--35 7000 53 21 0.85
FCC B AHF 15--21 12500 22 80 0.93
_ AL IR 8--10 32000 33 40 0.89
BALETT i
AL KT
Y 7--15 100 45 20 0.86
HF&%) SR R R 15-10000 40-50 20-45 82-.87
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AREA B BR R RV L HAZ (RIS R R — ) IR LR (4 (B ok T St unh ot A P A 8

AHTHT—#F, 25 BRAVE R B X “ IR PIBRERT, BRSNS AR LE R 2t — 0 Tl R M Bt . Bk, 45
AR S BB S P B Y BT T Ui R SRR

FERRPERIIN T 20T, FCC AAG¥A 2 S AL 7 S A h B8 B oK B — oK. AL SRR ) (FEVR L AL R
Jorb) FUE R I R H AR B AR

ULSD A7 SR VA MR 247 (S R JSORL I A7 7 R B (L@ A3
2 40 BT O RF R 1R H

2.9 f12.10 FH:

& BRI T T ZMRE TZHARMAMGEARFIZOR, AP BB SR R

¢ HH T Z——FCC. MERMMEM——4 TR M S 3R R EVFZ Bl b, Realig FCC #ot
e VIR R 2L S5 R 5 o R A0 ZEL 5 S R 0 R B A 4 70 R U

¢ FCC FIAEAL A IR AL A S AN AN S AT 20 5 SR CRES 2 P A AN L& SR i i) 32 KR

B, 427 ULSG A1 ULSD F) 2 AT 55 5t 42 i) e A T 20 A 7 BV AN S35 VR ORI 25 & C SR ELTRIE Jr A
Y EE SR R .

2.5.2 J#% /& ULSG #1 ULSD Wa#E¥ R EHl T2

ffH S BONTT IS T2 m g, el n] DL B T i R A2 72 i & &K & <Sppm [ ULSG Al
ULSD. #

HRTBR B BOR VF 2 ZRAR R I LR E . ISR PERON H A DU At 3 75 B R B 4% 1 ULSG A1
ULSD #rfEmiIF & 1. B H AT 1R, AT 7870 1S RO SR 255 MR REMAI A 21k

& 2.11 4 i 7B T#55 ULSF b p 32 256 T2

2 oh, EERARTBRIERIRES X LRRR LT UL <10 ppm KT S BHHREIRLERIFZHR.
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£ 2.11: AFBEBRRE (ULSF) KEHTE

eI DL 7= 5 o
mEB A, =R v v
FCC HERHIn & b 38 hb 3 PR v v
FCC 7 B In & &b 38 hb 38 i 4754 v
oAt R o 4 Ak 2 Kb i 42 1 v
1 P I S A qb 3 4% 1 v

F 211 IFHFZRAE R TR T 2,

¢ BB XET 20— R 29T ULSF PRk & e b2k, sehr BEFTA IR, ULSF =4
T, JFHRZHHFLT, RETZRUKIZHEK.
RETZMRTR “HERREEMR” 85, e AR, RN TikEm fFaBiTmmbete, A
MYEFFLE

¢ PR XL TZN R R H K8 R SRR S (OB R, AT IR AR B R R
SR BRI AR B R FCC bR NS A BB L Ik FCC #AE (4.2 9% [MESEBA— B . X
e T ZA BT fF & ULSF brifE, (HIFAR BN, —MIEW T, (A XL T ZA 2 BV ULSF.
RET MR EEGE RPN B8, IR Bt ™ G SCHL MR SRR 22 5 At 2 DU R4 N
R TR IR . LSRR A — LA at A, IR BRAGIEH], (HRXK A A A B JLF- A 2 OGS R e T
WA,

ULSF A7 Al IR 1R 7S AR IO BE, R REVRAEN . BRIPIC, Ao s S A 47 55 75 T AFE 7oK

PRI e (LAR A B ATLLE DUR 5 NSk Bl: (1D S R Bl « a7 e, DL (2)
PRI Bk, S0 SR AR BR BE D0 A R AR AT SR A AR HE R R AT, KBHUBOLT, WA
SRBABGIN,  ADRENTF G B W AR T SR AT TR, R AR A 2 IR AR

2.5.3 NFFE 5 TR BB An dEXT SR T BT A K
KAE B, B =MigEE T, DA . 5 A% b 2R 7 ULSF 8¢ ULSF.
& AREHIMmEINEE “FER” TZE8I6, Relgé T ULSG B FCC £l n&E A2 . ULSD FIiH H ¥ hn &b
B, PAK FCC BRI a3 (Al gEthE&siR)
& NEEHY RIE LERorEHae /s Bk
o NUHIE LEHIT, DMEIHT R R . O

OHBESRAT/IMERNES: (1) BEFIIREEER, (i) BSSRE, i) BERNEPRESE
i, AR (iv) BRAEBEMHIENLT.

®I7H
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TEATEENE I T, A2 ULSF ()35 S5 P BRI B IR 12 T RS2 S Rg R AL A . RRE AR # R I+ sl 1
R Y TG QN 91 N /P AN T T QN a Bt R e ¥ o= P Y W8 B IS £ '3 L S it o [ X | N )
BAEIFESE .

PRI REAS R ) #S R AR, BT CLAREANRI ) AT REHAT ARy 1 T G 42

ULSG 4=

F 2.9 XKW, BAGRMB S BEHE GRIEIT) X FCC Ak, SNy GREEHEAERI D A1 E A G
BEAT AR -

¢ FCC iy AV b a0 2 EokIE, A& MBCE N FCC A a4 P25 &b a] DL AR 2 <10ppm. XL 5]
PALB T BN A FCC A i AR & & PR AR >97%, FFREAEF“ii & 2K % 10ppm [ FCC Al . TEFEALIRM
i, R T 20 Bt 2 AT &R 2 10ppm FIVR IS AR bw v

& LB R IR S A IR FE AR T TR AR PR R A, BEE FCC A i i A AL FE R B A iR (T EEBIRENA
D BRI IS A PR B AT AR HAEE R EEED

& BEA kA FRImARM R IG, RG] ARG, MESRMWAERIT (242 TSR —F 5 in T
T2 Flimi. &0, WwHRALE, BEMAMMmATEER GIE) Ina A L 8 b e .

A BB — T 03— MAKER 75, TSRS E R WA LI ERE SRR T JLPEnnE 24
BAER) FCC #ERH AR E . X R ITSCHUL R E LR FCC #ERBRT, 15 FCC A7 N A /5 2 ik — 2P iR
CBI: A FCC A B ) el ikt | B A A 2L & AT 1R 7™ 4% B Am v

ULSD 4=

R 2.10 KW, FRARSEM FBL S B R EEXT LUT P B Z M SRR S IR BB HEAT AR BRI AN S . A2 3R il
CREERAR R i D FRAeas i i, DAL (HC& AL s M i D N 2 Ae i i .

HH KA R S B IR IR X A, AR S A S R N S A P B R AT IR . B AR S AR Y S
i & AR AE W S e ORI/ B SGIE B RGN A B B, T B g T 2 B A R AR RE M L R R
iR

U REARERT R R FARME. ET IR R TN AN AT BEMNERT, RAKRE
HAREFWAKAIT. X0, ENTHERZEKNERMEOFIRMS, RARTERMTSEDERTESEH £~
ULSF.
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R FCC A AL EE A GEE KRR FCC AEF= A5 30  Fi & &, (H 00 S8 BN 5948 i S AL #E g
H1, KIRIETEAS T CART G 5 A B SRR A B bR T

2.5.4 %4 ULSF IR HERI 25 2%
BHER

WARR T LT G ER ULSF ArifE, T AEBRTPrE 0T goa1E, BT HA st B R, gkl o
AR NTHR, TR, Ml B,

JCH I 4 ULSF A7 B R B 45—
Hi 1 o A

DR SRS M BRSO BRI AR NS R B B R R A, (1) ST BT
TERENI SRVt B AR R AR AL, DL CiiD BRI BE RIS AT A

FEW BB R & Fh T2, SUEFER IR T Ml s SR A5 A S R DB R . R 202 SR A
KRILZHAFAEN AZIKT

£212: A ULSF TLEHEHEEERTHEMRY

mE &tk FEE 1200 - 2500
FCC 3R & ab # AbFR FEER 800 - 2000
FCC iy in & Ak 22 b3 i 45 1 50 - 200
Ho A v n & 40 2R Kb ¥R it 42 il 25 - 100
T H i & b 2 Ab 3 B gz il 250 - 1000

& GRANT SRS KT R B A

IMEAL T2 a2 i — ﬂﬁ%b%,ﬁmm?Tﬁéﬁim(@ﬂ%%ﬁ%%)%%ﬁ%ﬂ%ﬁﬁﬂ%%&%
FUAMRRIEI RN SR . P2 BBUREUN, LS 1% 8, E 2B ISR S T oK

LSHENUSHE (Bbl) BMEKAYALAEMESSERY (Sch) K&, RBEESENRI, K2 20,000 FREIHERNS
LF 1 BRI,
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& GRS BRI 3 b E BT 7 BB

FCC A& A ik Eid e &y LB 2.0 o ke s T 58 RM, L, Xt maEEaon, =2
Bt AR R B o At ) S e (B0 3 B MG, DRI R M AT (LR AR BRI RRBE ) 2 B&AK FCC A i it ) < e
FCC I i S AL FLAE AL R TH 2 o T IRBRIRAEAT, (HRTeiE e RR. B, FCC A S AL P43 i
LRI L] Vao BB (0 BE R 0 Z0UAT AR L RIS AT A, Sl R BN T e (EZRE R 17 R IR
ho

AT =W A E H T ULSG M ULSD; i )5 — i R i& A T ULSG.

e, WRET . BRI ULSFE A A 5 I il RS AR 2 37 00 B b o AR 2 10 B b v 1) — AN eR B0, i, AR A2l 2
10ppm FUFRAE, R SFTFRAEA 500ppm, LIEZE 10ppm A& EFRUE A 2 ST AR UEN S0ppm 2614 F il E =
10ppm A ifE I ROAS 2 15

BE3E A CO, HE

BEARIR A B S BRR  CHnyil SEIRRE. RARIEL BB & B/ 5 —E R ReRe, M SBU& CO, #
BCREHE . Rl S AUEREREIR, T (1D A HOINE SN T ZA B, () ZFERmEmT T E M, B
FEIRAMBCBR TS A R P AR, DLK (3) 2 /R4t B AR A A B SR A O T AR R L, DA IR AMBURR 51 RS ) 3 b
RS R PG IOREE I IR A THABERANE QWK KRR TR AR BN L ERRBE M i 24877 (1F 8%
ol i) 2R B BRI SRR ) o B ROBR AL S BRI TR CO, HEG. (AN, &
HEAE CO NI . )

AR A —FE, W RHTH. BE™H ) ULSFE ARvERIMINBEFERT CO, HETC MR 52 5 R BR A 1 A 5 A B4R VHE FF) bR
o pln, WARRTARAED 500ppm, N E 10ppm  BiAR HEAH < Y BN AE R EORAT CO, HETSCE M T Bl AR
50ppm ZAF T A RERZOR A CO, SR .

SR REFERBORT D1 A SR EE Y T oS TAE PR R AR I BOINRERENR L . B 2005 £E IR A4,
LARFAAIC, SRR RIRERES B T FE T4 10%. BRI BEFER0 T a3 7E 2006 424 T, B 2010 1k,
BEMG IR FTREFE AN 2006 SRR ETF T RZ) 5%, IX AR RE 2 58 ORI/ M X T 2006 68 St FRO B R B3 it
SR CE2BO MAGHRER S & (ULSD) FrifERIgs R,
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3.0  ULSF A= & T2 R ARRFE

AFIRER 7 A bt | LP R b B2 A = 2 B B ) T ARAE, X = MRS T 208 FCC A ik n &
RRFE, oAb A ik R S A R DA R PR A B o RV 25 FE BA A ep i AR OB A, X = A T ZX T ULSF A7
Ryt N HIE .

W% 4.2 FTPE, WAIKT ULSF A= 52 M0 MR T Hl | #AE 20 i) (LP) B, JRUBRiR &4 2 %
PR T2V BRAE, WA FTRM =R T2, X T 20w B RAE BRI GBS LP SR oAb
AEED WRE TR ULSF A MR B B R T 70 o AR B 2 BN BT R T3 L2 R s 58
AR HIZRE TZHER RS E, BRI 475,

AR T A e b B R R R o ) TERAL, BARTTIAE T 1) T Y B ) B AR S B KCE
Cil) FA T2 AT BRI R ET, LK (Hi) BiE T 2452 1 O B VR S 40l f S R P

— i S, B L ZRERERE (A e AR BT AR SE) BRI K SE DA R N B
BRI . SR, BB AR S IR T T e A N R ST B T

R, A5 RTR M =R RAE AR TESH00E, £#ICNEGM TEMK. FHMERE. X =485 T A8 5
RBR (0.5 wt%) , FER (1.5 wt%) FIEfs (2.5 wt%) JEM S Fh &5 .

R RIX =FRAL, BATE BB, PR Em A . R)5, BRATEE =M TZ EF T2 8
TG, B BRI A SR AR IR 2, LA AE & TR A A B A SRR (R R D o X
TR T ZMBMAYIBUR (R, &6, Ml B i T ZRALIR [ — 410 W iZ T Z Pl A S8 (s
HAER. EKRE) .

ATFER PRI TERMAMMER T (1) i T ZREHRESHIRBIEL L L (1D ZESHS5mA
i E AR IR, IR TR AN BRI R T SERR ) TR A iR R R 2

R 3.0 WA T FCC A it & A PR 30 R SR AE
R 3.2 MEIR T E R ke B R e At A it ) AN S Ak B S R AE
R 3.3 MR 7R N AL B 2K R AL

AR AR T2 M BT IR

& i B LP AERVE] L E4E 40 Mk LRI R T ERAE.

RSP M NSRRI ERETEELIEASN, BAXERTEEATHEERA, 1, HPTSHEEEHMBENIEHN
8.
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3.1 FCC A fwi & b #

WnEE 2 F Pk, FCC A i i 2 e A AR B S A et ) A6 7 BV TR B 0 2 2R IR . BRI, AE7= ULSG M|
TR ZHH) FCC FITBL A FCC AN NS B B, AR FCC Al b R HR 2 OB . (EIRFERAL CERAL) I
T, FCC A 0 e 2 Ak T 2 B 20 th A B AR AL 25 4 i

FkE FCC A M nE AL B T 278 2 R e v s fE N EE, X BUR TR FCC A i & & DL R E/F 5
ULSG FibritE. £ 3.1 WM EH T 2508 FCC Al CREA SR AR BREYZ S0ppm A4
10ppm. J& [ —F R IE % 2 LLAFE 30ppm () ULSG, 7 7 At HoAth 75 i 35 1R JERL3EA T AR

WERPTA, X T IR BRI BT S, AT ZHEIESECEZ IR T JEE FCC Ak M & & (DL RS

)

FCC Al in & AL B 8 e i M S0 FE R 2 D KD, VEEIZ0709 70 - 220 scf/Bbl, T IR Bk T304 O 35 5 DA K 7 #)

i kb B

WE 2 ATk, FCC A NS 2 5 80— | E k> (BB A 50ppm A1 10ppm B 73518 £ 180 243
el ) Ekeib &l T FCC A i ke in & B B T A i .

3.2 CHARD A B AR

ME 2.4 TR, FrAECE A E R BTl # A Ak B R OT, DA R R R A P
<lppm, CLERIEAISMET . KA DIRE I BRI B AT R AR ERER SR, A i 5 5 ot A Tt
i (1) A Rocbel CREMAND DRI REAHELG, Dok (i) HABTE R 3k — 23T b s At
RFERAE (R B AL TS ™ R RO BRARAE D) Bk b)) iR A st . 2 R,
A e T 2 B 0 4 2> DA EE RS AR R S RO B

R 3.2 MR TRAR GRS R R A, T Ros RS AT . FrniX
S0 S ) A T ek T 43R A 2 M B T B A B

S L AR BV B A AR (An<10ppm RIBRAEZR) ATEE LT B AT A Rl SR E R (FCC A fidit A
FD 328 2 o ek P B b

¥ ERnNaENSMERESARS, Uk (EFELgm ) ELEARSH, MEZLARHF/KER FCC ARH.
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3.3 T8 W AL 2R

FFCC A IS AL B — 4%, (RIS A T 2AE 2 R vh P20 B2 N AR, T B T S5 Hh P Jo A R
B FEMGH ULSD fibrdi. R 3.3 KRN OEH T 2008 H 3R R CEMMEBY IR i £
50ppm £ 10ppm (ZBR>99%MI%) -

WA 2 WPTA, AR A AW IS AT AT AR AE R ULSD #5 EO0 T 3 2 40 S R B TR DR EAT T A, 60
. EES. BEELY. B (B FCC SRtk D USSR QRIEHARI ) o fER&
INEZACE BRI, T BB O I AR — By (ILEE 2 797D o AR, B — LR RO T
INEZACY) B AT REIE 5 2Bk — 2P AR -

ULSD =t AR ES BRI E XY R ONEZMLE B PIERAN) , SRS A8 Y in S AL B 2%
B AT B, XA ULSG A5 A E .

PR A ULSD LA il ith B 2E 7 ULSG ™18 2 (BRIMA R D o 18 WA A & 2Kk TR
WY EBRS R ShAh, YIRS T E RS WA S T EATRTR, X[ REA ST
AL .

TN E AL E TR A VEFEE L FCC A Min & b 3# 2 5, a2 300-600 scf/Bbl, iy ix Bk T 2E R B o 1
B BASFRENE S, WERT TR &, RS R S R R S F RS, Wk 3.3 T
B, XETHRETINIE, E I E N

RN AR BHE T BHIMRA PNA.
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R 3.1: FCC A iy i 28 B R ER IR

4184y FCC A i
HH 2 FCC A7 v
B AR i
HBASHTEHE
=, 72% NITE=R
B K P ppm 900 2000 2500
B /AKF: 50 ppm
SHFE SCF/Bbl 75 100 120
B RS AEAET
i AL Foeb/Bbl 0.0003 0.0006 0.0008
£ Bbl/Bbl 0.0036 0.0039 0.0032
EERHRAR Bbl/Bbl 0 0 0
FE R 1 1.5 1.6
AR TREHEFE
Rk Foeb/Bbl 0.0056 0.0056 0.0056
/) Kwh/Bbl 0.5 0.5 0.5
IR Lbs/Bbl 0 0 0
BT A $/Bbl 0.18 0.25 0.28

H#rBiAKF: 10 ppm

SIHFE SCF/Bbl 150 200 220
BRREET
LA Foeb/Bbl 0.0003 0.0007 0.0008
£ Bbl/Bbl 0.0063 0.0065 0.0066
EERHRAR Bbl/Bbl 0 0 0
Fh iR R 2.1 2.7 2.8
AR TREHEFE
WREL Foeb/Bbl 0.0059 0.0059 0.0059
=z} Kwh/Bbl 0.52 0.52 0.52
IR Lbs/Bbl 0 0 0
BT A $/Bbl 0.35 0.41 0.47
-9 3
W H &K
HRE SR
HEEREE
PR A EER
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® 3.2 AR ERFLERT
LSR Akl (C5-185%)
RARIR
BeA )
HBSR IR NEFE FERPNE
AR
HR A i (185°-250°)
T A (250°-3507)

HUSHEHE
2 5 e
RKEBRIESH LR Y A I o

=
B K P ppm 225 275 450
B8 AKF: 1ppm
SHFE SCF/Bbl 30 45 115
B RS AEAET
i A Foeb/Bbl 0.00007 0.0001 0.00025
£ Bbl/Bbl 0.00055 0.00118 0.00366
FERIRR Bbl/Bbl 0 0 0
AR TEHEFE
PR Foeb/Bbl 0.0093 0.0094 0.0097
il Kwh/Bbl 1.4 1.5 1.8
IR Lbs/Bbl 213 21.8 23.9
BAT A $/Bbl 0.05 0.05 0.05
Pt 93
WERRER--
HERE R
HEG RS E
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% 3.3: YRR B E RS

B RIE R
LA
HiREEY
FCC B2{§¥ i (LCO)
B EEY
SRR
e s -
B K P ppm 3950 10700 18100
B /AKF: 50 ppm
SHFE SCF/Bbl 210 380 585
BEAEES
ITRAAE= Foeb/Bbl 0.0015 0.0042 0.0071
En( Bbl/Bbl 0.0031 0.0044 0.006
FEEIRR Bbl/Bbl 0.014 0.015 0.018
75 b 38 0 2.6 3.6 4.8
75 'R D Vol% 22 2.9 3.7
AHTEHE
AR Foeb/Bbl 0.0061 0.0056 0.005
) Kwh/Bbl 1.7 2.1 2.6
IR Lbs/Bbl 8.5 9.5 11.0
BAT B A $/Bbl 0.051 0.069 0.091
H#sBiAKF: 10 ppm
SHFE SCF/Bbl 240 415 630
BREAEES
ITRAAE= Foeb/Bbl 0.0016 0.0043 0.0071
En( Bbl/Bbl 0.0034 0.0047 0.0064
FEEIRR Bbl/Bbl 0.016 0.017 0.020
75 38 0 3.1 4.2 5.5
75 'R D Vol% 2.6 3.2 4.1
AHTEHE
AR Foeb/Bbl 0.0059 0.0054 0.0049
) Kwh/Bbl 1.8 2.2 2.7
IR Lbs/Bbl 8.5 9.5 11.0
BAT B A $/Bbl 0.045 0.045 0.045
A B
WrEREE-
b SR R
HEFEREE
AL PNA S E
FRRETEER
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4.0 2 Fhbx #E B ULSF 4 7= B AR PEAR B9 90 B 5 7%

AT IR A el | B IS AT AR 7%, H T
¢ EERFA BCIM EE S FEARAERMEK 5 FrifE (. FEE. K UUHTFRMY fEhE UH T4
WY D B ULSG A1 ULSD; LK

¢ 7fEhE, HZ ULSG K RVP 47 60kPa.
NET G CRIE, AR ULSG. ULSD PA K ULSF MY & RIRIARE, &8 &4 NFE R 5 brdE ekl .

RIRRIRIEW Je:

NS JiE I8

2. MBI

3. SR A

4. PR RE

5. FEBATHRU IS AL

6. FEMEEASEBEANRE S Bk
7+ FBIEIIEK S bR

4.1 R HT 3R AR B
ST XA BRI B 5

& ST EFR A A 2015 4.

¢ EEZKM ULSD EZARAE (1) RAFESLHifbedE, JEH (i) &M TERAT MR, 11 H R EE & E:
MR ATIE , WA FEETE PR S o R S b v A V6K 55 A F 5 e AR R 8 15 4% A58 FH (0 Al

¢ 1E 60kPa MR ENH T HZE, PR 6 MH.

¢ BCIM EZIA A HBIER M TR Ot TEHEAR, 2147 ULSF, LA EibsiE L&
HoAb K 5 bRt CPER) RVP $ 6] LT R T S

¢ BCIM HE X FHRM FEA il |y & IrdEE 47 ULSF, 1fih 7 e H 2K E il 2 bR i O
Ko HTHRI R g TR TR O T A R S TR St AR A, BRI S AT RIE

& RIS N T AR R AR R T R b A v T P S AR S T 5 BT 1 SR e A

¢ HAREMEEA BCIM E R 1 JFEHRIERAKIR S 2010 F—80 CAIRESHRIE H bR E0 CLR0 4 K A i B S5 11t 5
AT RED

¢ ROHNFRR T Bl A, REm WRI T 2 5 4 P Bt 1 TC 16 AR

¢ ROHTBCEFRIBIIMA SR A R (R . Y

VRABPNERTESHERE (LMBREN, SEMNE HE 55%) AHERE WLRMERNHETLE , m
BB TAHARETER.
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4.2 BT BT

23 PHA Tl # 0] ULSG Al ULSD i & & (1 L2880 . TR LARF & 58 b R Bt A v A HL A R
RV RAER S T2 13— A, ¥ RE (RS 7268, il @ Bo b7 8 % &l & e
(Y] ULSF AR #ERRA SR FE 1 LSRR R i il A ARl R 1) T2 2. A SCrh, SRR A /2 % IE AT
BAS CARRENR S AL A 25 ) R A B HI A AT o A1 70 BT A RE 1 251 1 SR 2% B R il A7 M 7 e 1
M BARZ G2 R R

MR 2 1) P e A BR AR AN DU AL ith | 3 4 2 2R ok (0 SR A AR 5 )32 32 S I T R At R A P R ) (R B
Wi ) B i B e A R B R 2 PR (LP) B, S RSO R IF HTEE 75 30, BEX T 34 B AR A AT i)
B RS IR A AR AESR BE T SCBL CRTAT KD M) (BB 8O RN ik . LP @R VEH B3 7 HE Mk
B KR MR PR DU s, RO EAT 28I 2 RS AR SRR AT N T AL DA A
FEER R, ICEBIR U A BB AL RS A . LP BUSE AR FIZ U M P 20, MmTEAT BERL, R
AFRAE I BF A o AT DA oAt T H RV P kit )i TRE, (B R e ATIeik R 45 J= m K 0 # R P
bR s E T %, MRRte 2 BT ORI R EIsE 7 BT HR E .

LRI ™ Bz A B @A SOR T SRICEOR M 5F il AU et ARG JpRAS ) il iR 7 58 o R
J R LP AR AR X 25 ek i) T 2R AT LA R 2 18] (A B AT PR 1 TRE A R AL HE . E A 20 48 50 4R
LISk, PL G — ELZ MR BT M AL — ST K B P AT R A 7 I BOR - 5F T I A i d . IX s
TERFEBRIA . SRR DL R BB R -

PR )40t O R DA R TR LP AR S e PRI AR SRR 2 1 ) A VP A B I LP 3 A8 735 BE i I 1 3
e TRV AIER TR A LP @R SCHRp Rl ) A T2 B Mt JoH-2 Al TRt GERD
BB, IXTE R T I E Y AR SR AR AT, SRR E o BURHLRG G 38 [ RS OR A
f(&ﬁmﬁ)&ﬁﬁ%ﬁ@ﬁiy@ﬁ%ﬁ%&ﬁﬂﬁ%ﬁ%ﬁﬁ%ﬂ%%ﬂﬁﬁ(m%ﬁ%ﬂ¢%%)

AW T AR B B T BRI E R ) LP B Ml A R S8 (AspenTech’ s PIMS™ £ 4,
Hi Hart BB A RIAFVE) FdEAT. PIMSME & BRPRMAT A2 A /s Hart REJR A 7] ok A T 2 Fh il i
B, BRENE RS E R B AT R T R SR ) R

FAVEEH PIMS 63 AN KE P — AR, 0 k) B, AR AR BCIM B b R AT ke — T &5, Bk
)RR R — AR R, MR, B S AR SR IO FIRFAE AR ). IR AR R R 3 R
JRA CREMEA. Rk B - KN URihBRe ) UAALE . g3l 4L — MUk | AR
AN T ARE AP EION R, AR B T AT 2 SR AR A A, B AR TER T2 RE i 2. LR
J RIS CL 2 BT T SR R B R R, A3 [ R AR IR I .

BEAS BRI R B B 32 BRI LA A RORRAL, AR s T Z LU 2 MEE 3 T b Tk AR

f 42 i) T2 A HORRAL CEIES T RAS IR B 2, MRS DX AR R R AT ) o ARl ksl ) 7R 8
LG E BAR R E, R B R B SRR BT AUy )7 BB DR 3 DA R R T 42 ) ) 4% D 2 BT ) B A8 2R

o (PIE AW &R L2 AR il v i B8 A

Fdi ) @A M 48 =B B

¥ 2 REERBRIPE LT 2 5B HRRRIEH N EE M.
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B
B, B B R A 2010 FRETE L. BRHP RN LR (T ERAAMANRE. F
[P R AT DR S 75 B AT R A, DU R SR A A R g 58 5 H 30 AR T 0 3 I 1) 7 i i ) 7K T 0 A5 1
EmEt (BERSE) .

¢ ZREBERONT

Lt R HE R BRI ] TOT A S IR s ——Z AR B0 25 2 HAREER ED 2015 4, ARG = & it 75 7l A i
BETEEO, EURA 2010 RG-SR, Hl RS E B IR EOE N 2010 FRIERERA L 7 A
RE, JFARAEIE 2 S AT R U T2 e b A7 4 . w9 B A A\ SR VRN R 90% A =6, B
FEF A A= R N2 2 BN R (BUFBCR MRS58 BOREMT . AR i A2 7 8 13 T UM A 7= i 1
OF 22NN RELIR KRS o P REMUE N 2010 77/, JFRAS M ORMIIY 2.

