INTERNATIONAL
LB ENERGY AGENCY
Atdgat ABaly Ay

Frechpalogies
s o

A
B

A

2,




&?@m@m@ =7 fl JSOJ] OIS,
50 Ja lned g Il LTS Eon izt oy
EIGUI IB2ig il gJle

2ol 20K G 6 [t
SgprontillJia Byeutil  Jobies
126 ol ol o Js g8 eygec,
286, olljEetes
326, sl
836,205l

el S )@ (FYEEW
299 (= (B B o]
Joge 86 onll ol Sl S @ fis b6 guog



http://alexandra.ahlamontada.com/
https://www.facebook.com/ali.moula.589
https://www.facebook.com/alimoula61?ref=hl&hc_location=timeline
https://www.facebook.com/pages/%D8%B2%D8%A7%D8%AF-%D8%A7%D9%84%D9%85%D8%B9%D8%B1%D9%81%D8%A9-2/424570500927028?hc_location=timeline
https://www.facebook.com/pages/%D8%B2%D8%A7%D8%AF-%D8%A7%D9%84%D9%85%D8%B9%D8%B1%D9%81%D8%A9-3/355908257813942?hc_location=timeline
https://www.facebook.com/pages/%D8%B2%D8%A7%D8%AF-%D8%A7%D9%84%D9%85%D8%B9%D8%B1%D9%81%D8%A9-4/112702845540678?ref=hl
https://www.facebook.com/pages/%D8%B2%D8%A7%D8%AF-%D8%A7%D9%84%D9%85%D8%B9%D8%B1%D9%81%D8%A9-5/325589660862112?ref=hl
http://www.scribd.com/my_content
http://www.gulfup.com/ucp.php?go=fileuser&id=36975
https://twitter.com/alimoula2
https://sites.google.com/site/alimoulabooks/

adoll adllall allesg

1974 ole od s [ SWI (05 3 (IEA) ) Bl S5 cnnls
Gl OECD (oolasVI Osladlly ool ol JbY1 s Al dgS
JOECD JI 3 sas {55 30 Jeol oo i55 26

P a TEA 3 Bl GluaaYl

Ll Ol e il SO RN ks cla) @

o 05l bl b e Lalle LSl Bl Slalw 55 @
A oldandls wlebially slaeNl 2 dsull

(Sl Ll B 3ol Slagles ol fris @

sk Gob e sl Ly LIl Bla)l w5 Ades s @
kil Blall 3elaS 5Ly Abas Bl 5 4

sl andl Sleldl JolSS 3 desloal @

oS By (bl (L1l 8 TEA ) 3 eLasYI J
(Ll 0Ll (bl (s 3 ol «S,Lol cliidl i pean
oAl i dad s cf e SN (LS OLL (WU ] )
LY I Gasenadl ASced! (LS 5l o s el clolew] <JUS )
JEA JV s < 1595 ;;U)};w BESN NS TP IR RECN|



(OECD) Saluaiddl ¢yolaillg jmgkatll dokaie

U3 30 Sl S 4 Jond A ple Oldee o OECD J) dolais O]
ey el Vly cislanVl lisdl Lae Jxl e boe bl dans
Sl sSol aslss gl ol o 35l 5 lall Ll Jomis Ldalsall
idoledl 5 el s sl wleslecaNly il sland) Comenis S
DRed By s Aeliedl s Lo pemad) O] Sl s D el Sl
Jsleadd Jdo e ol duledl (o) @l S)lis e s 1Sl
el Clolldl s ol e cpdad) Jesdly i leedl i pais daladl
FIRH]P

(asS (Sals clusedl (W1 zud 0 2 OECD JI 5 eliasYI J gl

CLoles 0Ll (Ll (L 3 el ool sl i pean
s gn Sl e S (LS 0L (W) clad ) ke
g ) L] ASU e (Il gy e 21 iy 5
G s sV sl g sl SLY I el iSaadl (LS 5
) ) .OECD JI lese



ol—iely =i

(Christian Besson) & s Oliws S s Ol i s I (a5l O)
LIRS US| e W\jmjﬁmdcw\w\\“&v_auéﬂ\

s ocall Sl Oyl (._.....9 U~ (Antonio Pfliiger) > sl j,j_;_,\ ol

(DolfGielen)OJL:q- g_fz.bb J.o&_j ‘Cﬁj‘:“d‘ fda ¢l Q\S}z,oj\ 5).5.” JEA ]
A el sy el A TEA J) B Skl Bl 2aaasll 23lad! e

Sdsles DL sde B eale A .GL,J\ il 5 sl 5l
sl 5 (Neil Hirst) <o a5 (Fatih Birol) Js 0 a5 Gasl 1455
Uz Ses (Fridtjof Unader) ;001 b g3y b 5 (Jacek Podkanski) SslSs s

ie yoms ind, «(Jostein Dahl Karlsen) - IS fals oo s Caes A3 5

L3355 Rl dos g il (TBA I 5 51 il Bl e o0 22l

Jons A e pazeadl IS by L oV llanal ) J s 0 03YL
ia Y ey B Slnd U5 TEA I DS b o5 Y1 bl e

sl s b ias b peale pd)l sl S SI Dybes T 0)

LI ol a5 Ol St Wl - L] s e 055 oL,V
(VSGS) (Thomas <Ll I wless 1o SI6 o3 p 2l e jdiads oo jlocs]
58 () i s delis) (Takashi Amano) ylel 2S5 < Ahlbrandt)
(Mondher u-;"’L" s (Geolinn dasls) ("l:or Austad) sLeo sl
(Stephen Cassiani) (Exxon Mobil) «l.wles o «BenHassine) (NRCan)

(Thorki Christensen) ywcwe S |S535 «(Paul Ching) (Shell) c_g_..a J s

7



(Scott 5 sadls &3S «(Jim Clarke) (BP) &3S == ¢«(Danish Maritime)
ixsl>) (Maurice Dussealt) & 4w 33 uey; 5o «Dallimore) (NR Can)
LasMes (i s oIl Laadl & 50) (Anna-Inger Eide) Jol ol BT (505
<oods - «(Carol Fairbrother) (NR Can) )35 o .5 Js S «(NPD) JI 3
(Marc Florette) (Gas de s, ,_3 2, (Lenn Flint) (Lenef Consulting)
«BGR) ‘&;SLQ.S;\J\ u.b;\l\ NJ& Jgxs) (Peter Gerling) C‘jﬂ} % «Fremce)
(Frangois OLAJIS |45l 5 «(Per Gerhard Grini) (Statoil) s E ) e s
éj_i_é «(Fritz Krusen) (Conoco Philips) :ws,S 35,3 ¢i(alaydjan) (IFP)
(Oh Yoon Kwon) O ¢S O s j «(Fikri Kuchuk) (Shlumberger) &l S
(Rick Marsh) (Alberta %, &, «Korean Ship Builders) Association)
O sk 35, «(Alain Morash) (Total) 3l se u—:—ﬁ « Energy Utilities Board)
eSS «(Ralf @degaard) (Statoil) >)L'c>ﬂ <!, «(Rod Nelson) (Shlumberger)

«(Danny Scorpecci) OECD Lf_.:_:_:_a)}iJ 1> «(Kent Perry) (GTI) (5
.(Brad Wark) (NRCan) 5 sl s (David Sweet) ILNGA) ¢y o diyls

3l dezeadl s N 1S e AU L el il 5adl ol Jen
Gegedl DS Laadl sda IS e Ll ek (sl
cuij;,d\ > (Mary Harries White) <ols esls GOl cweld o]

oS S el S L 5 ]l (Corinne Hayroth) &y pla (0558 o>
oo Al dagdl Logal Ll el (Bertrand Sadin) sl L) 50 Jls
lal s s s

Antonio.Pflueger@iea.org. :ufﬁ\ Ol gadl JI UzwV1 s ol S 5



R
Aonaiallg Aol i culo@ill Ciss Al
)l Gyimeal] alll due Gl 5 yalee (paud

s B oVl B baslasl s A ALl i 2T 0T )
sold Ll 1 e Dl b ol s 5 ol (R 5
doe Sl Lo o 05l Al oda i L;:L,“ ¢ omdls gslazyl
e L5 ] b s el 2l ol Rl Bkl ol sl
Hlews cpslally du Wl AL o Sls 555 wlulw
_ 21428 oL 5wl sl Zedll adged _slisdl L) Y
ol i 5555 0l cio )l AL plozaY! S5 5 IS5 41 22007
Al Bl e Cars) 5L L e el e codlbadls el
(s ez BV el (JLatVl Bluy <5 b Ly st por

NEA IO [P [ CY PON [ R PR B R RAPN [ MO [E R
GBI Js s coleadl on Bl ) B2 5 ke s slazel Les i)
iy ksl inally (SUD el dabnh Sleadls colsbeS s 2l
Ol el slaadly colssally VLYl ol «SKIV (obs s laal
el cdedizall slslly cilall

el b Lad et 0l ol (gmeadd ) e ) 6 sl < WG

Sxmeadl 2131 ) Gag Som e Y1 B Rl B s pas e Y
Olaally Al pplald 5l e S e S s ie e )
b ey b bt o ey ey Al oIy Gl Sler o
L lgws e m¥l il e axlls oy SO e W1 o adl (6 el

9



Syl cl Al e delay Lo chnadall Lobns chagall oSOl domr 2 Gl
W s 55 S Aol Bl ) AN Ll e de 2L ool
oo @b oy sl

el Ui I bl e S 3 csS B e dldldl Jexds
Ladls T o J1 0580 Sl il 0l ) 220
L 5o Lle Lls edWls bl Lls S 0,05 cavidl &5 b B me
cades Laazms G5 ST T asig gizs_;la_;uﬁgj ‘W\“bu S
BN a5 s Lo Lo Goitally domesl o) L) S ilade Jaris
adl Sl ld 5 i Slsl ObS jabs LS b e LLS 2505
iaal neS Al o 3 sazaed) A

Slgel e oS 0550 OF Lo @ mlas s oSl sl (g I
2000 ple dns sdo wils cLalle ogd agd pudlpeds (L el b sl
Benidl 0555 015 B3 sdmee 4 Cblny Comn LolaN s 0555 Y Ol
B e har e s cOlSUI Ly T ) AL £ S L o
sy B ey Uiy e amgss Sl g3 50 0585 0 s o>
3L I e LsladVl )l Llese & V.AL.\..J‘} O el s
o el 5 sl

fe gozmall oo jsdeay Bl L2l p5lal) Gsall s Ul Lie O
Leddy ) s el e e ) il Badaadl SCT OF 3515 sl (g
S P A PE  PNPERI P PES JON P PES R g [V [ PPN (RS
ol Sl s Lol e ey maitadl e ) Llas]
GiS s ciedinadl 3 Lasbus] e Ol 0V L sl 1 de pemal) dialsl
fpoln i O pmly 0l B2y plald Sl e Gl ke 3 S
) S smeld Al e Ll

21431 /3 /20 5L )l
g p gl el de Mol s 3,
J.;}.J| V.gh‘ﬁl op deee LD

10



P

3mSRl Gl o @l Il JL e gl Bl Sl gLl sled

a3 IV sl Je il SN i SNl s e O peslind|

(sl o) el o o ey OY1 kel il o] ol 128 s )
sl bl e 553 I e b OV 53,5 j il 2] O sede o

ol bl e e o Y 015,856 e 3l Jl b TEA JI cdasl> Ji
U s 03555 (Al J 5 8250 5 3 50 U5 S 5ol 55108 GAAN J)
Sl g ] Alle dalow o Lo ST L dasll) B Lt ) W) I3
S B 8 0SS Gigdr A e S g s 3l se LY bl B s
) Lslalow oo o I Ol Gany B 5T Qe Blesl 3
25 ey o sl Baks el Ll el ad ol Al sl ETRSIPCIE
do Sl 5 15 odaadl S kil delis b slaed) dllde LelS 0L (J Yl
I SR EE R WP | obaed) O Loy L paisenad) jlazna e ol o
sl ol g 5 L e i jodl i) e OB ¢ Lgiisd
Ll pedlazat U dan ) Il w1 Jipb il paid) 018 i)
) ST Tsss 0 dnge (IS Ladse &30 8 5e p sk BLE O 8353
Gl iy (A s I s 3l e gl ety ¢ pettanadd
Ade Jel o alandly Dbl ol wle 5 obSdl s 2l
fwﬁU 8ol SbLaasY) ol uSms Wl sl sslos ) (upstream)

JZ.J\j \_,..:;L.:H) olai VI (i)

11



sbasY L3S Bl el o old ! G 5G] me dl 120 0,0
3l Bl Fldl g Bl ST e dadly casne ol
B osdelandl e 0le s Sl (S ie s e e snll il o)
S e 8 sedl JWYI G dnlidl Do )
SETIPRUPE-EJVON I SUREIR-UIEL I SUNSWRNSIEC Y S RPN PE | B
Bl 4555 Joems Jy S0 1l 3y il ol Sleas
PN

il el = Jtile 5,18

12



25 Gl aelall
33 edzall
37 el SNl syt Y1 fad
37 SWI Lall e L)
48 Sl 65 5l
50 Sy il &
50 Sl badl delis 4
52 (R&D) ; shatll 5 Esel
S Sl s
65 o bkl 51y Badl s W bl
68 L sV Gl b sl dadae
70 S~V bl
(i-field) LS J gl Ul
TT i (e-field) i xSV J yasdl
TT el J gl ulae olslass]
T el ) Fal
79 frl Al s b
80 ol )



95 ... 05 S olblamVE B o eVl Slles
96 Lild S ol N e s

N IU U IEENCN L TRES NREN
101 i)l olbla> Y]
102 iGeanll olall
100 o Mottt
112 el GlaeYI oLl

fghddl e adl sl ge

115 .. addl Jahl ciaisdl b M ¢ e sl ¢ o)) i)

15 ibaddl Jbo Jly e gl ¢ L2l L)
16 .. g A Jl e 2]l
118 oo I a1 55 il Lail)
119 oo L) eV L) Lol
125 oo PEAREAT
131 Olisedl Sl jdn g il 8 51 5 g
131 Sl e 5l
131 Ol oodll 22
135 Jgmeadl I
136 ... SN Loshall ol 550 50 1 Oladl ol s
AL Szl
42 S s
46 asll ol Ll
154 Sl Lail) (g el i) e

14

I il

S Jeadl



157 o eSdlg dndl 1 oLl Lead

157 el Y
164 . 'CL;J x5 COy I
164 Sy eVl
167 oo S e il pby bl fuadl
168 ... ool G i des ola o]
169 oot el lslie) b Bl 56
177 CJLA}K?LH 09>
179 il ol Y|
181 TR O
183 ollasY eld
185 Sl el
L8O B‘J‘J‘

15






........................ Gl 5l sdl sV I35 L

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA SV ey JII N el

TS O [ U PO/ VESS [ P Y JES

........................... ilaS Ll LS 2 3l
............................ L Sen SN el o 3

¢S ooV o ) el B 35l g0 o 555
.................. laill CES ) ¥l bl VI g
.......... Lall CES o NI s dalaJITBA 230
..... S sb Yl sanze 3l she J s kel TEA I i3U)

17

1 G )l
2 G sl
3 G sl
4 G soall
5 G sl
6 G sl
7 G sl
8 G sl
9 G sl
10 3 szl

13 G skl



122 (SAGD) ! iy pas B ;) denlos 14 G502l
V47 S s bl 15 G aall
151 o Ssmeoeadl SN e Lol Al :Gn)ﬂ\ 16 & sl
161 . el iy Dl ol gkl e Jls 17 G el
163 Edodl ol shadl e Jlie 18 G sua]l
172 VJ,J\ Sl s Sl Clesen 19 6 sl

18



Pl s benane < il 2SS -2 et (S

30 $3las VI adl IV il 5 el 5 s

co sl Wl il Ll o1 5 ool

34 2030 - 2003

c W rll S Lzl (ST 5 ol

. 2030 - 2003

3l e e Bl S5V ol Ll

38 ) TEA JI sl

I Rl el 2 gl deabll s

S5 lail) & el Gaaleall B ¢ aill e
38 iy sl a5 L)

40 iy famsd & ee Sl e e
40 e 51 Ua Jaod £33 53 g vy lids
A1 BV IRV SRR WA ISP
45 U 5 S 5 dgdl 55) 5o il

(NGL) Jewtd! pnpall 51 e bl plsdl Jaii

AT 2003 ple &g

ES -1 Sl

1-0 Jsa

2.0 S

-1 sl

2-1&5\;)\

3.1 sl

4_1 )

5.1 )

6.1 J|
71 Kl



47 oo el 4S5l ol bolas ) shas
O sk s omelall S e Ldle s 5dl _bLes I

A8 xSl LY
c el il e uS 3l bl g5

49 L 550 s chiJ&JJL.a.aJia?L
ida Y1 G5 5 Lolanbs Ay o2l sV dodatse

49 oWl laadl sl s 5 B
50 2003 plad i JI Sl N1 bl 5 Lol 335
ol e Zlo¥l Al el 3 Gy

53 5Bl Laadl e

sS4 esktls Eodl e 6, SIS el L)

56 e L S
57 oo JLdl oy B 2N ol das J) L.

