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(
2005.5.30) The End of
oil

2005.9.1 Richard
21 (IT'S THE CRUDE, Heinberg The Party’s Over
DUDE War, Big Oil and the Fight for

the Planet)

Peak Oil :

90%
100cp

n Oil Peaking

Oil Peaking

“Understanding Peak Oil: Concept & Miscnceptions” by Dr.R.H.Hirsch
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Reserves Before & After Peaking Differ in Va
bl il Fiald)

Depletion Rate: D

D=1/ = 1/(R/P) = PIR
Ex.) If R/P=20 D= 1/20 =0.05 =5%,

E==n R/P=10  D=1/10 =0.10 =10%)

Post-Peak Reserves

Production

-

Time - Decades

» Letus dcﬂgrm: the reserves that exist in an oil fisld up to the p-rodu:uun
piak as ¥ th He . Reserves after peak call Fost-Poal

« Pre Posk Heserves are of greatest importance because they can contribute
to growing world oil demand.

= PostF Feserves are important bul they represent a decrease from total
womudpmdmuon

11

Workshop on Trends in Oil Supply and Demand and Potential for
Peaking of Conventional Oil Production October 20-21,2005)

American Association Advanced Science (AAAS)
Building1200 New York Avenue, NW
Auditorium Washington, D.C. 20005
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= Dr. Robert L. Hirsch, Science Application International Corp. (SAIC)

13

14




15

BLOWOUT

Production

Production

Tima

Production

OILFIELD DEPLETION

Fig. 6-1 Depletion profiles.
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Crude Oil
API 20

Heavy Oil
100 1 cp APl 10

20

Condensate

NGL=Natural
Gas Liquid)

LPG ‘

» LNG

Extra Light
Light
Medium
Heavy

Extra Heavy

Produced Crud

e Oil

API
39

Refinery

34 3899

30 3399

26 2999

2599
100cp

Oil Sand
1 ¢ APl 10

Oil Shale

Bitumen

Petroleum Products
(1998 )

30 100 23.0%
100 200 7.4%
150 250 42%
145 300 11.1%
180 350 188%
082 0.90 11.1%
091 093 0.0%
091 096 169%
7.5%

Synthetic Crude

/

McCabe Model)

1473
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World Liquids Production Qutiook

MBD
140

120

100

80

60

40

Liquids Demand
7460, _/d" 8246 b/d.30

l Canadian Oil Sands
NGLs, OPEC Condensate, Other

Non-OPEC Crude + Condensate
870 b/d as=p*"

2000 A 2010

1995 6,930 b/d 20%/b 5,060 ( 487 @ 96.3W$)
2000 7,460 b/d 30%/b 8,170 ( 903  @110.5¥/%)
2003 7,830 b/d 30%/b 8,570 ( 968  @113.0%%)
2004 8,080 b/d.20up) 40%/b 1 1800 (37.7%up)

2005 8,340 b/d@E.2%up) 55%/b 1 6740 (41.9%up)

2006 8,510 b/d@owuwp) 60%/b 1 8640 (11.4%up)

65%/b 2 0190

70%/b 2 1740 (16.6%up
2004 127 @107.5%/$ 2005 187 @112.8¥%/%

WTI

28
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2000 — 2006-2007 ASPO & Bakhitari, AM.S,and  Kjell Aleklett

- 2007-2009 Simmons, M.R. 17 21
E After 2007 Skrebowski, C.
2010 ] Before 2009 Deffeyers, K.S. 2001 Book “ Hubbert's Peak
n Before 2010 Goodstein, D., L. F. lvanhoe
- Around 2010 Gilbert,J. &Campbell, C.J
. After 2010 World Energy Council
2020 ] 2010-2020 Laherrere, J. | \
— 2016 EIA of DOE USA (nominal case)
n After 2020 CERA (Peter Jackson and )
m 2025 or later Shell, ExxonMobil, Chevron
2030 — 2028-2032 Odell, P.R(
- After 2030 IEA and EIA&USGS Ahlbrands and OPEC
B R.L.Hirsch, SAIC, Report to DOE, 2005 29

~ )
(IOR/EOR)
10 20 (Wedge,
) H
-20 -10 0 +10
MOT (2006.5.14.)