A R T R B R R R Ui R B IN (A1>20% 1) 2010 4577 RE>50,000 A/, BN Rk R A
FEAE R E L,

S F RGN, FERER S R KT O TARRUGR R R SRR S (FERERESE) - PEmiEA U
f (2010) fisHlbe

¢ FRBERDHT

AUt b, AL T MR SRRV AN SE I (2015 AE) RARISAT T, XV R S A B R
fun & B () o (AN, AT BT TAGRER 5 b A SEMIRRHE P RIS B, B8 T 4.7.2 S
WELK R 412 MIZR 4.13 HPRIEC S bRk D FATRYF LPG. i) R AR SR A2 7 A2 4k, DASR AL 5 Mol
]I TR R

AT S 45 LH I DR T SR TSI RILE BOBR P AT R (BRAS BRI T7iE——44 0 TR il 1)
MLERITA S, 7 @Ia ooA/eT A o0, CLSEOUSE ™% s l, FFEiH S A S B R AE
AT RRAS o RRAUBE R SR A 1) A 1R 7 S B SRR AR DG IR R BE oM, g AR O T ina A 2D At
PO S, ARG RE Rk AR Bk

XHREA B SRR )T A4S 2015 BEFUIE SR A R (ARdE) SHIRMY 2015 SR HETE 5t 2 8] (1 bt
PR T S BB E B & B AR I BB BOR L Al BT 2 DAL AT AR o FRATIACE B A8 B A AR AR AR K97 AT
MBS RS 1 DA S AN B A . AT I e 45 7 [ X DA B FR 8 sCR B K

4.3 A B oK BRE 1 o) A R

ATyt BB X R T 58 5 5 th R A E G 2He 3R 4.1 B 4.4 FoR TR E AR
J7, AR T (D BAMRERAN S, () AN REASF R ER LR S, R (3) AL
SR AR S AR/ R B X 7o B85 T VR BRI IR AR i L2 RE AR OL AL AR AR H

® 49 W



3 3% 2 ULSF B8 R A& 540

20124 10 H

Notional Refinery Group

Group A: Large Export

Group B: High Distillate Conversion

Group C: Small Sweet
Group D: Medium Conversion

Transition Year Capacity

Cadereyta Refinery
Madero Refinery
Minatitlan Refinery
Salamanca Refinery
Salina Cruz Refinery
Tula Hidalgo Refinery

Transition Year Capacity

Notional Refinery Group Count

Group A: Conversion
Group B: Coking
Group C: Small Simple

Transition Year Capacity

288 K B/d)
- e JRHTEE KB
Bl Gm A e 7En P

AW REHH wnERL
B4A: REHH wo MEAR
CH: HXeEl wingd® ik
DA: ¥ wo ik

HEFETREE

R 41: HFEEDEM HE

o O B~ OO Ww

Total
1520
1120
98.6
976.3

1234

Average
506.7
186.7

24.7
162.7

154.2

42 BUEEFEMEMWM BEE

Notional Refinery Gro Count
- Total

_ A A A A

0

275
143
340
240
330
315

Average
275
143
340
240
330
315

R 43: EFEEDHEWM HE

5
6
4
2

Total
588
1399

67

395

Average
117.5
233.2

16.7

197.5

R 44 FEEDGRH EE

14
6

14
16
50

26

3090
870
2140
2350
2250

2900

Low S
4%
14%

100%
19%

40%

Low S

1%

Low S
49%
40%
45%

High S
96%
86%

81%
60%

High S
100%
100%
100%
99%
100%
100%

High S
51%
60%
55%

100%

] 22

220.7 45% 55%
145 32% 68%
152.8 55% 45%
146.9 72% 28%
45 70% 30%
111.5 40% 60%
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KR, ARG LS RENT AR B MR BE R T BAE 2 (), T Sl #E e JEE 0T 18] (R HE£F 2010 4 AT
PRt b HAREE 2015 SF 2[NS . Wt il BB ORI MRl R e B d i | e et
IR BRI T 2015 4R B 57 FR )

oA e AR I PR AR R P RE G 2 — A 3, AR BCIML [ S0 Il 7 i PO 1R 9 5 SR R8N, 7 EEAH N
SN RE RS IR SORAT 1SN A AT SE R AR v . RV RO T A R SR R
BT O T B ] AT O AR R T B R AR T Rk

AT FE R L AR B R R A A B T R E M N LB, AR [ SR, FERIEACPR, KR RE BN AR
BT PN B PGS o BR 7RI N TR RSN, B 2012 S Al T ED S B N 100 754/
R IHT AL B ) o IR IR BE NS B RFEE R 2015 4, B AHAEMT B IEE, AR AR T R
25 R IX — H 7 7 BE AN\ B BRILAE P RE 2

FEAR M, BATRTCMEGE , By I B4 7 RE 3 BEARINAE DY 2015 SR8 /e, B8 R LA 2010 £4F
NFEAEFARE . (BPIRIIERIA RE 58 22 N

SRk ORI 7 RENS B K7 RE R K HRERAE Rl | @ ] 121 2 A1) 2 R2 MR FU A 55 b 20 A 1R S B
BB B e GBS AE T AT S5 B ME AT A A 1) 7 B

SR ORI 03 T H ANkl ) @ B S AR R R ) RS, (1) BEARRURTRRE, (i)
FE LB A IS & BRAEAIE I 26AF T, 2015 S22 BT gt n] LA X & Rl RE /s, (HilD) X E -8 n ik
JHIBE 71 R BE AL 2010 FEHAT I BARE, RIAE— L8300 H R Wit a4 Ja A4 ot S MR o SEHEP e h B9
WLy 7 RE AR, 45 MORH T B Gt (0 T 1 BB A AT AR BRI -

R LA T H N AR T AT b i 4 18 2 7 A R A 45 B8 R A DAl o SR ) ik o (3t 75 - i P 1) . AT VR R
BRI AN S 7RG, X R B & 5 EMERT H R0 2 18] i BTG — 3, (HIXAR AT RER (645
AT Pt Fe v-Ja 18 w0 B E (R ] o B 45 SR 5 B AT T R e v ) (1 EEL P R 58 G =T R ok A 2 A 5 R AN — 2

PRI, A o3 AR S I A B 7 e M A D9 B ME IR 7 RE A — N RAZ AR 23, A S LR )R AL . G BB
VR, BRI MR ER G RS R B RS AE T RE, SR T 2010 SR R B ARG DL 2010 SRS 2 1 K
H = He CBUE 7 A EE ) o KRR S5 45 SRV B T HE SR 47 Ml 7™ RE A 122 [ R R MR 75 SR B AR I
TR TS AR A AT BRAS . R i I 4 T H (0 RSO TR P 45 10 45 RO J 1 I BR300 H B e R o R 1 T
JA . AN, IR R AE AR T R CA R AT IR BT R CE bRvE, AEXRME LR, ZEVEAS A
RHFEL S = 1A I H & SO IS B A . AR 2D IR R R E B U S GR T I I RE 1K
D, SERLX S RRAE 1 B I A LA B AR ER AN A

ATPENFEARERRBIAT L ($2 2010 5 MU AT H 5% B HUE REHG R B2 KT s 1A R 5T 0
BRI RREORABAT A . MR TR—#F, BATEFEIZEELTE. PEMEERNE . S0
RO IE - RE, PSR P AR B R I

FEAE KA R ) SR SRR G A ) A T B SRR N ZOR . Al AR L K TR 5 2
JEU R AR RE o IR R 7 BE Y R ST BRI AN R SRATIUM #E 1 ER s AR RERUE I TR AR &5
PP RAEAKCTIR b FAR BR E SGE RERFAL G R I
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Bl &

India refinery expansions will add 1.29 million b/d of capacity between 2010 and 2015 while
demand will increase 0.54 million b/d (Table 5.2, Section 5). Of this total capacity expansion, the
0.06 million barrels per day at the IOC Panipat refinery was included in the existing baseline
capacity, with the remainder included in transitional capacity. India demand will increase by 0.55
million barrels per day over this period (Table 5.2, Section 5); this additional product volume was
supplied by the transitional capacity. The notional refinery models specified the incremental
demand as minimum production volumes; additional production of LPG, gasoline, diesel fuel and
heavy fuel were allowed, as driven by world market prices. Crude oil input consisted of 40% low
sulfur and 60% high sulfur, consistent with marginal export volumes expected to be available.

Note that in the case of India, surplus capacity already exists and a portion of existing capacity is
focused on the export market. The transitional capacity serves to increase the capacity surplus.
The transitional model determined an average cost for producing ULSF in these facilities, whether
exported or used indigenously, as the cost of ULSF supply from another incremental product
source. Costs from the existing indigenous refinery sources of supply (the four refinery groups
identified in Table 4.1) were determined independent of the transitional capacity. Costs were
calculated and reported for all groups, but no competitive analysis was conducted to assess
potential shifts in supply sources.

The notional refinery capacity, average capacity and crude type for India are included in Table 4.1

=8 74 FF

No transition capacity was represented for Mexico, because only one expansion/upgrading project
is scheduled. The 0.07 million barrel expansion and coker addition in Minatitlan refinery was
included in the baseline model.

Er

Brazilian refinery expansions will add 0.40 million b/d of capacity by 2015 while demand will
increase 0.48 million b/d (Table 5.18, Section 5). Biofuel expansion will add 0.20 million b/d of
product. Transitional refinery production was specified to cover incremental demand (less biofuel
supply) with surplus production used to back out diesel imports. Overall, the net capacity
expansion, plus biofuels will roughly balance net product demand requirements and current diesel
imports. Incremental crude oil will come from existing and new Brazilian production as well as
heavy Venezuelan crude. The crude will be 100% high sulfur. However, a large portion of the crude
is Brazilian crude, which is borderline high sulfur, not significantly above 0.5wt% sulfur.

The notional refinery capacity, average capacity and crude type for Brazil are included in Table 4.3

T E

F] 2015 45, HEGRM R N 290 JIAR/R, TSRS 250 JiE/K (R 5.25, 5D . Hart
] B M v &R IR 25 55 A &) (WRFES) RRAE it | B A A= e R A4 At 1 A R F 15 L 7 . Hart 4
Fra B H AT AR P ReIG K S ) e RR R A, DA AT AR UG o PR R S AN e
iR RN E NS 40%KHR AT 60% ik, 5 TR R R i g R

Hh [ BT RO e P R DL R SR SR 4.4,
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4.4 BHH T 225 RS

B2 ROR 7RI S TR TR S R A 4 T R DA R RE R S £ R SRR AN R A
E

AT CLD R 7R AR OC TR AT AR B B P AR R B, AR (i) R ARSI
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& BEIEEY IR T o
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R 4.6 Fon AT E KA B R A X RECR & FRIUE . B E S TN AE AN R 1 557 vh 22
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5.1.1 = R

India has been one of the fastest growing economies in the Asia-Pacific region after China. The
country has achieved an economic growth rate of 8.3%"® and further targets 9 to 10% growth rate
for the next Five Year Plan.

Demand for refined products in India has grown by an average of 5.3% per year during the past
five years. Energy demand in the transportation sector is particularly high as a result of the rapid
growth in the number of vehicles. Demand for gasoline and on-road diesel increased by nearly 10%
annually between 2005 and 2010, and is projected by Hart Energy to continue expanding at 5.1%
per year over the next five years.

Indian refiners have aggressively expanded refining capacity to keep pace with domestic demand
and to meet the growing demands of the international export market. Capacity has expanded by
1.5 million b/d since 2005 (more than 65%) and an additional 1.3 million b/d of capacity is
expected to be commissioned by 2015.

India’s crude oil production falls far short of domestic refining requirements; more than 80% of the
crude processed at Indian refineries is imported, primarily from Middle Eastern and African
countries. During 2010, India imported about 3 million b/d of crude. With limited prospects for
increasing domestic crude production and burgeoning demand, crude oil imports are only expected
to grow further.

46 \World Bank and CIA Factbook data
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Refined product demand in India for 2010 was 3.40 million b/d, making it the third largest
consuming country in Asia after Japan and China. Middle distillate (diesel and other distillate fuels,
including heating oil) constituted 37% of demand (Figure 5.1). Within the distillate category, on-
road diesel has 51% share. Together gasoline and on-road diesel accounted for 29% of Indian
refined product demand.

Figure 5.1: India Product Demand Composition (2010)

Source: Hart Energy WRFS data

Table 5.1 shows estimated supply and demand for refined petroleum products in 2010. The
domestic product demand was 3.4 million b/d versus production (refinery plus non-refinery
components - NGL streams and biofuel) of 4.02 million b/d. The net product exports were
790,000 b/d (India imported 135,000 b/d of petroleum products and exported almost seven times
this volume: 925,000 b/d). At present, regardless of its huge surplus of refining capacity, India still
imports some refined products to meet domestic demand as private sector refineries export their
products to international markets. Export refineries have capability to produce gasoline and diesel
to U.S. EPA and Euro V standards. Indian export product is shipped to numerous world markets
and in 2010 included 80,000 b/d Euro V diesel to Europe and 50,000 b/d gasoline to the U.S. (30
ppm sulphur).
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Table 5.1: India Product Supply and Demand in 2010

(thousand b/d)
| o o | e | s
LPG 192 100 80 372
Naphtha 330 (140) 290
Gasoline 580 (255) 15 340
Jet Kerosene 470 (60) 410
Diesel 1610 (360) 1250
Fuel Oil 577 (110) 390
Other 256 35 350

Source: Compiled by Hart Energy (2011)

Growth in refined product demand in India will continue to be robust. Table 5.2 shows the
expected growth between 2010 and 2015.

Table 5.2: India Product Demand Growth, 2010 to 2015

(thousand b/d)
LPG 372 452 4.0%
Naphtha 290 250 -3.0%
Gasoline 340 455 6.0%
Jet Kerosene 410 428 0.8%
Diesel 1250 1568 4.6%
Fuel Oil 390 413 1.2%
Other 350 386 2.0%

Source: Compiled by Hart Energy (2011)

India has a mandatory program of 5 vol% ethanol blending in select states but compliance has not
been achieved owing to lack of biofuels. India is also considering a major biodiesel program
because of its large diesel fuel demand. However, currently biodiesel is not available, even for 5%
blending. In the future jatropha plantations may lead in providing oil feedstock for biodiesel

production.

51.3 PRBL & A%

Fuel quality standards for gasoline and diesel in India are developed through the Auto Fuel Policy
per the Essential Commodities Act 1955. Vehicle emission standards are established per the
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Environment Protection Act and classified under the Bureau of Indian Standards (BIS)*’. They
are implemented by the Ministry of Petroleum & Natural Gas, with assistance from oil companies.
To align with the regional efforts towards fuel quality, standards are modelled after the EU
specifications, implemented in so-called Bharat stage (BS) emission standards. India has set two
separate fuel quality specifications; one for nationwide implementation and the other currently for
20 selected cities including Delhi (the national capital region), Mumbai, Kolkata, Chennai,
Bangalore, Hyderabad, Pune, Surat, Ahmedabad, Kanpur, Agra, Solapur and Lucknow. The
specifications for the 20 cities are one step ahead of the rest of the country to help curtail air
pollution problems in these areas.

For gasoline, India has required 150 ppm maximum sulfur (BS III) content nationwide and 50 ppm
(BS 1V) for select cities since April 2010, although the national implementation was carried out in
September 2010. Similarly, for diesel India has a 350 ppm sulfur (BS III) limit nationwide and 50
ppm (BS IV) for select cities. Currently, Hart Energy estimates that 17% of the total diesel and
27% of total gasoline consumption in the country is of BS-IV grades (50 ppm sulfur). The select
specifications for gasoline and diesel fuel in India are given in Table 5.3 and Table 5.4,
respectively.

Table 5.3: Current Select Gasoline Specifications India

Octane
Country Sulfur Aromatics Benzene RVP() at 37.8°C(kPa) (RON, min)

(ppm, max) (vol%, max) (vol%, max) min-max Regular Premium
Urban Areas( 50 35 1.0 60 91 95
Nationwide 150 42 1.0 60 91 95

Notes:
(MRVP requirements may vary by season, region within country and type of blend (ethanol).
(@India's Bharat IV standard currently applies to 20 cities; Bharat Il standard applies to the rest of the country

Source: Hart Energy International Fuel Quality Center

Table 5.4: Current Select Diesel Specifications India

Sulfur Density at 15°C
Country Fuel Type (ppm, max) (kg/m3, max)
Urban Areas() On-Road 50 46 845
Nationwide() On-Road 350 46 845
Note:

(0 India’s Bharat IV standard currently applies to 20 cities; Bharat Il standard applies to the rest of the country.

Source: Hart Energy International Fuel Quality Center

The Ministry of Petroleum & Natural Gas plans to introduce BS-IV gasoline and diesel in 50 more
cities. The cities will be identified on the basis of ambient air quality, vehicle population and logistic
arrangements. Implementation will be conducted in phases and is expected to be carried out by
2015.

7 www.apcivilsupplies.gov.in/Annl-Ess-Comm:Act.htm and www.envfor.nic.in/legis/envl.htm
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Indian crude oil production has remained relatively flat through most of the decade but is expected
to continue an upward trend over the next decade. Crude oil production is expected to reach
900,000 b/d by 2020. India’s crude oil production is predominately light and sweet, with specific
gravity ranging between 32° to 38° API and sulfur content below 0.5 wt%.

More than 60% of imported crude oil originates from Middle Eastern countries, primarily Saudi
Arabia, Iran, and Kuwait. Imported crudes largely have a high sulfur content characteristic of
Middle East blends, in contrast to the light and low-sulfur domestic crude. The total crude slate
(domestic and imported) consists of nearly 70% high sulfur crude.

5.1.5 BN PR E S

India currently has 21 refineries: 18 in the public sector and three in the private sector. The public
sector refineries are mainly owned by Indian Qil Corporation Ltd. (IOCL), Bharat Petroleum
Corporation Ltd. (BPCL), Hindustan Petroleum Corporation Ltd. (HPCL), Chennai Petroleum
Corporation Ltd. (CPCL), Mangalore Refinery and Petrochemical Ltd. (MRPL), and Numaligarh
Refinery Limited (NRL). The private sector refineries are owned by Reliance Industries Limited
(RIL) and Essar Oil Limited (EOL).

Table 5.5 shows the location, ownership, and capacities of the Indian refineries.
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Table 5.5: Oil Refineries in India

Capacit

I0CL Bongaigaon, Assam 47,000
10CL Barauni, Bihar 120,000
I0CL Digboi, Assam 11,700
I0CL Gawahati, Assam 19,920
10CL Haldia, West Bengal 150,000
I0CL Kovyali, Gujarat 274,000
I0CL Mathura, Uttar Pradesh 156,000
10CL Panipat, Haryana 240,000
HPCL Mahul, Mumbai, Maharashtra 132,000
HPCL Visakhapatnam (Vizag), Andhra Pradesh 164,250
BPCL Mahul, Bombay, Maharashtra 240,000
BPCL Ambalamugal, Kerala 190,000
NRL Numaligarh, Guwahati, Assam 60,000
BORL Bina, Sagar, Madhya Pradesh 120493
CPCL Manali, Tamilnadu 190,000
CPCL Cauvery Basin, Nagapattnam, Tamilnadu 20,000
MRPL Mangalore, Karnataka 180,000
ONGC Tatipaka, Andhra Pradesh 1,300
RIL Jamnagar, Gujarat 660,000
RIL Jamnagar, Gujarat 580,000
EOL Vadinar, Jamnagar 280,000

Source: Compiled by Hart Energy (2011)

India is unique in breadth of its refinery complexity and configuration, inasmuch as it is home to
one of the oldest refineries (Digboi, established in 1901) and also home to the new, state-of-the-
art Reliance Jamnagar refining complex.

During 2010, refining capacity in the country reached 3.7 million b/d. Capacity utilization for
Indian refineries was more than 100% during 2010. The surge in refined product demand in Indian
markets, especially for middle distillate, has consumed most of the surplus public sector refining
capacity. Currently planned expansions will increase refining capacity by about 1.3 million b/d.

The Indian notional refinery groupings have been defined in terms of refinery capacity and
configuration and product orientation. The aggregations shown in Table 5.6 also classify some of
the refinery groups according to location and crude oil quality. Crude and downstream capacities
for the four groups are provided in Table 5.6. The notional refinery groups are defined as follows:
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Group A: Modern Complex Export Refineries

Group A consists of the large export oriented refineries of India. The aggregation has been defined
on the basis of the crude capacity level, state-of-the-art downstream refining configuration, and
superior product slate. All located in the western portion of India, these refineries produce high
yields of light refined products and petrochemicals, the majority of which are exported. These
refineries are highly competitive owing to the advantages of operational costs, economies of scale,
advanced technology and operational synergies.

The Group A export refineries have state-of-the-art downstream facilities including fluid catalytic
cracking (FCC), catalytic reforming (CR), delayed coking (DC) and alkylation units. The high
proportion of coking and other conversion capacity allows for near zero production of fuel oil.

As well, the Group A refineries process a wide range of heavy and sour crudes, including high acid
crude, to produce high value products. These refineries have been designed to produce Euro IV and
Euro V grades of gasoline and diesel and other products like LPG, naphtha, light diesel oil, jet fuel
and kerosene. As a result, these refineries are expected to incur lower capital expenditures for Euro
V standards than most other Indian refineries or refineries in other countries.

Group B: High Distillate Yield Conversion Refineries

Group B includes refineries with high distillate yield conversion capacity. These refineries have been
grouped on the basis of their cracking capacity (both catalytic cracking and hydrocracking),
hydroprocessing, and reforming capacity. Located in the north, north east and western portion of
the country, these refineries run a mix of low sulfur and high sulfur crudes, with the exception of
the Numaligarh refinery that runs 100% sweet crude.

Most of these refineries are producing Euro III and Euro IV grade (Euro III constituting the higher
share) equivalent gasoline and diesel.

Group C: Small Sweet Crude Refineries

Group C includes the smaller refineries running on sweet crude. Three of them are located in north
east India and run indigenous sweet crude. The fourth is located in the southern part of India and
also processes sweet indigenous crude.

The fuel (gasoline and diesel) produced in these refineries meets Euro III equivalent specifications.
All of them except the Cauvery Basin refinery have delayed cokers for residue upgrading. These
refineries are basic in configuration with no vacuum distillation or catalytic cracking units, although
some of them have some hydroprocessing and reforming capacity.

Group D: Other Conversion Refineries

Group D includes the remaining refineries which are generally moderate complexity conversion
refineries running a mix of high and low sulfur crudes. Four of them are in the southern part of
India; the other two are in north and west of India. Only one has a delayed coker. Five have FCC
capacity with no hydrocracking and the remaining refinery has hydrocracking capacity with no FCC.

Most of these refineries are producing Euro 3 or Euro 4 grade equivalent gasoline and diesel,
though some in 2010 still produced fuel meeting BS II and BS III specifications.
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Table 5.7 provides a breakdown of crude input for each of the four notional refinery groups. The
table also shows aggregate crude oil gravity and sulfur for each notional refinery group. Group A
refineries process the highest portion of high sulfur crudes and a relatively high volume of the very
high sulfur and low gravity crude. The average gravity and sulfur of crude processed by Group A
refineries is 32 °API and 1.66 wt% sulfur. Groups B and D refineries process a mix of high and low
sulfur crude with an average gravity and sulfur around 34 °API and 1 wt% sulfur. Group C
refineries run 100% sweet crude with specific gravity 35.5 °API and 0.15 wt% sulfur.

Table 5.8 provides the refined product output for the notional refineries. Group B, C, and D
refineries produce low yields of gasoline consistent with low levels of reforming and other light oil
processing capacity, and the relatively low level of demand for gasoline in India. Group A refineries
produce higher gasoline yields and high light product yields, focusing more on the export market.
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Table 5.6: Refinery Aggregation for Indian Refineries: b/d

- Light Oil Processing Conversion Hydroprocessing
Company Location Crude c . . .
5 5/C6 Alkylation . Other Catalytic Hydro- Middle Heavy
Reforming Isomerization Polymerization Coking Thermal Cracking | cracking Distillate | Gas Oil

GROUP A - Modern Export Refineries

RIL Jamnagar 580,000 305000 85,000 85,000 160,000 200000 111000 24000 70000 180,000 220,000

RIL Jamnagar 660,000 300000 74000 124,700 130,000 74000 180,000 80,000

EOL Vadinar, Jamnagar 280,000 144000 21,000 40000 65000 11500 32000 105500

GROUP B- High Distillate Yield Conversion Refineries

BPCL Mahul, Bombay 240000 39000 5,503 50,000 65,000 31,000

BPCL E'\:s":’r‘n"garh* 60,000 24000 2,000 8400 20,000 11,000 22,000 29,000 20,000

locL EZ':;Z e 150,000 27000 5,300 3,500 9,600 14000 24000 5300 47,000

locL Koyali, Gujarat 274000 98000 8300 36000 19500 20000 24,000 8300 72,000

locL '\P"ra;g:;ﬁ = 166,000 47000 12,800 10,000 18000 30000 24,000 13000 72,000

locL Panipat 240000 62000 12,000 25000 6500 13400 32600 12000 94000

GROUP C - Small Sweet Crude Refineries

I0CL Bongaigaon Assam 47,000 3,500 13,000 3,500

CPCL Cauvery Basin 20,000

locL Digboi, Assam 11,700 1,800 3400 6,600

locL Gawahati, Assam 19,920 1,000 6,000 12,500

GROUP D - Other Conversion Refineries

HPCL VSR 164,250 20580 32,900 47,104
(Vizag)

cPCL Madras 190000 66866 2138 20,000 2138 27722

HPCL Mahul, Mumbai 132000 63420 20,000 37,000

locL Barauni, Bihar 120000 23,700 13,000 10,000 29,000 48,000

BPCL NG 190,000 80,000 4,599 19000 27,000 5013 49932
Ambalamugal

MRPL Mangalore 180000 100000 19,000 24,000 41,000 20000 60,000

Source: Compiled by Hart Energy (2011)
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Table 5.7: India Notional Refinery Crude Input

(thousand b/d)
Group A High [(;rs(:;:lztlz Yield Group C Group D
Crude Source Modern Export \ Small Sweet Crude | Other Conversion | Sum Total
Refineries Conyersllon Refineries Refineries
Refineries
Total LS Domestic 43 387 101 219 750
Malaysia 7 46
Nigeria 121 0 100
Angola 66 42
Other Low Sulf. Imports 2 54
Total Low Sulf. Imports 66 172 0 200 438
Saudi Arabia 360 125 88
Iran 282 54 173
Kuwait 66 197 55
Iraq 41 157 88
UAE 146 45 64
Venezuela 180
Kazakstan 15 22
Other High Sulf. Imports 342 38 137
Total High Sulf. Imports 1,417 631 627 2,675
Total Crude Processed 1,526 1,190 101 1,046 3,863
Avg. API Gravity 32.0 34.2 35.5 34.6 33.5
Avg. wt% Sulfur 1.66 1.15 0.15 1.10 1.31

Source: Compiled by Hart Energy (2011)

Table 5.8: India Notional Refinery Product Output

(thousand b/d)
Group A Group B Group C Group D
Modern Export High Distillate Yield Small Sweet Crude | Other Conversion
Refineries Conversion Refineries Refineries Refineries
LPG 73 65 3 51 192
Naphtha 77 123 7 123 330
Gasoline 368 107 12 92 580
Jet Fuel/Kerosene 191 152 7 120 470
Diesell Distillate 666 477 49 417 1610
Residual fuel 98 199 15 206 577
Other 101 100 10 46 257
Total Output 1578 1223 103 1055 3959

Source: Compiled by Hart Energy (2011)
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Mexico has enjoyed moderate economic growth; GDP grew about 4% per year between 2003 and
2007. While Mexico suffered from the global contraction in 2008-09, GDP growth for 2009-10 was
4.2%. Demand for refined products in Mexico has grown modestly (0.7% annually) over the past
decade, with a decline in heavy fuel oil demand offsetting stronger growth for transportation fuels.
Growth is expected to be higher (1.8% annually) over the next 5 years, as the decline in heavy
fuel oil demand moderates. The entire petroleum sector value chain in Mexico is managed by
Pemex, the state-owned company covering exploration, extraction, transportation, and marketing
of crude oil and natural gas. Mexico has world-class refineries but capacity has not kept pace with
demand and refined product imports have increased over the past 5 years. Mexico has six
refineries, all operated by Pemex.

5.2.2 == I B B £ B AT 78 Sk

Refined product demand in Mexico for 2010 was 1.87 million b/d. Middle distillate constituted 21%
of demand (Figure 5.2). Within the distillate category, on-road diesel’s share is 66%. Together
gasoline and on-road diesel accounted for 57% of Mexican product demand.

Figure 5.2: Mexico Product Demand Composition (2010)

Source: Hart Energy WRFS data

Table 5.9 shows estimated supply and demand for refined petroleum products in 2010. The
product demand was 1.87 million b/d vs. production (refinery plus non-refinery components — NGL
streams and biofuel) of 1.22 million b/d. The net product imports were 422.000 b/d. At present,
the country imports nearly half of the transportation fuels needed to meet domestic demand and
exports roughly one-third of its fuel oil production to international markets.
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Table 5.9: Mexico Product Supply and Demand in 2010

(thousand b/d)
oo | e

LPG 25 78 185 288
Naphtha 16 (16) 0

Gasoline 424 341 37 802
Jet Kerosene 52 3 55
Diesel 284 107 391
Fuel Oil 322 (111) 211
Other 99 20 119

Source: Compiled by Hart Energy (2011)

Growth in refined product demand in Mexico will continue to be modest, with demand growth for
transportation fuel about twice that of other products (Table 5.10). Mexican demand is expected
to remain oriented towards gasoline in the near term, with some shift toward diesel in the future.
Reliance on imports is expected to grow, driven by the return to more robust economic growth and
fixed domestic product prices that are below international market levels. The new refinery
mentioned above will not have an impact before 2016. The demand for the target year shown in
Table 5.10 is used as input for the refinery modeling analysis.

Table 5.10: Mexico Product Demand Growth, 2010 to 2015

(thousand b/d)
LPG 288 306 1.2%
Naphtha 0 0 0.0%
Gasoline 802 907 2.5%
Jet Kerosene 55 58 0.9%
Diesel 391 440 2.4%
Fuel Oil 211 200 -1.0%
Other 119 126 1.2%

Source: Compiled by Hart Energy (2011)

Mexico is also looking to implement ethanol blends. Initially, E10 was proposed nationwide, but
implementation seems unlikely. The government is now focusing on E6 in Mexico City, Guadalajara
and Monterrey. The goal is to implement E6 by 2012, which should still be a challenge because
domestic production remains insufficient. Ethanol use will not have a large impact on overall
product supply as it will simply back out the MTBE currently being used.
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Mexico is one of Latin America’s leading countries in the effort toward implementation of cleaner
fuels. Since the late 1980s Pemex has made significant efforts to improve fuel quality by phasing
out lead, adding oxygenates and reducing overall sulfur levels in diesel and gasoline.

Current specifications focus mainly on reducing sulfur in gasoline and diesel in line with
specifications in effect in the U.S. and Canada. Maximum sulfur limits for gasoline and diesel were
set at 300 ppm and 500 ppm, respectively, with a timeline to reduce national levels to 30 ppm and
15 ppm by 2009. Nationwide availability of 30 ppm sulfur in Premium gasoline was achieved at the
end of 2006, and availability of 15 ppm diesel in northern Border States was achieved by June
2007. Figure 5.3 shows low sulfur fuel availability in the country, as of November 2010 and
Tables 5.11 and 5.12 show current gasoline and diesel standards.