60 psdl B Jeel N OV

61 ........ RZ3l AV il M\M@M\ L}.(.;J\

sl LY G s ls)s &yl ol liliss)

62 48 Gles
oot Osehos 15020 5 50dl s Wl Lol 2]

65 psdl 2

NI S o sall ) Gosl o
D181 Sl
59 Joadl nall B ol )

(Jlatdl s o Y1 3 Blad) Gk i

81 sl
9_1 Jsli

101 sl

111 sl

12_1 |l
13_1 JSl

14_1 JSl
151 JSl
16 -1 JSl
1721 JSl

191 |l
201 sl

211 Sl
1221 Sl

122 Sl



66 ... Jf}‘d}““{il‘j‘sﬁcbu’)ﬁ
PR U PR WL PR WL PRV
67 oo oo sbbes 150
Sl ISy o) el B el sl 5
68 ki e 31 ke T
71 sdowadl SLY ol b 2SI 3 Bl 3G
75 ... M\@M\ﬂUc&ymeg¢udLﬂ
S po 5 il ol 5, & (6,55D) Cidsal) Labases
TO e SN el
T8 ALalSall pled ¥l ledsed 3uda ol
81 ... sw\aw;\dpgi&jﬂ@s@wﬂﬁu
81 .. oAl B @Bl gl AN Lle sk
83 Saladl gl
& g5 Sl ) (3D) sl Y1 A 1355, 50
84 C‘k‘“j\ Cod 20 3000 Ges e

88 . SOl sdaza JLY adess (S

92 (Goe i 20) 5 oS Slalasdl e Jaail]

o)l Jl e O S s oddl Sl A e sl

94 oA $ el B

lail) (S 1 sV 35 b il el 24

Jeon ST 1990 ple S N1 Y 5L

21

2.2 sl
3.2 sl

4.2 |

5.2 sl
6-2 JSli
7.2 Sl

82 sl
9_2 |l

1022 Sl
Do2 Sl
122 Sl

1322 sl
D142 Sl

Ll a1 3] dmg 8 pme lalos 3 85 madl el Lol

152 sl

16 -2 Sl

1722 Sl



100 . &S oVl o ol ol el B Bl VI o) s
LS) e ISt Lalle 2l el Ll galasll Lol -

ciaSed) b bl g pllaiil ae (322 JS2N1 B
102 IS Lol | el L] BLS |

el sl 3 51yl Alial) A5Y

103 (JL,J\ %;

104 oo Tl olall Bl ghas
106 ... Tam &)l s Giandl slal) 2N 25Ladl olusedl

clandl e cliendl bl Sllas 5kt

106 ... e (b cou ol S oS Al

e b lall e o Bl )5k 2als 50

ol i S sl eS| AN e B Bl ST

109 ..o olasl S 85 5 sall latall (e dnls

Sl Ll sl e b el el Zanlos
110 ot aaSl e

12 Sl il Jlomy 3 ptonll Jil) s

13 ... AN Ges VW 05,8 550l 55 e wlag 5
14 S lSIL Sl g J oL Ay >
17 AW S el Ll s g
117 s @ ddadl Jlo ) CaisS

22

Sl Chall e

LSl Jlo I e aiell ) 4lS

18 -2 |l

19 _2 )l

20 -2 J&J\

21 -2 J.(MJ\
222 J.iiJ\
23 _2 J.(MJ\

24 _2 |l

252 ||

1262 |l

27 -2 Sl
28 _2 |l
29 _2 )l
30 -2 ISl
123 Sl
2.3 )
3.3 sl



123 ... Sl s ey A3l G ) adass 5 s

)M\EJ&M@}L}J‘\.@‘J@WU&)&

124 4 ki - (SAGD)

Se 1060 Il J s Jaidl Ll ¢35 fomes 3y

126 ... C\J}&Mw JJL‘U‘ M\ U" J.:AJJ

crrall il & s Jib g5 e BAS By

127 Ll 8

Gl OLY Gl B (,_x,ij\ b Ols Sl 2]

138 uﬁ)}JL’
oﬁkgzo_sw\ugvg\gﬁgﬁ\wo@w\y
134 g_a.x.i,cf.a

B el dgliadl Oladl ool yans 4

138 ... )l el rall NW byl s> 58 o

139 A4S 5edl Oledl Sl 3 5 b1
143 ... J-LIT AL sle J) Ll asle Y susas Sl
144 ... o s e VL JB DS B anis
144 ... Transcanda |3 o 55b oS o5 pode gl b
S s liced JLl ol daS ) gha

149 Lo Joo s U S ¥ SY 0L
150 .ot St Bz o 5B s slaned sl 23500
e (Janieoll) e gmoll S oS 0535

153 oo Bl b nSe e ke

23

4.3 (Sl
5.3 sl

63 s

7.3 S

-4 sl

2_4 |l

3_4 Sl

4_4 |
54 sl
-5 sl
2.5 )
3.5 JSal
4.5 )

5.5 Jsadl
65 Jsli



154 a3 e ol wla s

L BB Ui 3ol el L il ) b

158 Ol 3l

(1900) o y2all 08 &l B Lol ] ol

159 ... sdoeiall iSlaed! (Wytch Farm) oo s Ja-

160 ... oAl el S e § ol

i)l olblYl e ST obaS Dl

162 .. Km\” u.% Jwi @;ﬁu JJT &

162 oo ST 3 aoell w3 50 ST i

el ey Jad| GG e

171 L‘SDL,AS.;Y\ JMJ‘ 4531_» Ll b)\},a J.ajj

Lt Ollaaddl Ly (50 cball ST e

172 oo 127 M 3

M.}J‘)ﬁ Cbl}ﬂ)‘hj) wlasy Bv\i\f&j\ PICE] I

173 sl OLY Gl BB 5l

175 ... .. fﬁj)wvzﬂ\j)w\jw\mc)w
176 ............. uﬂjﬁuﬂéw\ﬁ&wm‘guw

177 oo 2BV S5 Joew Jilie

24

7.5 Jsdl
1-6 Js

2_6 )

3.6 Sl
4_6 Jszl

5.6 sl
127 Sl

2.7 Jsad

3.7 S

4.7 IS
5.7 S
67 J



Sl Lol

Lall V}u.é_\\ syl Je S Sy dasl s el rJL’J\ slezel et
b (WEO) Ul Bl dodane i Zgmrs oo Lol Cllad Ll 5L
B 5555 e b o8l e el s daslos O] LTEA JI b
el 360 i J12002 ple 5 il 55T (e e sl s LIl
Al Bl Slabw 35 pde b= 52030 ple b
il 570 ol Ley U a5 Leadl e Cddall sls s
ol o ST s e Sl il )y e O 3 phall eda JS-
s O izl 555 G edes oS Blall dods £l SlalezaVl a5
055 (TEA 1 Ll g sbedl 3 F(World Energy Outlook) deadladl 25Ul
TEA IV s law (558 oo b ) 1o BT W ke e (k)
:%;;)‘&sgmuyp.wM\g1o_fuui;@\_;&;_hwo}£w
S e OF SKaadl e s llls cLalle 85 s 5ol 2155l pod ozl i
EPOLy/ Jgu /i PR U (RN TER- LU Y NS SROE S o

Bl Ol

Loy 555 Il o as SLT 3 a3 gz sall 050 S ssg) 55050 O]
Gl )55 e S AWl Bl a3 et ol sedl o] BUSTT b
0L O S soieedl Relio o 2w 05131 e Blisd) 0B wslield Il
S IS s s LSl Slasdls de el JlesV1 e de pars J-0
Sl e S L sl fanedl BBl e oSt b s )
SN I PRI R P SNl I e Wl Laadl

cdondl Al e L1 B G o JE Lo 2501 BBUall DS 5 L joas 2y 5 5,05 (s#)

25



g b Sl el s e ol g Bl byl aST 0l
oV bl s I el 0 WIS mscu;z\:u o el
Z‘,AgMH.LAyJ.L@.H

S bl del el Liladl Slwaal] Jandl Ol S Al B
i ralls @3l O AN (Bl S sl dels L 5

el N bl Sl el L2350 m

O Sso3etl) 5l 50 5 3 Sl paidl o 2 OF Sy ) SYI Ll

Jeedd 3, S bl

b Lalis gu i) 5Ll il e s o wUpds 510 > dx p
oo L 2aSl BN 5 sy PUBOE) b foe 356 e Sl
o o 3 05520 I g e o Ll il 2 SIS Lkl
e Sl LUl e e DUl 510 (NS e DLzl LB Sty ol
sl Zl Al LB e Al el OB cdplanNI AUl e S
e il NI S skl ey ol sl i e 2lS dann
VS IR

Ll e 2 05l 52,2 e s aS sl bLas N1 LS O
el o o 0 3G e 0l 5 15 1 e sl e BaSl oda g

o Osh 5 1,5 00 s eVl e 2w 100 e ST e e Y1 o
25 1 N ax ) 1 ol Los G )5 BiaS el 3 ol Jon s ¢ 3US

sl &

LIS ey Ludw 5l e Jsasdl 2T e il il ST

o2l daxas B 34> 5 » BOE = barrel of oil equivalent) & 3JSSYL) o oo £ 3% (i)

5.8 x10° Lol Jo £ SUSe ey pll Jall s (2l 159) ity s Gl il oo 32U B s

a;wljnmgmdﬁru.t Lall oY castal) jlaal U 3 e juall el iilay &) > su )
A ) e BEL Al

26



Al 4 Sl ol ey g5 CLL_SJ\J;Q)LT&\ olllas 540w
Sl Ladl Sl sl e 8 el gadad) Sl Lidl sl e et
By el SlblaM 5 jlzmadU 5l WY1 0] 12030 g 5l I3
T RICRWE S N PUSCSPNEPS RO B SN IR [ RURNIR [ SPFRNT O
ol L ity ol madl Y1 ol Sl Sl pes OB IS
el eV Bb s jaiss IN e Ll sl LolaziY]
s Ll el @ OF S pazal) (Saus i 5035 I pa L)
e OF el il ol senY €O, I 5L plaseal 83l (S
ol B al Sl Ul hedys gl e el e anks 23]l
s S5 U B Ladle 5L £l sl SV el o e
Lot o Eeall ) V1 Vs OB (U5 i) 5 70 e )
Laal) Jdl s LS I el

u.amp cCMxM u'::’-’\':w\ )'L;J\j Lol JAM\ Q‘.}\u\.ﬁ}“ ool \3\;
Bl CL}U&;J\ élaw\qésj\fd\ Sl dse s Ay JI o sl o5 2]
e st S

Jar Tl dienl ol ®

Jagies 2V Gl b B padl olbl-Yi .

e Ut e olo ol a1 Jlesdl Cladll Gl m

Sl b aslly dasedl AR sl >N .

g el Ghladl 3 BT SlS1 5 me el L) m

Jome 3 ¢ ool SLIL SN ol e i aedl Sllandl & S
< sl L 5 & Lall Lol ol ellb 0 4y 3 ¢ leauY!
ST Jau\duqudud}w )w\duqu\ .u\, Ol il
Ll Gl ) JL Wl o e 6 S0 ks il el o5 Loy Jaidl
3 e SWIE Sbslaa] 3 lezna VI 0B Sl sl e ki) g
s Ealzodl Bl plis) Jorl e M3y ¢ al Bl 22 e Ll

27



sinds cidls 5L Akl STV Llan SO dpplas sl ULl O]
S Thss g5 SR sda | (NGL) ool alall 51
Sl Lo 13 Wl B g e

I&JL&S\)MQ‘}J&A JJ\)»J M‘ JMY‘:@ c;tf‘ﬁ\ o.l.bdé
S LegenST U5 5 o 58 sl T (K. 8 eS Dblde] ZLOL ozl
L’Jj.c ML«J‘ u.:.u.ad‘ JB J)\}o.j\ oda CLJU C‘J_>=.wo\ s JB LM‘
M‘J)\ydw\sﬁjj‘muw—fﬁ;%j dj—v\«j\ JMS
stj" d\ u_i.a.;j 4...1.9\.9 fS\ uL:LL: r\.).}w\j J;}b_s Lfej ‘C)}'JU CL..:‘}“
Lo.@.d \))5 ‘J.@S )LQ.M...»‘}{ w\ MM‘ UL.»LM.»

SV e lazed GlaeVl 5 Slbdoald ay pall slaze) BT 1)
B el Slad b ol fadadl ey Ladadl sl el Il
PPN P NI - PR P+ PE B WA PN WV

iy radl el i ol Ll el ol yles m

ANl s ST slass .

Ohylezial Lblias o] SV LolasV) lasel) dmar U dndles ®

YA e

il ) 5SS

Jol e osllaadl Sladl il g5 o leads 6 a5 Aul ) ods A
Bl Joee 5 gl s Jamsd 435 adeinedl 5615 Laadl Slsloe) 5 s
Codly ieluall n IS o p st Ul sl Jle 3 SIS jamby o3, 5ol
delaal) call pum) 5e ol e Sl Sl s Lags SV Bl ol

Jl o Bl eVl sl e sy IS0 el b L L s
Dl Sl e

(SN i S lbles Y1l ¢ 6l
A A L m

28



iS5 i S Jpa el Sl bl ol Sle gl e ds sares B
A2LbL W AL 55l e (efield)

Sy ¢ s e s 53 ST S s o) g
Sl kel s olles S 3 aiks
iy deaie L) C\,;JWN fewes UG e siedl wuidl m
Ladl gl pial o mendd €Ou J1 5L il e fonss Ll
.CL;J\ Ol s s
JlMW&M\@GOL@M\oW\QUwMI
e 4000 I
sl Chall Gble L dadus @l olhes Jol e olls ®
ool ISCius Laadl b sl sl (ol L) Jxl e bl m
Ll L el GBI el ¢ L) Ll
dndl e Wl Ladl ol BT ciised ol m
(Sl il les BBl s OlS 0s ol m
olined) LYl oble-Y1 s ol m
sda JS i) feleadl ol pphadl chae Gl SUAS oo
L oleo gl wlaY) Sl bzl
Llaall O 3] cior o sl 350 sadl &3 siies o WY1 il O]
J.x.?&»q.ﬂ\ QL»L:MJU )L&.;YU < Llad Jj.>- (,)?S\ ))};QJJ fﬁ‘” 4-’;‘*}—‘*—”
Lo s sl AUl e ) Seead AL deseall Ll 5 5
AS5e bl
Gladl daly lylezia¥1 Gae Sl > LIl 3 )58l e 055
DLl B 5 mal INs S el Vs SUsls 55 sy 550l

Z O chulyldl e b (6 st §f e i3l 8 iy el 51 id) letzad Llee ollazs (1)

29



S_x_.:uj_a_”j 33 Jdea ﬂj—h—"J‘ﬁ C,._>h_” S ¢4 ‘}_H; CL:)M L_:L_e c(._';' s
Shaiadly 31kl Slas deleall OF b5 sduy isledl SUlad)
S Sl 058y sl shadly Codl i JrT e 531l
%;;L,ﬁu s @03 Ol dnddl Aulid Sy cslie 55l ol pris
tSb b e S AL B le 5 a5 sl Ok
s Al S B Ly il sl pe Bl Sl pe W] el m
uJ@L\ A8 C::)LM‘A.H 0)\3\ V-pb‘ﬁ M‘ dj—“"j &_,.:\J%A_“j ww\
V_L.XJCJJ.MA.)L;QGMLM«J o‘)‘ dj_i.J d‘u_i.a.» ).AY\ OM d\ u)bh.”
sl Ludadl 2 sl padl Jasd 4 llaodl Sl
gf,L:)i}“ J.ﬁbg;éoﬁjs))‘)‘?@'“ JJ‘}A *.;JLU IEA_H d_}b
M ) ehleana VI Lguds Bl sks 5 s pledl T m
el olles b oLy
s o Ul e gy shs b Jed)l desloadi @
ol o Lol Slel >
Jrl e 23S el G L]l €Oy 4eS Laniss Jias OF astl m
gl Al o¥ame JI 35 Bil) GBS 2l s sl Jlme 5
el
oy Lol & gl xSl BV dle B anloNT ol e m
elseial B B3 sl OF V1 s 0Ll ) 31 sy LY
B dlme sl gl ¥l s Jme (& ]l UL
ALl Uy S 5l
e sy a:%g\q;u)ﬂ&mg;s&w\ sy Sl penl m
Bl bl 55l ge e aslal Yl 8 Sl

o e A e IS G Lzl Al Lol olbead 230U S el Y53 05 5501 A =

30



Sllasaa YL ezl Bl o dadl Slowss il 3l 0nuYl @
oo i Sl e sl e Bsld) Olndl Sl ] Al
Aosh wblaeY Tux dege NI B oajlpdl oda O] Ldsliall LS
o ) i ) Lele slezes Ul el o2 Wil 2 el
deleall Slealus b

Sl kil Sl ST e debiall ol > Lidle IV e Lo 55 o)

Dol AV ol pedl e e ¢l Y Dbl -BY1 8 mae s
oshadl e Jib a5 L el Gl el Lae N1 =Y o el
S (Brent) saanadl Ladl el Sl glly CES -1 el s Ll
SO Y N P PO [ UEU-¥-1 EESPRN JUSION- PIRES Slas Pl Jons
Coiall €Oy 1 3L iy s 4alS Olawsdl 3 wdsl 3y LslanY|

(il s Ll gl ddes I

(USDY) 2004 plad citeaiitl po

80 - S —

001 16 iid A s
70 (el e 23 il e CO; & Jmal)
&0 WL L] 2l Ll

2030 alad Lyt

50 -
40 4 -
| EOR iy

i s
o

20 ;

10 -

0- T

0 1000 2000 3000 4000 5000 6000

EOR 4 il sl Ladid)

e Ggalus badill sales
ME Jaug¥i 3 ulli

sy B s lenate «ladd) ASS 2 et 5 SIS T(ES 1) JSC2)

@oladYl mndl Yy A daidl 5 ) 4l

wtyﬁ&@qﬂ\a&ﬁlb}:ﬁy)js) c@!dﬂﬂ\ﬁé.ﬁlél,ﬂ\w\&wﬂx)};

Lslasst 5,14
.(IEA) @,JJ\ pr{e] R.HSJ . 2).\.\41‘

31



b bl e Byl Ll 3 3 U ol 2l plane S5 5
Jps O JSCadl oy e o SO LS ol 1,¥55 25 120 e sV
UM ) 635 Joo 0 LS ool 15¥55 30 Ste V1 Algh L)
il e 8,8 Ol dnlasVl Hl AN AL 5 6 e
LT AW ST ) V) ey o o bl e b Ll 5,
Al e JRBI S s G A e (BB G ] el

GV Jal Sl Jmedl ol SN s s sdsias L isLa Y]
i) Sl dsles

32



A____odaqll

TEA J1 s I @BUall slos] 3 ees J1 sl elsl SU1s Lol ety O sun
sda Jo el 255 0 AN i e DY i) I35 ple JSCay W) L
i)y TEA JIels 5 Lo el Ul By bl s a5 bl
LG el Slal,ll sl Sld 5 5 s . el Bl fuditns O ksl
el 3Ll O (o ot Al wl s IS 3 Ledsetnadl sadazedl andl
;L@\J\&wu@&zﬁwﬁ;wgm,@mww\,ufm

D) ol se :cwduu@s Cu,y el Slals! ez

CJadls Yl e G el O dbe il Lol
o 45 1S dlo ol Lol Laal O] L S Slass ciadlaadl wlaass
&y o LS Wbl wlpdl I IBA I ol plas Cilibes S a0
22051 -0 8l

elald Ll 0 sl oo s 1O Kty Aage 4y iy 55050 B
oS8 e A Dleadl jaiasd suaadl ool el U3 el IS
sl J'#—:.*"j ‘(“SIMJ‘ el C»J,h chaJ\ d‘J":”"J\ Q\}‘M.J\ ;53 Lla_a.a
ieliall 5,00 s el Ol g il B aeldl e JI o lans |
oo IS (Y1 Gl e sleliall e il olald Al 3
MLL.@J‘ JJJJ\Q,‘.CLS‘Y\ Js! i};.:.}) ¢dw g'_’,ﬁjj\ gﬁ_éj .IEA JI dj.\&;é
L;e‘\.n.br_d\ Al (g 52l V_:«.JJ ioy bl L iy cdnldl ) U_H

uL.MJ\ M\LIAJMSJJ& g_,_:).,br.gu\ u\“ L>J.AC.¢| ¢o.k.€5 J)J
d\.:.k.ﬁ b)Lx...A L_{J.>u QLF c)L@.A é} (.JUQJ ,\.UJJ\ J’?"‘"‘-’J iAo uL“...M}u.A

33



bl el e S s S3 ) eV us Ty cdeliall Bl Sles

OF STl aidl e oS35 Al a3 23l o ¢ g sl 1a OF 0

J‘M}\&Aykﬂboj&ﬂw{ﬁﬁ\W\Oﬁgs}&%).ﬂjg&
AEA I ds 3 Bl plaseal 3 oY1 o el 51 il ol Jb- b

oo ddlie Ol st o\)}d\vﬁudb}é: :M‘%;;L&:JIJ‘,L;MI
& gl B Bl s ol e ULl pltaaad) ) glasll
Codezel LBy ST dsd old sl s skl ol e sl ds medl J sl
el C:cj ‘L,@LJ\ :\.PL...»A_H C)Usbd‘ G\JE:M‘ dl;«J.,S J.i.&.r Q\)),.a_ﬂ\ oda
coles Al eda dulys sslel ) seas olad BB sla