Dr. R. L. Hirsch Peaking World Oil Production Feb. 2005
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Reservoir Geophysics Mode

Horizontal well
Extended
Reach Drilling

Polycrystalline Diamond Compact
PP

IOR Method™*®

TLP™

PP, FPSO*

3,000
Auger.Mars

GPS Global Positioning System

PP Production Platform

IOR  Improved Oil Recovery

TLP  Tension-Leg Platform

FPSO Floating Production, Storage & Off loading
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H D3DTMA Clearer Image

THE TECHNOLDGY

THE BEENEFT

Structure Model

Property Model

v ulti-attribute

(2004)

Analysis
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Devils Tower,a deep water fixed
platform rig located in 1,680m of
water depth on Mississippi Canyon
Block 773, approx.224km southeast of
New Orleans.
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OGJ EOR Survey 1986-2006 (20  : USA )
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EOR

Figure 2.7y » Estimated coul of varioes enhanced ol recovery mrtheds,
o g0 LSD per barrel

Frgure 7.1 = O oot curve, inclinding fechnologieal progress
avaiability of ol resowrces a1 a function of economic price

’-;-, i 3 :: j ) inchocde €O, avlgaion. poah
g a0 r.E 50 4 .
I'i 5 &0 =
" E 30
2% = 2
10
Wi ) {
a ' Boolotle o in bilkcn borsl v
—— IEA EOR
. EOR 300Bstb
Recovery (%)  Cost (US$/bbl) ( 100
Thermal 15 — 60 10 - 25 0
CO2 26 — 55 12 -32
Polymer 18 - 63 13-23
Surfactant 32-74 26 — 52
1982 UNITAR
100 10,000
API 20 10
10,000
API 10
(907kg) 10 (37.8L)
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SAGD JACOS

SAGD: Steam Accelerated Gravity

Drainage method

90%
49
The Oil Sands Indust
Crude Oil:
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Sulphur
Truck/Shovel Extraction Blends
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.l
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280 m
upto35m
: 33%
: 6.4 darcy
: 2000 kPa
111

(10 5,000,000 cp
(80 700 cp
(230 10 cp

. 8-10= API

JAPEX

Hangingstone SAGD Operation

__» -7.0 Million Bbls since 1999
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| Current (May2005)Rate:
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EnCana
PetroCanada
Suncor
Nexen/Opti (pilot)

Husky
Conoco
BlackRock
Devon

( bbl) bbl) b/d
3.12 4607 PIW  Mar.15 2004
16 25 1,750 3,100 2003 2004
770 bbl 117 bbl Syncrude 43 54
( 15.2%) Bitumen _43 53
86 107
1.30 2,500
1.20 2,350 10 + : (orimulsion)
( 22.5%)
6.59 3,600
Green River 1.58 215 6,500b/d in 1989
OECD( 0.95 236 Stuart

4,500b/d in 1999
Rogner,Hans—Holger 1IASA (May 1996)

: =3 bbl) =8,500 bbl 9,100 bbl
NGL =4,700 bbl =7,800 bbl
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Principle of the HYCOL gasification

ﬁ Produced gas
Upper stage

Lean ox

Lower stage

W Rich oxiien

e
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1200 1600
Ash Fusion Temperature
é Temperature (C)
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Whole view of the EAGLE pilot plant
under construction(

T

y, Air separation house
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COZ 2 2

Co, 101.02gr/1000kcal 100
LPG LNG
Co, 100; 77: 67. 55
LCA  *) co, 100: 78: 71. 65
*) 1998
73
kg Kcal/Zkg
( ) 0.86
kcal/kq 6,200 10,756 11,395
1.00 1.73 1.84

Methanol,
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34,000 kcal/kg

7,800kcal/kg
H/C
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