Figure 5.3: Low Sulfur Fuel Availability in Mexico

Source: Pemex, November 2010

Mexico City, Monterrey and Guadalajara are the three biggest metropolitan areas in Mexico and all
suffer from significant levels of air pollution. The addition of oxygenates is mandatory in these
cities. Distribution of reformulated gasoline, with reduced sulfur, aromatics, olefins and benzene
levels, was initiated in 1997. There are two grades of gasoline in the market: Magna (regular) and
Premium. Benzene and aromatics limits are set for gasoline sold in Mexico City, Monterrey and
Guadalajara that are different from those required for gasoline sold in the rest of the country.
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Table 5.11: Current Select Gasoline Specifications for Mexico

Olefins, RVP @ 7.8°C RVP @ 37.8 °C
vol%, (100°F), kPa, (100°F), kPa,
max min max

Sulfur, Benzene, Aromatics,

ppm, max vol%, max vol%, max

Magna (Mexico

City, Guadalajara 80 (™ 1 354 12.506) 45 () 54 (11)
& Monterrey) Report
Magna (rest of 500 @ 3 Report Report 54 610 79 (12
Mexico)
Premium 95 80 (M 20 354 15 ) 54 9)(10) 69 O)13)
Notes:
m NOM-086 also stipulates a limit for the average sulfur content of 30ppm.
@ 300 ppm average, sulfur limit was supposed to be reduced to a maximum of 80 ppm with a 30 ppm average in Jan. 2009
but Pemex is behind schedule.
®3) Maximum limit of 1 vol% benzene for the Metropolitan Regions of Mexico City, Monterrey, Guadalajara).
“ Maximum aromatics content of 25 vol.% for the Metropolitan Region of Mexico City.
Q] Maximum olefins content of 10 vol.% for the Metropolitan Region of Mexico City.
© Maximum olefins content of 12.5 vol.% for the Metropolitan Regions of Guadalajara and Monterrey and 10 vol.% for the
Metropolitan Region of Mexico City.
™ NOM-086 also requires that Mexico City gasoline have a vapor/liquid ratio of 20 at 51°C or 56°C (depending on the
season), as measured by ASTM D 2533.
(8 Minimum and maximum limits vary according to region and season
© NOM-086 also requires that gasoline have a vapor/liquid ratio of 20 at 51°C, 56°C or 60°C (depending on the season), as
measured by ASTM D 2533.
(10) Minimum and maximum limits vary according to region and season.
an NOM-086 also requires that Guadalajara gasoline have a vapor/liquid ratio of 20 at 51°C or 56°C (depending on the
season), as measured by ASTM D 2533.
(12) This specification requires content of benzenes, toluene, and xylenes (BTX) be reported per test method ASTM D 3606.

Source: Hart Energy International Fuel Quality Centre

Table 5.12: Current Select Diesel Specifications for Mexico

Cetane Cetane Sulfur, Lt Density @ 20°C | Density @ 20°C,
. : . aromatics, \
number, min index, min ppm, max kg/m3, min kg/m3, max
vol%, max
Pemex Diesel 48 48 500 @ 30 Report Report
Pemex Diesel UBA (1) 15
Notes:

(M Introduced in the Northern Frontier Zones and in the Metropolitan Regions of Valley of Mexico and Monterrey.
() The sulfur limit was supposed to be reduced to a maximum of 15 ppm by September 2009 but Pemex is behind schedule.

Source: Hart Energy International Fuel Quality Centre
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During 2010 Mexico produced 3 million b/d of crude oil. Most of the crude produced by Mexican
reservoirs is known as Maya and is heavy and high in sulfur, with API gravity between 21° and 22°
and sulfur content of 3.4%. Mexico also produces two other light crude varieties, known as Isthmus
(33 °API and 1.3 wt% sulfur) and Olmeca (39 °API and 0.8 wt% sulfur), most of which are
processed domestically by Pemex.

5.2.5 ST EHM) RRMERES

Pemex refineries are mainly located in the south of country with total refining capacity of 1.64
million b/d. Most of these refineries lack the sophisticated configurations needed to process high
sulfur, heavy crude oil. The location and capacity of these refineries is shown in Table 5.13.

Table 5.13: Oil Refineries in Mexico

Pemex Cadereyta 275,000
Pemex Madero 153,000
Pemex Minatitlan 340,000
Pemex Salamanca 240,000
Pemex Salina Cruz 285,000
Pemex Tula Hidalgo 315,000

Source: Compiled by Hart Energy (2011)

Mexican refineries are similar in configuration with downstream units like reformers, and
isomerization and alkylation units designed to produce high octane gasoline. Only two refineries, at
Minatitlan and Tula Hidalgo, have coker facilities enabling residual upgrading to produce high value
products. All of the refineries have catalytic crackers.

With only six refineries in Mexico, each will be analyzed individually rather than be aggregated.
Crude and downstream configuration details for the six refineries are shown in Table 5.14.

5.2.6 o5 G BRI R S ON D da HY

As mentioned earlier, the refineries in Mexico process mostly high sulfur domestic crude. The
volume of low sulfur crude production is very low, and it is only being processed at the Salamanca
refinery. The heavy high sulfur crude comprises about 30% of the overall input. The distribution
results in the average input characteristics that are shown in Table 5.15.

The product output for the six refineries mainly consists of gasoline, diesel and fuel oil. The refinery
product production is shown in Table 5.16.

£ 76



it ¥ B ULSF B A& 5 4 i 20124 10 H

Table 5.14: Refinery Details for Mexican Refineries

Company Location Vacuum Reformin C5/C6 Alkylation Cokin Other Catalytic Hydro- Middle Heavy
9 Isomerization Polymerization 9 Thermal Cracking cracking Distillate Gasoil

Pemex Cadereyta 275,000 137,000 20,000 12,000 5,900 50,000 65,000 25,000 61,500 40,000
Pemex Madero 153,000 106,000 40,000 7,600 50,000 52,000 40,000 53,000 32,000
Pemex Minatitlan 340,000 161,000 48,000 15,000 26,800 56,000 72,000 53,400 91,000 50,000
Pemex Salamanca 240,000 165,000 39,300 12,000 3,400 40,000 53,500 53,000
Pemex Salina Cruz 285,000 165,000 50,000 15,000 14,100 80,000 65,000 100,000
Pemex Tula 315,000 165,000 65,000 15,000 7,700 80,000 37,000 73,000 125,000 21,000

Source: Compiled by Hart Energy (2011)

Table 5.15: Mexico Notional Refinery Crude Oil Input

(thousand b/d)
" Weico | Cadersyts | Madeo | Tus | Somanca | Mnoiln | SainaCuz | Sumfoll

Domestic Crude 176.9 126.4 266.3 185.8 158.8 270.0 1184.1

Low Sulfur 14 1.4

Light/med High Sulfur 83.1 100.0 201.1 147.8 106.7 178.1 816.9

Heavy High Sulfur 93.8 26.4 65.2 36.6 52.1 91.9 365.8

Avg. API Gravity 275 31.0 30.6 31.2 29.6 29.5 29.8

Avg. wt% Sulfur 24 1.7 1.8 1.7 1.9 2.0 1.9

Source: Compiled by Hart Energy (2010)
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Table 5.16: Mexico Notional Refinery Product Qutput

(thousand b/d)
I S S S N - T
Refinery gas/fuel 14.3 54.2
LPG 1.6 0.0 10.7 1.6 5.9 5.7 255
Gasoline 68.6 51.9 91.4 61.0 40.4 90.9 424 1
Jet Kerosene 29 55 22.1 8.1 0.0 13.3 51.9
Diesel/Distillate 66.2 34.6 49.7 219 37.7 59.6 283.6
Fuel Qil 16.2 17.4 83.8 46.7 64.6 93.5 322.2
Other 18.4 15.4 5.2 17.0 3.7 59.7

Source: Compiled by Hart Energy (2011)
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Brazil is currently the eighth-largest economy in the world with a GDP of US$1.91 trillion (2010
estimate) and a population of 190.7 million people (2010 census). In support of strong economic
growth, primary energy consumption in Brazil has almost tripled during last decade.

Brazilian crude production exceeds domestic refining requirements and Brazil had been a net oil
exporter for some time, although it does import light crude oil to meet requirements for some of its
refineries. Most Brazilian oil is produced offshore of the southeastern part of the country, from
deep water.

Brazilian refineries generally produce surplus gasoline and residual fuel, export the excess, and rely
on imports to supplement supplies of jet fuel and distillates. Petroleo Brasileiro SA (PBSA or
Petrobras), the largest oil company in the country, plans to expand operations in crude production,
refining, biofuels, natural gas and petrochemicals to respond to domestic demand for refined
products that has been growing at an annual rate of 4.7%, government objectives to introduce low
sulfur fuels nationwide by 2012, and attractive export opportunities.

5.3.2 E= Ve R £t B2 D 7R SR

Refined product demand in Brazil for 2010 was 2.7 million b/d. Middle distillate constituted 33% of
demand (Figure 5.4). Within the distillate category, on-road diesel has 76% share. Together,
gasoline and on-road diesel accounted for 54% of Brazilian refined product demand.

Table 5.17 shows estimated supply and demand for refined petroleum products in 2010. The
product demand was 2.68 million b/d versus production (refinery plus non-refinery components -
NGL streams and biofuel) of 1.94 million b/d. The net product imports were 284,000 b/d. At
present, the country imports between 15% and 20% of the diesel needed to meet domestic
demand and exports more than half of its fuel oil production to international markets. Brazil is
unique in that it produces more domestic ethanol than refined gasoline, with ethanol making up
more than half of its domestic gasoline fuel supply.
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Figure 5.4: Brazil Product Demand Composition (2010)

Source: Hart Energy WRFS data

Table 5.17: Brazil Product Supply and Demand In 2010

(thousand b/d)
| e e | S e
LPG 132 50 5 187
Naphtha 134 134
Gasoline 361 (4) 410 767
Jet Kerosene 81 33 114
Diesel 714 144 41 899
Fuel Oil 256 (158) 98
Other 262 219 481

Source: Compiled by Hart Energy (2010)

Growth in refined product demand in Brazil will continue to be very robust, with transportation fuel
demand growth about twice that of other products (Table 5.18). Gasoline demand is projected to
grow by 4.8% annually and diesels demand by 3.2% annually.
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All petroleum matters in Brazil are regulated by Agéncia National do Petréleo, Gas Natural e
Biocombustiveis (ANP), known as the National Agency for Petroleum, Natural Gas and Biofuels. The
current regulation (ANP Resolution 309/2001) specifies four gasoline grades (Table 5.19):

¢ Regular and premium Type A, which are the requirements for gasoline before blending with
ethanol. These grades cannot be sold directly to customers; and

¢ Regular and premium Type C, which are the requirements for gasoline containing between 20
vol% min and 25 vol% max of ethanol.

Table 5.18: Brazil Product Demand Growth, 2010 to 2015

(thousand b/d)
LPG 187 201 1.50%
Naphtha 134 148 2.00%
Gasoline 767 969 4.80%
Jet Kerosene 114 131 2.90%
Diesel 899 1050 3.15%
Fuel Oil 98 105 1.50%
Other 481 559 3.10%

Source: Compiled by Hart Energy (2010)

Regular Type C gasoline is widely used in Brazil, while premium Type C gasoline accounts for less
than 1% of the total market share. Brazil’s current maximum regulated sulfur limit is 1,000 ppm
for Gasoline Type C and 1,200 ppm for Gasoline A and will have to go down to 50 ppm for Gasoline
C starting in January 2014. Benzene will remain at 1% max but aromatics and olefins will go down
from 45% to 35%, and 30% to 25%, respectively. Gasoline has been unleaded since 1991 and,
since June 2002, Petrobras has also marketed “Podium” gasoline, which has less than 30 ppm max
sulfur and a higher octane grade.

Resolution ANP 309/2001 does not specify the minimum ethanol blend level in Type C gasoline.
This limit is established by the CIMA - an inter-ministerial council led by the Ministry of Agriculture.
However, according to Law 10696 from July 2003 (recently modified by MP 532), the ethanol blend
should be specified between 18 vol% and 25 vol%. ANP has published Resolution ANP n° 38/2009,
(2009) defining quality specifications for 50 ppm max sulfur gasoline, which is to be introduced by
January 1, 2014, with nationwide coverage. Current grades that allow up to 1,000 ppm max sulfur
will be replaced.

Current available diesel grades depending on the sulfur concentration are: S-1800, S-500 and S-
50. The list of cities and regions distributing each diesel grade is defined by ANP (Table 5.20).
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¢ S-50 is required at service stations located in the metropolitan regions of Belem (North),
Fortaleza and Recife (North-East) and for the public transportation bus fleet in selected
metropolitan regions in the South and South-East.

¢ As of January 1, 2012, S-50 is required for new heavy-duty trucks (HDTs) throughout the
country and must be made available at all service stations. Only new HDTs are supposed to fuel
with S-50, which is supposed to be a bit more expensive than S-500 and S-1800 to prevent
older trucks from using S-50 (which could deplete the limited supply of S-50 for the new trucks).

¢ S-500 is required at service stations located in metropolitan regions not distributing S-50.

¢ S-1800 is distributed nationwide, for on- and off-road purposes.
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Table 5.19: Select Gasoline Specification in Brazil

Current Proposed (2014)

TYPE A- TYPE A- TYPE C- TYPE C- TYPE A- TYPE A- TYPE C- TYPE C-
Premium Regular Premium Regular Premium Regular Premium Regular
Additional
Comment
(R+M)/2, min 87 87
MON, min Report () 82 82
Sulfur, ppm, max 1200 @ 1000 @ 800 50
Lead, g/l, max 0.005 @ 0.005 @)
SISOl 194 120 150 100 1
max
Aromatics, vol%,
max
Olefins, vol%
Max
RVP @ 37.8°C
(100°F), kPa, min
RVP @ 37.8°C
(100°F), kPa, 62 ™ 69 (™) 62 ®) 69 ®
max
Ethanol, vol%,
max

Notes:

m The party submitting the gasoline for testing (refiner, fuel blender, importer, etc) must report MON and IAD index of a mixture between
Gasoline A and the minimum blend level of ethanol as currently mandated by legislation.

@ The party submitting the gasoline for testing (refiner, fuel blender, importer, etc) must report MON and RON index of a mixture between
Gasoline A and anhydrous ethanol blended one percent less than the currently mandated by legislation.

®3) The limits for sulfur, benzene, aromatics & olefins in Gasoline A also apply to the gasoline that is used in the production of Gasoline C
through the addition of 21~23% ethanol by volume. If the ethanol limit in Gasoline C is changed by law, the limits for these four components will
automatically be adjusted to reflect the new ethanol limit.

“) Addition of lead to Gasoline A or C is prohibited: test is to be performed when there is suspicion of contamination.

Q)] The limits for sulfur, benzene, aromatics &amp; olefins in Gasoline A also apply to the gasoline that is used in the production of Gasoline
C through the addition of 21~23% ethanol by volume. If the ethanol limit in Gasoline C is changed by law, the limits for these four components will
automatically be adjusted to reflect the new ethanol limit.

Pre-Ethanol Blending

57 6)4) 57 62 45 0)2) 35 (6)
30 25

45 45

10 1.00) 25 (10) 10 25 (10)

© Gas chromatography may also be used to determine level aromatics and olefins. However if chromatography test results differ from
those obtained through ABNT MB 424 and ASTM D 1319, the latter methods have precedence over the chromatography results.

™ Gas chromatography may also be used to determine level aromatics and olefins. However if chromatography test results differ from
those obtained through ABNT NBR 14932 and ASTM D 1319, the latter methods have precedence over the chromatography results.

® For the states of Rio Grande do Sul, Santa Catarina, Parana, Sdo Paulo, Rio de Janeiro,, Espirito Santo, Minas Gerais, Mato Grosso,
Goias, Tocantins and Distrito Federal, from April to November, the maximum allowable vapor pressure increases by 7 kPa.

©)] For the states of Rio Grande do Sul, Santa Catarina, Parana, S&o Paulo, Rio de Janeiro, Espirito Santo, Minas Gerais, Mato Grosso,
Mato Grosso do Sul, Goias, Tocantins and Distrito Federal, from April to November, the maximum allowable vapor pressure increases by 7 kPa.

(10) Addition of ethanol to Gasoline A is prohibited: test is to be performed when there is suspicion of contamination by ethanol.

Source: Hart Energy International Fuel Quality Center
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All diesel fuel in Brazil is required to be blended with biodiesel. The limit has been 5 vol% minimum
since January 1, 2010. Similar to gasoline, two diesel grades are specified for each sulfur level:
Diesel A refers to the refinery product without biodiesel and Diesel B refers to the biodiesel blend.
Only Diesel B can be marketed to consumers.

A new grade of Diesel B S-10 is scheduled to be introduced nationwide by Jan. 1, 2013, following
the introduction of stringent emission requirements for heavy-duty vehicles named PROCONVE P-7
(Euro V-equivalent emission standards, to be enforced by January 2012).

Table 5.20: Select Diesel Specification in Brazil

O S N

Grade Diesel B - S1800 () Diesel B-S50 (" Diesel B - S500 Diesel B -S10@
Until 2013 for on-road and off-

e road; after 2013 off-road only
Cetane Number 42 46 42 48
Sulfur, ppm, max 1800 50 500 10
Density @ 20°C, kg/m3, 820 820
min
Density @ 20°C, kg/m3, 880 850 865 850
max

Notes:

(0 Diesel A refers to the diesel without biodiesel, and Diesel B to the biodiesel blend. Only Diesel B can be sold at service stations.
@  This specification is not required by ANP; the resolution states that S-50 will be made available commercially when adequacy of
logistics supply becomes available.

Source: Hart Energy International Fuel Quality Center

5.3.4 2 VG R v S A s

Brazil’s oil production has steadily increased over recent years and during 2010 the country
produced 2.05 million b/d of crude oil. Imports during the same year reached 339 thousand b/d
while exports were 631,000 b/d. Most of Brazil’s crude oil consists of heavy grades. The average
guality of all domestic Brazilian crude is 25 °API with a relatively low sulfur content of 0.5 wt%. For
example, one of Brazil’s principle marketed crude streams is Marlim, which has an API of 19.6 °API,
sulfur content of 0.7%.

5.3.5 BV RN RES

Brazil has 1.9 million b/d of crude oil refining capacity in 13 refineries. Eleven are operated by
Petrobras. Most of Brazil’s refining capacity is relatively simple, requiring that Brazil export part of
its heavy crude oil production and import light crude.

Table 5.21 provides the refining capacity for each of the Brazilian refineries in 2010.
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Table 5.21: Oil Refineries in Brazil

REPLAN Paulinia, Sao Paulo Petrobras 396,300
RLAM Mataripe, Bahia Petrobras 280,500
REVAP Sao Jose dos Campos, Sao Paulo Petrobras 251,600
REDUC Duque de Caxias, Rio de Janeiro Petrobras 239,000
REPAR Araucaria, Parana Petrobras 195,000
REFAP Canoas, Rio Grande do Sul Petrobras 188,700
RPBC Cubatao, Sao Paulo Petrobras 172,300
REGAP Betim, Minas Gerais Petrobras 151,000
RECAP Capuava, Maua, Sao Paulo Petrobras 49,100
REMAN Manaus, Amazonas Petrobras 45,900
Ipiranga Rio Grande do Sul Ipiranga, SA 17,000
RPSA Rio de Janeiro Manguinhos, SA 15,000
LUBNOR Fortaleza, Ceara Petrobras 8,200
Univen ltupeva, Sao Paulo Univen Petroleo 7,000

Sources: Data Compiled by Hart Energy Consulting (2010); Tables 2 and 12, Master Thesis by Marcio Henrique Perissinotto Bonfa,
COPPE (April 2011); and Data Provided by Petrobras (2012)

The refineries in Brazil have been aggregated into notional refinery groupings on the basis of
refinery configuration, crude running capacity, and product orientation, defined as follows:

Group A: Conversion Refineries - Group A comprises five refineries ranging in size from
only 17,000 b/d crude capacity to 280,000 b/d. All of these refineries have catalytic
cracking units but none have cokers. Only one refinery in this group has a hydroprocessing
unit (for middle distillate hydrotreating).

Group B: Coking Refineries - Group B comprises six refineries ranging in size from
150,000 b/d crude capacity to 240,000 b/d. All have both catalytic cracking units and
cokers. Three of the six cokers are new; a fourth was expanded recently. All of the
refineries have hydroprocessing capacity (primarily for distillates).

Group C: Small, Simple Refineries - Group C comprises four small refineries, ranging in
size from only 1700 b/d to 27,200 b/d of crude capacity). The refineries are simple, with no
catalytic cracking capacity and little in the way of conversion or hydroprocessing capability.

Table 5.22 provides the crude running and downstream process capacities for the three notional
refinery groups.
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Table 5.22: Reﬁnery Aggregation for Brazilian Refineries

Company Location Crude | Vacuum Reformin c5/c6 Alkylation Cokin Other Solvent Gas Oil Resid  Hydro- o o Naphtha Middle
g Isomerization Polymerization g Thermal Deasphalting Cracking Cracking cracking P Distillate

GROUP A - Conversion 587,500 232,100 35,900 96,300 84,300 31,500
PBSA Araucaria, Parana 195,000 94,400 32,100 57,900 31,500
PBSA Capuava, Maua, Sao Paulo 49,100 21,400
PBSA Manaus, Amazonas 45,900 6,600 3,500
PBSA Mataripe, Bahia 280,500 126,100 3,800 31,500 62,900
RPSA Rio Grande do Sul 17,000 5,000 3,400
GROUP B - Coking 1,398,900 642,200 22,300 6,300 208,800 65,400 361,100 44,000 22,300 328,100
PBSA Canoas, Rio Grande do Sul 188,700 37,700 13,800 19,500 44,000 28,300
PBSA Duque de Caxias, Rio de Janeiro 239,000 114,500 11,300 31,500 22,600 47,200 11,300 47,000
PBSA Sao Jose dos Campos, Sao Paulo 251,600 125,800 31,500 42,800 88,100 78,600
PBSA Betim, Minas Gerais 151,000 88,100 23,900 42,800 62,900
PBSA Cubatao, Sao Paulo 172,300 81,100 11,000 6,300 32,700 62,900 11,000 37,700
PBSA Paulinia, Sao Paulo 396,300 195,000 75,500 100,600 73,600
GROUP C - Small, Simple 66,700 9,000 3,000 9,800 3,000 10,000
PBSA Fortaleza, Ceara 8,200 6,000
RPSA Rio de Janeiro 15,000 3,000 9,800 3,000
Univen Pet ltupeva, Sao Paulo 7,000 3,000
Polo Guaramaré Guaramaré, Rio Grande do Norte 36,500 10,000
GROUP D - Transition Refineries (Constructed by 2015) 557,300 201,300 40,900 252,900 47,200 59,800 103,700 289,300
RNEST Pernambuco 230,200 149,700 37,700 163,500
COMPERJ Rio de Janeiro 327,100 201,300 40,900 103,200 47,200 59,800 66,000 125,800

Note: The designation "new" and "exp" indicate capacity installed after 2010.

Sources: Data Compiled by Hart Energy Consulting (2010); Tables 2 and 12, Masters Thesis by Marcio Henrique Perissinotto Bonfa, COPPE (April 2011); and Data Provided by Petrobras (2012).
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Table 5.23 shows the crude slates for the various Brazilian refinery groups. The refineries in
Brazil process mostly sweet crude (low specific gravity, low sulfur content). The crude slates for
the Group A and Group B refineries are similar. The majority of their crude is domestic, with some
crude from Africa and the Middle East. Group C refineries have very basic oil processing units and
run completely on domestic crude. The average gravity and sulfur content for the total volume of
crude processed at all Brazilian refineries is 27.3° API and 0.53wt% sulfur.

Table 5.23: Brazil Refinery Notional Refinery Crude Oil Input

o eowA | Gows | Gowe | o
25

Crude 519 1310 1854
Domestic 398 1015 25 1438
Imports 122 295 416
Middle East 25 90 115
Africa 82 200 281

Other 10 5 15

API° 27.9 271 279 27.3
%Sulfur 0.49 0.55 0.43 0.53

Source: Compiled by Hart Energy Consulting (2010)

Table 5.24 shows the refined product output for the various Brazilian refinery groups. The
product slates for Group A and Group B are very similar; both groups produce significant shares of
diesel, gasoline, and residual fuels. The residual fuel production from Group C refineries is very
low, because all of them have cokers. The small, simple refineries in Group C (which process only
domestic crude) produce relatively small volumes of gasoline, diesel, and asphalt.

Table 5.24: Product Output at Brazilian Refineries

(thousand b/d)
e GowA | GowB | GowC | fom

LPG 40 92 0 132
Naphtha 58 75 0 134
Gasoline A 92 261 8 361
Jet Fuel 10 69 2 81
Diesel 204 499 11 714
Residual 87 169 0 255
Other 52 203 6 261

Total 544 1368 27 1939

Source: Compiled by Hart Energy Consulting (2010)
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54 HHE
5.4.1 E X W

R E R TR X 25 K AR R E 2. M 2005 E3) 2010 48, 0 E HEH1 7 S 1 35 SR B8 KON 5.1%, it dksts
DL 4.7%HIE B K3 2015 4F.

R PR I L PR BEREAT T R AL T, DA R PR KRR R bk 5 R, PR R
300 Jit/R, i HR WA R T BRI

e [ S 2B 7 oV A2 [ Y R R, b BRI I B A 50% A OmE 11, AR ARREAEMEE T, e AR
DTN SEPHE T . 2010 48, [FE R IR 9 420 JIH/R, Fe k36 [ 2 Ja B3 — R JE ik I [E .

5.4.2 R 75 5K

2010 4 Hp [EIER I = i B 7RO 921 T/ R . a2 S 9 34% 7oK (B 5.5) o FEMRHSnIrh, 42 S G4
31%H A I AT 25 S 3 o 4 e R A 7 o 7 SR AR 29%

R 525 BoR T 2010 SEA MR S B BEN M SR . 72 i ROy 921 Jikd/R, TAEFSRES) CRah ) B AR
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K55 FEERTRAR (2010 5F)

KK : Hart BEJH WRFES $iE

£ 5.25: 2010 £ E 7= 5 4L R AT FE R

(FH/R)
LPG 681 100 4 785
i F 1122 1122
Dk 1660 (50) 40 1650
W5 R 3N AL 358 10 368
2B 3125 16 2 3143
PR Bl 389 213 602
HAh 1371 170 1541

R MR RERE WA F il (2010 5)

L e i SRR S AR SRR SRS G . 3R 5.26 Uk T 2010 AEE] 2015 SRR UG AC . [ 285 ) 5 2 1 K T
The SEURM . BEURL LR R 2 1 7 SR 5% . X H AR 43 75 5K 5 1R TN (0 B R vt N T
BEEI 7T o
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£ 526 FEEHFTEREK (2010 F 2] 2015 F)

(FTH/ER)
LPG 2.4%,
i T 1122 1515 6.2%
Pk 1650 2126 5.2%
5 SR B AL 368 483 5.6%
SEm 3143 4040 5.2%
PR #Lh 602 700 3.0%
HAh 1541 1965 5.0%

K AR REIR S WA Tl w2010 )
5.4.3 PR B IAE

] ELE G P AR 28 SEARBR A RRE, 41 KB A RIR T . JbsUR BB & R O A RKE T S0ppm,
RO R S PR IR AR H 2009 4 12 H, EZEHE & =RERKKZE 150ppm (R 5.27) .

H RV bR v IR I %) 50ppm BR/KF. 2012 4EIL R CZAF] T 10ppm JMibRE. *® iFRIM 2014 4£ 1 H 1 H
i, AEEHAT S0ppm KV IR bRTE .

R 5.27: HE ZHETE R KRR

HER S 37.8° C(kPa)f [ ¥4 (RON, B15)
H K (vol%, & | (vol%, &% RVP

)/ ) (B ) L o

P EIERE 50 60 1.0 65 (s)-88 (W) 90 97
HFEEA 150 40 1.0 72 (5)-88 (W) 90 97
H:

201441 F 1 H Al ik I 31 50ppmlr F 5 bRtk .
@ b 51 5 7 RN S T PR AR

e Hart A PRI b0

hE O RA T RS EARAE 350ppm B bR, H 2010 £ 1 A& 2011 £ 7 A 1 Elﬁﬁlm &S (R
5.28) . JbaEl. AT RE RSB BRME YN 50ppm. 2012 L5 B4 IAE] T 10ppm 287 .