S Ladl oll s I s st el eliall oS o0 o L @
Lo 13 e Bgmde poles J) by SU) skl s 0B S gl (63
L ol 2N Slalsl Jo J pasdl Us )

ﬁ&@ﬂ\d@%b“\wjmmw\rwu\e.
okbub@uw\wowukmg;;b\d.QSLMUAﬁu‘Y\cu.,cJJ\
V.JM\wﬁ\g%@jw\ww)\ubw\ubmwx?fyL«S.oo.-b
ol 23l 5 L) lahd LS ciolie Bl SIslae YT ey ]

145y Saatall KLY < B sepldy i
e '
by 3 T B
] B sile i his
Ll
ey, B s

sl OECD 1y,
L,;,:wlm,,i—ltl
;J,hmrl__u-il__
o 11300 s lalazd -
o M—
0 100 200 300 400 500 600 700 800
2000 ple A Lo el ¥ 50 0yl
2030 — 2003 ¢ lall Ll Lol Loz (15 ollbaze £ (1-0) Sl

. WEO-2004, IEA : .2l

34



B s

€y 3anidl LY,
oAl OFCD s — salassl
s —
oaligtandy e d ), I
T e | _
SIRRTICA N
il —
e L i —
m
el —
O 100 200 300 400 500 400 700 @00

2000 ple b Lo pd Ny fyyales

2030 —2003 ¢ Ll o bl 50 Lada S5 ol 1(2-0) S

. WEO-2004, IEA : ,dall

L Sleznad ) Wy laznad ) L Sl skl sl @
iy el el IS el ) SN Cdods gl ady L sl
Ll ielio 5 pshelly ol 5 Lows Uuias ohyleinal ) Aslal
s s GOl B e W s bl el anss W
o Jptdl IS ] olea eliall AG Layis ) o L
Ll sl e 0U dsbs OF s ciiisdl s o pllaal
o SI GLEY) s O )l I 5Ll Ll elis s Aalial)
By il 00 Sl Bl Sl Bl S skl O S
s O linnd b shatlls ol e GOYI Lais ) s ol
“ skl e Ul T 36T & o Saadl oo

Gelao b mped! LI slall )il JorT e g 2l asTs 01 el
JEA I 53 slie) Oles T e s I Gl 0550 51y Ll

TG AT EEL) R EY| PRE SU [ PACUPICIEH P SO O Sl lexas
s 0B alallys etk Lo JS 55kt (bl e oS sae e (JE15
edizedl UL e B S0 kel okl 3 Yims o oSl
£33l 1 I3l 8y pall izl ol il e 1 Tote 01 )

35



Bladl bl A1 e L S s il dobiall 54 «dde o
el Sl Oles ey il

oo S Pl Sl o cadall o Ll da Ll O
o e dacs oS 5Ll Ldasdl deliall 0L oladl ebl a5 .Sl
il 0 s Sl Lo Tl MK T e (B il i
Ul e s I lsleadl el gdadly ol G ey W A0
Zod llay 2030 plal 43 iela &bl s ey O ol e
SULadl [l Loy O e ol e 1 V] L] ol o3t ol i
e sl A as I Sl s e LD Tasd) bl Vs
are OB bl il el Sl el I W il delis
O o &Y LY s sl 538 I enedl I 05 e (] ol
ISV LUV IO CO-UEe-1 YU SN R I P -
LI S 1 el O Lo &l s ¢ poladl 0,801 ol
O ks codl ollainal vlans 0L« 33Y1 3 oSS LY LY
Jall ez T lens edd GG £l sVl o llid Laases
o bos sl ol Tl el St s i
a3l B s UL Bl el

36



Bl i)

plall Hla =9

Sty Lid e )

Jsm skl Jonds 3 5WIs Lkl sl 1 ks Tses bledl 0,81 ags
Ol SUly Bl Ol BU Jukts Jym Slal,dd) S Uiy oIl
Ol il Zay55 5 peas 0 AN 1 b e Ladle Bl sli) 3 Olianes
i el st B 05 oo 41 2004 oL Zodladl Bl Lk
IS ple S Bl 16 Ay Bl e Cdlall 3Us) et cAeShe
(121

Bl wlllate (e adl (390 o ST a5 Laidl e OF w855

Dbl sl iy (2 21 201 2030 ple o ¢ BY) B Jadl oS o
SBphsles cple ST dnadl (32,3 Jdmes ¢l JSCon aball 5L )
G b halie dam oy b o5Vl 580 e Bl ST Bl s
Dys3 b i gl el solendl Joe Sl gl B o el oSl a5
=S dle Slubw 25 ol e 2004 ol bl BRI fitws S it

Lo S Laadl Sl o SLasVl g «COp JI e eolad!

37



é?ﬂﬂﬂ

5:&"‘ il
5000 -
4000 - e

pad
3000 - /M
zw | ﬁ — u:.rd-i
1000 - -
0 o= —=:'_’-._.—._'_._._‘ Y
1970 1980 1990 2000 2010 2020 2030
(Al a1 gyl TBN) sl gaally (gsgliahl o Jaida s sal "

TEA I gu 5w b 23500 e Jo 83Ul 1Y) ALl i (12 1) JsCall
Vs

.WEO-2004, IEA : 1.l

5388883888

| m o
el il b

B e bl sl

1971 1980 1990 2002 2000 2000 2030

T claidl o L)l 3 el gl ALl s (2 1) S
Gyl B 55 3 Jail) 4 L) 2L

.WEO-2004, IEA : 12l

38



PR PSP

A b cod Sl S 2 Legd] Lles W5 el St ol o
(o1 JKad) dope )l sl wliada 5 aall wlluadl 5 3L1s L)
(421 ) s Y ,MJ\ D]l

ity g S sdegd) e il sl Lol e oLl il Ly
LS Uiy o35 e Lis Sl Il o lams OF ) ple o Lol
o3 bl B 05l 200 I I (6l e sl padl Ol NT IS & gl
o2 s e 83 g ol S Rl LaS Jems OB o laSUl o
Vol dr g Sl ccinssS sl eda Gam Of Lags ASTL 83 5o
CPRER IR NCHJINE3/ [PU-PORTERe Pt oN [ RO JON (PSP U M
2 i o 5 O Sy A iS5 S50l ol LS Lemed
2000 pLadd LS V1 o o o) el Bn e Rediad) S i) o
ol Wl il s _fsj S ol gl sda Jolas

P ol oAl sl g8V Sl Jo el (S
Blses 3 elas A chaemsdl SBLESYI Y Slslas Y1 Gaslss
T =" N SONTTREII/) I C I R TN )
(s S el 5 st Lols e ) sall S

H. H. Rogner, «An Assessment of World Hydrocarbon Resources,» Annual Reviews of Energy (1)

and Environment, vol. 22 (1997), pp. 217-262; World Energy Assessment, <http://www.undp.org/seed/
eap/activities/wea/drafts-frame.html>; SAUNER (Sustainability and the Use of Non-Renewable
Resources), Summary Final Report, ENV4-CT97-0692, November 2000, <http://www.bath.ac.uk/
“hssam/sauner > ; David L. Greene, Janet L. Hopson and Li Jia. Running Out of and Into Oil: Analyzing
Global Oil Depletion and Transition Through 2050, ORNL/TM- 2003/259, <http://cta.ornl.gov/cta/
Publications/pdf/ORNL_TM_2003_259.pdf>; Alexei V. Milkov, «Global Estimates of Hydrate-
Bound Gas in Marine Sediments: How Much is Really out There?» Earth-Science Reviews: vol. 66, issues
3-4 (2004), pp. 183-197; IEA WEO (IEA (International Energy Agency): World Energy Outlook: 2001
Insights (Paris: OECD/IEA, 2001), and World Energy Outlook (2004).

39



W Jod & pro ol e Il 1(321) S

g gl

|_- - .:.IJ_LJJ._EI __-'_.IJ_.':..; -.-!

sandall Sl pll o gl puall el ‘
e of Uas o £ god iy gy i (42 1) JS2JI

40



7
é L
%I n iy L
3 3 n FPECIN]
3.
x
%3
1,
1
0
ale b ke e ¥
wole ks s ,F.'IL:- ke i ]

Sl s pae b sl GV oy sl (gdad) il s yae b b I sl Jao N1 day 2l oy
ol s I 5 s il A 5l i) Caasll Ll ) s ¥1 OB Al g ki)

(o) Jorl a1 G gl i) 48 a1 o ) b
AEA J15 25 V) o bl el ds Sl 4] dins

Lol m

J-:-»J-g O}-:J.UJ 3,3 Lgw cé%@&y&b%ﬂsggl7w.
P05k 510 gty (2l aadl 1B (Sle S S Le o el

Coms oo ) guddl pd bidl e fs o SUs 5 A @
Ll il oy A1 L 8 el 2as0) oS (i Jabs b Jl,
Joon 05de 5 0.01 L pels ¢ oo Ul 5 896 J) o 055 oo
'ij‘d"""

Sl m

£l A ol il el U e cxSa e (g 5 450 @
oS e Ok 80 g Lo R a9 05 5 2,8 51 L

bl e Sy g1 Bl e 8 il 2ol ((NGL) e lall S 1 g 8 Y1 A5 Lo (2)
il Slblaml B ey 1 (G D S fuj oty s 3 e I

41



Wlﬂj\)w u\.wj,c.: = v\}f (L;lﬂ.u J""‘J” @&A u),‘.bj.:OS) L@J—Lu\
LMW\697OQ\}> quLcoj.{a\fd\ds\

LS 51 cgadasdl 8 5L e canSe e 0y 5250 Y1 S @

Jab QCM,,&;L&/‘QU.:AJ\ b i) ks e S 05l 5

S e o s £ 315 050k 5 0,01 I sl 055 L5 Slasl 3
(g

b g JLI e caxSe xe 05l 5 100000005 1000 o Ls @
;uﬂjéw)awagw%;jﬁ\ gL ng%;éab.&:h‘}ﬁ
PSS iy Sl il oglans (hE foe p 15 O sl 5 60000 5
LR S sl e e iSG ST s sl ! OF ple IS0l sl
R i [T

(A 80 5 (i) 1 B gl

ol Wy il s peaiadl iy e Jss G dr g Y
sipe ol ciog L il o SUp Sl e e
s Sl eVl e Lilises WUl axr o) e, S50 ,S5,d
Gl Vs 5y b pay a6 etiadl ALl bl
g O Sadl o cBadnll s oall e denn Lpay s 2
oo Yy eolae V1 oVl sl i)l B i il e il Laadl
szl 4,8

Ll

APT & 51 cLall Bls e e ’L;L,,,a el Gl pdsiag
BT A o gl Ll JS med Sl (S a1 bl dges D)
gl b Uass (glem? 0.934 oo ST LSOl 0] D) API 20 s

M clley Lady 00kl ol 5y gl Ll Ll &l o s

42



& il bl e U Logs S Y sl 2 s il
b ey ol APL UL 20 s il gl an Ol Rt
LAs Sl plasealy co Sl sl B bl Gleel olbla|
G il Of Oy il ixy) e 05,50 ol 58, LS
Ul I Ll 03 badl [ blosl biasy o)), i,y Gods
Ldles ) 1S b gl ooy o805 bt s g3 01 i
U [ Pt REL IPEC U SR PSR Pt T P O [V

el dpT

Vo 5wy oot b W ple oy il JiRI e
Jadl bl dpm T Lol dlay dildl caslbadl e ety
SUliny il Ll (o il il e JS SIS ays U
s DU I e S e il il (CTL) qoeddl fns
Logiml B335 pLsall slsadl 0585 L Bsley i o2 «(GTL) W
Bl il b jlanl g ps el s 23l O Lads L
bl

e [P ES g B PO DI TN SN EE TP IE S SEEU ER
o Wb i 2 5L T il jleely 5 V) ol ol
B dpais Sl s Syl 05505 aadl Bl o )
L Todos OS5 Sl gy g5 slo ST Lol 359 ol bl O
o a2 0,5 olp ,Sadgdl 0B U3 e JLJi OlS 13] Wiy
SN pe Ll 233 ¥ &l 8 (mslar el & i padll e g )
Ayl edg) e N plana¥l e zas ) 2L &yl

Sl

bl il Jbl g LS s Y1 a Rege el O

o Bl 2 sl B s el SLI delen e ple i
Sl oot B2 a A N eV LudE 2 Tl SlbLaY
coleeY! S B aod lide Ao 55 L e 0,85 I (CBM)

43



Lol oLl Ul sl @slat) Jdes arl el Koy Tur
s L) Ol o dad OF Ly Guioed) Ul e plasezal)
olblexYiy Ludadl W olbles! o dlaw Al 2l (=2l
JS IS il U pdsnnss b i 6l 05 (xSl
S Dl sl czd iy Wy LEdl olblasYl 2T e et

A Jadl b fais

sy Ll LI G LD :}S sy Sl s o) S

o o 585 e i S Dt LBl V1 s sedl I

Co S 3 Gl WD B0 S kST SU Ll s 1) ol
slasy) u.e [ S5 e (((Mw\ SGID < ey pR il

83 5 sedl 05,5 okl 35050 e o Tes 01 ) (‘5);‘5“ oda 05
O 31 eslpadl sl IS 2l pual (Sl o s S a3
B el Bl SULad) pliseraly Zl b ALG 2 sl an
OF V] (L gl LG Ll e o2 ) e e T 55l Alns
Ll ol O Limdsnadl ST Il NI 335 solamdl 8 Ll 5l
SLbla=Y1 0B 1 LAl SUll plaseal Tar WS 05500 dbls
Lerl el OF Lol oS Sl Ssyds 2 (iaeadD GAS 5D
.@\,J SVl 3y sslas|

Badoeall Lol LaS Of 3) Lo La pui ey Ln SlaSII 01 Llas
iy il BlasV1ps)s Ll gl 13 o Sy Y C.MJM
NCHTUA{ RN CEN U S VN RSN [ [ C-3 I R P3| PR
Bln s s ey (62 1 JS8) il b s sde Sloite ol
DT 6l e Jgmasdl e LY Uiy I e i s

<http://www.otcnet.org/2005/presentation/index. ca}_nv’\.:.« sl cd slad) J.>\ o5 (3)
html>.

44



5 3] ‘|
_1. _ |33 s
B 32 s + oS3 B
i 3 }1 g| T | e | e |3
=l 3 2 S T B I B . .j;
- HE L 7 %]
_ ? =5 Upale ol 1
2‘1’1 § . e | il i e gl
3 ’ Eaiies pyt

QUﬁﬁjszﬁJ\AJ‘yM 3(6_1)‘};&3‘

.SPE/WPC/AAPG (2000) : jlall

3 e Wbl (2 Jooadl ST S5l bV ol piis OF sl sl e
Ul Jons Lo Yl o5 me sl e el s e mes oladl
SSs 3l gl Gany e WIS Gadiss e ol S cidsdl
Wl danasle b ol St ) o) Blas s O o Slaxl)
e sl b Badl e (sl Bl VD g st OB il
Oly (8 -1 el aalld) ‘J\}“'“J\g;"")’“"”‘*)‘ ol o\ (,_p).i\
Lo DVl cse dandl bl Bl

ekl S L) us sl blasSU B Il el asll Lash o)
el Jolay Bkl Blam 35 Sy (7 2 1) SN 3 2ds me sl
IS 5 o5 4l a8 5l S blasl LTy (8 - D) Sl 5 as s
(9-1)
s dmad) S il Il e s B eV s et oy
Ul 5 B35 Ladl e fos s O5ede 30) (g5l ZLOYT OV dae s a5,

45



S idl a5l BLasN1 doss 0] (2004 ple S L e caS 2
el wlpedl s e L 8 wlulas] Jaxs JB) g gl 2y
T 40 gl g Mgl a LS o bl VI 0T el 2L

Sl il 605 kel L w

S et Gans asedl bl ol ad (g staadl ool ai
O Sl skl O (Ll Y b Il ettt 0dgS Sl st O Lael
b Sl OF 0551 aS 55 .l Ssodgll o &sllan SlaS T o
oVl B sdadl hadl e aSsall blasVI Chas 01y (ks S Lz
B 4.3‘35 ¢g;lol.:.f.>-y“5 J)\j.m.” QL:».S ;\)1 u:"aiw‘ o 9 4\53}\.@"«.«\ VJ a8
)AL g T OF s e CPudaidl 55,50 e 5ol Conall
ciadsl by ST 512050 ple a0V e s pddedl Sl il ) 55
Jos 8 sV G5 el Lol b gaadl il O ol > e i
oo 3y el e il I L] aw T ST L0 )
Ludadl e Sl Seongdl 0k (IS WY1 Ol 3] L o> & sl
e WSS Lzl Sl (Sl o Jorei Bl 015 63355 85 5

8505 b 058w Gl 3 e cond i Il ALY OB (S e
S s YO Coms) el BASTI e ST cgidad) il £L)
8050 Ly LUy o Ol Ssodn Ema # COy JI e Sl
AoV 058wy il Sl S osuedl o plsea N oV L
Sl o ALY el e L Y1 O) LBl Ul Sl e ellis
Jre U e oY1 DY sl e ey ]l (Gde sdeie
SHI sl 5 Ul Joee Badmenadl DU 015 ¢ il
OV sy

LY M) 2l a5 5 Ll dlaiedl 4] 85l Lo sos pasiney 11ail 55,30 wllaall (4)
st plE T e 2 Gsdiall

46



IHS
BP
OPEC
Q..JL:.IIL.’L‘-JI
0 2000 400 600 800 1000 1200 1400
Jsa s Gy
Lle b (NGL) Jamdl a5 s bl g Pkl Jaiel) < (72 1) JSdl

2003 rLo

. WEO-2004, IEA : ,u.all

R

B

¥,

TR T
Ou—al OFCD

] Llen e gl orcn

0
1980

1985 1990 1995 2000 2003

o) by A3 ol bl has (8 1) Y

.WEO-2004, TEA : jh.all

47



st e aleys 180 bl Llga¥l
2004 s/ JUI 5518 S S

AaS a1 &g 0 mdall LI e Wlle aST5l) bLas N1 2 (9 2 1) Kl

.WEO-2004, IEA : jl.all

SAE g5

oA 0L 3Ll g sl JSCiy DU S ool 055 Y okl
10 2D Sl s Gl ¥ s 2T 508 SlasS s Jslls bl

Ladl e aSpedl bVl o laas OF (10 2 1) JSCol 5ay Les
Bl Ol tidan NI (5,8 OPEC Ol dalie 3 dor gy (siodindl
ddownedl Ao all Sl LYl s el ooy SN

Sl dasy Lews,y (B ey JSCin SJUS gt 5L a5
C1) SN 3 e 5 LS cispmadly iy Oty c el il s
“ O

