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Petroleum=Petra + Oleum (rock oil)
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(Oil Traps) & sla als

Three basic forms of structural traps
in petroleum geology

Legend:

é Drilling rig

P Porousrock

HP HNon-porous rock
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OPEC Share of World Crude Oil Reserves 2011
—”‘“‘*——————H______hh______ Libya

[ngarla
o Qatar
Iraq
Saudi
_Arabia

Non-OPEC OPEC
282 billion barrels 1,200 billion barrels Iran, l.LR.

19% 81%
Ecuador
J\ngolax‘ .
Algeria_ _UAE
Venezuela
//ﬂ
OPEC proven crude oil reserves, end 2011
(billion barrels, OPEC Share)

Venezuela 297.6 24.8%| Iraq 141.4 11.8%| Libya 48.0 4.0%| Algeria 12.2 1.0%
Saudi Arabia 265.4 22.1%| Kuwait 101.5 8.5%] Nigeria 37.2 3.1%| Angola 10.5 0.9%
Iran, I.R. 154.6 12.9%] United Arab Emirates 97.8  8.2%] Qatar 25.4 2.1%| Ecuador 8.2 0.7%

Source: OPEC Annual Statistical Bulletin 2012
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World crude oil reserves:
Cumulative production versus net additions (2002-2011)

(billion barrels) (billion barrels)
400 = Cumulative Production 400
- = Net Additions to Reserves 345.8 | 350
300 - 300
250 250
200 200
49 146.5 550

108.0
100 100
50 + 50
12.8
0 ]
Non-OPEC OPEC
Source: OPEC Annual Statistical Bulletin 2012
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Conventional resource base is sufficient

bn barrels
T —

T >

+ Resources are plentiful... ? gy
4000 --|= ...but prices can affect estimates —_——

= Technology blurs distinction between Vo -

conventional and non-conventional oil ——

3500 4|+ Resource base likely to continue to grow ¥ i

+ ...especially as non-conventional oil is included
ao00 4 |* Broad agreement among international agencies

on this idea
2500 -+
-~
2000 -~
= 0,
A
1500 — 48%
USGS estimates
1000 for oil resources 9%
20% 25% .
% 27% Cumulative
500 - 27 / production
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fractions
decreasing in
density and
boiling point

crude oil

| fractions
increasing in
density and
boiling polnt
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Cy to Cy gases

I—I mwo'c
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liquefied petroleum gas
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other 0.3 gal.

kerosene 0.2 gal.
lubricants 0.5 gal.
A, Ngamo | ol pls s ®

asphaltiroad ol 1.3 gal. . .. .
petroleum coke 1.8 gal, T as ol uu))| b 9 ke

still 1.9 gal. . . R
what’s *-llqux;!p::rl.anl. Showdb oldee b el
ina residual fuel oil 2.3 gal. g S ;@
barrel Jet fuel 4.1 gallons
of oil " . L o

distillate fuel oll p2 blie S5 )0 a5 sk

9.2 gallons 0l Cound ‘53'“’ =) ala>Ye

D9b oo S0 9 HelgS Jol
Source: APL. gasoline
Totals more 19.5 gallons
than 44 gals.
because of
“processing
galn”
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e Petroleum gas
used for heating, cooking, making plastics
small alkanes (methane, ethane, propane, butane)
boiling range : less than 104 ° F/ 40 °C
often liquified under pressure to create LPG (liquified petroleum gas)

e Naphtha (liquid)
intermediate that will be further processed to make gasoline
mix of 5 to 9 carbon atom alkanes
boiling range : 140 to 212 °F / 60 to 100 °C

e Gasoline (liquid)
motor fuel
mix of alkanes and cycloalkanes (5 to 12 carbon atoms)
boiling range : 104 to 401 °F / 40 to 205 °C

e Kerosene (liquid)
fuel for jet engines and tractors; starting material for making other products
mix of alkanes (10 to 18 carbons) and aromatics
boiling range = 350 to 617 °F / 175 to 325 °C
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e Gas oil or Diesel distillate (liquid)
used for diesel fuel and heating oil; starting material for making other products
alkanes containing 12 or more carbon atoms
boiling range = 482 to 662 ° F / 250 to 350 °C

e Lubricating oil (liquid)
used for motor oil, grease, other lubricants
long chain (20 to 50 carbon atoms) alkanes, cycloalkanes, aromatics
boiling range = 572 to 700 °F / 300 to 370 °C

e Heavy gas or Fuel oil (liquid)
used for industrial fuel; starting material for making other products
long chain (20 to 70 carbon atoms) alkanes, cycloalkanes, aromatics
boiling range = 700 to 1112 ° F / 370 to 600 °C

e Residuals (solid )
coke, asphalt, tar, waxes; starting material for making other products
multiple-ringed compounds with 70 or more carbon atoms
boiling range = greater than 1112 °F / 600 °C
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CRU[l)E OIL

HYDROCJ?RBONS NON-HYD|ROCARBONS
[ I | | | l |

ALIPHATICS AROMATICS NAPHTHENES SULFURS NITROGENS OXYGENS METALLICS

25% 17% 50%

<B%
C1-Ce (CeHs)n CYCLOALKANES */ i g@ m
AN H

| N goos

<1% <3% <100PPM
o]
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MWTor B.P T Paraffinsd
Gasoline range about 80%

Gas oil range about 20-50%
Lubricating oil range about 30%
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Cyclopentane | [

c—=C

Methylcyclopentane | |

cC—=C

c/C““c

Cyclohexane | |

/C\C L

e MWTorB.PT naphthenes T Methylcyclohexane [ |
» Asphaltic(naphthenics) crude oils C\c/c