8 LAt 2012 48 8 St 1 10ppm iHARAE, (H AR AR T A5 20 ) 3 o A7 5
9 LAt 22012488 7 St 1 10ppmS&it bR e, A0l I R AN N A 1 55 70 F) ik A7 55
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2K 5.28: T H = HTIEH KSR AR

FEJER
FEERN iﬁﬁ 350 43 850

SKiR: Hart BEUf FE BRORHG R O

5.4.4 R e A

o EIEAE KB T DAERE IR s iR E AR R e MR IHSRE, 7E 2015-2020 B EAEZE DY, Tl /=& 218
£, M 2010 FH) 380 JiFH/ A IE IR FELE 400 W/ K. TS RO A AR AE RIEHE K.

o E R R 4Kk 2 BURARER R, ELESEN 31.4° APL BREEN 0.27wt%. K21 50% 003 0 E sk | b
A, KZ 30%[0053E D JE ok E AR . S E SR g CE P RIEE D) A0S 48% 1 [ 77 R i Al 52% 3k 11 B

5.4.5 HE g R R R A

FEA 56 FEEMIEMT (R 529) . AL (Sinopee) 8% 26 K, il (CNPC) iz 23 %, gl
(CNOOC) iz 3 &, B A AR (SYPC) 8% 3 K, TEMAMTHEHR (ChemChina) B 1 K. b L&
MSEA TS E BNEI T, BRI 10 T 2010 4 1 MR = REZ4 780000 A/ R . X8 /NI A B AR
N, OB IR EN, T H RN LR B . K 2 HOMST N S T AL T AE 5 DA (9 1L AR
Ao
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#£5.29: FEEHEMW
o B /4 36 48 A 7= B (/R

A Je Rt 220000
H A TM 250000
H A E A7 270000
H A UL 130000
A B EZ 270000
H A FE 210000
H A AT 250000
H A W) 170000
A R AL T 5 A F 460000
H A PN 110000
A Kk 160000
H A 1 FH 160000
H A HHANARAR 100000
H A M 70000
A FRITT 120000
H A R A FE 100000
A A 280000
H A R 250000
A A 180000
H A bz 100000
A L 80000
H A R A A THRA A 240000
A WA 160000
H A e 100000
A H EBEA 200000
H A TR D AL T PR A 7] 100000
WA A AL 200000
WA i) 140000
WA NN R /N 160000
WA A A 200000
WA Ak 200000
WA M A A A 140000
WA LT A AT 200000
WA PN Y SR /N 100000
WA ILRH 200000
WA v h IR A A A 70000
WA 5& AR5 110000
WA KiEF 400000
WA KIEVRF A T AR A A 200000
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Rr B R 4 AR 77 88 (8 1R )

WA THE 100000

WA KA 100000

WA BONA 200000

WA [ YR 50000

WA 44k 100000

B A N 60000

WA TRA 100000

WA TR 200000

WA i 100000

B A W IR 100000

W ¥ N 240000

W ¥ KEA 120000

W ¥ R 60000

Bk 75 FE < A A ] R 160000
Bk 78 FE < A A H] K 90000
Bk 75 FE < A A ] IR 60000
H [E 4k T4 B HRHLAREEANK 160000
Jh LA T Vi 1640000

*:
(CNPC=H [E A7l RIREH A F] ;. CNOOC=H [FHF A A A SYPC=PRIUSEK Al (FEBD AR

o RS T L R T RE . BC B R LR i 25 1A AT E e TR T R SR AN R i e S MR 5.30,
FERE T

AH: BE#HMKEL. BUUENER A - X8 EPEEERMEM, BEAEREEMLGE D, S nas
b ACIRAEAL S DA R Badh . AR BRI TEE S, M —— AR SA L B & B IohGm 4. A4
H 14 FEMT, FEEETEEIAL T 130000 #/K 3] 460000 4H/K (P EE KD .

B4: REHAEMMBLIEIL-A A HE0L, BHREEREE S, EERMMEATERE 1. RAH 6 Fik
W, PEREYE FE AT 100000 Ffi/ K F 200000 /K

CH: BEHEMTMEARIL-5 A H—FEEFNERMWMENSIT, BEEDRCKREICE. RAF 14 Fh
W, FERETEEI AT 70000 AH/K F) 280000 /K .

DA: SREAREM/BUNERL-5 B HM C AU, EHHDELT,

E 4. AR SRR XSS SR A, ARAE LR A NN SR A ik B, /N R ST i e Ak
BE AR BSL PR SR e A AL

ST o B R P BE B HE R AT B AT ER . R 5.30 FPIOEOR B Hart BB 2 7] 3% T 0] A0 24 JF B AR 35 14 A5 ORI
Giithil o HHE BA — EWIATENE . R RTE P RE TS T BB, 9 T R AT VSRR S R EOR, W T
SRR DB (K 7 BE o R CIT  , PIH BB BE /0 7 B T B E (K LA BT (K 150ppm Bt FRAE 1Y
AR AE ST o PRIBE TG AN BRI A P2 BE 70, IR AE 2 =) 4 i BT R B A1
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5.4.6 R AR I T 20 2L B N R o

531 A T ARG A AN AL A N A . AR R IR T RN R T 2 A S Yy
FERBRIIE N . A 4 i T mEem R ER K. A 4T R APD 5 A& &0 52 32.5°AP1 Al
0.88wt%fi. By C Fl D 4k In T 5 el ~FIEEREY 31° 2 33°APL, i & ®IEHEN 0.8wt% 2%
KT 0.6Wwt%. E L T ryE =6 R E ot iem (59%) » ~FIJHESN 32.7°APL, B &N 0.47wt%.

o A T L R PR P A LR 5320 A AR RIAT AL RS PR S AT e A, 13%; VR, 19%; 5
/AR 36%; EIH . VT AHAL S, 16%. WIS RETLEH, 5 E (28%) ML, A 4F] D A4 =14
AR (35% -40%) o A 243 D AR A 7= 5 K0 VR A I VIR S8 A XS B BRE, A
HE) D A= SRR s A 25, EZEBVEREIRAD, RN 15%3)] 26%, 5308 35%2] 40%.
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TE: RaE
AH rrE R HE C5/C6 57 R H
gg | SO | pepme | me | 5F mam | v | mmEE | T o
W FCC RFCC
R A BIR 110000 70000 4400 1000 30000 42000 4400 32000
R A Kig 160000 60000 10000 26000 30000 44000 10000 39200
R A B 160000 80000 14000 2000 44000 56000 14000 45000 40000
=+
HAk 7 e%ﬁijz 100000 50000 30000 32000 12000 28000 30000
PR
oA FA 200000 60000 20000 36000 24000
, N
A ) \'fﬂh 140000 70000 12000 40000 72000 12000
A
R 65000
B4 &t 870000 390000 70400 0 3000 192000 0 192000 128000 0 65000 70400 116200 24000 40000
CH: BFAEMMNEARK
AR W 70000 40000 4000 24000 24000 3000
R A il 120000 24000 44000
VEE iR
100000 30000 12000 16000 20000 11000
TEE aad
AR LA 280000 100000 10000 44000 60000 7000 106000
R A K 250000 100000 32000 24000 102000 27000
R A BT Ak 180000 90000 28000 32000 60000 25000 24000
AR T 100000 3000 68000 3000 20000
oA zﬂ”ﬁfg 200000 80000 25000 40000 100000
AH
A M k‘%fﬂh 100000 20000 2000 20000
A
oA ICRH 200000 85000 10000 32000 32000 9000 96000
, GEVEZTS
3 12
oA e 70000 50000 000 30000 12000
AP ER: LEAS 110000 50000 3000 28000 3000
g N 240000 130000 40000 84000 152000 23000 40000
¥ KA 120000 60000 16000 48000 34000 14000
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= —— T
A LB

CHB
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R (=173 80000 14000 1500 44000 14000
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HIRA
R A e Ak 160000 25000 56000 24000 24000 46000
AR i) 100000 44000 36000
A H BN 200000 80000 30000 58000 70000 26000 94000
AR Fmk T 100000 40000 10000 24000 9000
RN
oA KIEAK 400000 180000 44000 2000 44000 70000 72000 40000 140000 40000
PN
oA PrEA 200000 90000 12000 2500 60000 30000 11000 40000
1 TA R
A
oA THE 100000 60000 18000 52000 18000
oA KA 100000 40000 44000 24000
AP ER: M A 200000 85000 44000 70000 44000 48000
AP ER: IE AL 50000 30000 30000 30000 30000 30000
oA &l 100000 60000 18000 56000 18000 36000
AP ER: PR 60000 40000 32000
oA USSP 100000 20000
Pk v %iE
KAEMH HiE 22 160000 100000 6000 72000 6000
/) \ﬁ
R W 40000
D AR 2350000 805000 277000 0 7500 0 0 414000 318000 306000 40000 264000 537000 0 65000
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BT 4 PIIE=I a8
ﬁé C5/C6 73 fﬁﬂf»%ﬂﬁ H.
gg | SO | pepme | me | 5F mam | v | mmEE | T
3 FCC RFCC
E4H: HAMMiLAF
; R

. 200000
A i VH
HE M R 100000
oA W IRV 100000 12000 12000 25000
b T 60000
Pk v %iE
KAEMH 7K 90000 3000 3000
AH
Pk v %iE
KAEMH HIEN 60000
AH
Hhih L RYA/N| 1640000 800000 3000 400000 220000 300000
R 35000
E#H &8+ 2250000 800000 18000 0 0 400000 0 220000 0 300000 35000 15000 0 0 25000
*ﬁ‘a 10700000 4245000 795400 0 25500 1661000 0 1518000 612000 1715000 243000 681400 1787900 184000 181000

A= R

R A 4740000 1820000 445400 0 15000 801000 0 674000 302000 835000 75000 364400 1057900 135000 100000
oA 3430000 1295000 262000 0 10500 308000 0 536000 310000 374000 28000 252000 596000 49000 81000
HAh 2530000 1130000 88000 0 0 552000 0 308000 0 506000 0 65000 134000 0 0
R 140000
*ﬁ‘a 10700000 4245000 795400 0 25500 1661000 0 1518000 612000 1715000 243000 681400 1787900 184000 181000
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#5.31: FEEMGEMT FEMmBAaA (2010 )

(FH/R)

160 354 435 101

F R 1015 2065
E 120 0 38 100 5 263
8, B 8 M B4R 113 100 135 0 80 428
B A& & 200 235 253 0 80 768
BiER 1448 495 792 535 266 3524
E[=V)| 325 15 251 440 186 1217
e 10 15 15 125 15 180
SSRAR (R 877 205 678 830 440 3030
BiHER 1212 235 939 1395 641 4427

JR i Tk i 2660 730 1724 1930 907 7951
S API EH 32.5 31.2 32.2 33.2 32.7 32.5
SEH) wt% B 0.88 0.80 0.66 0.57 0.47 0.70

R MR RERE WA F il (2010 5)

K 5.32: PEMKM) FHRKR S~ BEE (2010 4D

(FH/R)

LPG 320 108 20 183 50 681
T I 400 60 280
TRIH 525 230 247
AR 4 161 21 83
SETH /T8 H A 1029 266 700
588 24 9 55
HAh 341 66 421

I R 2800 760 1807

R IR RERE WA F il (2010 5)

157
508
85
740
111
186

1970

225
150
7
390
190
358

1370

1122
1660
358
3125
389
1371
8707
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S AE [ R i )4 (R PG B SR AN R D AR AT IR T B . BN A LA AT AR Ay
MFFA 50ppm A1 10ppm B & E AR ULSG A1 ULSD RIS A A . >

WS 4.6 FRTIR, Wi B TS0 A ) A IE T FT A B R #— R — 4L S50, Rk, ZE/RT 45 i Rk
AT A B KPR A IR R 2 CanyRoam A S ok ) B UERR K, LA B T2 = getE i, R/,
&), TEAH R E R RA . BR B AR AR R BUR 5 .

R R SR AP A5 04 7 AL AT A% B A AN U R T BRI 3R, 3 S 17 A4 [ SO () < Rl A BUCR R 3R

HTIEARH T GEXEOT) W2 5 VMM SEI bR ER TG INSA . e, oAl TR E ERT AR ED
P H 2=V RVP 2 60kPa(8.7 psi) 6 il 45 5% Ak il B AR Tl At 48

6.2 ULSF A= Bl 4A: £RICE, #HEXR
TUAS E B B R

¢ B 6.1a f1 6.1b i L UEAN K E BARMI TS24, BoR TIRME S 2 S0ppm (ZEPE SN 30ppm) A 10ppm
Tofili 4= PR AR (SE4r/T1) .

¢ & 6.2a A 6.12b L FEAEMIH AR TR S 4, BoR 1 SOMBRAE S 2 50ppm (R PG EFERAN) A 10ppm F
PP R G

¢ R 6.1a (ENEARPIHED A 6.2b (EPHAIPE) , @i FAEA % FH AR T SR BEA M, B 7Rl
NS i Bt 22 1) B TRt 2 AP S0 TR R A A R 9% 2l PR MRS o A 7 R A 70 38 T8 B
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oAb

A [ K BRI A (S 23/ 2 2% R T 2H TRty ok i Fl AR 4 7 BN 2o A IR S0kt T #¢88 (A g
FICAE) TRV R O 2 T R | A TR 4R B A
PR, CURT) EREE. Epa A
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) .
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I AL =R B8 B PRV B8 7 18 8 A
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%0 ETRETOME (Bf) b, ASHTEENERTThRATES 30ppm (2 50ppm) 7 10ppm, L&5mEFRAER 10ppm.
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B 6.2a: BT R Semh BB AR HE I Bl R A - R B S
(R4

EIRE S Ut At &) Hh [

i i

Bl 6.2b: 4T KR ZE A SRl AR b VB B TRAG B A - E BRI R E S
(R4

Bl S5 P RF e ]
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R 6.da: ZBTHRM T A SE b OB B AR A O TAS AR A, BT SHRT.
BN A0 58 7 F

50 ppm Sulfur | 10 ppm Sulfur | 30110 ppm Suffur' | 10 ppm Suffur |
Parameters

Gas Gas & Gas Gas & Gas Gas & Gas & Gas &
Only Diesel Only Diesel Only Diesel Diesel Diesel

BASELINE INVESTMENT PARAMETERS

Increased Refining Cost ($MM/y) 146 635 874 1,263 313 1,047 1,177 1,177
Capital Charge & Fixed Costs 98 526 652 1,008 216 812 924 924
Refining Operations? 48 110 223 255 97 234 254 254
Per Liter Refining Cost (¢/liter)

Finished Gasoline 04 04 1.1 1.1 1.0 1.0 1.4 1.4
On-Road Diesel Fuel2 0.6 0.6 1.1 3.2 3.2 3.2
Added Cost of Euro 5 Standards

Finished Gasoline (¢/liter) - 0.1 0.1

On-road Diesel (¢/liter)? 5 -
COUNTRY-SPECIFIC INVESTMENT PARAMETERS

Increased Refining Cost ($MM/y) 117 480 682 966 255 828 929 929

Capital Charge & Fixed Costs 69 371 460 711 158 594 675 675

Refining Operations? 48 110 223 255 97 234 254 254

Per Liter Refining Cost (¢/liter)

Finished Gasoline 0.3 0.3 0.9 0.9 0.8 0.8 1.1 1.1

On-Road Diesel Fuel2 0.5 0.5 0.8 25 25 25

Added Cost of Euro 5 Standards

Finished Gasoline (¢/liter) - 0.1 0.1-

On-road Diesel (¢/liter) 5 -
Note:

1 Gasoline 30 ppm and Diesel 10 ppm
2 Includes cost of cetane enhancer, if any.
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22 6.1b: R RIS AN SE T BRRL B A AR B TG B A, S HEREL .
E 74 A0 o

50ppm % 10ppm R 50ppm i 10ppm %
>3 YE Y YE Y Y& Y Y& Y
a9 g T

EERKSH

WK R R A (B AR 480 1504 1701 1975 443 1543 1956 2660
BEAS B F A 1€ A 321 1257 1383 1648 286 1082 1397 1688
KA ! 159 246 318 327 157 461 559 972
BAEE RAE (EH5F)

AR 1.7 1.7 24 24 0.4 0.4 0.8 0.8
PSS S 2.1 2.1 2.7 1.3 1.3 22
BR 5 i vE 38 0 4 B A

BRI (2T - .
RS (EaF) ! 0.3 0.2
HEERAERRESH

W R R A (B AR 387 1140 1300 1498 353 1204 1518 2131
BEAS B P AN [ 7 A 228 893 983 1170 196 743 959 1159
KA ! 159 246 318 327 157 461 559 972
BAEE RAE (EH5F)

AP 1.4 1.4 2.0 2.0 0.3 0.3 0.7 0.7
RSPV OY S 1.6 1.6 2.0 1.0 1.0 1.7
BR 5 78 38 0 B B A

BRI (2T - -
RS (EaF) ! 0.3 0.2
"

VAR TN BE SRR R A,

105 ®
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B 6.3a: TUE AWM 10ppm B bx 4E B T4k B A - E R TS B
(R4

B[ 5 it} Hh [
et SRl

Bl 6.3b: T IEHAKRW ) 10ppm BRAR M B TAG oA -& E B MR ESH
(R4

Bl RE vy ]
it SR

% 106 ®
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R 6.2: TTVE MR IR AN ST SRR AR v B PG A
BEFMBERSHRE

. mx | Exw | Bm | HE
__1ppm i 10ppm T 10ppm B 10ppm B _

i | # il N il i #n
EERESH
W R R A (B AR 42 174 53 122 152 299
BEAS B P A [ 7 A 27 141 26 90 134 204
K77 2 15 33 27 32 18 95
BIHEHIBRAE (EHF)
AR 0.3 0.3 0.6 0.6 0.7 0.7
ZF SRRl 0.4 0.4 0.6
BR 5 o 3 A0 B B A
BRI (2T - - - -
RS (EaF) ° - 0.3 0.3
HFEERARRESH
R R R A (B AR 34 133 45 95 110 235
BEAS B P AN [ 7 A 19 99 18 64 92 140
K77 2 15 33 27 32 18 95
BIHEHIRAE (EH/F)
AP 0.2 0.2 0.5 0.5 0.5 0.5
LSS S 0.3 0.3 0.5
BR 5 o 3 A0 B B A
BRI (2T - - -
RS (EHF) D2 - 0.3 0.3

"30ppm <M, 10ppm LE7H
2AFE TS B SO R RAR, WA

6.3 ULSFAFKHMiRA: HHAER, HERMEGH
i)

B 6.4a (FIFEE) | 6.4b CEBPHEL) . 6.4c (PH) M 6.4d CPED Wit (V) EARESE, Son TG A
CERCER T R A RINTD  B 74N 20 ) S8 0 4 M 45 1) 2 S0ppm A1 10ppm I FAL IR HI A (S5

£ 63 () . 6.4 (FEVUED) . 6.5 () F 6.6 (FFED R TRHANEKE ) A (BEVGE NEmT D W
VEAN MR | AR HT 45 R .

F107TRH
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KU RS Tl E AR SO E RS 5. DUANR TR T 58 i 80 b T 0 T A A A0 A =5 v 1 8
W PARAAFAE TR R H B Z NG . BOVEREK, IR 6.3 6.4, 6.5 F1 6.6 #AE 6 Fikk
=P
B 6.4a: BibmER TG RA, kW) H: FERERESH
(E451F)

Bl 6.4b: FARAERITAERRAS, #EIEMT H: EAFEERESH
(R4
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B 6.4c: BRARMERI TG A, &EW) H: EARERESH
(R4

Bl 6.4d: BRIRMERITRAG LA, &Em) H: FPEEERESH
(R4

A B4l CH D4l Ed4l

PLTFRFETRE 6.3 6.4+ 6.5F1 6.6 M55 HF N BERIFEIR

P
BEXS—A Bt 4 (BEETG ARSI M A EOR TR SR U e (BRON EEEF S BTG B
IGs SR, AT T AL AN SR A P2 17 A TR AR HE ) B AR 4L A
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fltn, #ER 6.3 (ENEE) ™, MM 20 A/50ppm b/ (7TH (A HARER) Bon T — MRt s g &, Kol
A R (D fFE 50ppm BRARAEMIVRM, P (2) ARR TG FEHERT KT (154ppm) FISEIMERKL .
F—RER, M) A/5Oppm B/ AIAEM, BoR T — AN SR, b A R RS
50ppm A Ar A R I ATSE o

PR 24 A TN R — A BOR T AR PARANBCT A 4 E T Rk T AL R E A

Bln, R 6.3 (FIEE) R 24 Grsgitl 17 0/50ppm /v AISE e R T A E S RE, Wik Tav s, e
AR A P RF S S0ppm B bR T RV A SRR .

BT

FATI RS BRI A NSNS B ) AL | R TS AR T R . 7

& Rzt A TR/ AE A e i phRt .

& HAphggA TR/ SRR MM TR, an = s i A B IR R

o e CTRRORD 2l H BRI S M, &AW Rl 25 R SR AN BT AT oAtk
Rt = o

& B CHJIEI0) TR T B 218 2 BiAn dk B R it CRIEY @S ILA R st aE CRACAE T
FI0) o BWHEM AN LR FmEAEFE . SRR YD A B SR T HAR R T
Zo

o BRI A CFIETT/AE) RUT &2 A, (1) 5T 08 7= G B a7 28 (R
A, LA (2) A BRI CRA SR DUH BT 55 4.4.2 39, BERE BRI B8 o 3R (1 B
AIH T2 CGEMPORL B AR A B IE FR B O T S e B3 s R AR 28 . D

RIS T MRS HIN R

& FETHGRIAR (23T RRIINEREI A (A 3T/ BRDAGURVm AT SE M & Cine /), AUIERLm

SEo Won TAME: —dild RSO RS, 4l A A AR S EOH RS

BR 5 FRAESSINMIRRAS (E43/T1) S NG S YRR I SRR B v T I B B vHE 1) BRI ok Al Bl A Gl it

10ppm BRARAERI A o ST e SRR, AR AEAFAE T U IN-T 75 e (B 50k 70) PARF & S b AR T 75 e b 1
(51CN) « FFE M ZERRE (1.0 vol%) HIMRINT BB AT A

THEAEM (BT 3ER/R) Fonliml] HE A e B A (BN LR R A S (1 B i &

FEE, DASCREBOIIS M AN SE MR R BLER,  If A7 S 50ppm #1 10ppm AR o

TZHHFE (TR REH AR =ATEnh g MR AR B8, RARELR a2, >

X 86 T2 R M B AR AR A 2k R i 3 e AR Tl DA S BAORMAFR S RE AR 1 1

HRELEH (T foeb/ KD MR TG S HRRHNAFE (FER KA. MR .

VORI RIZ 0 S AFFIE-RVP BFEREE R KRR M REUIER (RON) , Sl AR = [y i A

Yoy SRR TGP . X SRR R I TG (5 3 R A A RLFRIBR S BRife )

T GET R R S AT N IR NSRRI D& APT E %, 352 kit | 41 A 7 2 Y S5 i R Rl 18 A 4

SRR TS T 2Rt . TR RO ED B Rt ) 2R B8 G S It T R P TG (375 B A PRI RR 5 b )

L 4

L 4

<

L R 4

<

SRR TSR, REEHT REMANRE. AR MITHRMERBENSER.
FARETZESE 2 A RERIE.
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6.4 ULSG Al USLD A= i 4 : Bk

U0 E TR, AR AR M R MR ROA P DL S T A, (1) BB RE 0 v MR T
Lo (2) B il RH 5 D BRI RS R AS o

X

TR RER B AT, D

h)

X245 E BOTAR I, X8 B BRI BE T L0 i X L8 PR 3R PR AH EL R I 3 BUAf 5

¢ HHIB XS E RN R

o SRR

& PRt RCE 25

& R SRR E (I EAR S R

& PR AR QR SEIORE DL B A 7 S PR AR P D
o ORGSR RGBT RS

& ZUHERIERARHE (W1 50ppm, 10ppm)

SRIMAEART T, 50ppm A1 10ppm B bR M M5k il BRAC 2 18] 1) 2257 3 SRR T i = MR K, B 50ppm 67 2
10ppm FIERAL 7 20 2RI PR EE— 2 i . S0, bR 10ppm BRAR 1 R FAG BRAS SR T A
TIPS A, PRy R T BE 9N S0ppm HEHETT 4R

DA 5574 ] AR 3 A A [ SO0 P AN S i R B bR A AR S R PR 3R

6.4.1 21053

Gasoline

Refineries in India currently produce gasoline with relatively low sulfur content: < 150 ppm. Many
refineries already produce substantial volumes of 50 ppm and 30 ppm gasoline.

We estimate that the average sulfur content of the current gasoline pools produced by Refinery
Groups A, B, C, and D are about 70 ppm, 120 ppm, 70 ppm, and 150 ppm, respectively. The low
sulfur content of the gasoline pool reflects (i) the presence of FCC feed hydrotreating capacity
(Group A) and FCC naphtha hydrotreating capacity (Groups A, B, and D) and (ii) the practice of
blending heavy FCC naphtha (with sulfur content that is higher than light FCC naphtha) to the
distillate pool instead of to the gasoline pool. Group C has no FCC capacity, which accounts for the
low sulfur content of its gasoline pool.

For Refinery Groups A, B, and D, reducing gasoline sulfur content to 50 ppm would primarily
require the addition of FCC naphtha hydrotreating capacity. Reducing gasoline sulfur content to 10
ppm would require revamping the existing FCC naphtha hydrotreating units and some additions to
existing capacity.

In general, investment costs for FCC naphtha hydrotreating capacity would be somewhat lower in
India than in other countries, because the FCC naphtha treated by such units would have low sulfur
content. However, investment costs for Refinery Groups B and D would be subject to adverse

>4 * 4.6 FHTAMRTRANKEHEFEE.

P %63 (EIE) , 6.4 (BEF) , 6.5 (BAE) 6.6 (hE) Hgm BRI BT T AN HN TG EERS S,
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(high) scale factors, owing to their relatively small size. Refinery Group C (which has no FCC
capacity) would meet the 10 ppm sulfur standard through expansion of naphtha desulfurization
capacity (with an adverse scale factor).

Diesel Fuel

As with gasoline, refineries in India currently produce diesel fuel with relatively low sulfur content.
Over 60% of diesel fuel currently produced by Refinery Group A meets a 50 ppm sulfur standard;
the rest meets a 350 ppm standard. About 30% of diesel fuel currently produced by Refinery Group
B meets a 50 ppm sulfur standard; the rest meets a 350 ppm standard. Most of the diesel fuel
produced by Refinery Groups C and D meet a 350 ppm standard, and some meets a 50 ppm
standard.

The low sulfur content of India’s current on-road diesel fuel pool is the result of substantial
distillate desulfurization capacity in India’s refining sector. Refinery Groups A, B, C, and D have
existing distillate hydrotreating capacity sufficient to treat 80%, 70%, 45% and 82%, respectively,
of their distillate blendstock volumes to produce on-road diesel fuel.

Refineries in India could meet 50 ppm and 10 ppm on-road diesel fuel standards by adding some
additional distillate hydrotreating capacity, revamping some existing distillate hydrotreating
capacity to improve capability and adding on-purpose hydrogen capacity.

By virtue of their large average size, Refinery Groups A, B, and D have generally favorable
investment scale factors. Refinery Group C, comprised of small refineries, has adverse investment-
scale factors. In general, refinery investments costs in India are similar (for similar units and
capacities) to those in countries with relatively low investment costs; the investment location factor
for India is about 0.98.

6.4.2 = 4 BF

Refineries in Mexico currently process a mix of heavy and medium sour domestic crude oils, which
are high in sulfur content relative to crudes run in the rest of the world. Average API gravity and
sulfur content in Mexican crude slates varies by refinery, reflecting refinery configurations. Coking
refineries (Cadereyta, Madero and Minatitlan) have crude slates with average gravity in the range
of 23.5 "APIto 27.9°API and average sulfur content in the range of 2.5 wt% to 3.3 wt%. Cracking
refineries (Tula, Salamanca and Salina Cruz) have lighter, less sour crude slates with average
gravity in the range of 28.1 °APIto 31.3 °API and average sulfur content in the range of 1.8 wt% to
2.3 wt%.

Gasoline

Refineries in Mexico currently produce gasoline with average sulfur content of = 432 ppm to 693
ppm, including 90,000 to 100,000 b/d of 30 ppm sulfur gasoline. FCC naphtha content in the
finished gasoline pool varies from 34% to 47%, higher than in U.S. refineries.

All six refineries produce high-sulfur, full range FCC naphtha (= 1,900 ppm sulfur). The three
coking refineries (Minatitlan, Cadereyta and Madero) have FCC feed hydrotreating capacity, which
produces FCC feed sulfur levels similar to those in the cracking refineries (Tula, Salamanca and
Salina Cruz). The Tula refinery has 70,000 b/d of gas oil hydrotreating capacity, including the

FI2RH
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original unit and a revamped H-Oil™ unit. This additional hydrotreating capacity allows the refinery
to produce 50,000 to 60,000 b/d of 30 ppm sulfur gasoline.

To meet the 30 ppm sulfur standard for all gasoline produced in Mexico, the refineries are installing
CDTech™ FCC naphtha hydrotreaters for each FCC train, except those in which the existing FCC
feed hydrotreating capacity can contribute to sulfur control. Meeting the 10 ppm sulfur standard
would require revamping the new FCC naphtha hydrotreaters. No additional hydrogen production
or sulfur recovery capacity would be needed.

Diesel Fuel

All refineries in Mexico now produce diesel with < 500 ppm sulfur, for both on-road and off-road
use. The existing distillate hydrotreating capacity is sufficient to meet this standard for the total
distillate blendstock volume. However, about 40% of the installed capacity is designed for low
severity (low pressure) operations. Producing ULSD would call for revamping this hydrotreating
capacity to high severity (high pressure) operations in some refineries and adding new distillate
hydrotreating capacity in other refineries (Madero, Salamanca, Minatitlan and Cadereyta) where
the cost of revamping low-pressure hydrotreaters is almost the same as installing a grassroots
high-severity unit. In addition, producing ULSD would call for investments in hydrogen production
and sulfur recovery units.

Refinery investments costs in Mexico are higher than in the other countries of interest, in large part
because the assumed location factor for refinery investments in Mexico is 1.35.

6.4.3 i}

Gasoline

Refinery Groups A and B currently produce gasoline with average sulfur content of = 350 ppm to
480 ppm. FCC naphtha accounts for over 60% and 50% of the finished gasoline volumes produced
by Refinery Groups A and B, respectively. These percentages are unusually high; substantially
higher than the norm in other countries. (In the U.S., for example, FCC naphtha accounts for about
30% to 35% of gasoline volume.)

Refinery Groups A and B have negligible FCC feed hydrotreating capacity, produce high-sulfur full
range FCC naphtha (= 700 ppm), and have little FCC naphtha hydrotreating capacity.
Consequently, the refineries in these groups would have to add substantial amounts of FCC
naphtha hydrotreating capacity to produce 50 ppm and 10 ppm gasoline. Further, unit investment
costs for this capacity would tend to be high, because of the relatively high sulfur content of the
FCC naphtha.

Refinery Group C currently produces gasoline with an average sulfur content of = 60 ppm, because
the gasoline comprises only straight-run naphthas, reformate, ethanol and some C4s (no FCC
naphtha). These refineries would incur only negligible costs to produce 50 ppm gasoline, but would
require some investment in naphtha desulfurization to produce 10 ppm gasoline.