Slskael OB ¢ Grpmdl Gl ot B WL dr gy ¥ Bl s 0] Ly
Pl bl B adsT oy I FR el g2l w HEVH (N SR TP
Sl A Sl e DU Skl o ST laS 2 Snaly Sl A SGS)
Wy s b U Sosdes skt I e 51 L5 8T (s 51 bl b
O 85 2004 pla) Lol Bl Jie Ol ptiad )53 5l OB (lig]

48



idaw sV G s elsl Jus e Slw (oI Ll sliss) e dxadl 3 43
(T 1 S 2004 ple dadl 525 5 &5l <2030 ple J sl

70 B 0G|
&0 1 B World O
30 1 np

40 1 B orec
30 4 B HS

20 1

10 4

OECD dati¥l S gyl 1l L

Jaiaall by HIRP 1
bl b ¢ g las)l il e 4S5l LYl g8 (102 1) Jal

& g% oy (Bdude

.WEO-2004, IEA : jl.all

&0
OPEC
50 1

QFEC

40 1 (R (T |
m -
m -

10 1

U' T T T T T
1970 1980 1990 2000 2010 2020 2030

slel L g3 b Ao s3I G Ll sy <Y1 dadiie 1 (112 1) K|
Al L))

.WEO-2004, IEA : .l



}UJU J:.GJ‘J:OA

Sy Ladl SN o5 s ¢ Bl sed) g5l (g5l e s
Lgmo ST OIS (oolasl (o 5L Ja 01 8 Il S el s
Sl OB (3 ey Ldle WisS e ST Lk i) 5L 8 s 2SS
Aot eplie G3138) Sandl s sk cpal S eSSl B bl S
SW dsis B oYl pais Nl e wlpidl sy il 55l
Sl sl e (Ll WL ssTs A5 eVl susal oY I b sl
5 UK e sy Sblaad 1o SUI1 Ja55 «dsbl Coll bslas i
EER N [JYCH S [ -5 [ Y| [ V2 CER DETA S CE T =
Jeaidl Gaas 165 (12 21 D) el Il el 5 e ol ol
SWl lall ) el

r /
@I.,..‘.J..-I_...J- ] 2003 s ddibl G

[ o [T T S/ TR S T TP e
o

2003 fLaJ docd M Sl bl g Ladl s (12 -1) Kl

. WEO-2004, IEA : ju.all

Sy kadl dslis d

ol o oy SW1s Ll 2] Aldes 3 05b s g5 el a1 0
ool ¢ opieaadl s (i senedl ladanadl ) Lodandl s 5 gl
:\:““’"\"'@J\ alS,.:J\j coleasdl u‘“)‘-‘a‘j cwjjlflq.”j GQ\M\ Wl

50



) Dl gazes OO ] ple S donmedl U8 21 s
s (exxon mobil) oo 0 O 5SS &S 5 e 18 gl (6 SN S )1 B

csl . . .(total) JU}JJ (BP) rj:jjﬁa u:mij.: :\Sf.;j (shell)

ol IS S bl pley S nleds llas (Ld s
CUIS ppisy JLl ol ) J s ) 5,05 Ly cins ol leas pales
13 sl S ST B pndl Glan b ol s dagadl Sl lazna¥I 5 8 5beall
Al o LY T e SIS SlS 2l sda e s .zM_ML;MJ\ ia ol
M S S B ks S oIS 2l eda ey

anies ool g I3 Lol OlS 8 a Dl eed] OS2l .
SLbLY1 e ¢l e Sl o Gl Gble e S 55 o mliey
Sl e 0555 L Wl s i e 48 506 e slaxe VU Jenss L adais))
Sl @l U o e Jelid] P SURT ORI SN J
S8 i sy i e AL lsle L 5 (':Uu“ ey Ly el
s oS By ea)lsadl e blidr pl T plas 5 deds wale 0S5
Aol L me

Jsi= ole oy &S0b sk 0S5 & 1Sl s, edl Sl m
35 by il 5S35 sul ALY ey el 5 Ll
S-S 3505l SO Jass (CluSSad)) PEMEX &S i (WJ}JYPDVSA
W adlall Lo il ol jais o) sylpeld aa¥1 aly,b sl I
o sy (Aol ol udl gl dalis ) Lagedl Laasedl oV
s DUl 155550 01 6,1 syl padl 5S0L ey ¢ pgdl etz
oo iadl B 70 s D DS ede s ) ke g sS e ST
290 e xST e ol el ede ey 5Ll Laidd I S5Vl
" NETRRRT I RPN

oSl e O) 3] «D.@_E:.Q.H e e oS 21 IS polas CJJL,
i) e Sl el SIS A Gam S U g 2l 055 b )
e bl S A el o58 s Alas et m L) Jxl e S
e et B BRI ST N, W S WP S I SWN SN Ry 3
iS4 5l o )l (statoil) sl oliw 45 2 g Jdl s LS leixaY|

51



Jdl o LS cadl wsp J) S LT 5T i Wl (petronas) +L s
Sy 45 155 CNPC 4S5 Joe Lol sl V1 s ols 0 b
S8 il s O L I el Ladl iS 3, cica)l ONGC i (sinopec)
St B e Js Hpam W ol e a0 Al e 5 >N
Lol sl SIS ) Ll OY Toliasdl Ll 51 1 55k 58T ol
B e S moladl el 3 sbslasl e STl Sl

Syl padl o glas A SCals ol Luwlyddl sds oo iU J paddl
bl oS Sl Aol odn ol o 2lhad) ey Bbtonl
o i oo ookl mpes 1l Jim ket Dl DL T AN
slas (b 3L el il cibedly ol slas LY
gl &S e oS T I Wl sl 2l 6580 sliss) Jres  LNG)
60 OF Jommall od ¢ I U 1,35 el il Lads 05,5 55004
055G ¥l AilS als OB (o T L s Lird el Rad (o |
sl B Joo s JSIamly Y e BT s o5l o dabis
Ll L3 855 sl dmall GhLadl 3 e IO 1Y 55 10 e ST
dn etiall oSO L) Ll ile iz Lo Bl . el Caill Gl
e Leolin 68 wlS e Lk ol iy L iST ST ol e
Sl i 05 I o (LS el 15,Y55 20 Il g Laidl e 01l
" S s e e

clis olams (6 pdas (peemans (plabieeS Bl OAS 2 G as
olie e el Sl Ol e oS ISCa daneds Lz WY1 okl
S s L el il Ll el slats OplRi s 0580y e
SS{FUFE I PONON [ PR NCHE JURPSEN: PR IET RCH I-CDR PN i SRNERS |
o3 dus s dadsdl plab (o3 1iSas LYY 3 & sllaal) Slleadl (damss
e YT S8 Sl L Sl gl S Legs
(R&D) s shadly Emedl

Bl 15 e wasss B s Yl sataes Redsdl 53350 Jeny
Ll ole gams 05555 6 S W Ll S0 e IS e Bl
i O b el ealioy JY1 3 Wl oSt aas) 1 adudt 5L

52



B ol e msly 5o LS Ll oy ool B0 i) ol5
OS5 iy i) ) (petrobras) el g n &S S (W) ddeall oLl Lk
sl d U ST Bl 35 ol ) a5 ds I el
Bl sk ) penal B JE Koy SIS a0V Al IS 20l sl
WL 0585 5,50 28T ISGT o) Blowadl e e (552 ) G b 00

.Zlizmmial;wolsficaZ\S\fiJLg

sl Eodly debiall Jhes o] Lann sleanaN) Sy Ly
Codl e LYl uls wlhilax] e Jyasdl coall b o bl
L(IFB 2003) 3Laly Laidl -l dedw el st glag L & ﬁ}ub
Sl DY ot stes O R o B sl OF Sl e
el Slaedl ¢ game o Bl B dls e BT s ey el

00

o B R&D
yg: i | - s °® — | funding
=3 | n
q
+7 300 g '

Tz, |

3

7200 |

%T

W 100 4 |
ﬂ' T T T T T T T T T T T |
1990 1992 1994 1905 1998 2000 2002

Sty Ll ghasy Coudl o Yl Ald fef B SN (13- 1) L2l

JEA (o WSl 5 TEA J s e dodall L) JISCET Gadietos (TEA Sl glas 3456 oo

bVl doudl @bl Les sl el e oLl GLSYT 0
(132 1) Sl $ s ye TEA )

gl Al el 5 Wl Bl ety el e GV w5

IN= mrl Al s ezl 5 colamndl 9 bal Slus dn Jle Gt e

53



KPS PRV IOV W Pl CECH TSP Nl | RS PV U P B g
o Als LUl Ly dass (U sl s ¢ hpedl i fee e
o] e Jol e b e 1S BLE) OF Jamy (6,5 30l LY 15
el gk Ol Laad s LW L b pmads 5Ll il e bl
Sy kel ks Codl B S (S Ol ek )

SIS s gkl codl e 6 S Sl s (Sl e
olalbesl 14 - 1 (1K) s gl Ll s e diian]l s S
IS coaas B i, oleds gl ol i samad SLOY! s
Ll Jand o Lal3l Slopnnd! I Leslileinal (5 oS bl wls
il DN e 55 0L T css e wlblas ) ax sl il
NVEPEY

| L.h;.lﬁi.LS
| s Ty

§

1990 1992 1994 1996 1998 2000 2002 2004

shly Eodl Lo g S S a0 Gl (14 21) Kl

- (Schlumberger, 1992) : L3 o d> gt &sle j3las e

sde o alally Soudl B olS el sde suer 1S5 el Lo U

ol S (Ll sl Ll o5 Ll ey GhLl e s
Lol Ol 18 clail iU e isdonadl SLLLYI gl T ey
ey skl Gl B slesaYl B dsbie Rulal Obsee e Llee
skl Gl e BLY O] Cﬂﬁ; 1421513 21 IS o &l

54



et @5 O Sy LS choldl ol nll s pladl GLEYY 55 G
sl delis

i gl Ol 2 Lol G I Claalons Wl Coaadl s
(EUROGIF) qij Sl bl pla) gdime ez Lsysl b all
Sl 2l eda iy Sl Bl dels $ dedsy sl i 2 2500 S|
s Sl DY53 DLke 50 Gaky gy S35 Jas Do 250000 e ST
L5 ple S S mal J¥53 (ol upladdly el e LSLis) o
25 I OF conliddl el 055 OF Seadl o5 . (Marquette, 2004)
“ 8 rnall s Ao grall SAS A e 5L o))

Lb ol haldl oS 5 e ol e Ll Ol dadl Of Lag
ais b3 VU il wlleina odee OF s dos ) o518l 0L (s
U B s il A5 0 (s el ST S8 Sl ol
oo Bl 390 OF e ol ped cloges (S may gkl Eml) S s
TEA IV dss a pys Wl badl £ls] dede el & sl el

CLL_SL?JJ{%L_J Iy G .\L?_éjw“ Vel s up)_’oj.ﬁv_:}j
skl Condl 5Ll (sl 0,0 O s alieYly Lol
Sl ezl 0l Gl 5, 55l lesSodls 6 Sl il oS0 e
el e ST dasldl ol pedl 3 el 0,80 s
Z\JL&:JI PEL

o Oy el sl 5 el Sladl ST olasll s
S5kl S a5 el e okl e Bebnl 8k A OF el
S\ Ay At Sy il o) Al el 3 d 150 I e sl
oy ozl Bl Sy el 1 Bl Oslaadl 2l sl doles
Ul sl sladll GLas) Slogs 485 DU el Zeluall oo

Ll clodandl Lo s dall g 5 Ulptie 1l e Lad ol OUS
OV (g (A Lyguls Slhee IV s B ge Dles ol s OV
ides) s,V s aall Fb I ol ety UV drdas
05 S el Slblaml B s madl A e Cles Jol e (515N

55



el eliall LYl IV e sl ) Ghleadd Ll > slae] (5 s
o el Co 5000 Gas g Slsi ) BRSW) S sall A s !
IV ol b st s WS olly s AN BN el DY

o SeskS

i S e (511 S

Pennsylvania Historical and Museum Commission, Drake Well Museum, Titusville, PA, @i .Ja5

United States: < http://www.drakewell.org>.

56



0L OV Ll . L= Gl sl slos by & amadl (5 2my Lasll OIS
O.AJ.;.LB_:%;LE.AB)L& wi) U’B'U .3)}.]2.'«'.& E)\jj) CJ‘)LD:J Q“SJ)‘-.’. JJ.>=J\
W&“)M\ I ‘J.:A.:.:AM U'if:“"' UAJM 3,4;-,49;;&\&)\ dj}w
o eSads Dbl oSl Sl e i) Bate o leN1 OV
O3 Ol el me S Boe o B i | gpee i e SV
Lokl cos wlbliacdl el IS g s . N1 ) i O 51 ccalsy
T P & St JVES Y M ES P E N B VS I JON R U
R TTS I PR E [ SV VR R

Jetdl oy Y5 i A ] .- 116 21) S

57



SIS o gl 3] Go gl e 1 (17 2 1) )

BISE SRRty

e slandl caai e Ty @l ¢ oLl A3 (g el il oty
Seolos JSCiy ws pa 5,08 L OV Gl ae Gae e o)l 5
oo sl o B Bl BleeV) B Ll s e 5550 0555 o
o il s A sl s el T sl LIl wlaedl O] Les LYl
e 3000 Ges G i wlandl

e sl pliall s Al aadl bV a,ls) cols ual
REREIEDE-+1 P STESL R UH U | [ DU RCHE UG YR TS U RINGS [ ENE
DLV mlse w5 (1 ol BlamV1 (Slows) 5 shatall 4 5 el 35 wadl
RN GCE LR SR ST saas J5hgw 51 3L ST Geladl s caagnl
Py ol o slad dlosionl g oms o (ol ) Sl S 55004
S sms e ] LUV J=1s il oluls oo Dlegladdl e S Ols
A2 ST S0 G 5 B sl 5 e

58



il Gl e (182 1) )

Y

S. T. Peas, Meadville, PA, USA, with thanks to Syracuse :da_J_2 53, P
University and Onondaga Historical Society, Syracuse, NY, USA.

. Statoil &5 .5 1 deds

59



e Slael 3 ool LW 30l oy ol Sl ol 52y
Bl glosl S oyl = olrys sl o il bl bas il b
SML e catiadl Ladl i cnUl byls oSl s e STy
ol S I Sl Skl dsos OV Jomadl onglall 500 o305 Ll
Al
sy e Us Sl B 5 el o jaall eda cusle Al
TR VA /PR ENHEL PRS- ESWy ERUUISCTS JFP U PPN [T C UNEVEL|
I e eallas fnp LiSays  Bidl ae Blgn Sl el (0 panainal|
o B ST Alal fadl e s O LSy Jais SLall pasdl
BUEll g5 (20 - 1 S 2000 ple 3 Jletdl o o Sl il
AT AT et Gy s L) sl dpdes 5 Las; s

sl J yeadll
600 50003
400
4 1986
200 M
[RL3™
0 I I | ! I ] I
1975 1985 1995 2005 2015
Jeol 3 YT Jlatdl oy oo Y1 B Bl Godas 230 1 (20 21) YTl
el S

IS 3 13 e (ENeRG) L ) b - Blall 3 ol ol o s 5 V1 A2 1 jal

60



Lacdl ) agh oy il ot (6 cideicdl s 550 Al ol

s (o Gl O] daodls ©lasVI e 1S Tode ot L Ll

%;b L 5))5 Sjﬁ CJ;LJ..: a8 Uu\ c.l.g_} Z.:J)T dode f—Lb.Ci R d_gw\

b iS5 B sl (ML K. Hubbert) & 5 5a .3 £ Il Joe

Ll Zll 50 pln B U (AS oY) sl el Bny

W pa goee (BLsY) A 351D a5y LS Y] susdl LY I
cowidl T e 555 A b L Leddaal U35

Jime OB il Joo 5550 e ol e IV Al b
Slaadl 6l Oshm Y o sl 0¥ Dt 0, SlassYI S bl
AT ledas claidl o dysedl i3St Ld il ool Lasdl e
BT R T I a2 REVRCH S PR YE Y SUl e
LanaSe Ll plane b a3 Llae Slhd 05,31 3 83 s
Jans 0 ¢l s 1l Llss) wlblasl Glaas) WY1 1ds Jrrecns
OF @yl b cAziliall ol e Islazely . i syl lsLasS| b
P ool oS pehand il AV clnis) ) bl d.S
21 Z 1) K

o) DYy Gt o) 2 (g el K1 (21 - 1) Kl

61



Pl Ul gowell s Cioy s da (Dbl e el

Qutb exp(-b(t-ty))

o) =
(1+exp(-b(t-19))*

o5 Qo t &l B cataSll Lol S ) 85 Q) Of S
bl 55,5 a) e tos Rl by oY1 B Laidl BaS Jess

Jood oo ke sy oL Sl s (B BB e 8 dr i Y

Dslaadl S5 OF po o pa aitaS] @1 O] ] S8 an Loy

& BV SbLasY T e ddadll Sllanedl da Ko Je3 25U
(22 2 1) el &S eV sdsadl LY

:l_li:‘l'l
alyin 5 aelall Citagl

35

L

gl Spapd papa

|

. r | 1 . ' t r |
) iéﬁ . éa D H N QS 5
W A S8 A ol | -
27 L3737 8 4 8 "‘ué} P P

0 +—T—1—
I I
™ dr g
g

48 &lgn sl LY U ar ] s & gl il bLES) 1 (222 1) Kl

- (Laherrere, 2003) o O34 L) el 1 uall

DUl ey 4t o WY UL Cass Lol daa> Ol
(22 21 Sl 5 LS & 35) ) >l Al cdasl 15 BLassYl
JS B i S Jendl Blad B ads B (Seus ees il g2

62



O SlaxsY Llae way JolSUl N1 5 plasily de s sl J sl
oL as SV 2l B 355000 035 b o pped paddl Ll
IN- ol o1 ST dy sl LY Ly 45 cilS oS by 0
s 3l mall Gl

Ddsy bl Gj s bVl b Ll 55,5 Jy> MY

adle Lt 211 Jo o om0 Gy o -

C\:Jl%;'eswﬁ\ d)g:v-ﬂk-;:‘ (O o eA CJ}M&*’QSU_{NJB@_
fludle Ll

fr) Soliss) de i 058w S G55, ey S 1L

Lladl C"JQ':'MJ ATRVLY T3l Sl ales g sl 4 Lo o
S 55 OF aknds (i DYA Qo) s Jla) bl LaS o3
d (20 2 1) Sl B JUaS e pe 1 O] 5l A el 2l e
Egepe QL:;M)) f\.l};ﬁ.w\ cil.:.aﬂ\ 59 c&:.,U»M.N u.a_x.: J...é.é.u SJGadl
Sl oy sld o es Sl cilises CS1 5 6l el sl Bauas
cadinedl Lkl el SU Ll dilises

SN Gan O] LSl s GUa ol 055 5501 el L5l

(http:// w3 5e Ao Lede LY Sy Ly didaze) olosy JI
6) 3Ll kil Uoes J dnusdl ladall b 51 www.peakoil.net) ASPO

(2005 45 5 /O 5= 135 2005 554 /O 5 5>

63






obdadl jlali kaadll

01 2004 ple Zadladl BUall Jriis Ol il G55 ) 5 &b
35l M wlslae¥l Je s il 5 0l aten s cpd@dl SLI1, Ll
e 3l el sls s O c?,u\wijpjy (2030 ple > S
o o 1,08 Te s OB ol il (1 2 2) el byl (SCes Gula]
i sl el Jalem Lul,ull