» Heavy naphtha fractions(150-200°C)
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Toluene @ m-xylene @
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Tetraaromatics Alkyl Pyrene
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Carbon 83.0-87.0
Hydrogen 10.0-14.0
Nitrogen 0.1-2.0
Oxygen 0.05-1.5
Sulfur 0.05-6.0
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K=((T)*1/3)/d (°R base) or K=((1.8T)*1/3)/d (°K base)

d= sp.gr 60°F/60°F
T=average boiling point in degrees Rankin (R=°F+460)

1) K~ 12.5-13.0 highly paraffinic oils
2) K~ 10.5-12.5 cyclic(naphthenic) oils
3) K ~ 11 for pure aromatics.
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B BP-15 ROOM
15-65 ROOM
65-100 ROOM
100-125 ROOM
125-150 ROOM
Bl 150175 ROOM
175-200 ROOM
B 200225 40
BE 225250 40
250-275 40
275-300 40
300-325 2
325-350 2
385-385 2
385+
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) TGO et WEIGHT CUTTING ~ SPGr. Molecular VOLUME RANGE
NO : PERCENT | RANGE (WT %) | @15.56/15.56 °C Weight PERCENT VOL %
[ |
100-125
[ 5] 125-150
[ 6 | 150-175
175-200
[ s ] 200-225
B 225250
[ 10 | 250-275
[ ] 275-300
300-325
325-350
350-385
385-425
[ 16 ] 425450
450475
[ 18| 475-500
500-530
530-565
21 565+
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CC) 1
LSRG |HSRG | B.N. | Kero | LD HD IS0 | LUB | Hslop
IBP | 267 91.2 | 1399 | 1721 | 2337 | 2339 | 3247 | 359.6 | 361.1
5% 31.1 974 | 1523 | 1937 [ 2764 | 260.1 | 3714 | 4335 | 4494
10% | 392 | 101.2 | 1557 | 200.3 | 287.3 | 276.1 | 381.1 | 445.8 | 470.9
30% | 469 | 108.1 | 160.6 | 2117 | 2989 | 3057 | 4128 | 469.5 | 506.6
50% | 536 | 1151 | 164.8 | 221.6 | 3064 | 3186 | 4350 | 4844 | 5215
0% | 61.8 | 1275 [ 1702 | 233.1 | 3226 | 3419 | 4553 | 503.0 | 5384
90% | 686 | 141.1 | 179.7 | 252.9 | 3514 | 3617 | 484.3 | 522.6 | 555.0
95% | 732 | 1465 | 1846 | 2618 | 3640 | 3692 | 4949 | 5249 | 558.9
FBP | 794 | 1541 | 1948 | 2736 | 384.6 | 3817 | 506.1 | 526.2 | 562.0

LSRG Light Straight Run Gasoline
HSRG Heavy Straight Run Gasoline

BN Blending Naphtha
LD Light Diesel

HD Heavy Diesel

1ISO Isomax Feed

Hslop Heavy Slop oil
(Slop oil is the mixtures of oil, chemicals and water derived from a wide variety of sources in refineries or oil
fields.)
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150 — Propane — isobutane
— - butane — 2-methyl butane (sopentans)
130 4 — o pestame — Gy
—— 2,2-dimethyl butane (neohexane) —23-dimethyl butane
—_— %:?rm pentane — 3-methyl pentane
g uo g - D P
™ —24-dimethylpentane 0 = Cyclohexane
90 _—ﬁ.s-_wm (Triptanc) :;.3 i
70 —t"1 2 ety — cis-1,3-dimethyleyclopentane
i ™1 — 1,2-dimethy] cyclopentane- frans — 3-methyhexane
50 — trans-1,3- — 3-ethylpentane
;5. S o e 2,5 dimethyhexane
g 30 — 2,4-dimethyfhexane — 2,2,3-trimethylpentane
; 10 — 2,3-dimethyfhexane — 2-methyl-3-ethylpentane
~— 2'methyheptane — 3,4-dimethyhexane
(g 10 — = 33: -
—&l}m — trans-1,2-cthylmethylcyclopentane
30 — trams-1,3- —_—22
—— N-octane
-50 - T
0 20 40 60 80 100
Vol %

Calculated composition of representative pure components in petroleum naphtha, evaluated in practice of the invention.
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Specifications in Germany,

Characteristics Unit Belgium, France, ...
Gross heating value MJ / Sm3 39.6 < GHV <43.7
Wobbe index MJ / Sm3 485 <Wl <529
Water dew point °Cc <-15at 69 bar g
Hydrocarbon dew point °c <-7from1to69barg
Hydrogen sulfide content mg / Sm?3 <14.2
Mercaptan content mg/ Sm3 —
Total sulphur content mg / Sm3 maxi <142, annual average < 120
Carbon dioxyde content vol. percent =25
Oxygen content vol. percent <0,
Temperature °c -10<T<+38
Pressure bar —
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Relationship Between Gas and Oil Prices
(US Lower 48 Prices)
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_ Density of Storage
Formula T(°C) P (Atm) bensity

(kg/m3) | (Nm3m3) |(Kcal/m?3)

Gas CH, 25 1.0 0.72 1 9.52*103

LNG CH, -161 1.0 425 594 5.65*106
Hydrate .

y CH, 575 1 g5 1.0 913 171 1.63*106
H,O

DME C,H;O 25 10 688 488 | 4.64*106

CNG CH, 25 150 107 150 1.43*106

ANG CH, 25 5 >1000 230 2.19*10°
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* GHVgeq = SUM (Y, * GHV))
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