Diesel Fuel

Refinery Groups A and B produce about two-thirds of their on-road diesel fuel to meet an 1800
ppm sulfur standard and about one-third to meet a 500 ppm sulfur standard. Consequently, these
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refineries are short of distillate hydrotreating capacity. Existing capacity in Refinery Groups A and B
is sufficient to treat only about 24% and 54%, respectively, of total distillate blendstock volume.
Consequently, to produce ULSD, the refineries in these groups would have to add substantial new
distillate hydrotreating capacity and revamp the existing distillate hydrotreating units to improve
their capabilities.

Refinery Group C currently produces diesel fuel with average sulfur content somewhat higher than
400 ppm and has distillate hydrotreating capacity to treat about 75% of distillate blendstock
volume. Nonetheless, the cost of producing low-sulfur diesel fuel is relatively high for these
refineries because they are small and therefore have high unit investment-scale factors.

In general, refinery unit investments costs in Brazil are somewhat higher (for similar units and
capacities) than in the other countries of interest; the location factor assumed for Brazil is about
1.15.%¢

6.4.4 H E

rh R R R AR R PO S TN, (B TRV R AN . v [ R R R R RO S R R T B
a, SEREAZ (BEmEm— D o B E SRS A 2T A R E IR 2R AL 5 S A )
I ZAL A I AR S ARG UhAl, BRI AR B 2 BSR4 (TS 8%) B IR BIVR I AN
Ay A T TR R BRI R R 2 oy R L A R R A, R BT TR R BE AR K. (H S —
T, ARK—#r R E G A KT FCC #ot, {E18 FCC A M b 3 35%3 50% K7 MR i, S8R A4 4>
MRS B (FCC A n & e .

R B AT & 150ppm BOBRARHE. — MR A AF A S0ppm BRARHERIITI . FRATHIVIL B TR
B, BEAEKIMN S, 2010 48 AHSEI 150ppm MIBRME . AT MRS, FARMIEMLA S Sff FCC ik
JHA S AR, AR BV AR BE 0 AN 2 DLk A FE MRl AR AT A 150ppm P BRARAE . SRR B R E 4R
HRY], 4 150ppm JTMBARAEIELAESTEL, R YTBUA BRI BB AE /1 ELaR 5.30 PRI E BB BRL RE /) B 58

Plt, FATHEE 7RAENE S, DUBORITA kil ) LA RERT & 150ppm BIRRAE. X T A 4 C A E, iR
EAMRADRAR T PR X5 T By D MLE 4K U, BATRYS 75 248 72N 5 (Rl FCC A imnliRipise 77,
LAFF & 150ppm fIbRdE. &l 5.30 ot RIEE By “ R 2w B EE /.

A. B. D Al E 20 ¥ Bl ik 22235 I i FCC A i i i & AR B AE 1R 75 & S0ppm VB bn e, AN H At 6 5 (1 244k F £ 4k
R . FrE 10ppm IR bR vt 75 B G IUA 1 FCC A i in &AL BE 8 G, FFiE— 29 @ FCC Aikmiins
A3 fE

BRih 4 E A7 BV S A AR KES 221 FCC A i, PRIt 25 58 b o R Ay ot | 4L 2 7 B9t . B 2277 IR
ALy S A AR s EE B FCC A 2R, IR Eept |0 T8 FCC A il B A 0 A5 2R Sy, RIEART
# 50ppm Al 10ppm B bR #E K1 EETH AR e T AR

% However, one knowledgeable source estimates that the location factor for Brazil is considerably higher, in the range of 1.4 to 1.6.
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SR AR R

—Rm A, P ER AR R B R R (FCC R AL SR YD) RO 1 A et
RO B BE Jy o T A P R R R IR R Y, — P RER R B IR ERL, BRI 1T O BORR

ok
He o

I R I AR R RE ) O LA R LR N S AL BE RE 0 AR e TR RE 0 LA R 8 N S i DA SRR B I i
B, HFE R AR 2 SOppm Al 10ppm f) 25 F S8 T R RLBR AR A o

MRt B BUA ORI A INEAC B RE SRS, LA TSI ORI i BT 7 K 22 Bl Bt TR R A e i A ot
BUA T

6.5 RFEBK 5 ¥ I A5 B R R IBA A BT B AR D B 95 ol
kA

FFERR 5 HEBCESR E7 T AN SE M OB RUA% LE 10ppm BARAESE ™A% (RILATRESE 53 51) o BREIMORL BT RIE L P HLE Y
PRAEAELFEV I AN GG AR 10ppm BibRifE, & EAHIR 2 HAR B A SRR R AR e (AERR 215 5% IR R
HJEIXLEARAE)

Bt o BT LS MDA BE O 5 IS SRR TR A 5 VA SRR ER R . R 412 A1 413 BUR T iX
TR B R IIFFEER 5 A SRR HE (B R . IR AU SO RIS G BR 5 S behnd, BRURBCA A E 5K
fExLEprE, T H BRI L E X R HR S 5 R i AR, SR RBUA 10 L85
REGRA M RELH ST, S, 2P EfEE RVP FRAEERTA 155 h xR T E X ZFRA T RE. K5 1
60kPa [RAE 2 — N EARK IR, H20 TR AR UL R R X A 68 2| 70kPa FIRLE . BR T F—11
ik 0 o B BRI RVP 15 546, 60kPa RVP FARADFELERR 5 15 5K .

B 5 IS ROSIES 6 TTARERE 6.3 6.4, 6.5 6.6 1AL RIIL A S RAPEA (B 5 15 5N
BAD) FATAE 10ppm —AErPga i 1, DRl R RK 5 HEBPRHETT SINJLERAE, 0 R T2 HEAT IR 8 P 8 o ) oA
(R o BRERS WREAKRE.

TR 2 SR R T 2H, IR VR I A/ E S AR R R S R R S H bR, JERREEAT BB R i T (g
BHBEMERA) - R 6.7f8H T B ikm ARMEM S E&ET 10ppm, AT HLEK S FrdE, 5FZM
TG, R 6.8 (EIE) , 6.9 (FPUar) , 6.10 (7)) Al 6.11 (HE) ja 7 EEalfE soh BREHRK 5 BRRLHR
& 10ppm B EER, UARKFARR 5 HAAMRAES. XERMTE 6 WKE, FEHARMMIRAR. 5T
10ppm B b 14 1) 35 Fh ik 70 175 S 45 3R 9

& FEENFEANELPY, ARSI AR B BRI A AN 2 23 A R T ST R PR AT S FA I RR S Pl bRAE, e R N
fRah )N (RIS A SN R AS)

¢ PARPUE (BERLE R BERCE AN RIEERE) M E ChE CAME 4D, PraIX Bk s A
AP BV R S B I 1.0vol %K 5 K H AR E .

¢ FEENFEANSRPYRF, ML S AN 4L 70 R U P RO R PR AT S 5 SRIbR e, JERR BN R T (R BeA
BN RRAD > LUK

¥ EMEEZMITT 51 +RiEE, 1% 6.6 TAIRMEETRRE. FAXRESTERE, EEZRFABEELERRD, ML

EENE G AR ERF.
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¢ EEPEAPE, B4l (ETEAY C 4D A R BUR A S AL 7 A B P N B IA AN B S [
ANEEERRE (51CND , R 6.5 C(EFE) A 6.6 (FFED (X Z/HAEMMFAFIEAT 1 (I3 HE A A LT o

X AHIE T, 287G BRI R 22 2R BRI P 2 PR ATt A VR e R T B ) B O R AR R AR ], )
R L PR R R e BB A T e DA sl ) S P R = g BB AR

R 6.4 FIR 6.6 Fian, A EH PRI 75 B, JF R MNIE T A . R 6.4 F1 6.6 H1EK 5 ARitESE N
AAT R T AIRET 10ppm BiArdESE 5t UH T J2b 2 B 7 1 T4l B I s .

K 6.7: NFFEEKSK 10ppm 5 LR AR RE R &

BEF-FENEFR HE-A 4
BEAih 1% 5 1.45 HEAih 1% 5 48.8
10ppm fii 1.25 10ppm fii 48.0
K 5 1.00 KK 5 51.0
iﬁ%ﬁﬂ%ﬁ% o E-B 4
BEAih 1% 5 1.14 HEAih 1% 5 45.0
10ppm fii 1.37 10ppm fii 47.0
K 5 1.00 KK 5 51.0
BEF-FEFE FE-CH
BEAih % 5 1.14 Fenitif 5 1.40 47.0
10ppm fii 1.06 10ppm fii 1.37 48.0
K 5 1.00 KK 5 1.00 51.0
Er-AH FE-DA
BEAih 1% 5 44.1 HEAih 1% 5 45.0
10ppm fii 47.2 10ppm fii 45.0
K 5 51.0 KK 5 51.0
E7-B A FE-E 4
BEAih 1% 5 42.1 HEAih 1% 55 0.87 44.0
10ppm i 46.0 10ppm #ifi 1.06 44.0
K 5 51.0 KK 5 1.00 51.0

R, RFARK S VR AR AE I TR AL S AR DA R T2 AT, (D PR 10ppm BRARERITRAG oA B (2) 5k
MDIRHITAG A . B, R 6.4 FEA T BTG RS R TR S VRIMBRHER TR AN 1.4 55/ FE: RUUR
WIZ AL, (1) FFA 10ppm BRARAER A 1.3 £05/THNE (20 FF4E 1vol% R brdE B InpeA 0.1 3&450/7F.

XTSRRI . FRATMECE PG A b E AR A S B R (2- LK CIEREIR IR ) KON ke E IR 3R
] SICN. A I/ be (B S 2 3R TH S8 CN R — iR AE RS« (RRRA 5 2o RIEA BT SR #5958

e, R 6.5 F1 6.6 "Fhr NEK 5 TEILIE IAYEA—FEIR T, MXT 10ppm BARET H,  ((UHT) +oNkifditm
R T BRI AR o
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AT SRR, A S R R 5 ARk, VR A S SRR TR S bRt A EOR EPEE A S =y
ATTRERFABR 5 b, Ry EL VG SRS ARV T R O

PG | R SRR B (850gm/ce) AT T95(370° C)bRE I AHRIAIRK 5 FrdE (458 845gm/cc Fl 360° C)
AT R B A S R B, EPU 4L A F B A S ORL AT BE R RR 5 FR 5 FE AL T95 bRt .

A TR, AR RS BRI RE P IR AR R L RS OB E M R A AR SR A BOR B o R T G AR [ LA
R TAERY], BV 75 K% 385° C(725° F)RIZR mi 8 K& 500 H )45 1R 2 S8 i OB A 4L 7y i A
W TSR v N BRI i A i T 2R TR S 45t R e SR R E R TOS AR IR ERL, 5 iR BRIk v E Y EL TG
PRE—F

AR SR TUAS EE Pt T 2EL 26 7 A SRR A ZE 73 S AN S BB FE A T9S Hilr VU iy B b, I8 4 JLHEAS S A
BHEFIHE 7 SRt 22 AR BT fF A BR 5 BFEEAN TOS bRtk b, dERe a0 5= & 75 208 K& R O R
RAVEE, TIZ AT R ESRBEAT B AL RERIIEBE . B, T DA™ b R i A b S Rk, S8l HiX
SRS . BV A RE R AR PIM T IEIANE G o 53— AT RE B MB0Z R SRR A A 2y i B 7y D T I S it AN
FEAE B ST o X T DA A FE 5NN v i R AR L ) S 5 R B AR T B SERRE b, AT 2D 2 T S Tk AR 5 TR B
Bl VT e P2 SE MR 25 BEA TOS (1% R flvE AN Jg T A HH 78 1) v

6.6 FE4E 7= 60kPa RVP B =I5 1 I B i B A

X A R LT, I R A B B ZRIRIM & 60kPa I TRl B IR A . SR H LK) ULSF 2345
e, bR E G AR T T (EBEHERE 5t RVP R RVP6OKPA [T 5t PP~ A r= i A i il . 18
ULSF 70 #rb, Mol B8 S B il ok 7 S8R, MR T L2748 3E RVP IR (BRI ) Tk,
SEICHTIN TBeHt VR A ek DA SR T T e IR RIH T MORL AR RR A AL A

SR AN S, FAME RVP 1SRG 45 R 5 I HE S St R A LR e 0, 5098 R RN B 06 ok 2B 72 AR A

WS PFE AL RVP bRAEARSCHR o X e 3 75 i @b %5 2% FHSORT DL R B4 BRAS B0 A8 4k Ryt g SE R 8 757 o A 72 B 45 A8 A

A T 205847 AR R B BL BV A ==, RINED RVP TR . Bles of AL RGZ 28 4.5 51

WIRHAT TR, 25 BB N SR & H Bk ACC L.

RVP 7 ) BRI AR R 5 S 25 R

¢ 50ppm ULSF UM IS AL/E R RVP 0 i B BE v IS 5. W 7t seh, AU TR EE 47 G AR R SOppm BiflAs, LA
SO RVP 4553 5 ULSF 1% 5t (50ppm VA7 A1 L & 70kPa RVP V338 ) BEATXTE .

¢ E B RVP 1 SCRAMFEMEm S AL 7= 5 TR FIGE RVP 77 55 & PR AR #E L S ULSF 1650, AREFxT 2T
PEIEATAT o] 1 %

& KERS> RVP Jak/badiad P i A2 23 S Al b 22 T Re i 7 NS Bl e AR AR I B0E 78 20 10T ke (i 6vol% |
8vol%) fAAE TRt CGEUENE 5 VMR 5 SR, GR35 T et RVP Jik/> & 60kPa. FEAL 45 RS FFX
PP B o

¢ EPRASER B GMEBURI T ) T FER AR, B0 . SUR R ERAE 8N E R AR A
VA= SRR R D DRI IR R (L E D

& MR RBR T il @ e sl R BR T R (D BRI, TR ERETA T R S A T I R A 9
FHK

& VR T B T R E A TR S A o THE SRR B AT BROAR 3 R BN A S I T S RSAR ek 2 T
BRI R,
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B 6.5 S 7RI 4L R 2 RVP /b % 60kPa HI TS MR BRA (SE70/01) o AR IR A 25 [F AL AR 5L 5%

R 6.12 fon T b EERAN T A gl @2 HT RO R RVP TR EIR . 28R S LU RA R SR 6.3 F 6.6
MEE 6.3 5 AL — B, FREMEETH AR IR N N & LA AR 28 (BUONERIEIR, R 612 THES 6
FHIEE. D

HT R E BRI S, P EBUA TR RVP 2] Bl A A B 2.03 1455788 0.31 S653/TF . X Tl i
W, Tl AR B 3000 J3 3K 0B 0.14 K5/ T

EE, B 6.5 fIFR 6.12 FF RVP HIEH RA KM T 2454 & RVP BH AR, RE (1D BEELIHA
TEEEPIREEM, U Q) BITRANEKET 60kPa RVP WA RIIREEMH (B . RASEIE
R AP & S BT T B A B 6.5 FIR 6.12 H T/~ B I A%

B e, VR RVP S HI A B S AR TE A EAR AL I, SO R AERR 2 B K2 5 R 20 A o Bl 0 DL A
LE AR 1) 2= RVP 2] A .

B 6.5: 60kPa RVP frifE BRI A : FH
(E2/F)

Al B4l c4l D 4L B4l il AN
SRR Hh B A e

X By C A E 4l T E, RVP KT RATERDY 0.25 S23/7H3] 0.38 £0/7t (5 EBAR S 240
K)o BR T EERR T HERIBIR AN, Xk e B SRR B . SR ER G2 RVP FEHLE AR 41%3)
68%. AT HIRIRIN T BAT A, BT He A Bt ok 7, 97 DA B2 B 7 M0 = g 1 a4 484 0 i i
ARV B A R AT Be g I g UL o

XT A A D PRI DR EIIRTIE . RVP S BT AR TE DY 0.10 5620/7HF] 0.14 S0/ 01 CRAHE
BRI SHD o Rl U HZ Mo st SRR A5t , HETRE RVP BEH 24%%)
32%.

%18 H



it ¥ B ULSF B A& 5 4 i 20124 10 H

F63: EEHKM BEER:. HE

50 ppm Sulfur 10 ppm Sulfur 50 ppm Sulfur 10 ppm Sulfur 50 ppm Sulfur 10 ppm Sulfur
Refer. Refer. Refer.
Case Gas Gas & Gas Gas & Case Gas Gas & Gas Gas & Case Gas Gas & Gas Gas &
Only Diesel Only Diesel Only Diesel Only Diesel Only Diesel Only Diesel

Crude Throughput (K b/d) 1,512 1,512 1,520 1,520 1,520 1,111 1,112 1,111 1,112 1,113 96 96 96 96 96
Other Input (K b/d) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Refined Product Output () (K b/d) 1,404 1,404 1,416 1,414 1,415 1,010 1,011 1,011 1,012 1,013 83 83 83 83 83
Gasoline 368 368 368 368 368 107 107 107 107 107 9 9 9 9 9
On-Road Diesel Fuel 560 560 560 560 560 405 405 405 405 405 40 40 40 40 40
All Other 476 476 488 486 487 498 499 499 500 501 34 34 34 34 34
Investment ($MM) 69 337 591 957 82 604 688 1,109 0 211 224 321
Gasoline Hydrotreating 67 54 307 307 81 76 140 144 0 0 13 13
Diesel Fuel Hydrotreating 0 248 242 602 0 504 504 921 0 211 211 308
On-purpose Hydrogen 2 22 33 40 1 24 27 37 0 0 0 0
All other 0 12 9 9 0 0 16 7 0 0 0 0
Increased Refining Cost ($MM/y) 34 123 276 382 29 173 209 336 0 55 61 88
Capital Charge & Fixed Costs 19 93 164 265 23 167 190 306 0 58 62 89
Refining Operations (2 15 29 112 117 7 6 20 30 0 3 -1 -1
Per Liter Refining Cost (¢/liter)
Finished Gasoline 0.2 0.2 0.9 0.9 0.5 0.5 1.1 1.1 0.0 0.0 1.2 1.2
On-Road Diesel Fuel @ 0.3 0.3 0.6 0.6 0.6 1.2 24 24 35
Added Cost of Euro 5 Standards
Finished Gasoline (¢/liter) - . -
On-road Diesel (¢/liter) @) - . -
On-Purpose Hydrogen (MM scf/d) 380 382 405 417 424 303 304 318 320 326 0 0 0 0 0
Process Charge Rates (K b/d)
Reforming 104 105 115 128 129 47 47 46 47 46 6 6 6 6 6
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India Group A India Group B India Group C

50 ppm Sulfur 10 ppm Sulfur 50 ppm Sulfur 10 ppm Sulfur 50 ppm Sulfur 10 ppm Sulfur
Refer. Refer. Refer.
Case Gas Gas & Gas Gas & Case Gas Gas & Gas Gas & Case Gas Gas & Gas Gas &
Only Diesel Only Diesel Only Diesel Only Diesel Only Diesel Only Diesel
Fluid Cat Cracking 431 431 409 426 427 144 144 143 143 144 0 0 0 0 0
Hydrocracking 111 111 111 11 111 192 192 192 192 192 0 0 0 0 0
Fuel Use (K foeb/d) 88 105 106 108 108 57 57 58 58 58 3 3 3 3 3
Gasoline Pool Properties
RVP (psi) 8.8 8.8 838 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8
Aromatics (vol%) 19.4 19.4 20.7 20.6 20.6 26.1 26.2 26.6 27.8 21.7 34.0 33.9 33.9 34.4 34.4
Benzene (vol%) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Sulfur (ppm) 67 43 43 10 10 120 50 50 10 10 68 50 50 10 10
Octane (RON) 90.9 90.9 90.9 90.9 90.9 90.9 90.9 90.9 90.9 90.9 90.4 90.4 90.4 90.4 90.4
On-Road Diesel Fuel Properties
Sulfur (ppm) 154 154 39 39 9 246 246 45 45 9 332 332 45 45 9
Cetane Number
Non-additized 47.2 47.2 48.3 48.3 47.9 49.7 49.7 49.5 49.5 49.5 48.1 481 49.0 49.0 49.9
Additized -- Country Std. 51.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0
- Euro 5 Std 51.0 51.0 51.0

Note:
(" Excludes coke, sulfur, and refinery streams used for fuel or hydrogen production.
@ Includes cost of cetane enhancer, if any.
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K63 (4 . HELM EFEER: BE

50 ppm Sulfur 10 ppm Sulfur 50 ppm Sulfur 10 ppm Sulfur 50 ppm 10 ppm Sulfur
Refer. Refer.
Case Gas Gas & Gas Gas & Case Gas Gas & Gas Gas & Refer. Gas Gas &
Only Diesel Only Diesel Only Diesel Only Diesel Case Only Diesel

Crude Throughput (K b/d) 1,013 1,015 1,007 1,008 1,009 3,732 3,734 3,734 3,735 3,737 1,314 1,314 1,314
Other Input (K b/d) 0 0 0 0 0 0 0 0 0 0 0 0 0
Refined Product Output ) (K b/d) 936 937 926 926 927 3,434 3,435 3,437 3,435 3,437 1,247 1,248 1,248
Gasoline 120 120 120 120 120 604 604 604 604 604 241 241 241
On-Road Diesel Fuel 358 358 358 358 358 1,363 1,363 1,363 1,363 1,363 645 645 645
All Other 458 459 448 448 449 1,467 1,468 1,470 1,468 1,470 361 362 362
Investment ($MM) 206 751 856 1,261 357 1,903 2,359 3,648 98 511
Gasoline Hydrotreating 205 176 278 284 352 306 739 748 89 90
Diesel Fuel Hydrotreating 1 497 498 903 1 1,460 1,454 2,733 0 386
On-purpose Hydrogen 1 79 80 74 3 125 140 151 8 34
All other 0 0 0 0 0 12 25 16 1 1
Increased Refining Cost ($MM/y) 83 284 328 456 146 635 874 1,263 42 174
Capital Charge & Fixed Costs 57 207 236 348 98 526 652 1,008 27 141
Refining Operations (2 26 77 92 108 48 110 223 255 15 33
Per Liter Refining Cost (¢/liter)
Finished Gasoline 1.2 1.2 1.8 1.8 0.4 0.4 141 141 0.3 0.3
On-Road Diesel Fuel @ 1.0 1.0 1.6 0.6 0.6 141 0.4
Added Cost of Euro 5 Standards
FinishedGasoline (¢/liter) - - -
On-road Diesel (¢/liter) @ - - -
On-Purpose Hydrogen (MM scf/d) 92 92 116 116 115 775 778 839 853 865 346 354 376
Process Charge Rates (K b/d)
Reforming 58 59 68 68 68 214 217 235 249 248 90 91 91
Fluid Cat Cracking 158 158 152 151 157 733 733 703 720 728 219 219 219
Hydrocracking 46 46 46 46 46 349 349 349 349 349 213 213 213
Fuel Use (K foeb/d) 48 48 46 46 47 196 214 213 215 217 78 78 78
Gasoline Pool Properties
RVP (psi) 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8
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India Group D Current India Refining Sector India Group E

50 ppm Sulfur 10 ppm Sulfur 50 ppm Sulfur 10 ppm Sulfur 50 ppm 10 ppm Sulfur
Refer. Refer.
Case Gas Gas & Gas Gas & Case Gas Gas & Gas Gas & Refer. Gas Gas &
Only Diesel Only Diesel Only Diesel Only Diesel Case Only Diesel

Aromatics (vol%) 29.2 30.3 314 31.6 31.3 22.7 23.0 24.0 243 24.2 28.0 271 27.2
Benzene (vol%) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Sulfur (ppm) 146 50 50 10 10 92.4 46.0 46.0 10.0 10.0 50 10 10
Octane (RON) 90.9 90.9 90.9 90.9 90.9 90.8 90.8 90.8 90.8 90.8 90.9 90.9 90.9
On-Road Diesel Fuel Properties
Sulfur (ppm) 320 320 45 45 9 230 230 42 42 9 31 31 9
Cetane Number
Non-additized 47.9 47.9 49.6 49.6 49.5 48.1 48.1 49.0 49.0 48.8 484 485 485
Additized -- Country Std. 51.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0 51.0
-- Euro 5 Std 51.0 51.0 51.0
Note:

(" Excludes coke, sulfur, and refinery streams used for fuel or hydrogen production.
@ Includes cost of cetane enhancer, if any.
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% 64: BEHM BELR. BET

30/10 ppm Sulfur’ 10 ppm Sulfur 30/10 ppm Sulfur! 10 ppm Sulfur 30/10 ppm Sulfur! 10 ppm Sulfur
%eaf:;. Gas Gas & Gas & Gas & Refer. Gas Gas & Gas & Gas & Refer. Gas Gas & Gas & Gas &

Only Diesel Diesel Diesel Case Only Diesel Diesel Diesel Case Only Diesel Diesel Diesel
Crude Throughput (K b/d) 275 273 275 276 276 185 185 185 185 185 292 291 292 291 291
Other Input (K b/d) 6 5 6 4 4 19 17 20 13 13 6 3 3 9 9
Refined Product Output®@ (K b/d) 285 283 286 285 285 203 201 203 200 200 301 297 295 301 301
Gasoline 106 104 105 103 103 79 77 79 77 77 95 95 94 95 95
On-Road Diesel Fuel 63 62 62 62 62 48 47 47 47 47 79 78 78 78 78
All Other 17 117 119 120 120 76 77 76 77 77 126 124 123 128 128
Investment ($MM) 166 511 594 594 91 333 378 378 169 579 663 663
Gasoline Hydrotreating 166 166 250 250 91 91 136 136 169 169 253 253
Diesel Fuel Hydrotreating 0 206 206 206 0 173 173 173 0 275 275 275
On-purpose Hydrogen 0 77 77 77 0 69 69 69 0 94 94 94
All Other 0 62 62 62 0 0 0 0 0 41 41 41
Increased Refining Cost ($MM/y) 65 186 212 212 42 134 150 150 57 188 214 214
Capital Charge & Fixed Costs 46 142 165 165 25 92 105 105 47 160 184 184
Refining Operations 19 44 48 48 17 42 46 46 10 28 30 30
Per Liter Refining Cost (¢/liter)
Finished Gasoline 1.1 1.1 1.5 1.5 0.9 0.9 1.3 1.3 1.0 1.0 1.5 1.5
On-Road Diesel Fuel 3.3 &3 &3 3.4 3.4 34 29 29 2.9
Added Cost of Euro 5 Standards
FinishedGasoline (¢/liter) @) - - 0.1 0.1 0.3 0.3
On-road Diesel (¢/liter) - - _ i }
On-Purpose Hydrogen (MM scf/d) 20 20 51 51 51 0 0 23 23 23 0 0 28 28 28
Process Charge Rates (K b/d)
Reforming 49 49 48 47 47 32 32 32 32 32 41 39 39 41 41
Fluid Cat Cracking 67 67 67 67 67 40 40 40 40 40 69 73 74 73 73
Hydrocracking 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Fuel Use (K foeb/d) 17 16 16 17 17 13 14 14 16 16 19 19 19 19 19
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30/10 ppm Sulfurt 10 ppm Sulfur 30/10 ppm Sulfurt 10 ppm Sulfur 30/10 ppm Sulfurt 10 ppm Sulfur
?::: Gas Gas & Gas & Gas & Refer. Gas Gas & Gas & Gas & Refer. Gas Gas & Gas & Gas &
Only Diesel Diesel Diesel Case Only Diesel Diesel Diesel Case Only Diesel Diesel Diesel
Gasoline Pool Properties
RVP (psi) 8.8 8.8 8.8 8.5 8.5 8.2 8.2 8.2 8.2 8.2 9.1 9.1 9.1 9.1 9.1
Aromatics (vol%) 30.3 30.3 30.3 29.4 294 28.8 28.9 28.8 28.9 28.9 241 26.2 29.0 29.0 29.0
Benzene (vol%) 1.06 1.01 1.09 0.97 0.97 1.45 1.44 1.50 1.25 1.25 1.14 1.44 1.63 1.63 1.63
Sulfur (ppm) 625 25 25 10 10 516 25 25 10 10 693 25 25 10 10
Octane (DON) 87.0 87.0 87.0 87.0 87.0 87.7 87.7 87.7 87.7 87.7 87.4 87.4 87.4 87.4 87.4
Diesel Fuel Properties
Sulfur (ppm) 500 500 10 10 10 500 500 10 10 10 500 500 10 10 10
Cetane Number
Country Std. 51.2 51.0 51.4 51.4 51.4 52.7 52.4 53.7 52.4 52.4 52.0 534 51.2 51.2 51.2
Note:

(1 Gasoline 30 ppm and Diesel 10 ppm
(2) Excludes coke, sulfur, and refinery streams used for fuel or hydrogen production.
@) Includes 7 $MM investment in Salamanca, 23 $MM in Salina Cruz, and 2 $MM in Cadereyta.
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£64 (B BEHM BHLE. BET
e T i et oo Rofning st

e 3041%32"‘ 10 ppm Sulfur 3041%5:’,"' OppmSufur 3"S’L?ﬂ':rﬁm oppmSufur 3041%35"‘ 10 ppm Sulfur
Case Gas Gas& Gasé& Gas & Refer. Gas Gas& Gasé& Gas & Case Gas Gas& Gas& Gas&  Case Gas Gas& Gas& Gasé&
Only Diesel Diesel Diesel Case Only  Diesel  Diesel Diesel Only Diesel Diesel Diesel Only  Diesel Diesel Diesel