= 125 B o2hanamdl g glalt
-ﬁ apaall
100 4 o
B sl ed Lo
754
1 gl il Gy
50
" il g
2 B
B ikl oLl
0
1971 1980 1990 2000 2010 2020 2030

ool B eap 0 sk 15020 5 Al ooy Ul i 5] 2 (12 2) YS!
.WEO-2004, IEA : jl.all
P Jeadl 1 o oSl i) wlss e & wlia sk WSaus

65



ioses g1l o W) i OF wsmadl e Wl iS¢ s 05l
e Sl il S L sy (222 S 2010 ple sl el e
(=l L dadl 5ol peld el s I s O Lig i B e ol jlas
Claall (Bl sl o T bl ) JlsY ) Gl N1 s

S ebaadl sl Jls (el

2004 2010

et Llai P i 5l

| LNG LMNG

L Jui s ——

\_ saeli \— facli

Jege 05 B 15 7 2,0 1(222) KA

OsmSTES 15 13 (o dm 528 HDS o ssdegd) o oS S (0 608 1aS (552 5L o Luldl 5L
ey

lieally Il B3l sl ST ¢ Ladll s b et

les B8 05edl Blaadl o et 0 i) 5L ksl 5l el

Sz 2 W el Lol Jdodly o)l padl odis ol 5l
L2 sl

Sy gl A B il kadl Sl B 2 2) Sl s s
ses 2000 ple B ES VL Sl meol B i b Sl
plad Lol B Jods O ptal 50 o piid) Ll & 505 apial)
1000 JI Lo 35 Jaaiw 20305 2003 o baid) LS 2l iUl OB 2004
Ay TP U C R 1 [ DIV SOCS R PR S WIS RO
Boleo 3 Laws¥1 G20 3 sl dabind as5adl bl Lal - 505
Aol & 25 1 ol e slaaY

66



i b b LS b
r-“-ﬂ-”u-

55{}
B N
el e ,-i-.-:-'l-
250
pPladl b sy,
(At Sy b faR0S =
J-.-J"Jl G- \!L‘ﬂ_/ M
250

bt b af iy pub fuatng,
L Gau"'ﬂ-!:lsﬂ
|

e Sl St 7l edd ol il sl Jaisd) (3 2) Sl
oo ke

(Bl V1 god) 25 V) o ol b el s il e G315 (S 30 b [ itaSlad Ciinas O]
Ladpdd o3 4352000 pLald &5 oV o o sl el s o 35 e 6355 Lo o N1L(1E Gsiall i)
e s Ly s U1 2 1996 ple oy Bl V1 ool il ¥ Lae Y1 ey J-1
2003 ple 5 (A5 a1 o o1 o)

CIEA I 25 &S a1 o sl el i Sy ) bzl

quh T—
1000

Jk-“ J.»-J' 'ﬂ-u

ey il 5L 50 pad Tplin Dlgdl (4 22) Ul 5
uJ\ ,w\ s bpy; 6,> Ay .(3_-2) J&.:J\daus caolice uf\..ﬂi
L’;:L:J).M..H )L?LA\“ Jt‘““':‘)u-:':ih-""Jﬁ"uL‘u )-G-H &;A.J\.)j
sl Gl wly L (MENA) L 31 Jlec e sN) Gl dalaies ¢ 3oLl
H Y s e e 5L 6000 I 20305 2003 ple o aS) I
JEPLRTOUN [P JEN NGRS S EL PN W RPN W ATCRH U SOUY
Joradl 058w S 8 0B bl fadll (3 (5w S5 Ll lblas|
ST 0 Bl w0 S s
J\.SJLE.ZJ\ LFL.M.QJ\ B AUy ddass 8 ) g J\J..Ay\ C.’i) ULEL..; u.i)
2 8, b 4 oadadl Ll kadl s o ums (il

67



T Gl L1 G el e bl 5 e JaY

At s allall 3L :
350 Uyia ie

/ 450

Sie ek [ iaSe plall il
150
S pllall Gl

MEMH %5
350 ]

350

Sk [ A%

FSH  iisfe e b 200 MENH
250 MENH itaf. u@
FSH 1S i f it
200
150 F:.H e
350
ke e Sl IS8 o) st B okl L5 51 2 (422) sl
B oo g (S

JIEA £ 5 «Cedigaz <ULy <USGS bl Lo Dolazel

L NI Gl ekl ek
BV e 88 By Lases Tas 50 Lblaml Jsall e sae ey
JﬁqMJﬂJ\ sda Lo daiies Ul S e Wl o 23U S 5l
o b 80 GG blas) s Al & ] (2) B sVI G2 Bk ]
Jadlsdn 128 5 Coany Sy e 51 s SIS (21 Jos
cNdrs ey LolblosY WY1 b sl jleanaNl e s )
oobeds cdeadl i) < Lhall lplile oLy Jey (5 sad G\,;;:,A\
Gob e eVl b s Lolble s ol (Wi 1) ol oda
LU L s ) sl gy SV ol Loy U1 3 5401 G slene
SUs Lasls o > A3 .C\J,&L:....:\H Slles b ol _flalﬁ;}Y\ 5olo) as
o ol . feaddl 1 e (Gl ) SV B 3 Jshee S
Ll O o diSime b dags 52T 30l coVlaNI S 3 sl

68



gl eV (B 5 L Loy Jamee L slais )l sda oo il
el bl

Jro Jaleda Laa 0B (Bl olabwl pans Y T e 02 )1 e
o SU A B okl ST e i sl SLLYI B el
oy olb Loy 2SI a50s) Laws T e Lge Sl s oS 2
sadaze SLY15 LY LU Lol SSGl T S 20wl sl plasen N1 A
- (Saleri, 2004) (Ll blamb adV) ool CluD o Lo 3 3l gl
oIl s e @aliets (Leod ST (1 adl <Ol D) 6,1 Jus JIYs
o Sl S s OF oSy LBl LSSl e JLI 5T sl
el 1 e 5T plusl 6 s | Zalsnl] Q\)}u\

Al 315 2030 2 OV e a3V G2l 3 Y Ll L) of 2004
Joshll adl o B sVI G2l e J e OB S cinaall e S
ol ety ) Ll spbed) e s 05K ULl ST L

S Bl Lull] o SUL goshes e s 451,201 0)

ST ool e gl o Kars ol oJUalls TEA J1 050 sl 25k
Bl e L 31 Jled didaiey Jaw s V1 G2l 3 Lataadl slsYl e
O oSl oy 2005 ol Lol BUS Joies Bl il 55 pn el
QLY e Bl OS> do) Je cdaldl e 5 cdiowd] 5,0
S el dage @lss Sy Ll e ,szf\ Skl
Lo sy Lo Ll = 2 5,05 ©laS ol wlblasl s dalaadl Ol
QLY e sdowe sde pliealy LoV Lpb 2l gVl sl ) Agle S
ol e o Lo sV1 G20l 3 5,08 ki olblarl i fuass Ol
OBla o sladl Led i B o lbedd ool a3 s
S el Sy ci by o5 858 A J ] L?_L_‘%_;J\ L?_lal_:_:_>-‘§ﬂ
Caddl B padl) 23500 padeig 3 o WS e Jaidl BN
B U ol B a S B 3] oo YNl e S B gl
ol gy add Ll Ly bids ey iy Lo Ly o0 Ld 453

69



Alall Al dodl) Jlme b Alabe ity Ll lay o bty <Ll

Bty 83 r Ly a8 01l ]y e B 3 e A1

Sl b e Sl ¢ il Bl S Ll ey 3l B ]
IS g OB saelne) )LY\:}AM»\; Ao g bie 3 old) ol
o Lo il B o b Alay casgims 055 Rl bLaV) G sl
e b olrlie 1 Gl o oF V1 10 Sy . il bl
SLBLaYL Glay ol Uy e b g e il W) el 2 Loe
b olelas JI o5 5350 el s Jass 01 Sy 2l il 5 S
(s b B (lomall 2l 5l¥D 8 ) ) L sl &QQWU

Badige 23le Jl Ol 3 dly Jim 5 oS 5 alb a0l ai
oL Ul sae e Jasdl s el s V_,CJ_S\ = . (Mijnssen, 2003)
Shle dpdow $ GV JI o3l LI 85 LGl 2l 231 50 ol sl
1yl e a5 Loyl elald 3Ll e Tlue Bas] L oleaias)
el Lo cabloadl el s Leablis v:‘l S S LUV i o
& Lo oo p 225000 o 2SI w55 aid) 2] B el oLis]
seed 52 plazadl 2l 0] 2001 ple 3 Lasy s 95000 ] 1997 ple
40 oo gl Yl ele 3 sl O sy hl> | ol TSN
Aall 350 e ST ] dsdl

gl D Ol e e ULl 5 aST ol phs Chos g A

o s (Gl e s SV oy ST el Bols) (L]l

oo e Slesdae Jo Jpanl ol e L Lk 1SS 431,000 LT i

Sl olblosY Al s byl B Lo 13 o320 L] e
beadl LYl

AV bl
LS Ols il il dgi e odle s Ladle O Lo 3 s ponner ]

3 Gl b olanl cts s ciols b Bl gL sl 53N sy Ly, (1)

70



Gabinad (Y1 S e Jow T e Lads Jlelerls) adss Ll e
Conne WS 2uiss OB Ui 3 he ol s Joo Ll 10S0as .8l
A sl U

S Lo small dus (AL 0555 a8 3l 21/ Bl V1 Yo 0]
Pt ol el Jgidl B oYl ) Lo i 15

Lol Laliassl @5 nadl wlblasVl 5 W85l 2 blasVl e @
Yl oS e Blsdly (zWlI S adss b e pedd AU
colisadl oLl iyl iSles 5,3 JsbY

Saihe b bbbl e A5 L b T iis olblsl Glus) e
Dlas omol bajlaialy glass) 0,0 2ainse 8 g S da olblas|
(Slesdl Claall claendl o)) sapas> wblaxst 25 ) gbladl asl
sdg) LoVl Codr s Gl BuadE) 5,1 53 5 Y el
NCT PP P RV LS I PSR [ RSN (IO

40
1981 phe fa sppis Sy al13)
{i—saclili :...__-.i]l}

30

20

e A1 1996 43 gas s sl s s e

CTTE R e —
10 Ll 20 aiaia \\
gt/
e} T T T T - - T
1982 1984 1984 1988 1990 1992 1994 19946

sl LY ol b 2SN b Bkl LG 2 (522) JsCal

1S 5555 oy Lo o 1501 3 RAISTI o 2el1 380 i 1) AU olimmndll s 5
all 320
S, e

71



L 25 U s I Blacadl ga) 058 a1 ikadl o gt
Ll sy e OLS slie) Olead OIS Jbe W, ol .S Lesladl
bl bl BUI Joditns Bl bl 553 5 L] ol s syl
Losd o el sl (o iy o B e (2004 pLe s 2003
Jazme s Lod D3l500 Gy gmd im0 2004 oLl Ladladl Bl s O il
058 oot IS LS ol Y55 295 22 1 o5l el s IS
LS ols 13] ki e e Slenls 5,08 Jlpal sy o Sl
Slendd SIS ISy disee ol Sosbegdl g Jadls ZWY15 ozl
LJUJI uw‘JJ e 555 0

sl 0L (Lmws ST Vb JI by S50l gl ey L
S48 & ey Pty J\.ibj\ e Koy LF’LB.:J\ tJJLZH dea 5‘5,5.;. J.SJ.:.«.—.A
Bl pliealy il S o e a1 caS 3l LY
b W Ll Slezal 5 corl e 0B el Sl 2Ll
o dpandl e Y OIS L Bl oln Sooddl gl ey d ol
L)l e ST ISy S Lais ol e 055l JWI
s ey L0 1 JI (2 2) Jadl B 5 a3 WLl Ll 550,
BIPCEIURPU-NURPS [ JOUC S VO | E [ c (I OV R PODRO |
RERES

el WS ks 3 L, Sls ped) S e Sl easdll 08
deleall B Sl 30 cams¥I LY sl 338 I el
Y adls aes 5 Gl s Lass S (52 2) S8l o s
el SLY I B Ll AL (g e

b el Ol pe oy cibiiad) i) Slael g o
Lol 3) el JSCas dadanadl ULl Laad LS Ll 2 Sl
S &2 el oblas g,.:\j} JS u_e ddode b xw C)L.:.m}r_"z O_L_sd
(- LS Jsamdl DUl (Al L U1 18V s SN jed 5K
il g, M5y AUl Jaisdl 3 aSeed) Lolan] jeslidls cfield)
N B s e L s

72



3 okl
ol L gl YT J 35 Lonns

Loy Lo 1,55 - 5 el 5oV 3o my Lo A )5 = L sy Gt
Shlalls Lo N1 G201 sl e S adl ¢ JoVI 3 Sl 35500 6 ]
Sl il Sl shaal 3 Las, 1503 wsles ¢S ma gl 8.5 &Y

Ll

Bl s Sl ptial 555) T 1,08 Ut Wbl Ly, ellas
A5l bLaimV e a5k 70 ) Jeay (2004 pladd 2oLl
30508 8BS 5 b bt wlblaml B els 5l &l LY L ] BLaYL
Lall e Jos o SLle 100 31 55l ;UJPM Losy clles clls JI Bls|s
e oo it Sl b Bl a5 001 Ghldl 5 Catasladl 2
Bl (B as e ZY ) 58, A A Bl L2l ¢ bl
ot Eege SBLASL 5T 5 plall 3 cobileadl a3 dmy coliand
Js] o oS S0y ZSY1 b ALl Bl ) il 55 120045 1997
ol el ol sl 55 e Aasdl ULl

o IS 633 L el b b deliall Al )l i3
G20 Uss Lo dm ) e iay age Tylsof oLl Lol ppelladl)
O o cieliall JI 8ya dewlow 65, Usadl Lo 3] cimaziadl JawsY|
Bl ST Sl Jsl pyi Lol ols 2l

La a5 25 A1 B el plasnaVT B S oS el (g o2 M1 e

S 5 o L L5 15 lelbs] g o SCadl (yad 6 > Y1 gl
Lodae ddale 5 43 ctw\;jw 6 ,mS o olbles cids wlblas E.A.L;S\
Bpolazl izg b 5 Sl oy 4iS 5T dslis ol jgae s s ¢ oS IS0
21 sty il e ol Tty T3 Lunsy 6335 O chomaonns sl
o dnlias 4318 A4S I3 Ao DULas ey cdasldl docn o il B

(s bl b L s da o b L piial Sy & pllaedl Sl sl
Sl
T g A Loyl Slas (1 Jadd) (9 = 1) U2 3 5 e LS

73



oo e W b aS 5l S bl G Gildl il el 5oV Jsa s
Sles LS L sddal SL1 55050 e las Te s Elizas Lol o Kaa]l
Olall b b ol JS2) gl 2 S e ey oL Y LG
= A O e el ey = gy ddy (4 i) Sl (Ol gl
5 plozal QIS s s 5L dspsY1 ol dxb 20 J5Y1 el
SN dgsy Ly O e SB wilslialy 555 OLWL, ol |3

OlkileS 55 ok 38 e S deedl LI L*E:L,'e}MJ\

iy 5L CU:_BJL;(gazprom) e e s Sl as adl s
¢(novatek) LU o e doe it S 2 BTSN S Sy S
f15Y ioadl Sblaadl Jadl SISl e Bagdl b s S B8 ens
BOonll Jsamdl o ZYI dans S U i pobiall JS 3 55
¢ (urengoy) Lﬂgj_i_;_i)j} ¢((medvezhye Loa; ba o oo al Lall 5 caaldl
8 byl s Lol ey Je ol &;“H «(yamburg) @M)
Dl Ja lalis e ps 0 S C:gw"ﬁ) AL ol eV 5 53
CA:\MJ_A SUsls 45 501 (g 55 2003 (sl_pu_ec...»\_...._i\ (zapolyar)
Gdlose sl (shtokman) OleS s fam oghad) daios s 6 ¢S 2
ol s I Jiodl s jletad 2l OF pdg2adl oy i)l o B
ol 2l i i ey OV g S el SV Osde il sl
Jor 83 gdme a1 G20l b (sakhalin) UL 5,5 Jsiod 3050
Slleadly ¢ Flodly cdadl oo Jalpe 035 claidl 3 Jll g LaS
S8 e s gl B sl SUL 8 S Bl Gl A k)
CEN[CH T SO HE2 R EARY I UCIAN R SR E e
s B (ol gl &5la) Lo didey 35,200 o5l by L dlazidl gl
i) Lol e Lo el ol e 2SO a5 i ) Bl Sl jleed
s Ll e I OLS gy (L) Ll LS & el ol LS
S 8 Sasad) B Coaliadl Pz N1 OF (g oy ) B ¢l
Sl )l 5 8elisTl Sl o Loded B3I Gt I-lie 0,55 O
ol Bl Sy ey i Lol y L Jadl s b SISy (83 g pedl gl B
L el 1aS Je oS K8 dete b lezna Iy Sl ) il
.@)J&ﬁ)ﬁ&jw‘aﬁw

74



«.‘;“ w e, Jle’f

Al el e ST e ol ST el Sl s S sy (e

D medl 0585 01 S SLYI i 01 3] clogrilS [aises O e ol s

Ll iorme Jorll A3 & o) mladl Slics) L2 pdondl ol il e sV

ieliall O] (Gagasr a5 150 Olse o LY 3l WS (5 &l
Al B (633 pulSal sletna¥l U Koy il Sl e B

hpimidl
o

M‘cc)kﬂ|ua3ucpﬁ%w;aoudw Z(6-2)J.§JJ|
el 32 i

75



Ul UA‘Y.AJ el i pldsal e (g s s CGasdl Cadso) m
Yl e & games e il 0505 sl des IV all il
s W Bl dY el ddee Bl B sall Gaall Bl
¢S]l Ll Sl il agw\u@u@}: BUE) oda OF (e o8 ]l
sole o sl cadas O) 3 (L Aol LY e amm OF Sedl yed
Sl el B ddlse Ol gk e bl dews e

. . é - b
~ ANV, S
P S o 55 AT Al g s (5,50) kil ooz 1 (7-2) Sl
JeVI ) ey
JM S0 dedm

A plesl plol G Jall s OF Sy 5l B 525 c i) s ®
A s ba LGl ey e B e 2T pLesI (6 ) G 3L A