Crude Throughput (K b/d) 241 240 240 240 240 228 226 226 226 226 155 155 155 155 155 1,376 1,370 1,372 1,372 1,372
Other Input (K b/d) 26 26 26 26 26 6 3 5 3 3 4 0 0 0 0 67 54 60 55 55
Refined Product Output®@ (K b/d) 253 252 251 257 257 216 210 210 214 214 148 143 143 143 143 1,407 1,388 1,388 1,400 1,400
Gasoline 116 115 114 110 110 101 97 97 97 97 68 65 66 66 66 566 553 556 547 547
On-Road Diesel Fuel 86 86 85 74 74 80 80 79 79 79 43 43 43 42 42 399 396 394 382 382
All Other 52 52 51 73 73 35 34 34 38 38 36 35 34 35 35 442 439 438 470 470
Investment ($MM) 89 468 524 524 166 549 632 632 99 493 542 542 781 2,932 3,334 3,334
Gasoline Hydrotreating 89 89 146 146 166 166 250 250 99 99 149 149 781 781 1,183 1,183
Diesel Fuel Hydrotreating 0 220 220 220 0 231 231 231 0 262 262 262 0 1,367 1,367 1,367
On-purpose Hydrogen 0 95 95 95 0 73 73 73 0 53 53 53 0 461 461 461
All Other 0 64 64 64 0 78 78 78 0 79 79 79 0 323 323 323
Increased Refining Cost (SMM/y) 38 181 199 199 68 193 220 220 42 165 181 181 313 1,047 1,177 1,177
Capital Charge & Fixed Costs 25 130 145 145 46 152 175 175 27 137 150 150 216 812 924 924
Refining Operations 14 51 54 54 22 41 45 45 15 28 31 31 97 234 254 254
Per Liter Refining Cost (¢/liter)
Finished Gasoline 0.6 0.6 0.9 0.9 1.2 1.2 1.7 17 1.1 1.1 1.5 15 1.0 1.0 14 14
On-Road Diesel Fuel 29 29 29 27 27 2.7 49 4.9 49 3.2 32 32
Added Cost of Euro 5 Standards
Finished Gasoline (¢/liter) @ - - <0.1 <0.1 - - 0.1 0.1
On-road Diesel (¢/liter) - = . - _ i ;
On-Purpose Hydrogen (MM scf/d) 23 28 49 58 58 29 29 56 56 56 24 24 36 38 38 97 102 244 254 254
Process Charge Rates (K b/d)
Reforming 43 42 42 40 40 37 37 37 37 37 26 30 31 31 31 227 229 231 229 229
Fluid Cat Cracking 66 66 66 62 62 70 70 70 70 70 45 49 49 49 49 358 366 366 361 361
Hydrocracking 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Fuel Use (K foeb/d) 13 13 15 17 17 16 16 16 16 16 13 14 14 15 15 90 92 95 100 100
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Refer. 3oél?f3|gm 10 ppm Sulfur 30;1%35'“ 10 ppm Sulfur Refor. 3%’:&52'" 10 ppm Sulfur Refor. 3osll?fssm 10 ppm Sulfur
Case Gas Gas& Gasé& Gas & Refer. Gas Gas & Gas & Gas & Case Gas Gas& Gas & Gas &  Case Gas Gas& Gas& Gasé&
Only Diesel Diesel Diesel Case Only Diesel Diesel Diesel Only  Diesel Diesel Diesel Only Diesel Diesel Diesel
Gasoline Pool Properties
RVP (psi) 9.0 9.0 9.0 8.9 8.9 85 85 85 8.5 8.5 8.3 8.3 8.3 8.3 8.3 85 8.5 85 8.5 8.5
Aromatics (vol%) 345 33.9 315 31.3 31.3 26.2 25.9 25.9 25.9 25.9 271 284 2741 26.2 26.2 26.2 25.9 25.9 25.9 25.9
Benzene (vol%) 0.87 0.93 0.93 0.79 0.79 1.14 1.04 1.04 1.06 1.06 0.99 1.03 1.03 0.97 0.97 1.14 1.04 1.04 1.04 1.06
Sulfur (ppm) 624 25 25 10 10 596.4 25.0 25.0 10.0 10.0 4324 250 25.0 10.0 10.0 596.4 25.0 25.0 25.0 10.0
Octane (DON) 87.9 87.9 87.9 87.9 87.9 87.3 87.3 87.3 87.3 87.3 87.8 87.8 87.8 87.8 87.8 87.3 87.3 87.3 87.3 87.3
Diesel Fuel Properties
Sulfur (ppm) 500 500 10 10 10 500 500 10 10 10 500 500 10 10 10 500 500 10 10 10
Cetane Number
Country Std. 52.3 52.3 52.3 51.4 51.4 52.7 52.3 52.0 52.1 52.1 52.8 52.2 51.8 51.3 51.3 52.7 52.3 52.0 52.0 52.1
Note:

(1 Gasoline 30 ppm and Diesel 10 ppm
(2) Excludes coke, sulfur, and refinery streams used for fuel or hydrogen production.
@) Includes 7 $MM investment in Salamanca, 23 $MM in Salina Cruz, and 2 $MM in Cadereyta.
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F65: EEKM BEER:. B

50 ppm Sulfur 10 ppm Sulfur 50 ppm Sulfur 10 ppm Sulfur 50 ppm Sulfur 10 ppm Sulfur
l:;fse: Gas Gas & Gas Gas & Refer. Gas Gas & Gas Gas & Refer. Gas Gas & Gas Gas &
Only Diesel Only Diesel Case Only Diesel Only Diesel Case Only Diesel Only Diesel
Crude Throughput (K b/d) 518 519 517 516 516 1,326 1,330 1,332 1,332 1,331 25 25 25 25 25
Other Input (K b/d) 34 34 34 34 34 102 102 102 102 102 1 1 1 1 1
Refined Product Output( (K b/d) 563 564 564 564 564 1,429 1,432 1,437 1,436 1,436 26 26 26 26 26
Gasoline® 116 116 116 116 116 360 360 360 360 360 4 4 4 4
On-Road Diesel Fuel 215 215 215 215 215 604 604 604 604 604 8 8 8 8
All Other 232 233 233 233 233 465 468 473 472 472 14 14 14 14 14
Investment ($MM) 458 1,663 1,812 2,147 706 2,828 3,129 3,729 0 56 61 83
Gasoline Hydrotreating 394 380 521 521 684 671 939 938 0 0 6 6
Diesel Fuel Hydrotreating 1 957 957 1,278 0 1,759 1,759 2,285 0 51 51 72
On-purpose Hydrogen 53 244 253 265 9 303 336 410 0 0 0
All Other 10 83 80 83 13 94 95 96 0 5 5 5
Increased Refining Cost (SMM/y) 165 505 569 655 316 981 1,113 1,295 0 17 19 25
Capital Charge & Fixed Costs 126 460 501 594 195 782 865 1,031 0 15 17 23
Refining Operations( 38 45 68 61 121 200 247 264 0 1 2 2
Per Liter Refining Cost (¢/liter)
Finished Gasoline 24 24 34 34 1.5 1.5 21 2.1 0.0 0.0 0.9 0.9
On-Road Diesel Fuel® 2.7 2.7 34 1.9 1.9 24 37 37 5.1
Added Cost of Euro 5 Standards
Finished Gasoline (¢/liter) - - -
On-road Diesel (¢/liter) @) 0.2 0.3 -
On-Purpose Hydrogen (MM scf/d) 18 23 55 59 64 85 87 153 160 189 0 0 0 0 0
Process Charge Rates (K b/d)
Reforming 0 0 0 0 0 23 32 34 32 32 2 2 2 2 2
Fluid Cat Cracking 178 178 178 172 172 399 401 403 403 403 0 0 0 0 0
Hydrocracking 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Fuel Use (K foeb/d) 21 22 24 23 24 59 61 64 65 65 1 1 1 1 1
Gasoline Pool Properties
RVP (psi) 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
Aromatics (vol%) 12.5 12.6 121 12.7 12.9 14.4 16.0 15.6 16.2 16.2 20.3 20.0 20.1 19.7 19.7
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50 ppm Sulfur 10 ppm Sulfur 50 ppm Sulfur 10 ppm Sulfur 50 ppm Sulfur 10 ppm Sulfur
%f:: Gas Gas & Gas Gas & Refer. Gas Gas & Gas Gas & Refer. Gas Gas & Gas Gas &
Only Diesel Only Diesel Case Only Diesel Only Diesel Case Only Diesel Only Diesel
Benzene (vol%) 0.77 0.67 0.63 0.57 0.58 0.84 0.94 0.97 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Sulfur (ppm) 479 50 50 10 10 352 50 50 10 10 54 50 50 10 10
Octane (MON) 82.7 82.3 82.3 82.3 82.3 82.3 82.3 82.3 82.3 82.3 82.3 82.3 82.3 82.3 82.3
On-Road Diesel Fuel Properties
Sulfur (ppm) 1,415 1,415 44 44 9 1,335 1,335 44 44 9 420 420 46 46 10
Cetane Number
Non-additized 441 44.2 46.9 46.9 472 421 421 45.0 45.0 454 51.8 51.8 53.9 53.9 54.1
Additized -- Country Std. 46.0 46.0 46.0
-- Euro 5 Std. 51.0 51.0
Note:

(" Excludes coke, sulfur, and refinery streams used for fuel or hydrogen production.
(2 Blended with 20% ethanol.
@) Includes cost of cetane enhancer, if any.
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F65 (%) : BEEHLEWM BHFEER:. BEA

50 ppm Sulfur 10 ppm Sulfur 50 ppm 10 ppm Sulfur

Refer. Gas Gas & Gas Gas & Refer. Gas Gas &

Case Only Diesel Only Diesel Case Only Diesel
Crude Throughput (K b/d) 1,869 1,874 1,873 1,873 1,871 539 539 539
Other Input (K b/d) 137 137 137 137 137 46 46 46
Refined Product Output( (K b/d) 2,019 2,022 2,027 2,026 2,027 542 542 542
Gasoline® 480 480 480 480 480 153 153 153
On-Road Diesel Fuel 827 827 827 827 827 302 302 302
All Other 712 715 720 719 720 87 87 87
Investment ($MM) 1,164 4,547 5,003 5,959 93 326
Gasoline Hydrotreating 1,078 1,051 1,466 1,464 81 79
Diesel Fuel Hydrotreating 1 2,767 2,767 3,635 0 204
On-purpose Hydrogen 63 547 590 676 8 36
All Other 29 262 260 264 4 5)
Increased Refining Cost (SMM/y) 480 1,504 1,701 1,975 53 122
Capital Charge & Fixed Costs 321 1,257 1,383 1,648 26 90
Refining Operations® 159 246 318 327 27 32
Per Liter Refining Cost (¢/liter)
Finished Gasoline 1.7 1.7 24 24 0.6 0.6
On-Road Diesel Fuel® 2.1 2.1 2.7 04
Added Cost of Euro 5 Standards
Finished Gasoline (¢/liter) -
On-road Diesel (¢/liter) @ 0.3 0.3
On-Purpose Hydrogen (MM scf/d) 103 110 208 219 252 87 91 104
Process Charge Rates (K b/d)
Reforming 25 34 36 34 34 38 38 37
Fluid Cat Cracking 578 579 582 576 575 47 47 47
Hydrocracking 0 0 0 0 0 60 60 60
Fuel Use (K foeb/d) 82 84 89 90 90 27 27 27
Gasoline Pool Properties
RVP (psi) 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
Aromatics (vol%) 14.0 15.2 14.8 15.4 15.4 20.0 20.5 204
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50 ppm Sulfur 10 ppm Sulfur 50 ppm 10 ppm Sulfur

Refer. Gas Gas & Gas Gas & Refer. Gas Gas &

Case Only Diesel Only Diesel Case Only Diesel
Benzene (vol%) 0.82 0.87 0.88 0.90 0.90 1.00 0.98 0.98
Sulfur (ppm) 380.2 50.0 50.0 10.0 10.0 50 10 10
Octane (MON) 82.4 82.3 82.3 82.3 82.3 0.0 0.0 0.0
On-Road Diesel Fuel Properties
Sulfur (ppm) 1,347 1,347 44 44 9 45 47 9
Cetane Number
Non-additized 427 427 456 456 46.0 44.8 448 452
Additized -- Country Std. 46.0 46.0 46.0 46.0 46.0 46.0

-- Euro 5 Std. 51.0 51.0

Note:

(" Excludes coke, sulfur, and refinery streams used for fuel or hydrogen production.
(2 Blended with 20% ethanol.
@) Includes cost of cetane enhancer, if any.
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Ro66: EEH/LM BEHEER:. FE

50ppm T 10ppm % 50ppm T 10ppm % 50ppm F% 10ppm %
B E R Bk
= UK RBAIE MUK REAE EEFE R RBAE [OR  REAE = R REAE R KBS

T H T H b= T H T H T H T H
EWmEFELE (TR 2759 2771 2763 2766 2766 839 840 843 842 839 1661 1661 1661 1661 1665
Heg N CFH/R) 44 44 44 44 44 19 19 19 19 19 30 30 30 30 30
Bl == s @ (FAR) 2957 2972 2955 2960 2949 873 874 877 876 875 1685 1685 1684 1684 1686
Rt 553 553 553 553 553 241 241 241 241 241 261 261 261 261 261
7 FH S Rk 500 500 500 500 500 122 122 122 122 122 320 320 320 320 320
B HoAth i 1904 1919 1902 1907 1896 510 511 514 513 512 1104 1104 1103 1103 1105
BE (BAEDW 149 767 1049 1166 147 508 694 812 0 564 571 835
VRN E A 136 150 445 427 144 144 342 342 0 0 7 7
SRR AL 21 0 484 474 530 0 326 326 433 0 509 509 748
LTHA 11 126 124 201 2 34 15 26 0 40 40 53
BT oAt 2 7 6 8 1 4 11 11 0 15 15 27
;iib)u RIsREI A (B T8 66 314 394 693 47 156 216 258 0 180 182 342
YA B FH R[] 7 B A 41 209 286 318 40 139 189 222 0 154 156 228
KA =@ 25 105 108 375 7 17 27 36 26 26 114
BRERBRAE (E5/5)
BRI 0.2 0.2 0.5 0.5 0.3 0.3 0.8 0.8 0.0 0.0 0.0 0.0
2 S AR 0.8 0.8 1.9 15 1.5 2.1 1.0 1.0 1.8
VR 5 F5 1 3 ) R AR
MR (Ea T @ - - 0.2 0.2
EHLE (571 @ 0.2 0.2 0.2
EH4E (MM scf/d) 1020 1024 1068 1067 1096 57 58 64 51 62 888 888 1003 1003 1008
TZ#HAE (FTH/R)
i 234 250 245 250 250 65 72 70 79 86 150 150 150 150 152
AR S 757 757 757 757 757 264 267 271 266 266 0 0 0 0 0
IR 582 582 582 582 582 0 0 0 0 0 473 473 473 473 473
REMER (T foeb/d) 160.0 163.9 167.7 168.0 171.0 513 51.6 52.1 52.7 51.7 79.3 79.3 79.7 79.3 80.0
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50ppm %% 10ppm %% 50ppm %% 10ppm 7% 50ppm A 10ppm %%
T E-23 E-23
B UK RBAIE MUK REAE EEFE R RBAE [OR  REAE B R REAE UK REAE

R H R H b3 R H R H R H R H
R VAR 5 B 4
RVP (psi) 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
FEER (vol%) 254 25.6 25.5 26.5 272 28.4 30.0 29.8 31.3 314 34.0 34.0 34.0 34.0 34.0
# (vol%) 0.66 0.77 0.69 0.88 0.94 0.54 0.50 0.50 0.60 0.74 1.40 1.40 137 1.37 137
i (ppm) 110 50 50 10 10 150 50 50 10 10 11 11 11 10 10
#f5 (MON) 90.3 90.3 90.3 90.3 90.3 90.3 90.3 90.3 90.3 90.3 90.3 90.3 90.3 90.3 90.3
22 SR IR R e
i (ppm) 700 700 50 50 10 1000 1000 50 50 10 700 700 50 50 10
WAV ]
T 0 48.8 48.6 482 48.6 48.0 45 46 46 46 47 47 47 47 47 48
TR0 AR
-k 5 ik 51.0 51.0 51.0
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6.6 (82) : HEHEM BEER: 1HE

50ppm %% 10ppm %% 50ppm 10ppm & 50ppm i 10ppm R 50 ppm 10ppm %%
wr o o BE o we MR ome e BRowe B ommoan FRoax FE e oax JE
I e H e -5 H e H e B3 T i T i B3 b i

EmFELRE (FRH/R) 1985 1987 1993 1993 1993 918 918 916 916 916 8162 8177 8176 8178 8179 2440 2438 2440
HigA (FR/R) 44 44 44 44 44 470 470 470 470 470 607 607 607 607 607 0 0 0
el = s O GFRAR) 2077 2075 2073 2073 2073 1401 1399 1393 1391 1391 8993 9005 8982 8984 8974 2434 2433 2432
Pawid 534 534 534 534 534 161 161 161 161 161 1750 1750 1750 1750 1750 375 375 375
7 FH S Rk 337 337 337 337 337 175 175 175 175 175 1454 1454 1454 1454 1454 443 443 443
B HoAth i 1206 1204 1202 1202 1202 1065 1063 1057 1055 1055 5789 5801 5778 5780 5770 1616 1615 1614
BE (SMM) 541 1160 1623 1929 211 966 1179 1441 1048 3965 5116 6183 482 738
R A b 534 510 973 963 144 130 236 236 958 934 2003 1975 461 444
SRR A b FE 0 619 619 923 0 513 531 750 0 2451 2459 3384 0 286
LHA 7 20 20 31 0 188 188 214 20 408 387 525 21 8
B HAth i 0 11 11 12 67 135 224 241 70 172 267 299 0 0
0 R R A (SMIMY/4E ) 242 560 738 857 89 334 425 510 443 1543 1956 2660 152 299
E A B FH R[] 7 B A 148 317 443 527 58 264 322 393 286 1082 1397 1688 134 204
753 Y 94 243 295 330 31 70 103 117 157 461 559 972 18 95
BRERBRA (E5/5)
BRI 0.8 0.8 13 13 0.9 0.9 1.8 1.8 0.4 0.4 0.8 0.8 0.7 0.7
2 S AR 1.7 1.7 23 2.5 2.5 33 1.3 1.3 22 0.6
VR 5 F5 1 3 ) R AR
MR (Ea T @ - 0.1 0.1 <1 <1 .
EHSE (5T @ 0.3 0.3 0.2 0.3
E 4 (MM scf/d) 468 471 479 479 480 505 504 610 610 620 2038 2945 3224 3210 3266 876 885 879
TZ#HAE (FTH/R)
B 144 170 180 180 185 27 33 33 42 42 620 675 678 701 715 38 38 37
AR S 673 673 673 673 673 189 189 189 189 189 1883 1886 1890 1885 1885 47 47 47
JIEE20a 263 263 263 263 263 258 258 258 258 258 1576 1576 1576 1576 1576 60 60 60
REMER (T foeb/d) 93 98 100 101 101 58.6 59.6 59.1 60.3 59.5 4422 4524 458.6 461.3 463.2 27 27 27
IR YR AT 53 R R 4
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50ppm %% 10ppm %% 50ppm 10ppm & 50ppm i 10ppm R 50 ppm 10ppm %%
mr o wo BRoweo DR ome owc DR e FRowe owe TROow FROoae wn G
H i H i -5 H i H i P JH i JH i BR VH i
RVP (psi) 10.0 10.0 10.0 100 100 100 100 10.0 10.0 100 100 100 10.0 10.0 10.0 100 100 100
FFEL (vol%) 24.6 24.8 270 283 270 230 245 245 22 223 266 271 277 284 283 350 350 350
% (vol%) 0.60 0.72 060 065 060 087 088  0.88 1.03 .06 075 082 0.76 0.86 0.88 070 079 098
i (ppm) 150 50 50 10 10 150 50 50 10 10 117 44 44 10 10 50 10 10
34t (MON) 90.3 90.3 903 903 903 903 903 903 903 903 903 903 90.3 90.3 90.3 9.0 910  91.0
25 FH S R4 1
B (ppm) 500 500 50 500 10 1200 1200 50 50 10 739 739 50 50 10 50 50 10
RVAY S
eI 45 45 45 45 45 440 435 435 435 440 47 47 46 47 47 464 456 464
S 0- B AR
-k 5 ik 51.0 51.0 51.0 51.0
¥E:

WARELHE TR B S A P2 (. BRI YR .
O FE+ 7S B St A, W,
OfFE C i 2900 J3ETCHRE M E 4 ) 1500 73 0# ¥ .
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R 6.8: HAMSEMK SHRE: HE

. 10 ppm Euro 5 . 10 ppm Euro 5 . 10 ppm Euro 5 . 10 ppm Euro 5
Erselie Sull)fF:Jr Case Erselie Sull)fF:Jr Case Erselie Sull)fF:Jr Case Erselie Sull)fF:Jr Case

Gasoline Pool
RVP (kPa) 60.0 59.9 59.9 59.9 59.9 59.9 59.9 59.9 59.9 59.9 59.9 59.9
Oxygen (wt%)™ 15 15 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Aromatics (vol%) 194 20.6 20.6 26.1 27.7 27.7 34.0 344 344 29.2 31.3 31.3
Benzene (vol%) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Olefins (vol%) 16.4 10.6 10.6 14.2 11.7 11.7 3.2 1.5 1.5 16.5 10.8 10.8
Sulfur (ppm) 67 10 10 120 10 10 68 10 10 146 10 10
Distillation
E100 (vol% off) 58 55 55 60 60 60 68 68 68 58 53 53
E150 (vol% off) 95 95 95 98 98 98 98 97 97 98 4 94
Octane

RON 90.9 90.9 90.9 90.9 90.9 90.9 904 904 904 90.9 90.9 90.9

MON®)
Diesel Pool
Sulfur (ppm) 154 9 9 246 9 9 332 9 9 320 9 9
Cetane Number 51 51 51 51 51 51 51 51 51 51 51 51
Density kg/m3 835 832 832 834 830 830 828 822 822 827 830 830
T95 °C <360 <360 <360 <360 <360 <360 <360 <360 <360 <360 <360 <360
FAME vol% 0 0 0 0 0 0 0 0 0 0 0 0
Note:

(1) Ethanol assumed splash blended outside refinery and not included in reported gasoline qualities.
(@ Not included in country standards or represented in model analysis
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R 6.9: JMAMIEHEK 5RE: SV5H

m_ﬁm
Baseline 10 ppm Sulfur  Euro 5 Case Baseline 10 ppm Sulfur  Euro 5 Case Baseline 10 ppm Sulfur  Euro 5 Case
Gasoline Pool
RVP (kPa) 60.7 58.6 58.6 56.6 56.6 56.6 62.8 62.8 62.8
Oxygen (wt%) 1.4 1.6 1.6 15 1.7 1.7 1.7 1.9 1.9
Aromatics (vol%) 30.3 294 294 28.8 28.8 28.6 24.1 29.0 28.3
Benzene (vol%) 1.06 0.97 0.97 1.45 1.25 1.00 1.14 1.63 1.00
Olefins (vol%) 11.7 11.5 11.5 9.7 9.6 9.6 13.5 13.4 13.4
Sulfur (ppm) 625 10 10 516 10 10 693 10 10
Distillation
E100 (vol% off) 56 56 56 52 52 52 51 51 51
E150 (vol% off) 84 84 84 79 79 79 79 79 79
Octane
RON 91.7 91.7 91.7 92.7 92.7 92.7 92.1 92.1 92.1
MON 82.3 82.3 82.3 82.7 82.7 82.7 82.7 82.7 82.7
Diesel Pool
Sulfur (ppm) 500 10 10 500 10 10 500 10 10
Cetane Number 51.2 514 514 52.7 524 524 52 51.2 51.2
Density kg/m3() 826 825 825 809 810 810 834 841 841
T95°C <360 <360 <360 <360 <360 <360 <360 <360 <360
FAME vol% 0 0 0 0 0 0 0 0 0
Note:

(1) Calculated density recalibrated based on actual data
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R 6.9 (82) : RIMMSEHMEK 5 RE: |7

__ Minatn | Cadereypa |  Madero |
Baseline 10 ppm Sulfur  Euro 5 Case Baseline 10 ppm Sulfur  Euro 5 Case Baseline 10 ppm Sulfur  Euro 5 Case

Gasoline Pool
RVP (kPa) 62 62 62 58.6 58.6 58.6 57.2 57.2 57.2
Oxygen (wt%) 1 1.3 1.3 1.6 1.8 1.8 1.8 2 2
Aromatics (vol%) 345 313 31.3 26.2 25.9 25.8 27.1 26.2 26.2
Benzene (vol%) 0.87 0.79 0.79 1.14 1.06 1.00 0.99 0.97 0.97
Olefins (vol%) 9.9 9.8 9.8 9.9 9.8 9.8 14.0 13.8 13.8
Sulfur (ppm) 624 10 10 596 10 10 432 10 10
Distillation
E100 (vol% off) 51 521 51 55 55 55 48 48 48
E150 (vol% off) 78 78 78 82 82 82 76 76 76
Octane

RON 92.7 92.7 92.7 92.0 92.0 92.0 92.3 92.3 92.3

MON 83.1 83.1 83.1 82.6 82.6 82.6 83.2 83.2 83.2
Diesel Pool
Sulfur (ppm) 500 10 10 500 10 10 500 10 10
Cetane Number 52.3 514 514 52.7 52.1 52.1 52.8 51.3 51.3
Density kg/m3() 829 833 833 833 834 834 829 845 845
T95°C <360 <360 <360 <360 <360 <360 <360 <360 <360
FAME vol% 0 0 0 0 0 0 0 0 0
Note:

(1) Calculated density recalibrated based on actual data
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R 6.10: RMASEHMK SFHE: B

“
Baseline 10 ppm Sulfur  Euro 5 Case Baseline 10 ppm Sulfur  Euro 5 Case Baseline 10 ppm Sulfur  Euro 5 Case
Gasoline Pool
RVP (kPa) 61.3 61.3 61.3 61.3 61.3 61.3 61.3 61.3 61.3
Oxygen (wt%)@ 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6 6.6
Aromatics (vol%) 12.5 12.9 12.9 14.4 16.2 16.2 20.3 19.7 19.7
Benzene (vol%) 0.77 0.58 0.58 0.84 1.00 1.00 1.00 1.00 1.00
Olefins (vol%) 20.8 14.5 14.5 15.7 10.3 10.3 0.1 0.1 0.1
Sulfur (ppm) 479 10 10 352 10 10 54 10 10
Distillation
E100 (vol% off) 61 65 65 60 62 62 68 68 68
E150 (vol% off) 91 88 88 89 85 85 89 89 89
Octane
RON
MON 82.7 82.3 82.3 82.3 82.3 82.3 82.3 82.3 82.3
Diesel Pool
Sulfur (ppm) 1415 10 10 1335 10 10 420 10 10
Cetane Number 441 47.2 51 421 454 51 51.8 54.1 54.1
Density kg/m3() 854 847 847 865 859 859 833 830 830
T95°C <360 <360 <360 <360 <360 <360 <360 <360 <360
FAME vol% 5 5 5 5 5 5 5 5 5
Note:

() All diesel produced at Euro 5 (including off road) If Euro 5 density specs to be produced for on road, blending of that portion to 845 kg/m3 max could be accomplished with no additional cost.
(2) Brazil not limited to Euro 5 oxygen, because it was not assumed they would abandon their ethanol blend program.
@) Not included in country standards or represented in model analysis
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R 6.11: IRMMMEEMWMK SHE: FE
A v lﬂblgm ¥R 5 HW lﬂalgm ¥k 5 v 10ppm FR 5 v 10ppm BX 5 Sy 10ppm R 5

B B i =P8 i 1B i B
R AMA S B
FAF
RVP ((kPa) 69.0 69.0 69.0 69.0 69.0 69.0 69.0 69.0 69.0 69.0 69.0 69.0 69.0 69.0 69.0
S (wt.%) 2.7 2.7 2.7 2.2 2.2 22 2.5 2.5 2.5 2.7 2.7 2.7 23 23 23
TR (vol%) 25.4 27.2 27.2 28.4 31.4 31.4 34.0 34.0 33.3 24.6 27.0 27.0 23.0 22.3 222
#* (vol%) 0.66 0.94 0.94 0.54 0.74 0.74 1.40 1.37 1.00 0.60 0.60 0.60 0.87 1.06 1.00
ke (vol%) 16.0 14.0 14.0 13.4 12.0 12.0 0.0 0.0 0.0 15.4 13.8 13.8 15.6 9.6 9.6
i (ppm) 110 10 10 150 10 10 11 10 10 150 10 10 150 10 10
E100 (vol%Z%) &) 47 48 48 46 46 46 49 49 49 51 51 51 54 53 53
E150 (vol%Z%) &) 83 83 83 81 81 81 85 85 85 85 85 85 90 90 90
FLElE
RON 90.3 90.3 90.3 90.3 90.3 90.3 90.3 90.3 90.3 90.3 90.3 90.3 90.3 90.3 90.3
MON 81 81 81 80 80.2 80.2 81.8 81.8 81.8 80.3 80.5 80.5 80.4 80.6 80.6
S5 A S
FAF
i (ppm) 700 10 10 1000 10 10 700 10 10 500 10 10 1200 10 10
AV SN 48.8 48.0 51.0 452 47.0 51.0 473 48.1 51.0 45.0 452 51.0 44.0 44.0 51.0
R kg/m’ 831 820 820 842 840 840 830 829 829 826 829 829 830 826 826
T95 °C <360 <360 <360 <360 <360 <360 <360 <360 <360 <360 <360 <360 <360 <360 <360
Ha Wi R B G vol% 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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EWmELE (TR
HegA CFR/ER
Bl = REH O (TR
bRl

P Sl AR

B oAty

BE (EHED

gt

ik

HIERFZZH

3 BT A ) R AR (SMIM/4)
2 A B FH R[] 58 A
R

BIHREIRAE (K55
bRl

X 12 5 B4

3 BT A R A (SMIMV/4E)
BE7 o S I E oA

i ySuR

BIAREHBRA Eo5T)
DAl

PRI CFAE)

YR A AN 5 B s
RVP (psi)

FERE (vol%)

7 (vol%)

fit (ppm)

i (MON)

Note:

H

44

2,955

553
500
1,902

167.7

70.0
255
0.69
50
90.3

50 ppm
2,763

60 Kpa

RVP
2,780
44
2,973
553
500
1,920
56
56
0

51
16
35

0.16

46
1
35

0.14
168.7

60.0
26.6
0.72
50
90.3

() A 45 i Tl B P 0 BRI .

£ 6.12: TEGE) AT 60kPa RVP Fx 4 I B A 1 &

R
50 ppm

843
19
877
241
122
514

52.1

70.0
29.8
0.50
50
90.3

60 Kpa
RVP

849
19
882
241
122
519
153

13
140

68
42
26

0.49

55
29
26

0.38
53.2

60.0
31.2
0.55
50
90.3

E-2:3

50 ppm

1,661
30
1,684
261
320
1,103

79.7

70.0
34.0
1.37
1
90.3

60 Kpa
RVP

1,671
30
1,695
261
320
1,114
86
26
60

46
24
23

0.31

39
16
23

0.25
80.4

60.0
34.0
1.39
1
90.3

E-2:3

50 ppm

1,993
44
2,073
534
337
1,202

100.0

70.0
27.0
0.60
50
90.3

60 Kpa

RVP

1,998

44

2,078

534
337
1,207
47
47
0

37
13
24

0.12

33

24

0.10
101.2

60.0
27.6
0.62
50
90.3

R
50 ppm

916
470

1,393

161
175

1,067

59.1

70.0
24.5
0.88
50
90.3

60 Kpa

RVP
916
470

1,394
161
175

1,058
108
41
67

40
30
10

0.43

31
21

0.32
59.5

60.0
25.9
0.92
50
90.3

E-2:3

50 ppm

8,176
607
8,982
1,750
1,454
5,778

459

70.0
21.7
0.76
44
90.3

60 Kpa

RVP
8,214
607
9,022
1,750
1,454
5818
450
183
267

242
125
118

0.24

203
86
118

0.20
463

60.0
28.6
0.78
44
90.3

H A

50 ppm

2,440
0
2,434
375
443
1,616

27

70.0
35.0
0.70
50
91.0

60 Kpa
RVP

2,446
0
2,432
375
443
1,614
38
38
0

34
11
23

0.15

30
7
23

0.14
27

60.0
35.0
0.98
50
91.0
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7.0 R G R

AP AE T B AR AT TS R A BN IR o — Lo PP IR o RIS AR 5 S A = T b AR A Al A T A
WUER, NASPHRBE 2 MR A

71 R A REERE K T E 47 ULSF

Py ) AT DU AR S B 2 <Sppm [ ULSG Ml ULSD, it 28 sl 28 i S b gkl T2 WA (1) FCC A, (2D
HAh B IR BP0 B A AR, PAK (3) BIRFISEMRE i R .

REETZEEM TR SEE . SR, PURK. H A AL 3 77 3o 2+ 48 Hh S (4 7™ 4% 19 ULSG Al ULSD #rifE. i &
A B At Rt A AN B BT R e, G T T A R TR 8 FCC A I ek A FE 2R MR L i S A B
WFE. DL, XS TZRERNERE QAT PR, T HE TR 5T ZRAE AT A © 2+ 7 W »

BB il @B TR, BN FCC A AR B . R i AR B R AR DL B G RE - Gl
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7.2.1 = 4 BF

Refineries in Mexico currently process a mix of heavy and medium sour domestic crude oils, which
are high in sulfur content relative to crudes run in India and China, and indeed in the rest of the
world (as discussed in Section 6.4.2). By contrast, refineries in India process an aggregate crude
slate with average gravity of 33.5 °API and average sulfur content of 1.3 wt% (see Table 5.7).

All of Mexico’s refineries produce large volumes of high-sulfur, full range FCC naphtha (= 1,900
ppm sulfur). FCC naphtha content in the finished gasoline pool is quite high, ranging from 34 vol%
to 47 vol%, a range higher than found in even U.S. refineries. (In the U.S., FCC naphtha accounts
for about 30 vol% to 35 vol% of the gasoline pool.)

Consequently, refineries in Mexico currently produce gasoline with high average sulfur content of (=
432 ppm to 693 ppm) and only a small volume of ULSG (90,000 to 100,000 b/d at 30 ppm sulfur).
To meet the 30 ppm sulfur standard for all gasoline produced in Mexico, the refineries are installing
grassroots FCC naphtha hydrotreaters, except where existing FCC feed hydrotreating capacity can
contribute to meeting the 30 ppm standard. Meeting the 10 ppm sulfur standard would require
further investment to revamp all of FCC naphtha hydrotreaters.

All refineries in Mexico now produce diesel with < 500 ppm sulfur, for both on-road and off-road
use. Producing 10 ppm ULSD calls for revamping existing distillate hydrotreating in some refineries
and adding new distillate hydrotreating capacity in the other refineries. In addition, producing
ULSD calls for investments in hydrogen production and sulfur recovery units.

Even though the refineries are relatively large, refinery investments costs per unit of capacity are
higher in Mexico than in the other countries of interest, reflecting the assumed location factor of
1.35, the highest of the four countries (Table 4.6).

7.2.2 ]

Refineries in Brazil currently process a mix of medium weight, relatively sweet crude oils (primarily
domestic). The crude slate has an average gravity of =~ 27 °API and average sulfur content of ~ 0.5
wt% (Table 5.23). To balance the average weight of the crude slate with the Brazilian product
slate, the refineries in Brazil have substantial coking and cracking capacity, leading to large
proportions of FCC naphtha in the gasoline pool and of FCC cycle oil and coker distillate in the
diesel pool. These streams tend to have high sulfur content relative to the other gasoline and diesel
blendstocks.

The cracking and coking refineries (Groups A and B), which constitute the bulk of Brazilian refining
capacity, currently have negligible FCC feed hydrotreating capacity, produce high-sulfur full range
FCC naphtha (= 700 ppm), and have little FCC naphtha hydrotreating capacity. Consequently, these
refineries currently produce gasoline with average sulfur content of = 350 ppm to 480 ppm, with
FCC naphtha accounting for 50 vol% to 60 vol% of the finished gasoline pool. As is the case with
Mexico, these percentages are unusually high.
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To meet 50 ppm and 10 ppm sulfur standards for ULSG, these refineries would have to add
substantial amounts of grassroots FCC naphtha hydrotreating capacity. The unit investment costs
for this new capacity would tend to be high (relative to costs in India and China) because of the
relatively high sulfur content of the FCC naphtha.

Groups A and B produce currently produce a diesel fuel pool, about two-thirds of which meets an
1,800 ppm sulfur standard and about one-third meets a 500 ppm standard - indicating that these
refineries have only limited distillate hydrotreating capacity. Consequently, to produce ULSD, the
Group A and B refineries would have to add substantial new distillate hydrotreating capacity and
revamp the existing distillate hydrotreating units.

The small, simple refineries (Group C) currently produce gasoline with an average sulfur content of
~ 60 ppm and diesel fuel with average sulfur content = 400 ppm. Because their gasoline pool
comprises only straight-run naphthas, reformate, ethanol and some C4s (no FCC naphtha), these
refineries would incur only negligible cost to produce 50 ppm gasoline. But they would require
investment in naphtha desulfurization to produce 10 ppm gasoline. These refineries have distillate
hydrotreating capacity to treat about 75% of their distillate blendstock volume. Despite these
favourable factors, the cost of producing low-sulfur diesel fuel would be relatively high for the
Group C refineries because they are small and therefore have high unit investment scale factors.

In general, refinery unit investments costs in Brazil are somewhat higher (for similar units and
capacities) than in the other countries of interest. The assumed location factor for Brazil is 1.15,
but that estimate may be conservative.
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8.1 EpEE
8.1.1 P EE R MR

Refined petroleum products from refineries are transported to consumption centers through
network of railways, roadways and pipelines etc. The current share of pipelines in the cumulative
movement of petroleum products is 25.8% followed by railways 24.5%, roads 21.4% and coastal
28.3%. Figure 8.1 also provides a comparison with 2009-2010 transportation modal mix.

As compared with 2009-2010, growth has been observed in the pipeline share while there has
been a decline in railways’ share in transportation of petroleum products, attributed to increased
utilization of pipeline networks across the country.
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Figure 8.1: Industry Mode-wise Transportation of Petroleum Products

Source: PPAC

It is interesting to note that Indian Oil, which accounts for over 50% of the country’s gasoline and
diesel market, transports a significant share of refined products by railways (~41%).

The significant growth in the pipeline distribution network in India is shown in Figure 8.2 and
Figure 8.3. The share of pipeline movements for product transportation is expected to increase
further in the future.

Currently India has more than 13000 km of product pipelines with capacity of 76 MMT spread
across the countries that transport gasoline, jet fuel, kerosene, diesel and LPG in multi-product and
dedicated pipelines.

Figure 8.2: Growth of Product Pipeline in India (Km)
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Source: I0CL 2011

Figure 8.3: Growth of Product Pipeline Capacity in India (MMT)

Source: I0CL 2011

The pipeline network in India is operated by Petro net India Ltd. (PIL), Indian Oil Corp. Ltd. (IOCL),
Bharat Petroleum Corp. Ltd. (BPCL), and Hindustan Petroleum Corp. Ltd. (HPCL). The share of
products pipelines owned by various companies is shown in Figure 8.4.

Figure 8.4: % share of Products Pipeline

Source: I0CL 2010
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The product pipeline share for these companies is in line with their product market share. IOCL is a
leader in product market share and holds more than 50% share of product pipeline as well.

Figure 8.5: Petroleum Product Market Share of Oil Companies - %

Source: I0CL 2010
IOCL Pipeline Network

IOCL has nearly 6401 km of product pipelines with a capacity of 34.86 MMT spread across the
country (Figure 8.6).

Figure 8.6: IOCL’s Liquid Pipeline Network (2011)
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Implementation of a Paradip-Sambalpur-Raipur-Ranchi Pipeline and branch pipeline from Koyali-
Sanganer Pipeline at Viramgam to Kandla will further add to the petroleum pipeline delivery
capability in central and western India in the coming years.

BPCL Pipeline Network

BPCL owns 1939 km of product pipelines with a product capacity of 10.35 MMT between Mumbai
and Bijwasan covering Manmad, Mangliya and Piyala terminals (Figure 8.7).

Figure 8.7: BPCL'’s Liquid Pipeline Network (2011)

HPCL Pipeline Network

HPCL (Figure 8.8) has one major pipepline between Mundra- Delhi and other smaller pipelines

including Mumbai-Pune, Visakhapatanam-Hyderabad and Mangalore - Bangalore with a total length
of 2774 km and 25.72 MMT of product capacity.
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Figure 8.8: HPCL’s Liquid Pipeline Network (2011)

Pipeline Distribution Approach

A schematic of typical approach for product pipeline transportation in India is shown in Figure 8.9.
Rail movements are similar, but in that case the product moves dierctly from the refinery to
delivery terminals. The refined products are carried from the depots or delivery terminals to retail
outlets nearby through tank-lorries on roadways.
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Figure 8.9: Product Distribution Approach in India

At the refinery or import terminal, the refinery or port will typically have sufficient capability to
handle multiple product grades for delivery by various transportation modes. Introduction of new
ULSF grades will not be a major issue. As product moves downstream to pipeline breakout points
and on to delivery terminals, segregation tankage and capability to handle multiple product grades
will be more limited. This will vary with location and will depend on factors such as terminal size,
capacity location, etc. Introduction of new grades of ULSF may require additional tanks and
associated distribution equipment.

8.1.2 METRBL 5 RS

In line with the Auto Fuel Policy, India has set two separate fuel quality specifications available in
the market: one for nationwide implementation, and the other with stricter requirements for
critically polluted cities. The current mandate for the supply of BS III and BS IV gasoline and diesel
requires that two fuel quality grades be available but in distinct market areas; large cities vs. all
other areas. The existing distribution systems in India are in line with standards and can supply the
required product. The requirement of BS IV fuels in the cities can be met by either nearby
refineries through tanker or by pipelines. For example, BPCL Mumbai refinery has been producing
BS IV fuel. That fuel is being supplied to Delhi NCR region by pipeline where BS IV has been
mandated. Table 8.1 shows the current terminal availability of BS IV fuel in the country and the
cities served by these distribution locations.
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Table 8.1: Availability of BS-IV Diesel Fuel in India

“ Existing Location Handling BS-IV Diesel Cities Fed

1 Chennai Chennai
2 Devangunthi Bangalore
3 Cherlapally/Ghatkeshar Hyderabad
4 Pune
Pune
5 Sholapur
6 Vashi / Wadala / Sewree Mumbai
7 Hazira Surat
8 Sabarmati / Palanapur Ahmedabad
Bharatpur Delhi/NCR
Rewari Delhi/NCR
9 Partapur / Meerut Delhi/NCR
Bijwasan /Shakubasti Delhi/ NCR
Panipat / Bahadurgarh Delhi/NCR
10 Mathura Agra
11 ) . Lucknow
Amousi / Panki
12 Kanpur
13 Budge Budge / Mourigam Kolkata

8.1.3  ARRHIMK

As part of its transition towards ULSF fuels, the Ministry of Petroleum & Natural Gas has identified
50 additional cities (based on vehicle populations and pollution levels) to be included in the
implementation of 50 ppm sulfur gasoline. Implementation will be conducted in phases and full
implementation is expected to be carried out by 2015.

In accordance with the Strategic Plan for 2011-17, 50 ppm sulfur gasoline has been implemented
in seven cities including Puducherry, Mathura, Vapi, Jamnagar, Ankaleshwar, Hisar and Bharatpur
as of March 2012. The government has plans to extend the introduction of 50 ppm fuel in 50 more
cities by 2015. This includes the NCR, which actually comprises of four constituent sub-regions:

¢ Haryana Sub-Region comprising of nine districts, viz., Faridabad, Gurgaon, Mewat, Rohtak,
Sonepat, Rewari, Jhajjhar, Panipat and Palwal;

¢ Uttar Pradesh Sub-Region comprising of five districts, viz., Meerut, Ghaziabad, Gautam Budha
Nagar, Bulandshahr, and Baghpat;

¢ Rajasthan Sub-Region comprising of Alwar district & The NCT of Delhi

8.1.4 3k ULSF H) )ik o) &

In general the approach involving the ULSF phase in in major cities followed by nationwide
implementation will minimize constraints on the existing distribution system in India. For gasoline,
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most distribution centers will handle either the latest ULSF or the previous requirement, so there
should not be significant distribution issues and handling of multiple products.

To date there have not been significant issues with diesel’s transition to low sulfur. Diesel is
marketed as BS III or BS IV. In the future as diesel requirements move to BS IV or more stringent
levels, there may be a distinction between on-road, off-road and/or industrial uses of diesel or
other distillates. In this case multiple grades of diesel may emerge and distribution/segregation
capacity may become an issue.

There are no specific plans for pipeline infrastructure upgrading for handing ULSF, as the
Government is still deliberating on implementation plan for BS IV across the country and
associated financial implications.

8.2 = E
8.2.1 FE R EIE R MR

Mexico’s fuel supply infrastructure is integrated by more than 14,000 km of oil and product
pipelines, 15 marine terminals and 77 land terminals, 4,614 trucks, 831 train tanks and 20 marine
vessels. The 8,500 gas stations are franchised to Mexican investors and there are a few direct
distribution contracts for residual fuels, asphalt and industrial diesel. The system in its totality is
controlled and organized by the Mexican government and Pemex. The company owns the majority
of the assets, while the private sector provides transportation services in truck, marine and train
distribution systems. The crude and product supply chain is shown in Figure 8.10.

Figure 8.10: Crude and Refined Product Supply Chain in Mexico

Source: Pemex, 2009

P54 |



T 3% 2] ULSF W R 12 5F 087 20124 10 H

Products Pipeline Network

Imported and domestic volumes of gasoline and diesel are transported through the 9,000 km
product pipeline network. The network is integrated by 41 systems connecting 15 marine terminals
and 77 storage and handling facilities (Figure 8.11).

Figure 8.11: Refined Pipeline Distribution Network in Mexico

Source: Pemex, 2009

These systems transport 12.3 MM Ton-km of gasoline, diesel and jet. About 40% of the system
operates with 100% utilization rates transporting 80% of the total volume. The distribution system
is spread over various zones mainly western and central, north, pacific and gulf-southeast
discussed below.

Western and Central Zone

The western and central zones include the Mexico City and the Guadalajara Metropolitan Areas.
Gasoline and diesel demand is supplied from the Tula and Salamanca refineries and from Gulf of
Mexico imports.

About 70% of all imports come through the Tuxpan Terminal and the Txupan-Azcapotzalco, Tuxpan
—-Tula pipelines. Both of these systems operate at maximum capacity (230,000 b/d).

Additional pipeline infrastructure is under construction that will provide an additional 120,000 b/d
to 140,000 b/d of additional transport volume and 500 million barrels of storage capacity to the
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system. The utilization rate of the main pipelines and their network is described in Table 8.2 and
Figure 8.12.

Table 8.2: Utilization Rate of Product Pipelines in Central Zone

Product Pipeline Utilization - Central Zone
| Ce|Tramp %
650 |72

Total 907

Salamanca - Leon 8” 13 19
Poza Rica - Azcapotzalco 18"14" 70 90
Tula-Pachuca 8" 18 19
Salamanca - Morelia 10" 17 18
Azcapotzalco - ASA 8" 20 21
Salamanca - Guadalajara 16"12" 72 74
Poza Rica- Tula 16”-14” 70 65
Tula -Toluca 16" 40 35
Tula - Salamanca 16” 72 62
Azcapotzalco - B. del Muerto 12" 40 34
Tula - Azcapotzalco 12" 48 40
Salamanca - Zacatecas 10-12" 22 16
Tula - Azcapotzalco 16" 105 59
Other pipelines (8) * 300 98

* Afil - Cuernavaca 8” - 6” pipeline is out of order .

Source: Pemex, 2009

Figure 8.12: Pipeline Network in Central Zone

Source: Pemex, 2009
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North Zone

Gasoline and diesel demand is supplied from the Madero and Cadereyta refineries and with imports
coming from the Gulf of Mexico (Madero-Altamira) and the border with the US. There is a gasoline
shortfall of about 25,000 b/d, covered through the Brownsville-Reynosa- Cadereyta pipeline.

There is a surplus of 500 ppm diesel and a deficit of ULSD. About 34,000 b/d of diesel is
transferred by trucks to the Gulf and Central region, while 30 thousand b/d of ULSD is imported
through the northern border. About 63% of the pipeline system is at maximum utilization. The
utilization rate of the main pipelines and their network is shown in the Table 8.3 and Figure 8.13.

Table 8.3: Utilization Rate of Product Pipelines in North Zone

Product Pipeline Utilzation - North Zone

Total 375 | 307 |82

Gomez Palacio - Chihuahua 8" 8 11 8
Satélite - Gomez Palacio10" 24 27
Cadereyta - Satélite. 18" 120 | 122 0
Brownsville - Reynosa 12" 30 27 90
Satélite - Gomez Palacio 14" 48 40 83
Madero - Cadereyta 12" 31 25 81
El Paso - Cd. Juarez 8” 30 24 80
Satélite - Monclova - Sabinas 10" 18 12
Gomez Palacio - Chihuahua 10" 20 11
Chihuahua - Cd. Juarez 12" 22 7
Cadereyta - Matamoros 12" 25 1
Cadereyta - Mezquital 16"-12" 15 0

Source: Pemex, 2009
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Figure 8.13: Pipeline Network in Central Region

Source: Pemex, 2009

Pacific Zone

The Pacific Zone is short on gasoline and almost in balance with diesel. Product is supplied by the
Salina Cruz refinery and by direct imports from the Pacific Market. There are very few pipelines
because of the low volume. Most of Salina Cruz product is transported to cities along the pacific
coast by Pemex’s own marine vessels. The main pipeline systems are described in Table 8.4 and

network is shown in Figure 8.14.

Table 8.4: Utilization Rate of Product Pipelines in North Zone

Product Pipeline Utilization - Pacific Zone

I =) T
91 73 80

Total

Guaymas - Hermosillo 8" 14 19
Topo - Culiacan 10" 21 19 90
Rosarito - Mexicali 10, 8" 21 18 86
Guaymas - Obregon 12" 14 9
Rosarito - Ensenada 10" 21 8

Source: Pemex, 2009
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Figure 8.14: Pipeline Network in Pacific Zone

Source: Pemex, 2009

Gulf - Southeast Zone

The Minatitlan refinery imports from the Gulf Market and transfers from other regions provide
gasoline and diesel for the region. The region imports about 79 million b/d of gasoline and diesel
mainly through Pajaritos and Progreso (Yucatan Peninsula). About 28% of the pipeline system is
operated at capacity.

The Yucatan Peninsula, which includes the fastest growing distillate region in Mexico (Cancun and
the Maya Riviera), is supplied by sea through Progreso and by trucks travelling distances up to 300
Km. The main product is jet fuel. The utilization rate of the main pipelines and their network is
shown in Table 8.5 and Figure 8.15.
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Table 8.5: Utilization Rate of Product Pipelines in South East Zone

Product Pipeline Utilization - Southeast Zone
T Cor e % |
404 76

Total 532

Tuxpan -Poza Rica 16’ 45 64 [142
Tuxpan - Poza Rica 24"" 70 90 |129
Minatitlan - Villahermosa 12" 30 37 123
Minatitlan - Pajaritos 14" 60 55 92
Mina -Azccapotzalcoo. 20"-12"-1( 63 55 87
Progreso - Mérida 10" 30 19 63
Minatitlan - Pajaritos 12" 62 37 60
Minatitlan - Salina Cruz 6" 7 4 57
Progreso - Mérida 8" 20 9 45
Minatitlan-Pajaritos 10" 30 13 43
Minatitlan - Salina Cruz 16" 55 24 44
Tuxpan - Poza Rica 8" 22 9 41
Tierra Blanca - Veracruz 8" 12 3 25
Lerma - C.F.E. 8" 13 0 0
1.- They are part of the pipelines that go from Tuxpan to Tula and
Azcapotzalco

Source: Pemex, 2009

Figure 8.15: Pipeline Network in South East Zone

Source: Pemex, 2009

160 )T



T 3% 2] ULSF W R 12 5F 087 20124 10 H

Marine Transport

Pemex operates 19 vessels: 10 owned and 9 leased through different schemes. The marine fleet
operates a transport network that supplies both the ports in the Gulf of Mexico and in the Pacific
Rim. The marine transport network for products distribution is shown in Figure 8.16.

Figure 8.16: Marine Transport Network for Products Distribution

Source: Pemex, 2009
Land Transport

The distribution system includes 21 storage and distribution terminals that are not connected by
pipelines. Because of this and because of the level of saturation in the pipeline systems there is a
large fleet of trucks and trains that operate in the country. About 250,000 b/d to 300,000 b/d are
transported by truck between the different terminals in Mexico. Figure 8.17 shows the land
transport network for refined products distribution in Mexico.
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Figure 8.17: Land Transport Network for Products Distribution

Source: Pemex, 2009

In the last five years there have been a strong effort to increase the volume of product transported
through the railway system, to help reduce the cost of supply and bring additional flexibility to the
system. A special effort is being made to help export surplus fuel oil from inland refineries. This
puts an additional restriction on the system compromising the distillate supply to the central region
of the country.

8.2.2 Storage and Handling Terminals

Service stations and consumers are supplied refined products directly by 77 storage and handling
terminals distributed throughout the country as shown in Table 8.6. Total storage capacity is 18.1
million barrels using 637 tanks for all products and the available working storage capacity is only
around 13 million to 14 million barrels. Figure 8.18 shows the location of these terminals.
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Table 8.6: Product Storage and Handling Terminals

Storage facilities

Tanks with
floating
ceiling

Distillate | Nominal | Operational | Tanks with | Tanks without

Terminals
Tanks | Capacity *| Capacity | Membranes | Membranes

Num. MMb MMb
Center 18 125 4.0 2.7 114 6 5
Gulf 18 146 2.8 2.1 94 51 1
North 20 167 3.7 2.7 101 46 20
Pacific 21 184 7.2 5.3 133 46 6
Total 77 622 17.7 12.8 442 149 32

* Gasoline, Diesel, Jet Fuel and Fuel Oil.

** Includes fuel oil tanks

Source: Pemex, 2009

Figure 8.18: Location of Products Storage and Handling Terminals

Source: Pemex, 2009

About 20%-35% of the terminals do not have adequate capacity to efficiently supply product. The
supply constraints become more acute during peak holiday seasons. Additional terminals will be
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needed in the future because of population growth or because some of the existing facilities need
to be relocated away from dense urban areas.

8.2.3 METRBL 5 RS

Mexico currently markets high and low grades of gasoline and on-road diesel, as well as higher
sulfur distillates. The transport systems have been converted to handle the low sulfur supply to the
metropolitan areas and cities in that same transport system. The only place where 500 ppm and 15
ppm are both being handled is in Cadereyta-Monterrey. As long as the distance is not too far, the
overlap in different batches is not significant and no distribution issues are incurred.

The high sulfur distillates and diesel distribution systems are already significantly different and
segregated.

8.2.4 R R R AL R W

New distribution systems will be required to handle the growing volume of demand throughout the
country. Pemex plans to implement ULSF by changing out complete systems supplying an area
with a plan for avoiding distribution constraints. Where expansion is required the projects will
consider fuel grade requirements. Systems are also being modernized which will aid in distribution
as well as multiple grade distribution.

8.2.5 R R 1% W] 73

As noted previously, fuel grade distribution is not expected to be problematic.

8.3 Ef
8.3.1 FE R EIE R MR

Brazil is a large, diverse country. Fuel is distributed by water, road and pipeline. Transpetro, a
wholly owned subsidiary of Petrobras, operates Brazil’s crude oil and products transport network
and a majority of the gas network. The system consists of 7,178 km (4,460 miles) of liquid
pipelines, 6,641 km (4,127 miles) of gas pipelines, 20 land terminals, 27 water terminals and a
fleet of 53 cargo ships. The overall structure of the network enables movement of crude oil from
coastal production facilities and import terminals to inland refineries, and refined products from
refineries and import terminals to consumption centers.

Brazil can be divided in four main market regions: South, Central (Midwest and Sao Paulo),
Southeast, and North and Northeast (see Figure 8.19).
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Figure 8.19: Regional Distribution

Source: Petrobras, 2010

About 55% of total gasoline plus diesel demand is concentrated in the Midwest-Sao Paulo region,
followed by the North-Northeast with 25% (see Table 8.7). The fastest-growing regions are the
North-Northeast and the Midwest-Sao Paulo. The South region has the smallest participation and
growth rate.

Both the South and Southeast regions have a surplus of distillates that are transferred to the
center-west and northern regions (see Table 8.8). Brazil has plans to increase the pipeline system
to move product from the southeast toward the center and northeast of the country. However, the
deficit will continue to grow at a fast pace. This is the main driver for construction of new refineries
in the north and northeast regions.

The refineries are designed to produce diesel as a main product and redirect most of the naphtha
as a feedstock for petrochemical production. Refineries will process Marlim crude oil in a coker
configuration with a hydrocracker.
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Table 8.7: Regional Distribution of Gasoline and Diesel, 2011

Demand % of Total Demand

Diesel B Gasoline C  Total Diesel B Gasoline C  Total
Midwest, Sado Paulo and Southeast 4959 260.1 756.0 55% 56% 55%
SAO PAULO 205.1 123.9 329.0 23% 27% 24%
MINAS GERAIS 118.3 53.7 172.0 13% 12% 13%
RIO DE JANEIRO 50.2 29.9 80.0 6% 6% 6%
GOIAS/DISTRITO FEDERAL 46.6 29.6 76.2 5% 6% 6%
MATO GROSSO 36.8 6.4 43.2 4% 1% 3%
MATO GROSSO DO SUL 19.9 7.2 27.2 2% 2% 2%
ESPIRITO SANTO 19.0 9.4 28.4 2% 2% 2%
North & Northeast 232.2 110.1 342.3 26% 24% 25%
BAHIA 50.1 20.8 70.9 6% 4% 5%
PARA 31.2 10.1 41.3 3% 2% 3%
PERNAMBUCO 224 14.5 36.9 2% 3% 3%
AMAZONAS 23.2 6.8 301 3% 1% 2%
CEARA 15.6 124 28.0 2% 3% 2%
MARANHAO 18.5 8.2 26.7 2% 2% 2%
RONDONIA 134 4.3 17.6 1% 1% 1%
TOCANTINS 11.9 3.3 15.2 1% 1% 1%
PARAIBA 7.4 6.7 14.1 1% 1% 1%
RIO GRANDE DO NORTE 7.5 6.3 13.9 1% 1% 1%
PIAUI 7.6 4.9 12.5 1% 1% 1%
ALAGOAS 6.9 4.0 10.9 1% 1% 1%
SERGIPE 58 3.9 9.7 1% 1% 1%
AMAPA 6.4 14 7.8 1% 0% 1%
ACRE 2.7 14 4.1 0% 0% 0%
RORAIMA 1.5 1.2 2.6 0% 0% 0%
South 172.6 94.6 267.2 19% 20% 20%
PARANA 77.2 315 108.7 9% 7% 8%
RIO GRANDE DO SUL 55.7 36.9 925 6% 8% 7%
SANTA CATARINA 39.6 26.3 65.9 4% 6% 5%
Total 900.6 464.8 1365.4

Source: ANP, 2012; Hart Energy analysis
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Table 8.8: Regional Balances in Brazil, 2011

Diesel B Gasoline C
Production -
Diesel+Biodi Production
Demand esel Balance Demand Gasoline A  Balance
Midwest, Sao Paulo and Southeast 4959 546.4 F 50.4 260.1 F 357.0 97.0
SAO PAULO 205.1 366.7 161.6 123.9 251.3 127.3
MINAS GERAIS 118.3 57.3 -61.0 53.7 42.3 -11.4
RIO DE JANEIRO 50.2 60.5 10.3 29.9 63.5 33.6
GOIAS/DISTRITO FEDERAL 46.6 29.5 -17.1 29.6 d -29.6
MATO GROSSO 36.8 31.4 -5.4 6.4 d -6.4
MATO GROSSO DO SUL 19.9 1.0 -19.0 7.2 d 7.2
ESPIRITO SANTO 19.0 r -19.0 9.4 r 9.4
North & Northeast 2322 F 1241 F -108.0 1101 F 64.2 -45.9
BAHIA 50.1 88.8 38.7 20.8 50.4 29.6
PARA 31.2 0.3 -30.9 10.1 F -10.1
PERNAMBUCO 22.4 F -22.4 14.5 F -14.5
AMAZONAS 23.2 124 -10.9 6.8 7.2 0.4
CEARA 15.6 4.7 -11.0 12.4 F -12.4
MARANHAO 18.5 1.9 -16.6 8.2 d -8.2
RONDONIA 134 0.3 -13.1 4.3 d -4.3
TOCANTINS 11.9 4.7 -7.2 3.3 d -3.3
PARAIBA 7.4 d 7.4 6.7 d -6.7
RIO GRANDE DO NORTE 75 10.1 2.5 6.3 6.6 0.2
PIAUI 7.6 1.2 -6.5 4.9 F -4.9
ALAGOAS 6.9 F -6.9 4.0 F -4.0
SERGIPE 5.8 F -5.8 3.9 F -3.9
AMAPA 6.4 F -6.4 14 v -1.4
ACRE 2.7 F 2.7 14 F -1.4
RORAIMA 15 r -15 1.2 r -1.2
South 1726 F 2159 F 43.3 946 F 111.6 17.0
PARANA 77.2 91.8 14.5 31.5 65.8 34.3
RIO GRANDE DO SUL 55.7 1241 68.4 36.9 459 9.0
SANTA CATARINA 39.6 d -39.6 26.3 F -26.3
Total 900.6 886.4 F -14.3 464.8 532.8 68.0

Source: ANP, 2012; Hart Energy analysis

Each region has its own peculiarities. The northern region is primarily supplied by river transport,
the Northeast by inter-coastal shipment from the Southeast. The Southeast is supplied by the main
pipeline system of Brazil (OSBRA) and also by rail lines. The South, although it has a pipeline
system, is primarily supplied by rail and the Central-west region is supplied primarily by road.