76



OB chadadl 2l ely b Ll o il o i@l e il ok soied] Lieesll
bt Ll e ot 3 il S8 iy ol 5 oS e T3 5 i)
Gt e e 20 2 plaall il d OIS 13] Slted (6 -2 UK Glesl
S pA s e 80 i bk mbll Je Ul ede bl s Yl
ol il s i) BN e ED) L Slob] sl ) 5Ll
S o sl Blas 2V planadl Bl dazady il dats oo ol
L 555 1l 3 sl Sy Al Biadl VL Bl 5 Je oY1 1
oyl US55 (T 22) IS 6 il o s 23z 3 pbell OLT 3
s s OF e ol ey colendl ey AN e 5 glanl
(e-field) &g 2NN J gadl ol (i-field) &SI J gad) Sl
(real-M\ - oA oldas Laf S bl e el e o
Ladl Ja> ol 51 ((SOFT) S el i <ULl 5] ¢ time processes)
UL S IV b il e St oS UL daads « pad )
TR VNN VRSP EPE TP I STEIPIN % P PON Py CA N W
PN 6 peradl L3l el e ST LLYE B oty 55Ty ol
b b daadl o a5Vl eda O) 3] calxls b iy b B ] ekl
Ciine iady 3ley Ll D) S oSl B3 ) kol (o)
Al B elall b mgn SULl s g Al el dekenll O35
ol DY S olS e Bde sy e V";«J‘ e sl ol s
DlezN 555 0 P ol o ad] B clens clan odas ULE odg]
B il b deliall SULE sl I OF gmall pn ol ans 1S
o ais IS 5) RS Gadks a5 B s (S0 ealas Of5 el
Gl el 2l N1 el ye b aaleds o 2l JWdl il ) 2l dnanall

Tl J bl alde olslasl
sl s Loy 28 Slleadl Bulod) Slolas¥l sl i

A 5y Ladl elis Al Lol b aadl ole el Bl s J1 sl e ¢ pall WY (2)
Bhe phaa s (5 Sl Ol 25l (51l AL il ST s 150 S 2 0L a3 o
i) SISl Y1 A el S ol

77



Lan L on Do 3 5LV n oS sae e s L Bole gl ol
oo Ll ST 3 lay il ollee ol e Jlomadl oY1 s mniys
Jyadl B samnedl SLY I 5 OV s =25 o3V O . sladl
b olasl 28T mat 0deS Aol OF sy 3] cdal) e 855yl
LV il e JLYI 5 olles ool ais Il J g J il
31 pebesl s 455 lies ¢ el e dis Ludss olles sl
sdodadl Wl hasdl e dslax S Su datiee Ol pead O b pdgnte
3 o aaaadl sl il Bl b Tae colie LY las Wi benll s
T 52e ab a0 bl Jal s il b ol A L S
Cagdall Dl shal oSS dard pd Slkee sk 508 o 8 Al cdglins

NigS Lol (8 22) SNl msd gy wope S 2SI e O

Aol p YT lod- B e 1 (8 22) |

s A o ki s 301 b aue Jlael 5Ll OY1 luall (s 85 il ks
e 3o 38 5Ly W 035 <3155 bl e Wil s 3l8 olagll e Al Jlizal SUlS

.}é«,«.a.l.m. SAS LS Tl

78



Skl \g\ﬁuwud}»r&ug\dmwo\@,&
il J}b%;%ou\.g.)& uwca Sle lags oV a0 5K Lol
eadls lasVl Wl Llg ) Jas OF Sadl e Ll L3 &
b i Sl 35 Al SUL 0 ySKan S5 e 0550w Tenl 25T
A oyl o il ol s ol e S e S e ST dd
sl Slal J ool ol e 5l -8 ieall Sl S50l Csor Lls
€Oy U o ¥ el

O":"’d“ C‘J’““Y‘

?G‘J:ia.u’)ﬂ b

S5 A dn s I el Slalase Doy I Ll T Ltis
0555 O Sags T o i (o as OF ploms Ll o il bl
o 3 g gl Ll e il bl N1 s g yall 51yl ZsbaaY]
odn Lol 2] AT s Jploman 5l Jail G 5y padl SU ST ek
Ll blas ) SGST sl i Sy 4l e SN0 At
g A A s s L) 215 Sl T e L
JEC OIS U P P ace) LI AR CRORUCI R P [V W B |
oda ey (s, Sy Gy el B i e o oV 5les) Tudas
oo O oy & gimeadl 315l O) J 52l 4_>L> RERRP S A FEL e
el B e BT des

il blaml oliv e sbaeVU oS S w6V ¢ o Lay
Ll e il 330 210 | oV Lindl ol el sy OF S
2l 530 I Al B 10 e Ciay b U1 2l s N Ly s g sl
A0 e ST Al sl (e s LGl 350 230 L g sesnedl Joa)
G O g 5 b B dSls] ol asle il blas e il
Tsbassl 05 o Sy VST Sy
JJ\)& Lmdpad GLI oUblamY Of il 1 sV n s
C‘ N1 JL &uj il B 80 6!\ izl L5970 e CLJ ul;\ C\JMA

79



Lo G\J};:MY\ 050 sleld G5 Ll dadey 550l oLLLaNT
S Godes (SKags aidl olblaml 5 ol dglie olwY Laisus
RRVLRCIN [ S AN I St

CHPE|

oo 0555 OBl clae U ) s O Taga G el
ot iy L il fgfi{ﬂ} o B8 Al S s
35 e AL oal @3l B Ldle il 2l sl Jawe Jhays - goLasl
DLV Gase Lo 5 (92 2) UKl b e ¥ Iy Pinadl
RRESN

Sl Sl Lazall 550 1OV Jsiedl ae sl Jies Jeay
2 2) UK B LS N Sl g 835 B ol S Bt s I
Jyizdl B Loodle dnadl 3045 | o) ¥l duss 8305 iens (10
s gdl B3 g sl (Bl e sl (i) bs bl 6 g sl
) B s B ) e SV Ol Sl O A o
Cond (52 1) Yl b S5 s0edd Sl gl U A8 V) o !
s Gl A B paedl Jsil) (LY 500 Jule 0S8 i s
e 830 iraS Olewsl 3 i JxUy el QWP"Q i,
Ol o)l 2 Y IST €05 ) e O] 3] ¢ Kl o)) ol
bl oLl S ¥ els ST ciisaadl LY I B oS > I
S Y s S Sl el sl 535 S RN o

S P Ol eV oV amad Ll BL ) OB s T g
) meedl dr SlesE e ST g a2l S L Ll
Jeain BS V) o ol el B g5 L33l & U35 S Y]
A1 Gsall § st

ol il a5l Slaally e L Tl (S ¢ s 83le &5 4 odn e 51e N1 3)

Lo gt Lesls 055 ) O 3 Jo V1 Bl o5 3155 gl oLl lam N1 ] s 0F (655 401

e ol ) s bl odn Je OF o Ll 3 J1 il oaST 2l 20V 45,65 (U530 8

oo Lpadans 5557l llaall Losis 281 B5Lal AU ol Lol 0L U B 0F (555 0l o i
Jdedl LY

80



Galradd 22D 1S o & OF o azadl Ll 5 Sl sbnadl (e
Nl GG e IS clis s a5 L0 asedl i

183 a2l e gl
bt e
dse s Haals 86 i !. \
_l_s"" QLL!.:.':.[ Ia A

b g
T

SM‘OQ‘}I}J‘J‘,}&}&;ﬂjﬁACMﬁGL&: 1(9_2)J§.ﬁ|

- DOE, 2004 ¢ sl LN I 3 Blall o ops

50
S
J [
i 9] o W w8 . =
,1
E m
- o a
3 40 .
a | ]
4 | o
} a5 "
3

\q“\ \“qrb \n'ﬁ{} '\':Fq \Qaq “‘S'P 3 "'55;5 fEFh

g B @A gl el ule s 1(1022) Sl
A A e fSonl) Ll gl e 2L 50 ) s

g ball & e tieas

81



5 sboed! il

o G Badl e 5 SO gl ) bzl s oty
Gl T e Sl el SULEl s (6 s (11 22 JSC2)) i = 3es
A LSS by Led Ay I SV sy Galnadl Ll e
A3 0 @zl o D iomadl B £l il ke LU ads janss
SV oy I satld Bl sl J) BLs] cinasdl ool sl
“ ) LA}.@J\;«JL’ il Al Bl el o j\

4 Gsdoeall B pamiee (Say sLoVl ol I med! 2555 1)

o Y BSUG] pad pandl s 3 OV I el Shs (5 5)
b enaSs A Ledls 050 S (JHLNAL & 2l ol S
Ll sda OF QUIS @ a5 Dt ol g1 5 ol 08y Wil s (5 3
e Sliall CES Y1 Sl Il RS O e L T s
Lolas) dlais o5 STl sboYl e, ol sl OF ol 255 L ius Ll
Tyl s RESLII sl de Ly 2 e 2T ST i )zl
el Sl Sl enat B sda SIS L 3] ) e (5 2 1 85kee]l

Ash) C_la_.,._H = (electromagnetic) %;.M_:_LL_LAJ_@S_H C_.MJ\ N
A e e8islnall s Sl o i Al 1L (5 Gsaal
ksl ol el s s dwlll olblasY e e Ll e
o by e O peSal B 5o bt 40 ) Sy ke
Jeadl s q;,:si Sl ) gl W el woy st
553 1l L Lbline 168 o1 LT3 0T ol s ¢ 21 e ol ey
A s ) el IV oSl BLE e U5 Ladle 43 (6 G skall) sy
o Bl L Lo b colin din SN 5 g5 Bt M1 558l 318 055 L
ugw\yww)?@w}f@&ﬂm&yt}ﬁ.(,b&\

=255 B3l Ul T e ol Lol e oo slane) Rasls Slime oS (5 13)

Ll ol gl s Gl il gl gl ol e o) i) 2 el ¢ datsendl il (4)

055 bV Gy GIZ 5 Wl B 50 o] DLl s okl o il 2 o e (S

OB ¢ Al Bl ¢ ol il gl il o e Gl U Gy ] el CESU Lail ) e
LBl W it 5,05 ol e Bl Sl S ] 00 ot g el L] ) el

82



sy by s LaldieY T Ale I 5Y Lews 2805 O o (e il

Sl il £ (1122) J2dl

oL QW1 500 Wais 652 1 B3N Gamy sl s ) ) Jaidl 3,500 Ul 21
b)) B3 3 Ol ) e Olte Ll S OF Sy Gaax VL Lassll 58 s a1

A(Yeten, 2002) oo <] Aol cidad Sldane J] dim ¥ e 31

el 3 3 (Fikri Kuchuk) &Lis S ¢S5 Ll

4 5 grnall

¥l ol BN end
Ladl e ookl b s N Sl sl I ) OLS 03
) (G sheae o e el s O5Ss  Leger ) LI
oL Sl i sl DLV s (251 plew e (U1
i g I Slaall ey 5ol O Loy oo gl ablg) o o gl plaienaly
o drmt I el 0B A5 gl 2l e e oS dnylizall

g el wladel) dsdis B, 50 LS 5 Bsle] Sl
Uans ol el Jsb e ¢ b3 ¢ gl ol s 2
SN el el 55 2,1 G BLY D5 pae By ] da Il ALS 5 50
Qs s 5o V) L Sl Casle whaie o ad d puasdl o g1 LY
c@n&ow\gumdbb\}u\jgw\JW\d&fd&}f
LR JOCTUN[FCHCOUEEEY | RCTN PR SOV I DN I COVIOR. N I S PO | PR

&3



BT s 50 ) DU Gl b5 &5 peall DL ol 28 5
2B AT ol o Ll o ol (1222 K80 el

25 3LV I e s e Sl ey, BT bl s
e Y Bl (BlesN pan) SN0 Lo el B Jol 52
I3 o)yl 38 i BIzadl g pedl o e Y1 D5 ¢ ol
Ll ool s W s edpdies (6,2 () il Lol colbla>Y|
Al BN Adae b Al dlsl eds st Lo Olo s

Joladl OF pa JoYI Ll e oLl s e O oS Olasle o o
545 S G Ll p 50 mm o BT ool e o Lgnied LS
e LU Ll L3 5 1S s Slbos 5Ll (Kans 1S s 48
S oy G s LSl Al 5 L3I UL LS pall poland) T o
Jodl s LS5 T o oSO adl o Lo sty ! e i 501
Asliall B dads Cou OV Blowall coadl OS5 (loadl

T R T

W e
e i Sl g I (3D) sl LN L1355 500 1 (12.22) S
rhdl o 703000 Gos

PERRN R LGN PWNT:

84



5 Skl
g.,.,bwjﬁﬁ\c...h

bl S Comtn @) (Spal) P mnedl S e
Sl 0L« el dada) Lo a> Sl olbla= wdigdl Sl
Bl g dey oo el (Lt T Al bl 4SU1 LA
ey Lo 0556 O Joos il e gy A1 Sl OY cell;
Codiinl Ay eldl o s A sseall e 2 81 Al S
s OLYE G clula)l G5 420l odedl b ) So Lol ods
wwfé_m lulald O] s gadl Lall r_:).;u SV s s
A el 45y Ok Bt Lad Y calldl e 53 > Lol
JEJEANOUSI S [PRNAY [ LW I RN SR PON JPCTON [ P
ol 3 Gl 0B cBleeNI 3 B saedl Sl pudl e plaza]
033 d= Lo by ¢ I eedl )l g pned] L £35S0
Bl odg ploma¥l Loty o (IS may (Ul Ll SO0 L
el ol B 59 wlul@l 5,08 pdele o ool daul
lir diee dagodl SLLLYI JI5M ciiaeadl ol Jbns 5 Lol
LN el U o T e e LS ‘f,,J\clz;c,.w‘
Tmb e 480l SLulal) dnasdl SULal pled 5o lall Y1 e s
- ebedly Ladl 555 psat) el P O3 ps B pliseals

ke Jo g o ol s e LS sl

6 &2l
blin S 51 Gl shandl Bsle b 2l e el G
o el Sy oA B el bl s B
Lfé Jj\}MJ\ t;)j )T/_j Lol %;EL:;’Q-V Q.MM 3)}»9 L;LC» SJ3 d‘)b—

P s g I A o B plasena VI e usb g e SL) e UL ] O Y (5)
ACH s o Ln Lalozal S 35

85



sall eda 0B claddl blast e Le B s UYL o fAI
oo ST AR Jooli el g ¢ 20 Jeadl Ll S i of Sy
Mg s I Gl o el e Lede gl 2 ) pall
Jis Lam Legan oo g il d5os ) bl o el
JSay IS Ush 5 Bl ede Of ey ¥ ol sl 00y s
0B b hadl BLaY sl il b e Sl ol
LW el e 2K w\ 05 CL..:\J\ ol C)’\.;Y Leoldserul
S Ay bandl N el daul e s A1 LY
sshil Ll O e coluldl B cdssl I olladl ode 5801

“ “ B ,eS el

P oy dBs Ml il LD o G oas T Bl dla
s wslel B S U L Y el B i, B a7 Gsdeal!
33 3YL el ot O 5 ,S sl il o lidal) daguidl J yasd)
S5 IS

5 cadl Joo b dlsy Jldxbo g ¢ Glenad) la_a.J\f..u -~ L 13)

J_gm_;d_s.sv_..;u\u&.uj Q\WMWJSQ)&Q\M\
rLM\) | J}-‘ o LS L Lbdsen Sl oS 15] ks gslasl
M cd.M.:L>-J.~:J.A>- L@.:‘ j‘ objp-j.ﬁ )L:‘ ;?H JF.U\ oJLG\j co.L.:J)- )L:‘
Gl Wl 2 ) dpmal slels 50 gl i oS el Sl 6 x
(8 Gydo JI D Ll Al dobe (el e ST )

7 G gokimall

il Cils Lo
il blaml chosd SV G osd Ll oluldl s Ladss
Sl B () Gaaadl N s 5 s Rl e e 5L
B il diphs G e 5 a0 Ol dend &) Los (e
ceadadl o5 o dplie oLl Sy olbladl o)k sl

86



imiie S LT ) wspald spde Lo b (Cadadl Gl et b4
Ei50ls Ll blasl e S o wslely cdoyss Sloccdl Land
W L] ssle sda das (GLIIs coldly L) sl pdd Sl
QLLL.S\ 55'9 Qbﬁ;j)u\:.@.” JJ.s &T % M\ C\JA&»YU cwu»)\
S b e Blas SV fol e el o o
Slis SO 5 skl AT Ol cCadadl il 45l oSl Lesliall
APPSR I S YU o [ SUPIF-DN [t I JUPUVS [ [RCHUPES V-1

iy SVlmadl oda JS 3 el ol plaly deliall el A
pde oo ot e i pais e Leslill ol IS 880
OF Sy &l ol el Jame (b a3l ol Gy 22 ,b 55 s
cobdos s gl el Bl el Al ol )l Ooles ) ks
Jloddl e o pladll 3 S ciyasd) DU S analy ek
45 JI oI 2l ey OF @snadl e @l ) &l oda i
Bl 1gS i dein oo By psdl Bl 035 L Bl il S
(Rogner, 1997; & lodewcadl 515 Ll wlslie] o oYLl (ane
. Rogner, 2000; Greene, 2003; IEA-WEO-2004)

8 &5 sl
G A (ol s ikl D AU bl J s
Bl gy Uows (2B ol o 83dane SUE momr 550 (5
oSl Ll ol shdl asl O Wy bl bal g JI degs
Lm S a2Vl B el HLY ens bl Slsle
10 el Dlaa) Lasl coly o lucal ey s gale LU § i
ki Lol b (m chpee Bl 60 Bale il Ma fedyy oS
Lo po Byt §hm oy sdl 5 ndl dyos sl oF 0Ol
DY e Glis Bladl eda Gl Sy (Y1 e Eken) 8l

87



YD Sl 3N B Leld & Jss Gu b e B cdegadll
bl 035 e By el Ll ) Jgo sl (Gl adl 540 T 6 amdd
Sl dgs) o Gy me (Gl Ly LOWLYI e snds LT e )
Jol Sy ielinadl il Jyis 5 Lalite Wlas 05505 (€38
I IRE US5SSR  ERVNCU SO P
sda o 3b a3y Sl 3dae) 1,5 ool s Uiews 450 L) 55
o By hll el 0T ey bl Chazie die Sl 1) Sl
G okl diald spd s VT s Wl e cplasaNT dal

(13 22 S Wl dsedl Sa

_ cailyall saaia il L2
[ gl sasda .