There are six independent pipeline systems (see Table 8.9). The three main pipelines are
saturated.
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Table 8.9: Pipeline Systems in Brazil

Average Monthly Capacity (K Capacity

Destination Volume (K m3) m3/mo) Utilization (%)

OPASC REPAR TT ITAJAI 201.743 173.196 116%
T
OPASC TT ITAJAI FLORIANOPOLIS 43.697 93.024 47%
(BIGUAGU)
ORSUB IPIAU TT ITABUNA 51.828 108.875 48%
ORSUB IPIAU TT JEQUIE 65.449 106.855 61%
ORSUB TA MADRE DE IPIAU 117.277 133.416 88%
DEUS
OSBRA REPLAN TT BRASILIA 686.948 734.400 94%

Source: IBP, 2012

The South region has two systems that supply product from the two existing refineries to the three
constituent states — Parand, Rio Grande do Sul and Santa Catarina. It is also possible to import
product from the various existing marine terminals in this region.

The Central region -including the Midwest, Sdo Paulo state and the Southeast - is interconnected
by the largest pipeline system. Production from Sdo Paulo is used to supply its internal demand,
Goias and the Federal District. S3o Paulo also transfers products to Rio de Janeiro. Rio s refinery
production is sufficient to supply its own demand. Product transferred from Sdo Paulo helps supply
product to Minas Gerais. Although Minas Gerais has a high amount of refinery production, it cannot
satisfy its internal demand. Product can also be imported through Rio de Janeiro and Sdo Paulo’s
marine terminal.

From inland terminals, product can be supplied to the Matto Grosso and the most distant cities by
truck. Coastal vessels supply the state of Espiritu Santo and a small pipeline and trucks transfer
the product within the region.

The rest of the country is supplied by coastal ships or imported product through marine terminals,
then by waterways such as the Amazon River, pipelines or trucks. Refineries in Bahia, Rio Grande
do Norte and Amazonia provide a partial volume to supply its internal market. Pipeline systems
interconnect these refineries to inland terminals.

168 |



T 3% 2] ULSF W R 12 5F 087 20124 10 H

Figure 8.20: Logistic Systems

Source: IBP, 2012

As noted before, the three main pipelines are saturated. If we consider the next 10 years, not only
would these pipelines need to be expanded but additional pipeline systems and/or alternative rail,
river or road options will have to be implemented.

IBP has worked with different stakeholders in the Brazilian market, including Petrobras, to
determine additional logistics infrastructure requirements in the mid-term in Brazil. Figure 8.21
shows the supply chains in relation to additional infrastructure requirements.

Pipeline systems will be debottlenecked and new road and rail options will be implemented in land
to connect the north with the south through routes in the middle of the country.
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Figure 8.21: Future Logistic Systems

Source: IBP, 2012

Not only will the transportation systems need to be expanded, all the states will require
investments in tank storage. Furthermore, ports will be saturated unless new capacity is added
before 2020. Tank storage capacity will be needed, especially in the North and Southeast regions.

Brazil’s current maximum regulated sulfur limit is 800 ppm for Gasoline Type C. Since June 2002,
Petrobras has also marketed gasoline “Podium,” which has less than 30 ppm max sulfur and a
higher octane grade.

The minimum ethanol blend level in Type C gasoline is established by the Ministry of Agriculture
and depends on how much ethanol the country is able to supply locally. Changes in blend levels
have taken place mainly during sugarcane inter-harvest periods. On Dec. 9, 2009, ANP published
Resolution ANP n° 38/2009, which defines the quality specifications for 50 ppm max sulfur gasoline
and specified its introduction by Jan. 1, 2014, with nationwide coverage. Current grades that allow
up to 800 ppm max sulfur will be replaced.
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Gasoline will be converted to ultra-low sulfur grade on a national level and a ULS grade is already
sold in the market, so it is anticipated that there will be no additional costs to make the
transition. Complete transport systems can be converted at the same time without having to
invest in new storage or pipelines.

For diesel, Resolution 65/2011, published in December 2011, contains specifications for currently
available diesel grades: S-1800, S-500 and S-50 and for the upcoming 10 ppm grade.

S-500 has been required since 2004 in 15 metropolitan regions in 10 of the 27 states and has
accounted for approximately 20% to 25% of total diesel consumption nationwide. The 50 ppm
grade has been mandated since 2009 in the metropolitan regions of Belém (north), Fortaleza and
Recife (Northeast) and for public transportation bus fleets in several other metropolitan regions in
the South and Southeast. Sales of this low-sulfur grade accounted for 6.1% of all diesel sales. In
2010, the 50 ppm market share was 5.3%. By state, Sao Paulo led in consumption of this grade
with 29%, followed by Rio de Janeiro at 18%.

In 2012, 50 ppm diesel is also required in all service stations in which the number of diesel pumps
is higher than the number of Otto-fuel pumps - a total of 3,000 service stations nationwide - in
alignment with the introduction of Euro V-equivalent standards for heavy-duty vehicles. Demand
from new heavy-duty vehicles is still very low. Most of the consumption is from SUVs and diesel
light-duty vehicles (note: until March 31, 2012, automakers were able to sell Euro III-equivalent
HDVs and prices remain low). ANP foresees 50 ppm diesel reaching 10% of total diesel sales in
2012.

The next step will be the introduction of 10 ppm diesel nationwide by 2013, which will be easier
than the 50 ppm introduction in 2012, as service stations will replace the latter with the 10 ppm
grade and the developed distribution structure will be the same.

If we analyze the supply of diesel, only eight states are supplied using a pipeline system (see
Table 8.10). The rest of the country is supplied by ship, truck or train. Introduction of lower sulfur
grades in the northern region should not pose a challenge to the existing supply infrastructure.
Coastal vessels and trucks, without contamination, can handle the various grades. It is likely that
some additional tanks will be needed in parts of the supply chain to allow different grades to be
stored and downloaded from ships. No significant costs would be expected from the transition.

For the South region, ULS product can be supplied by truck and ship to Porto Allegre in the short
term. As refineries convert their production to ULS diesel, the two existing pipeline systems can be
converted for handling this type of fuel. S50 will be replaced with S10. The highest sulfur grade
(S1800 for off-road) will have to be supplied by trucks. Mid-level grades (S500) will be handled
along with gasoline and S10 in the same pipeline systems. Some downgrades of product will occur.
It is estimated that a maximum of 1% of the total ULS volume will be downgraded. The price
differential between ULS diesel and high-sulfur grade diesel has been 0.61¢/liter over the last two
years; the total impact will be less than 0.01¢/liter for this concept.
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Table 8.10: Diesel Supply Balance, 2011

Internal ULS Diesel ULF

Diesel B Interstate-external supply Pipeline before 2013  supply
Production -
Diesel+Biodi Water
Demand esel Balance way  Truck Port Pipeline
Campinas,
Sao Paoulo,
Santos, Sao
Jose dos Pipeline
SAO PAULO 205.1 366.7 161.6 X X X Campos , truck
50 from Rio Belo
MINAS GERAIS 118.3 57.3 -61.0 X de Janeiro x Horizonte Truck
Pipeline
, truck,
PARANA 77.2 91.8 14.5 X X X Curitiba port
RIO GRANDE DO SUL 55.7 1241 68.4 X X Porto Alegre  Port
80 from Rio de
RIO DE JANEIRO 50.2 60.5 10.3 X X Sao Paulo x Janeiro Port
BAHIA 50.1 88.8 38.7 X X Salvador Port
GOIAS/DISTRITO 68 from
FEDERAL 46.6 29.5 -171 X Sao Paulo x Truck
¥ 40 from Pipeline
SANTA CATARINA 39.6 -39.6 X X Para X , truck
MATO GROSSO 36.8 31.4 -5.4 x X
PARA 31.2 0.3 -30.9 x X Belem Ship
AMAZONAS 23.2 12.4 -10.9 X X
PERNAMBUCO 22.4 o224 X X Recife Ship
MATO GROSSO DO
SUL 19.9 1.0 -19.0 x X
ESPIRITO SANTO 19.0 F 4190 X X
MARANHAO 18.5 1.9 -16.6 X X
CEARA 15.6 4.7 -11.0 X X Fortaleza Ship
RONDONIA 13.4 0.3 -13.1 X
TOCANTINS 11.9 4.7 -7.2 X X
PIAUI 7.6 1.2 -6.5 x
RIO GRANDE DO
NORTE 7.5 10.1 2.5 X
PARAIBA 7.4 F -7.4 X X
ALAGOAS 6.9 F -6.9 X X
AMAPA 6.4 ¥ -6.4 x
SERGIPE 5.8 F -5.8 X X
ACRE 2.7 F -2.7 x X
RORAIMA 1.5 ¥ -1.5 x

9006 ¥ 8864  -143

Source: ANP, 2012; Hart Energy analysis

The same is true for the central region: Off-road diesel will have to be handled by truck or ship;
S500, gasoline and S10 could be handled in the same pipeline system. Complete systems will have
to be converted as refineries start producing S10. Additional tanks will be needed to handle and
segregate S1800 grades from the lower sulfur grades, not only in terminals but in gas stations as
well.

Table 8.11 shows the estimated incremental cost of providing segregated diesel tankage at
service stations for varying percentages of stations requiring the investment.

FTAN R



T 3% 2] ULSF W R 12 5F 087 20124 10 H

Table 8.11: Brazilian Gas Station Incremental Cost for Additional Diesel Tankage

(Investment in Millions of U.S. Dollars)

Gas stations that require investment
(%) 1
Region Total
numberof 10% 25% 30%

gas
B razil 38,235 $34.41 $86.03 $103.23
Northern Region 2,677 $2.41 $6.02 $7.23
North Eastern Region 8,363 $7.53 $18.82 $22.58
South Eastern Region 15,935 $14.34 $35.85 $43.02
Southern Region 7,934 $7.14 $17.85 $21.42
Central Western Region 3,326 $2.99 $7.48 $8.98

Source:ANP /SAB

1lIncludes $9000 usdinvestmentintanks, dispenser andinstallation

About 8% of gas stations are already converted and are able to deliver 50 ppm diesel (the 3,000
stations referenced previously that have a greater number of diesel than gasoline pumps).
Information regarding the configuration of diesel pumps in service stations is not available.
However, considering the number of diesel vs. gasoline vehicles, somewhere in the range of 30%
of stations will likely require the capability to segregate diesel grades. About 22% of service
stations will require an investment in additional diesel tankage. In this scenario, an additional cost
of US$76 million will have to be incurred to implement the nationwide spread of ultra-low sulfur
diesel. This cost represents 0.4¢/liter considering the total diesel demand in Brazil.

In summary, we expect that no significant distribution costs will be incurred as the result of
a transition to ULSG. However, diesel fuel marketers will incur costs associated with
distribution of segregated diesel grades as the result of a transition to ULSD. We
estimate that these costs would amount to about 15% of the refining cost of producing
ULSD.
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PEA AN EREMARME (GB 17930-2011) , & =Nl /AR MmARME (bRt BlA ) o 3 2009 4 12 A
PR, B SRVR AR AE 5 8 I B BRAE B =i 150ppm, SR T /4 AR HE AR e e T S0 RS I BRAE, dbat. BiE. )N
AN 9 50ppmee B 5 bR dE B0 & P 1) = AN 20 150ppm i, FEREAEAN 904 93 Fl 97, {HAE KT N4
RON9S8.

rh A A B SR RRL R ME (GB 252-2011 A GB 19147-2009) , 845 =M/ SemibhiklbrvE (dbgt. LA
T4 . 2010 4F 1 A, AE#EAMBIAT GB 19147-2009. X320, AN 3 6] 1A R v 76 4 [E 38 B 9 04T
EHTZEH (GB 19147-2009) FlHAMAE (GB 252-2011) , ZrBIAHZE . WIANINLA . B THE. FRA. KEhHL
Y, ZREREEBRIVE, RHLEMREANRE S FIZ58MS S . GB 19147-2009 2 [F 24 FiT 75 25 S8 A ke
HE, BE T 2 E RN 350ppm FIHTRIE -

B AR AL OB OB s TR FRAB B 10ppm, B RO 1 R il AR v d5 ™ R B3 T o L AT JH U 36 5€ T 50ppm
fit 5 bt

8.4.3 R R R AL R W

B ELRTE 2013 4F 12 R EEMH Soppm B & =AM . 8000, REBUFR “+ =857 MRl (2011-2015) #i
ENTE 2015 FIRZ AT I N ZARME, A EIE—2 KT 2 EHAT S0ppm RS ke, 200, —faum T &
LR WIXAE 2017 BIAATRESEEL. 24707, KA _EMEHERN S0ppm Bisem. M. IR AR SERIEGEN, FEAE 2015 4K
ZHTYORZET R HAIR T .

2011 4F 12 H, destiis R RIRAG T E #VOM A SEMRE BT R, R AR E R RGN R
KAE ST 10ppm BRI A S e B B AR E 89, 92 Al 95, iREEIMIEMABIT T 24 Al i SL 0 B B L ORG BEABR
(10ppm) IR (DB11/239-2007) .

8.4.4 A R iy 3% o] /E

FRVE R AL SRS ULSF 38 4 A i s Bl e it gk 47 5ot o BRAERRALHEAh, B 3%A RIS 30ppm BEE AL ULSF,
T A AL S B AT SRR R B A 2 SRRt Bt . )M 5, EERGZ S0ppm R, RN B RO,
PATRTH AN A R OKH IR0 o o [ FR | 2 A T AR AR 35, T R e ir T AR AR 35, i LA SR THIRBRUA R
Ik B AN A AR K 1)

— HAZT7 Ry R B 4 [F DL AE [ N E s X 5T NARBRAEL, T84 ULSF #iiis v] §E 23 848 — L4 ] 7.

$176 |



T 3% 2] ULSF W R 12 5F 087 20124 10 H

9.0 SZ L33 V¥ 2 ULSF 1933 417 i [A]

TEHTAHCIE X ULSF A2 7= MR A, AT ) BE 7 WeE G ELRARRD B=4F Gl 1t T
IR SR G gl BRdEm =68 (28 4.6 41, R 4.8) o fEHrh, il TH A 5236 25 8 IR ) BT AR SC A2
FREE PR . AR, e TS R R R T /A8 ULSF FRIBEBITNEME R —, B i, #
e — N E K 58 AT HT ULSF bk T 75 10 B3 47 i)

AV EHAS IR G — MG, B —ANE S 2MATH ULSFE ARdE i (SIS T A . D T TigiR, A1l —
ANEF LB E B ULSF AT i 8] 8 ON AR I [a] iy ia), (1) B RIEAURAi#HT ULSF FHME, &
FE— A2 A ULSF FrifE, LAK (2) AT /& ULSF ArifE o BTl i (0 5 48 IO i 2 B An v i e 5 H B

GER, A€ OFAREHE ULSF 5 R IESX AT Z i Bseth BEe. 200 WTREHBLAE it [ d sl it
MRAEZ5E 3, ULSF J5 S/ “PAT TR SONBUR B 5 A e I TG . D

MR ZE S, KiSEFBOEMEZ ULSF 7 RIBITREY 5 % 6 4, G (1
(2) % ULSD J7% A NRLM® S8lHbkD . (3) M kicsenn i s
AN AR bR ©

S, HEH 2 VMBI,
EEITR, UK (4) BRES

)
%

MKB (EU) &Mmdzil s % (Cankk 4 FIRK 50 BIH0E AT AARIR R O 1 28] 7 45 o SR AIPAT I [A]
H5ERMGTARAES X, 8F 550 m e E M A miasdEE XK. B, Rk 3 R bs#E (R
150ppm) HA 15 NMAWIATH A, BX 4 Rl baE (EBR S0ppm/10ppm) A /NFEHPATHI ], (HZEE R
10ppm BMRELAZL « PUIE 24 P it 7 SRR A E e L 27 .

—/NEZR AT ULSF J7 RIS AT B T2 DAFR R R, B2

& PEFURTN - s
& EMERVERTER DA
¢ WHIMAT (T, B&&RWLLEETL (EPC) ) .

FrHY. B ULSF 85 ULSD J5 8058 W AT B 8] 87 24 3 T Bz [ 7 0 i 28 R 25 3k AT TR A 2 0T o
DL S 0 86 IR 25 1 T B PRI .
91 MER®IT
ULSF # 5 s tHE s T IR EURF 5 2/ B hre. KR B, IR E RS IBATR R BRI K, B
¢ RIRUHER AR

o (Hll 10ppm. 30ppm. 50ppm)

o —MRULK, FUERAM S B, ST RS B, AR HEA 500ppm FF(KE] S0ppm
A BE 75 BN 18] 2 T AR 50ppm BEAKE] 10ppm. J& HIX AN SAR#E K8 i b SO O S 2L, 5 ) T
Z e i A Wit -

:’0 ARiE NRLM RRIFERE . L EMAUESHRE .
ETHIBMIEMEH AR, EMNEANE BB LB REIREREL R T 85 T & & ARE RE TS .
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& B b fE A AR

o MR#IEETH & & EIR, SR Gl ) (B4 G i BRI BN i & & IR
o fl¥: REFL 2 VS &I ZMEMHUE RS EARME<30ppm YD, HENGHR SR ERA
80ppm.
& Il I LA

o BlF, InE KM T RMBRHE M 2005 FFFFURF- 36 & E<50ppm, H 7 4 115 B A i T 3 B 5 =
<150ppm. 3 E 5 2 B BARMER 7 ZHE M 2006 FFFF 4G M P4 & = <30ppm, A 2004 FFF 45 T HT
I B R 9P 2 B 5 S <90ppm.

¢ IRAERI X E R
o IX P Lo — et J5 Ve 5 FABRUAR HE (E 2 23 U A e A R AT T e X A b DR A L, R XK
P e A A A e A ED FE AT
¢ fRm) T ERBREREUGR:
o KB Je— el | R EL L A T 2 OIS AR AT &8 ULSF AnifE. 8%, 153X M 98 B A2 A0 gl
N T BE R il A DL BIE L E EOR AR T, OB SRl AN K, s BR A B s PRIR AN . SEIE

55 2 B BORh AR A ULSD J7 S8 B4 M B o7 B 98 KR ARt ) AR R, A5 & A RSk A M | ] A S 2 7
S BRI B SR AT £ 3T O BR AR AAE

¢ BfERABER S M

=

0 28 SHRIRKTE 7 58 B AE (R A7 R BB VA KA O R . 6207 58 SO VAR T B3 S S i
0 2 P SE R 2 S5 40 2 T OB A R B AR LR 5 AR RO TR M B R
£ RRE CUFREZROTE 30ppm U FEY 20ppm BUEGECHD o KRR LS 5 015
W

o B SR Iy 5 Ao vF Lt AE R MR ROTERE A I AR I AR EL R £ 0 M b, TR > i
FFIRFIEL, 5 DU M 4 20 LI 45 25 A

o BTHITUARHERRAR, BiU(R AR 52 5 R FLA7- S 1k XA o gt 2>

9.2 ImIEAVERER
FEARZ M 5K, AL ha G 38 B o il B0 B SOt A et 2 BT, MRl ) e A 5 3 DR/ B 5324 JR) 345 4% Al
(AR 200D YRk, VFRERTRER MR AR s e KIS M fif . iR R HER . A X g R %
G R . RUE T RRBUREAT 15X ULSF ArifE, 102 /5 B EEVFn]iE. Vi BERE ] REHEAE (7R 2244
AR EILAN D Rl an R 5 R 8RR 7 5 BT TV vl AR i

9.3 i HAT

FOR A [H AT BT K ULSF b (1938 A7 IR 18] (1 5 2 22 D8 3R At 2SR I AT 7 B4 £ B b4 000 ks ] 5t i 2350 H 1)
I 1) o

\J
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2 9.1 (1) MK T MRS T RO T 45 0 ULSG A1 ULSD AR 57 4 5 50 075 0 £ 0 e
BEBCHERG S, LR () SR TR A BRI BN 10 . 50 25 0 U L T LA —
e 59 9 2
R 9.0: KT ¥ AN S R B 1 R I E B 25 R
LEL

s B 5T TR A
TERY

il I, BN 312 A A
VR TR AT R I AT

ek 5 B TR 10— e
7 8

RI1BATH A 27-39 M H

F o KIEHTEES 2 BB T %€ (BfAN RIA BIE IV-16) KIZEE EPA & BT (RIA) 2wl .
SURSCRFT 2000 4, (H 22 ) 5038 17 I 1R 56 Bl 906 3 A - 53k 2 48 oy 38 BRI 4T M BAUAT 24 iVt A 2
TRBIERAR AL Z 7 — B0 T HRi 3 58 00 48 B2 fl B 9% FH JLAh mh 0 R 1) 20 B SR FH 1) = 4 R ofe it TR R) 53R
9.1 JIr 7 B M As AT I 1] 3 Bl — 2

Bl o Mrda . g e R ) R AT B (1 ULSF (587 7 BE AN SO Uk Tk | B3R, An L e B 4544
JEUH AR R L 7 AR LS R ARG DL IR, Rl e R 2 R IS AT I R A, T
AR #ER—H

9.1 PR ATIN A Ul & TS AT BRI AR, 2 —ANE SORTTEN Y ULSF ARy, A it
J AL AR ] (KB I6) P9 7 bt . IXANEERRE TR (P B R AR TREREKES RREHET
NV A EEABRAT W R B BT LB g i ULSF Wi fe /). 7] — 4 AR g v A W R i DA K R — A R 19557 3
Tt AT ER KPR, ORI 2RI 55 51 ULSF drifk. thdh, AREESIT L= 5
A ) SRR AR AT L 5 i o 0% P R ) TR A R0 R B VR R A PR A BR U, A B R A A A B e
R B v s S N 2 5 o

SEE EPA Jy3E[H S 2 Br Byl AN ULSD J5 S 52 (108 BERZ W 3y SCAF 5 A5 PAT ISR RUAR HE A7 5 1 5 1 HR ]
A7 Ml TR S R R B B U SR ] F) P 4 LAt A

61 http://www.epa.gov/tier2/finalrule.htm#regs
82 RiB EPC i@ iHE Sl @M TG . AT 8.
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10.0 A

O /i)

JE 7.33

Rl 8.53

LPG 11.6

B SR 7.93

R H /58T 7.46

BRI 6.66

HAt 7.00

JR b 2 18 7.3

HE 8.5

L 8.6

yTE- YA 8.5

34 6.5
RN

i 46 24k - L 7 I 6.9

i 1 2 4l - 6.7

mEREK 7.0

i & AL B 8.5

VR N & b 2R 8.5

7o HH W hn 4k B 7.46

BHih e b 6.9

o8RO 7.9

PR R, S PR FR B I 2 R A A [RD AN [
Rl & N LIVE S 521 GSR B TN

TR/ R = (W) * (% ¥ 22 B0/ ])* (FE/365 K)*1000
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11.0 =% XHk

China Petrochemical Corporation (Sinopec Group), http://english.sinopec.com/

2. PetroChina Company Limited, http://www.petrochina.com.cn/Ptr/About_PetroChina/ and
http://www.cnpc.com.cn/en/aboutcnpc/ourbusinesses/refiningchemicals/

China Industry News, http://www.pudaily.com/index.asp

b

Shaanxi Yanchang Petroleum Co., Ltd. ( Yanchang Petroleum Group, YCPC),
http://english.sxycpc.com/list content.jsp?urltype=tree. TreeTempUrl&wbtreeid=1002

C1 Energy, http://www.clenergy.com/common/About.aspx

Shandong Refineries Market, http://www.petrowin.sg/map.html

Interfax China, http://www.interfax.cn/

China National Chemical Corporation (ChemChina), http://www.chemchina.com/en/home
China National Offshore Oil Corp (CNOOC), http://en.cnooc.com.cn/data/html/english/
10. China Oil web, http://www.chinaoilweb.com/

O X% =N wn

11. CBI China, www.cbichina.com

12. Energy China Forum (ECF) China Oil, Gas & Petrochemical Daily, www.energychinaforum.com

13. Ministry of Industry and Information Technology (MIIT), http://www.miit.gov.cn/

14. National Development and Reforms Commission, http://en.ndrc.gov.cn/

15. Argus Annual and Monthly Refining Reports, http://www.argusmedia.com/

16. Oil and Gas Journal, http://www.ogj.com/index.html

17. Bloomberg (Daily News Letters), http://www.bloomberg.com/

18. Forbes ( Daily News Letters), http://www.forbes.com/
19. Ministry of Petroleum and Natural Gas, http://petroleum.nic.in/

20. Petroleum Planning and Analysis Cell (PPAC), http://ppac.org.in/
21. Oil Industry Development Board, http://www.oidb.gov.in/

22. IndianQil Corporation Ltd., http://www.iocl.com/

23. Bharat Petroleum Corporation Ltd., http://www.bharatpetroleum.com/

24. Hindustan Petroleum Corporation Ltd., http://www.hindustanpetroleum.com/En/UI/Home.aspx

25. Reliance Industries Ltd,.http://www.ril.com/
26. Mangalore Refinery and Petrochemical Ltd, (MRPL), http://www.mrpl.co.in/

27. Chennai Petroleum Corporation Limited, http://www.cpcl.co.in/

28. Press Information Bureau, http://pib.nic.in/
29. Centre for High Technology, http://www.cht.in/

30. Thomson Reuters (Inside Oil), www.thomsonreuters.com

31. India Petro Daily, www. indianpetro.com

32. Panipat Refinery, http://panipat.nic.in/Refinary.htm

33. Berger, Bill D., Anderson, Kenneth E.; Modern Petroleum, A Basic Primer of the Industry; Oil & Gas Journal Books;
1978

34. Gary, James H., Handwerk, Glenn E., and Kaiser, Mark J.; Petroleum Refining Technology and Economics; Fifth
Edition; CRC Press; 2007

35. Leffler, William L.; Petroleum Refining in Nontechnical Language; Third Edition; PennWell Corp.; 2000
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36.
37.
38.
39.
40.
41.
42.
43.

44,

45.

46.

47.

48.
49.
50.
51.
52.
53.
54.

Little, Donald M.; Catalytic Reforming; PennWell Publishing Company; 1985

Maples, Robert E.; Petroleum Refinery Process Economics; 2nd Edition; PennWell Corp.; 2000

Meyers, Robert A.; Handbook of Petroleum Refining Processes; Second Edition; McGraw-Hill; 1997

Meyers, Robert A.; Handbook of Petroleum Refining Processes; Third Edition; McGraw-Hill; 2004

Oil Price Information Service (OPIS); OPIS Energy Glossary; http://www.opisnet.com/market/glossary.asp#S
Parkash, S.; Refining Processes Handbook; Gulf Professional Publishing; 2003

U.S. Energy Information Administration; Glossary; http://205.254.135.24/tools/glossary/index.cfm?id=petroleum

U.S. Energy Information Administration; Crude Oil and Refined Products Glossary;
www.icapenergy.com/us/docs/crudeglossary.pdf

U.S. Petroleum Refining:Assuring the Adequacy and Affordability of Cleaner Fuels; National Petroleum Council; June
2000

U.S. Environmental Protection Agency, Regulatory Impact Analysis:Control of Air Pollution from New Vehicles:Tier 2
Vehicle Emissions Standards and Gasoline Sulfur Control Requirements, EPA420-R-99-023.

U.S. Environmental Protection Agency, Regulatory Impact Analysis:Heavy Duty Engine and Vehicle Standards and
Highway Diesel Fuel Sulfur Control Requirements, EPA420-R-00-026.

Brazil refining data:

http://www.univenpetroleo.com.br/index.php/en/the-univen/refining-and-processing

International Energy Agency, Energy Statistics of OECD Countries, 2006-2011 Editions.
International Energy Agency, Energy Statistics of OECD Countries, 2006-2011 Editions.
Estrategia de Logistica de Suministro", Pemex Refinacion, October 2009

Plan de Negocios", Pemex Refinacion, January 2010

Proyecto Nueva Refineria en Tula", Juanry 2010

Refining data - Sistema de Informacién Energética (Energy Information System), SENER

Transpetro 2009 Annual Report, www.transpetro.com.br
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