. 1._..._,.-.] Baasa u‘“ _Hl_,L" Saalis
J.__u.lh.__,l.:. Lgdgar §yia

T

ilpallssie lsallasda gy
HS.:J LSlatiay

ol gl Badane HLY ke S 1 (13 22) i)

YNGR LGN RYT

88



B 4als 4o 5 By (14 22) )

LY R g R ORT-,

Sl e s U Sl d iy LI 855 a8 day gl 2301 B
oo e sbadr DU I Jmald ol dny (I 5) i lage sl L)
JaI ) b 2SN 5 S0l Budad) el slane JIBY (BILYI e
o Saedl sV el oioﬁr&;\ e b el dgs T
ol a3 loga 153 & OF VI (&30 il d gy Toe

o OF glimg 38T T el 5,00 ey e gl plasad e Yoy
A= Dl DAl GVl ey ) o LS Gandl wany By
(14 22 ISl bl o i) pie Sl 4 Sy s a3 13
Jpds Comon A sl (e b ol skl J] anio b Jbdll spms
ST A pie IS @iy S ST aol sas s Al p 450 sl

&9



il il
bl B 25 A SUs Soodeedl I mllaaodl s 0y
bl dlay (15 22 el GBI 2 seaVl e 5 sl 4 sl
Lls sls (bl STy el il GBS 2l el T e sagis
S sl o CES Ll 2l ey Wl S O] LAl sl

kil delall 5

o1 sl el sl 35 ol Bl b ol she o3 ad)
Sl e sbde plsls ¢ akall LI S .co, Ji i Chdaw el
clams wlbslasl bl sda IS penass (105 9 Gsduall) ios Sl
S ol O] el Va3 &l dams sl aas I
OV Tur 5,08 0555 Lsklaodl Ol OF iblas 52 diasll Slslasy
s S il el e Lethe ) b LS Sleladl ¢S
SO 2SI daise 0,85 OF Qs L

L)l o5y egs sl COus Slp Ssodgll 5B e JS Jad
T e ol iy badl blosl bis e slexeVly a8
SSous s gl N B B Ll B pais Ladl S el
ey Badl 88 o sl Al s By oz el HLG 0,55 O
e (Say oy ( JWI 23l e Sadl e 3T 2 5!
LS ) pels

9 5l
loeS baicl) S ) Szl
(. .. .Q\Jdﬁ ca?ala_w 5\.:.\.9\.75 CJ\S J\).e)
oo Sl e s Ol oa dadandl Ldeldl ol ol edl O
Lk S W») Lyl g_.d.:.ﬁ jT Lol a; wb) (L w))) e Lo

b Glow b5 - el M 3 25L5 L Ll 305 5T o) A1 s Ladl 71 5zl (6)
CESL Ll el B e 28T gl 8 Al o e Bl T ey s oSl
U Jeadll s 5 U aya )

90



o SR el hall oy o el e oS1S e (g
B 2935 O s prall Ladl ol i) mensy oSV G ool el
b Oplall Sl ey Slidaiadl 5050 odgS ol pdsid sl
Oghmeadl Lol ] silo) Sy 3] chial) GESC ol el p i
B bl B ST bl e Jpasdl B odelnn 3] Ll bl B
o2 o) el e Sl o Gk e (i) wldlal)
o ey Ko ¥ A Bl e £aSU) Al il wis
(AN

O sl eladl JI Glas Jbl il s e 35k b o ol L
e s Uiy snas il gop OF hans & edl sliel w55 5
L) bzl 531 ddee Jods pdiied] Sod gl Lol s dncb
SIS Ly 0 simadl sl 1 AL 25500 5 5o b e slodl daud o
¢l el e 5l (G ) (MY AL 3 ST LG
WL s dedandl aleldl @b sl pedl &l 2ed AU Gldy O pa
(Gl G G pas) bl o WY @l el ) By s Lo
Ll e 5 cadses b e € bacadl Goasdh i O S 1da g
Sgo pldduial (Sagy . Lais agud\ L3l ol ol )l Y olewsdU
W Il (e D) IV A s st g, >T slas
“ “ “ bl #) sl

5ty L5l ) il gl el S 3 &y o] )
b ol padl s O cazas) &1 e colasladl Dl ol Ll b
sl ple cp il e e Laisenl Ladl S ) & a@@\
QU3 de AR Lo ol s lacdl Jamy b LS UL eds ey
Ly Ll i Todey Jlwadl s 3 il el OUS L el
B e ge Ol ped g plastaly U el QLU OLd ol Lead 56 ol
Byde s I ES il 2 g

91



;p—l-'l-hﬁ_- 1‘1"'“"""L.l-j rl.u.l'_' Lags

3_,._1.35.“ il Ll u_.l-h.hﬂ C.i-“i ela

"“ﬂ--i ......

_ Mi#ﬁlhlwiﬂcﬁhﬂ#lh
Sl oW ) s By ololas b 8y bl ikl el £ (1522) e
(é;}sﬁ “"5-1:*3)3::1“‘ Obu‘y

Ll o) el LS il ides B e peed) COp Sl pasial ui

sl 0555 O Lazeadl oo Jrr Lo Ll o i 5ied WlaSS 5 30N
ol el 2 O (Saadl e a1 s il b o Ll Bl
o5 Gub o slasV) Loy gl €Oy bl i) Brlally bl
ol e bl w8l e OF (S &1 Sl (€O, I e il dds
LSBT 8 5T o pa)l Lples I3 a5l €O, I Sle LeslasenaY
S elyiml Llid s O o pedl o Sy Eaims By T s 1das
ol el ey (plasnaVD) Gkl e faylo T g3 el €O, I
2 Il ga s (CO, I 5le Je b8 a0 do s o bl
iy S il il i) it Bl ar 5 Y wl ¢y
(Norway a2 adl 4 pued dud> il o cws>l U8 .CO, JI jle
Ll gl gl 8BS S €Oy JI 5l SlSBLY slizs o siz €O, 2005)
DUl SULE e el 3T aals 0Y alby caldl el 5 CESL)

p s 3] (Sleipner) ko 5 s IN- s 050 SN O 555 ol i) (53515 5 2dUB S e (7)
0505 l) Bl e Vo gyl s 85 5 500, 15 ey

92



oo e esdsm G 38 calel (Jlasdl o ey ) bl s
B el Ladl i e BlS Jel Sles ) susaadl LY I Lels L L
ol b d gy I kel A5 B (il €O I 5l Sl sl
Sl plisenal Bl il gl sl ool 555 edgS Sllad 151G
gl el B3l Sl e il (2T bl Batadl SLY L S €O, I
e S Bl Al coals s Lasdl 5155 sl B R o Laidl
Ll gl el B W 0 (Saadl o ol saoedl SLY I 3 Bl 55055
& Ll (Bl Ll e e Sl 43 €O, I 5 plasenly (B

0 ((IEA, CCS-2004) (s >Y1 sl Blall S5 ol siie waST LS
S il sy Bl wlipdal plhe datl bl ololn
Al U e de saadl CO5 1 SLe DU plasal €O, 1 5L plasely
CO, I 5L plaennl, (S Lol ol ool B oas Vs il G
b e g 2l s JI Jsadl €Oy I Sle Sl @Sl 15 dslasl
dotny s ilide oo sl s ‘@up)y/ﬂyzo) B /N5 10 oy 50 3
oo Llael 2 €O,y JI 5l ol sl ads oS 13] e (il _blas| e
glhos Wk (b /N5 50 Jl edos & mse oolanls - Bl ili
SIS Ll Ss oA g e LGB Adaad) 0 S L Sl Ol )
CO, JI 5Le ol o BAS i) By BN Lol ol el B )
S P
U plaseal GBSOl Ll ) el LS 0555 O ey
Jsiodl i b 1ssme SN 058G Lo Ll plozadld e S5 5ot
odgS W 3 .Gomdl J) i s B 5 Y Lot g L5 ]
S Dbl G o mr ol e e Led 13 Y 0555
Ll gl il ol g pdiinds €05 I 5L e 3,08 Sl e i
i bl dp sae SUT 3 05 S5l Sl o AL
Lobsle Ll o3 moy dnodl 35 tes dndl B heas oy il ol Sl

cndnisd Bl Loy G el 5L ALl zile 1 e 6 Gsdis L3l (8)

93



Lol Lemeas oy 500 Gy 555 Y Ledie bais sladl 0555
R 51 (water and gas WAG) Jedo eley 3o i DM e Le) O pasol
16,2 (Sl s 358, S0 e Sl e febe LS el e i IO
S 55 iy A el i) Sllas U1 plasad 5Ll
(microbial enhanced oil recovery Ly s S ST Lail) gl B e
G dlmadl ga a 055 OF Jooseadl e 10 Gl 5 MEOR)
sol el e S J.i.&.; Cdezel Wy (L V.)e.’u o3 Lfe S JisY
gloe el IY e Slrlis 015 pladl oo L ) O
LeasSU 2l oo Jam oY) s el i) e s ) s
Ll V) odgS Slides pes (S ¥ Sy Liieadl D ] D Sl

I N | S L SIS IEWESLNVN | NS-CSN |

180 B aaia
1-6':'_ L ‘7‘"'1-."‘ B ]
¢ 24 s waG 3l s B il e

f g\l Jda " s (i)
\% " | W aeas (A ,5)
_'5 40
] 3|'_‘|.
0

- I 5 B b
& & &EL 'Epa F o

b

S ) el T e 050 S 55l S R b a1 (1622) JSCa)
oA b il

oAl Bl S LS Qe B3 DY Glae 5 (U 5 0500 O sl 5 &S 3155
gy 2l ball & pue tieas

33l W5l 13] Adiis Rocd 53 1das .z WY1 5sb Bl 3 O gl U1 dame 2l Sl (S (9)
Jsld ST ol 055 0T (Sl e il o e (i ime e a3V 1 1 U] 3Ll 2JU) 2l
AN b o) s s Il

94



10 3 s kuall
Lo Seon U Laiedl o s

il 0 s S LB L) gAY s bles oodezel
SN B dnh 48k ol paadl Bl s dsbee SIS
Bas LY s IS e Lol LAEYL Lendss go,b e aidl
oy il blasl b ns dale Slsae Ghe Jren ST sl
Joses O s padl s Ssoaeddl Ganly 51 wbdis i U
O el g iale 055 A o s Sl Blald Lan ¥l Sl il 0485 O
Jol e Jondl e 8550 - ey Brdaes Bl Sl iy g Sl ge g g
b L Sl Sl e G Al ey il LS > s
330 Lebamy L s i) e 85 1iSGay clasludls ol Sooiel b S
il p o5 O Joads LSl odans S5 . 28T &y G301 e
oSl L dadsdl S g S 5 s

Bl Koy O 3 ol paadl S55 L5050 Slatzal (Lous
Ll ) gy Quwl}suﬁa 596 O Lys Kon S Lol 1 5z
T PO I PR SNV [ JOV %P O IRC R+ PEN P JER [N
b 2SI el OT Y] el ol S Gan e B3N
o Ll s Sl SULal plasnal Sy il s V) Lo
Ghladl 15 S itms il blasl b 5l oblas bl
s Al Lard) | dndlaadl eds O paty el pis ey kil
Sl i T e il 3 e Baaed! ol pad ) plasal Sl
S o ks O Sy A Ll ol SU gl e s e g
il DLl VI 3 d Sl Db el g ¢l ge 00

13 g, SLbLaYI sl Slles
N uu’@"bu-l-*ﬂuu-’@budﬁ S5l e
8305 2004 ole Loadlad) Bl foies Ol ptial £ psd onr ol 55l
12002 ple Lagy oo 0 5eko 20 1o o sV1 5201 b Ll 2] 5 deses
3) caabad) 5 &y S SLbLasY1 sy 2030 ple Loy oo O 55he 50

95



OS5 G oS A5 g S wlblas| 5 uS sl Il _blas Y1 Cias dr o
Osbas Osleadl L Jacns I QL._&L"L;)U\OJ;W ,5\ Ler L] sl gl
2y S Lol bl e O ¢ d g1 . U Ol s3ll 3 dr a5l
LBLES ol 8 b Sl L gy s Lol IS0y diliies (2SI
(D 51 colaaadl D 3 LS s>V olulall sl i wlulall
Bl 38 s 0L Gany 55 A G b 385 er e SL00)
il b w0 0555 01 1 il o ¢ gL il bl b S S
Sy bl on ol (S 5 pieally Gl ) o L) OF s 1
eV e clbdleda B o lladl e 05 el i ) SN s
L 5NV Gl dalaie < SUS 13] 0dgS SlLblast 615l 5 agd (b pieo s shaT 352

TBA J o el ) s s g1 SO 511 2L s

felnald LY sual Lplhodl SULdl el il 058

(450 5 S S lblasN s I SO o a8 danlad o181 20

Bladl ooy (w1 G il 6 i sl wls el ulad i)
(ol S TEA IV Jss b oo 5d)

il GESU gl e asds
Bl b bal) Sl ol N U e dpdadl kel o5 (Ll LS
oY dalimadl eV I il s phas e o edl OF b Lol
5 o @w\@ww SV Jade e el S0 100 i) e
Y53 65 o 1982 ple 5 Lesyyd il jlaad cndy ais (51
Lolasl lail) GBS 21 V) oo b 2ol n 5o 10 Joe 1l
s Ol @5 Sasdl (ad (1982 ple dia d e Ll phanll OF ol L
J.‘.‘“i"i} J?»J...UT)Y)JL"O;JLC\J’QJ\MMJWT‘;@LEJA(:WY\
Il 1992 ple 2 o0l 85 5 &5 ,05 ) 17,2 Sl b lalasl) (2l
L) Sl V) Bl Fage 5G] I o AN Bl g e ]
Jot e Y5343 3 e s (315) 1990 pladl 5 boa U 1Y 55 30 s
O (2005 usle /151 3Ly Jaddl dloes) o 5e diils (el b

1982 511980 15 o 3 % IS Lol Llad andl O calall 3 padl Jaw e 335,401 eda (10)

96



O_gjﬁyodet}.:.»ﬁ.ﬂ&_ljtéﬂ (www.canopetro.com) Lol LS is &
255 1,55 12 oo WS 3alS s ¢ oo ) S sl SN s i)l ) S ]
e, eda dinedy L by LSS5l 5 dladaseodl Lpmsslined Jon ) 1,95
ko 4 ey Sl 55 - Bomdas L6l S5 5o - el sl > Blas ]
T Al a Ol gy cdodan Lo ol Sl gas «(ﬁ.\f@}\ LS gy
syl LoV Ll e dndl 330 J) Al 320 (s ppese SLS)
bl Lgma Ul (A5 3E3s dodlae oda OB (U3 mes egadl] J ynll

Tl e s B p s s ol x| S ST laiss e dnnn
oo e DhaS el Sl OF L oSy S5 spealls Bl o 2
2030 ple sl 36 4 05 1S Gy ] Bl L] bl

&0
,"Ig 50 1
!
)
S 40
e
-i; 30 l“l'*—\
3
= 20 -
=
s
2 10-
.
ﬂ 1 T T 1 L |
0 10 20 30 40 50 &0 70 80
,Y,JQM&Q|@%YI§\)MMJA|M‘ (17 22) S

J.,am}sn”ofbdsﬂ‘m
Al el Bn g5 0 2 ¢ el s Bl B 25 LS
Vals O b claild GBS ol N Gam ol s ALl 5] gl
At ity Ll 23ladl bl S S MBI e e

97



Jke 300 ¢ Y1 5 o5yl Laidd Bsloeadl ) St N1 e 5343 dall
UETIPE Pt PUC [P O - CO U [P PRIV N Y TIE:1 (Y-S RO Vg
iwSJl oda 54 (Rogner, 1997; Rogner, 2000) Jio CUSUl jan OB ¢ Al
Ladl odgs L wLLsY Lg\ﬁ}@fcwu\ s e 5L 600
Sl i) 4S50l blam Vg5 5n L oV sy SUA, s s sall LY
Lgd__\_a_,hl_‘:u.aﬁ_ﬂmj.)o-f\_“)m\ta c(J)\J\L}_p_aJ\L.?_eIO_l

(Lo oo Sl 50 L« Y1 3 ¢ s 15 3LSL) sl LY )

11 5y kall

(GBS el ) ) gl B 3] 90 o 585
bil) ESU) )zl eV gl

A5 el B Sl 5 0 2000 ol Ll Bl o g e (I
i N L lar 0B 6>V ol 0L olag sl odia & ,lies s LS Y]
sy gl Ty 35 Leist o) fadodl Lgio g p ol La 3 g5 (0w
o0 A AL Sls Il d g G gl sl GhL ST c0laid) adasYD
Dol ] B e Lge sty ST 5l padl o5 ok 435 .05 Saodn e

AolblomY1 gail g (42l 8 55l ey (AS5e bl

Lot o sl 6 ptie Slaghas o aS 5l Bl Lol (6
naSeod) ot )l el Al o ) o3 AL e e e
CGos ¢ Sl eeh )L,_c\ﬁ\ e 30T sl Y L=V suss
gAYl fele S
QU3 dany s aS 3l blamS Cielias JulaS bLa>YI sad o3
Ol dii= Hlzel (5 2m OF o 5 Sy Jaadl _blasl Oliazs) ey e
Jeron 3des Lo Lflat.:.:}\“g_é (o) 2ol CL:_;’;I\ W15) A8 el bLoYl
AV o g Ol 0] 3] S Sl e Blay a5 e we 3L
Ll blaml 5 SLo¥ sl gl OF oSadl e o1 cUsblows 0,50 O
bl b dy el sl padt st 0F o L) Lblant ae 0o,
Slpe chslasl b STy (L ol s 3G Lalul eils 1 il

98



wlal Yl 5 ol s ol Sl sel) doess - 508 50 SUluy - Lolasil
S 55 p0 Ul S5l blamt 28y Zamdl Ll (lsa) dpsLasyl
(g8, (lnle Olldzal b Lalasl glll Je s Of Ko
5355l e el 553 s b 0F el Gty ailisl) ol sl - Sy
;Q;(}Jus‘sﬂ‘w@;}g‘nc | dea cdndl 1y Sl o ksl
2 Sl B v 0) &S el J g ULy 822G e g B bl
el el B by W G dpaedl S e Taiab, (18 -
oo el BLazSNI )b Lol S b i e ddendl 45 Y
ilas Gu b e LY edn SlooS O oyl 058 55 (Lslian])

g me bbbl ERSLEY ol L)

bl S sV B e Lany pss s V1 0da 5 i
(338 3odl Dbl N1 ST 3 5 ) haid) SN ) N1 0] Loy
LY wbly e 2l susadl blesVl ool e s SdS
& Lyl dasidl aal) (B "C\J,;:,Az\ msw.m IR RN
o deabis ol Olwmdl 3 JL Y o panl 0L el s ol s
il Claslaadl e e cand ball (2SN gl ol
el i) GBS ) eVl Bl BaeY) a1 sl
4l cmals PS5 Tadoes o el 215l Jaes 0] U
cladsdl b il LY U e W dasdl e i el CUEY
(Rogner, 1597; Rogner, 2000; Greéne, 2003) Q—U—"‘T Sy 5o f\m\ Aoty
40 7l gl oo i WGl s e AS V) () el B (G
ASL] 3l gy JWl 2l N s O, el

OB cisliall o > M J) izl @I oSN e ) b
Ll Jomes o Aol (B Beos (15m) oo DL 300 5 Loy 535
FETOUV-STH DU Y| Ll Jroces 2 Ol I CTE FESINERIEE]
S oVl s ) el s Sy 5

(Ll i) 5, 0L 0 sl el sedl Lam OF o> oy
LY e aserdl LY U T dadloadl oy laddl e (g o5 Uas
=3 o VI s B dobus W e Ll pde Comy ¢S 3]l

99



(Simmons, g 8,50 5, piiedl 4S5l blamV1 o1 OF ol el oy
el Bn e e o deme Ll e bt s s - 2005)
g S i b Lal oSl blasl god () 48 Y o 5 5]l
(Klett, 2003) 2000 ple w3l (51 3L <l Jdney csdszodl LY I

ool s Sle sl pusens Ujlel ol dlasdle VIS o
PEFAPSEL PSR [ CN N AL I EL A R TN S OO, P PUP
W5 ) pedl e Ailises SlS ) gela) Adlas] wle) s Ll 45 Y|
AS oV g gl el g o ) ) S e e

Sl sl o it ddre plasal OF J) 5L preslinad) oSy
il il Vil J51 5, 0 Janie 45 Y1 o gl o) o]l 2ia
ol Bz e ST Ll e o ol il L Ll ol Ty L LI
3l ped o sl Slas pat)l Gy (NGL Jly 45 091 > o) ool
Los 11996 de  bLamVI ol 255 Y1 Ol 25U LI JsLJi
& e S0 0 O Sy A (S il o La O pezge L)
R 3 I PR N PN ERRCH N R U IS PUP I N 300N [ RS
i 3L Lal s s JieS Gagd OIS 6l Uilan] mmw 2 ol
b eegn oedy 5 pBLT I WGV S

Lh

(5]

|:4||_.;.'|.!1'| ,_.u.l' | AIEEN
I~

1=t T T T T T T T T
0 10 20 a0 40 50 &0 70 BOD ?0
L e 1) g 2N [T S

A8 oYl o o) ) gl i) bLam Y1 podl Uls 1 (18 -2) Y2l

.USGS e L] del

100



12 G s knall

L) U o pun) e dadall TEA 43050
i eslasYl Lo Bl ds 5 L Gle I Lglis o oS
Lo calall oUled Joadl osladl oo 3503 TEA J1 5 Bl 3l oo
s sy Wikl TEA I LYY B gl ) G b 25 s
b Jss Sl S SIIS) TEA I b cliael o S gl il s clodall
3yl pedl cobe gl Dol 8S,Ladl 3 05k (O selos 3le sy cliael
JEA N L PP PR TS PP PR AN E ssel Jem ks

Asdedl Bl syl A 5 ) skl Gy ool sha

el ety A Sl Bidl g Y TBA Jl A5LS) mens
ot S clacadl (LI ul) s 12 e e pams (1979
SV el headl sy ol LU (L e Ll
s (B nshally Codl il J005 nads Sae Ol il
ol col ey ol (it Sl Laddl oAl Ll
Sl olulys e s S Jondl meli 555 W8 )
) el el Slals pedas Al Bl ol sl
(sl skl B AWl sl e s clalendl Bl
Sy e ol (,_Jé.ﬁj N gIpel C\P@AJ\) SBIL B oleas s
Bl ast el s

SlbloxYl (dleddl Clddl (s olo 8ol LU 5, 4e
{aondl

B 25 ) cansSan A sl il dame 055 O e ol e
b sl il s I 01 Ay iele) SV b Lol
Lls ciiee Gble 3 Jolpdl U3 0,8 Lo gl 521 C)L;M‘
19 2 Sl B mdge g LS (bl GBLL B 0 S Y1 el
A& gl il sl B debiall (Rl pleama¥I s g s

101



e e rJ'-l-'“ e T e

400
OPEC-ME dint. \ f 250 ,.n.]i:un F ]

25._\

L1 PR RPN L N A S

-.quu.:._._,_.: s Lpardfangs o

230 Ll ol rilnt. b

i R

OPEC-ME aSje
700

e \_.E:'J"
1000

L) sl S Wl glsaadl Jlal sadal badl 1(19 - 2) J<all
g Al L] By sl o il gl we (322 JSHI B
sl Ll

JAEA e Ll s USGS bl s o

daeadl oL
Slesl 5 Jolpudl U5 wons Jsa> ) acaa]l sl a5
s sl b 5 U el ety o A Y S
Sl O el @l By JSKh dwsleadl SU Ll (Ll
Al Y LG s I Bl U S L (Bl
Glost oyl llar Liae obw) mllaas UL pusinads Bies Lals
i gl c¥l B OF e Jbdl il L s Aol

i 15
m B e 2000 e wls el Glest 5 s 0V @b uil
ol DL L 3 o oLl AL sueadl LY ) B Sl

102



2 e 3000 S pa Wlae Jbedl ol bl (5010 1)
e ddle dalS aeam dewdinny il Ld ) ©ldsw il oLl ollee
Silse by Bl el obodd O 2 Ll Tur Gl Slblasd g

(20 2 IS Tus dege

e )l Las = ) Sl Ce.su_eu«w\ e o O
oo 122 SN Ll e L s e Bee ol 510 (I d o 4]l
ASTele I o dgo sl o i Lo el a1 el 85 SCaed
A Al sl e LI asl AlS Jakiy Lo cheal STy Liee
oo b 535 s 2SIl b Aiaal) oLl 55l pe e Bd1 5 40 OF 25
Go e o 3slpedl oda e Badl 330 015 ¢ e 30005 2000 1 Lghes
ol et e e 4000 e 2ST Gas e Ll . e 40005 3000 (o
Aed B3Lo) L5 Sy olblal 5o s

boe 5pely 200-150
Tl pmadl 5 yadidi
3 g pal]

AL, bos g ply 80

g ¥l sk bow 5aads 20
pois boe gaedy T

h-ur:ﬂu.-n.-u,h [ R

A1 b Beandl oL 3 5Ll Jaild &k 25U (20 2 2) Sl

RIEELJER O
. Wood Mackenzie : jiall

103



=
dia ol Ml gl o i e =y e ol e e bl s el 20340

1987 1988 1989 1989 1993 1996 1997 1999 1997 1997 194y 2003 m
i i m o e © o
000 m
200 m
400 m
&S00 m
BOO m
000 m

200 m
400 m

Fo

500 m

Basdl oL B ol 1 (21 22) sl

B R SN IR NT:

ALl e 5 AV eV B eLa sVl 0,55 O w5 gl
oot b el OlsS Al G bl LY s -l e il
of ST el sladl spds sl Lad Dslas] coesl iUl 350>
CSCEEY IS RSPV S 25 ¢ SN | I SO Rt JRCHEIBCEC o IO YOt R CA o
b mm AT dle Mo e s seall Jpiedl s Sy I
SN laas ool gl (52 dndl B enas O deliall
Al Sl e iilee JouYl Sliss A5 Ldis 1S o
.g_,,;u\ qé e

i Je il Ll bl 5 ol )l sue coanlo uid
sdel Jl Ul e dliel L T ,}u\ KU LT R W |
tisliall 13 e 5 el

Ol i 2alsle 0,5 0 IS O 3] ¢ ptmadl asl At Sl | @

T WS 0,80 Of Sy a4
Ble el $U 3 Sl )l O 3 ¢l e Sl el L)

104



ol Y Ll paal By o (S ASlene 0555 Lo
ol et LW sl A i gl i) W

Sl plisenY Guaie &) s cccan! ] bl e Sl m
e olshs sae sl el ol aie e Caladl GlalY el
" el el i
a5l @ sw sodl ol bl SLYI1 sl I3 Cadas)l m
" A A bl Olge o fuadll

sbodl b b pladl LISG] ol S i il BT LS O

o S0y (il olal] Lol Cooiew doudd o> 55l ddanl
BT LS ar dege ok 5y (Geld) o) olas plasel slels
R ot e N G JpT S UNCRIET v
S s s Sy Aol sde B Baal el lan we Ladl
(G e ooy e (G sy LBl dor s DB (22 2 2) sl
JSLaadl e 508 Al Jow 055 Lo adl g Bhanl oladl ) L

1y Ol

el o Bl 3 Lus SV dlidl Slevol dgion L,
oo Bl B5G T denls 0] Slae el e L G o) ks
il Sl el g5 cline e deglie JI ) Ll LY
s ey A3 ke WSS Lol Sy o SLT ) Ll sl 5l
o) Lot Undasen 0V wlandl Cllass .23 2 2) el 5l
Bre Jsim (Sads ) S e asdl dens SO Legs i 6
pliseialy Olass ol fU Ol it coansy ke ST ) pass O
J.>-T U”Mj) )}.b.? ('_ALM' v\_gj .JJUU_C‘ L@_J (’SJJ_ZMLF OW C)Uj_:j)
bV sdaze J5hsdl e B & LB pa pdind) s B e el
ol g1 syl e Slled (ho SL35 OV Gan By Gl cele <)
J}MQ}U&IEAJ\@;LA&T Jj: sl C,SJ,’:...Z‘ .L;j g,\.:.:bw\ jﬂ}b
sdaze G5l pple Jpm didaodl IEA ) i3l > (e odgS sl b
(13 Gsaal) Sl sbY)

105



r Py e
l b g gt Dl
gttt faad e

==y
LA Sl G &tk
Sahgie gk Qe finge] Lpalie |

[CITerCy o Py P vy Ll Lall s dgay =

gyl s 35l wdl ) f s iylle Tk =
il g + Skl il s
il L

EUJRIVLIN S1. SN I PRI I8 [ P S [ L8
PP PR LT R S

e g Sl L Alealy LK
i 2 UDW L gt i
it iatile ot Lylle

A wli g | pha

B
LA Rl

o Bcandl g Al ol dewlY) 30 ldoutl £ (22 22) JSC2)

BIS R PN NT:y

Al il y kil 5,05y

iy

8 el Aol Ll s ¢ Aesnd oLl ol 5 5has 1 (23 22) K|
Pl gl et bl

Zé;JJ\RéLHUM\B)\H Liedy

106



13 5okl
bl saze G5l g gle g Ladall IEA J) 23U

SsbY ssamns L 5 0 Sl b s ol e 0555 Le asle
J\}.c oL;fY\ u..a.x.: &5.9) ‘f—LAj cQﬁJSJ)J.:J& )Lc«j LJ:L.N Lods Q;LG é}.ﬁl}ﬁ
G s Ll Cilr o3 paie il ol 0,55 Lads Lals
ST i) O gllaal O ) Jaie JS20 5k S

sk el b o b Bl b il Al ode 0,50 L LI
b Ja bl Calises w'\s}@?ic,zj aw SU3 O] 3] cdslas
sdaze Bl 55 e L3 3] LT S8l A0S Wploen ay ¢l g
ol ol o dly b 3 odlsh olles ) ale (i Sl5bYI
OV oo M 0B celld mas sdoadl 2] dae e ST bl e
Sleadl Jons Vs o S 1LY suate goudl 3 baaall slasl
JieS 3w e B JSa L)

Dylows Jods (sl salely 2l 5 LaddD oo 5 a5 d g
Spedl o bl o3 ey L A il B Al 1Y) b
Lo ) ol S b L e ol LS Led g ol 2
el L Ll 2] 055 e Baesl

sdaze gl sl il i) ST lags wUld! ol s b
Slleadl o S sde B 1b Y siaze Ghadl gl Zaaadl Sy 1LY
il sl cdiall il a5 b JSCins (iUl gLl 3
BIE RNV A UN g PCH TN [ C S BOX I I P [ RPN PR SN
&91987 ﬁl.&fl.i\aéj.ﬂ oMJSu.@€MY‘C;=.w.L3) J}'\f"‘”uﬁ
Jromis Db saes 3acdl pple J s Lkl TEA J L3LS1 5L
PN PRy SPEL PRFIC SN ON PR REE FRpy N JES) S PERCOVE S|V
ﬁ)L.i:_?j i\fléw éjJ.l..,a uﬁ L»ﬁb)\j.a Co}u? (3desadl C)L;Y)_Hj ¢ddeall
Aol ULl J g Lgbles o

107



Dipond) slood) apli Jomd 155 28T Gl J) 2l Slis 01 Y

Joort 05 5lke 80 J1 e sy 5lle 30,28 3 (Ll s islasil m )l
lazl OV JI dies ol 2 2aiaSCdl Gl il e Laads) i
S sl Ol (a0 1555 25 313 sl sl e il jlanly)
22 Sl 524 22 Sl B mdge a LS (B g Bl
B s OF oy ikl & 25 1 s e arnadl il wes 25
20 o sl skl el e b bl slas) diendl slodl 35l 5

.&.AAJ")V}J:;S)
140 Byl e TR LRI
;1?0'
f-imn-
g mt
3
P -
m-
|'_'|.-

‘\.

bﬁ q?' bf..- b’i‘ _ 3 bﬁ &
) ¥ | n & o
q’*ﬁ G}@. ‘&é{: "ﬁ? o gf? <

E3 7 gl e BLAl e Ty BL s 2418 30 1 (24 22) IS
Jletd) 2

A GY osb Al 0ty el YY1 e)3h Al J bl a5 0.16 =NOK ] : dasdha
12000 pls 1) 1980 plo e 5 2l a5 a5 ¢ Cnnd

108



=
r=

IL__,,'.ll_t-
j' | el zad
2 400
'j. 300 - e
-q, HN|
—— - cung dalles
3 200+ M
3 MLW +
1
j; 100 +
04 " T : = - - . |
0 5 10 15 20 5 30 35 40
- Lty

o Al ol i g )8 9 gl SLST AN Jra b Sl ST (25 22) Kl
sbadl Sy 85 g2 gl ol
Db i) ol LS Lo L5 (1) el Y il ol U3 danll oLl 5 Lon U gl

gl dall 63 L1 bles V1 e ST 48 e Call 51551 53 5 U1 ol sgantd] s ms
Bhlas o3 (i of B Las Je) ULl AL s JLa V(s (5 o o s (JLe)

Toobasl shatl o 8 il J g Sy e ¢ ool a2 (3l Baae ST &y of

RO LR BNt

S e Sl 3 Jldl Clall J T Less (o -1 3 50 didae s
R e P TEcrs | W PR UgeL Bt JUN PO PRCOR N
Ol Lan 3 1SS 5 el =Ll GUiS Jadds . o238 525 e 51 1)
Jlas Lalaradl odas wlane a5 ¥ Ly . Jleddl Cladll phas J o L1
s s 85l ) o a OF e Ll e ¢ St Cdaddl s sls
Lo 22l 325 s e Lol sl Jlesdl Claall bl 0F L35 55 Lag i
(26 22 SN Il b lnaSl b el g S 55l s sedl e A
Jdledl Cladll
olodl blie 5 cdrs ol olbdeld dglin Slasadl s 1,35 0

oo WY AW ATl e SV el bl AeSlus candl iRl
(27 22 IS Radodl Jlandls el bl 3 Ul il 8L

Sl ol Blas Slasal ) elhsl Sl s deliall ol

109



(Hibernia) L oer J2o ,oldls oladl o il Sloas sasax olblas|
Cosl e b (Sn@hvit) w;ﬁw o ;f;f:“” (Terra Nova) b gl .55
a3 iy s I 2B G0 Bl g (L LS s
LS > BT wlae J) Lol Jlal Jusd) el dases wlas e
ds Lol el Adadl dladl Ol ity cias ol s e ST Sy
(28 -2 KD s B
oo D s e OO LgT cidle ca LSl edds s =
s G O Soadl o Ll Hins Sl B il moladl GIISS
Wy ST 2] ol old daw el kil Jletdl Chall alis Y
S e e ) s bl e s sde gkt OV o 6
Sl e &l e ¢ Jeraal 208 I LTy e o sl Bl CilassY
en s glis Jlotdh Cladll 5l ga o Lgb w1 ol 3l s
AV Ges 0550 S L ety dwy Jl oliadl B Basly bl s
B S| I DU U\ IYCTIE [UUONI | g S ‘J.:.A”200 o J_ei o
oBors O wldl Juadll 5 i .z.,wjj\ o ySodl wlabe Je ol yha)
Gl e badl el slas) 15 i il Jdl sl ) s
Y53 605 (o)sb Al aslacedl D 5 L) 1,¥53 20 o Lo o skl
il s pel) sbinadl galasVl el Glesl 83 L) oo ol
” (L V1 G2 o Haaadl 31 5l

SR

/ 25%

Ll Jlat

Sles
L LA

50%

N

25%
2zl b U1y Jaidl 550 e b et )] Al 126 22) JSI

c\.%jj..sl A.IB‘UAHJ Ll 5)‘)}&\)&5&;}9 <0OG21 :A.F-J\.Zj .USGS JI QLJQAAJ.FQM‘

110



Jletd) Cladll jlas] 1 (27 22) K2l

A e bytas Ll b sy ¢ sl Sl 355 b jaae Sl 55 AT O3l ol

< http://www.uscg.mil/lantarea/iip/photo- : s =SIY| C;fu sl CLY I sl e Ll

gallery/icebergs-1.shtml > .

Ladlaslys b Josdl 5o % cOG2I s P.G.Grini s ydeas 3UY 5 0 0 ydas 5oy o a2
A il

111



e

Sl oy b o] ) ol (28 22) Yl

P.G.Grini J] ;5 lc« « Aker Arctic : jdall
A Al Bl Ladlsls B Jeadl 8 <OG2L ieas

iaoend) Bles¥l wlblos

50520 22 Sl B e ea LS oaleld Al ey pidl gl
el el e oSt o) e 4000 oo ST e Je ol I
Sl o ST Goendl ol Ol e M 0580 a3 ey ()
O (Il s i s I 815 s BT el By 5T ) e
¢Sl md2) 1 ST0 ] Jeas BSloy Slosmy o 50 e 2K
o e A ¥ (B0 22 S B L e s RS 2
Dl Sk o gy OF e denll ol s Il el
Landl SV i B sl Galal Lodadl aliedl eSS AR
<2 9000 ) LT 3 (KTB) s Grondl Jamdl g5 000 by St o
S by bl Geadl (Kola Peninsula) ¥ 5S 5 55 and 5 Ges Joss
syl ok JE szl SLY b Bl 555 e iy e 12000

112



s - (Deep Trek) Glae¥) Al ol sy oo 58 Wl debiall Sli el
SUL s cadpdadl sl padls capdndl dsy 2SOV Sl 04 O g ol
Je dagadl LYY plas] UL LN e s g?.:J\ sudl sl
o sl s Heo sl Lol 6 el Ul

U el sl pdl 2 e LY s 5 pdl Jeas O (San
525 T i oo 03 5L 300 ] &y 5 il Erolall ooy 530
Iin b 5 01 S L) 351l S5 5L UL (L) ol Lo ci2a)
iSas . BY) 3 (Ui SV o sl sl el g Sl sl B0
e @I B8 s ol DU 5 S sl e Y sl s ] Gl
Lo Ll 0 5Sm dimend) Gloe V1 SLblam| OB i) Sl e o8 I
el as M G Bl L] Gl w683 s g B By (e AL 05
Sl A ol el 3 Lslasdl sl ge 0dgS 5,0y Jami AN Y 055
Jsi> & Joa= LS sy & el pandl SLbLYI OB LS ) 08
CLE Cod e 6000 Ges Jeo Jlldl * (Elgin-Franklin) eSS )
5352 50 2 9000 Blasl JI s I UYI 0l elld J) BLaVLs .l
(Hart’s 2005) 3ozl ijj\g Sl el Bl ol Sl b

4750 - p— ] e 400
52504
& 2504
&00 #ﬁﬂ 200 o 5% 10% 1 f;“'u 20% 25%
Bboe

P Ges AV & 5,5 9,0 350 50 lag o5 1 (29 22) I

.CM\QAZ\{)L’AW Somedl e S Ladl e el L1 Gl leS 1 L)
AU s b rdeus

113



SRR R A
b 3
¥

0 Bt o

s Vesaa e e gy

d80 4% J20 £ M 0 W & w0 10

S S ol g Y OS] iy 5 1 (30 -2) S

<http://mahi.ucsd.edu/Gabi/sediment. (Scripp) <slUa. >l r)_L; g oo g l) Ll 1l
html >, and Laske (1997).

114




L) Lad)

éw‘ ).“/.C Ladl dylge
adaaidl Jlo 0 ¢ yeo glieed! ool Lol
Shadl Jakl

ihaidl Jbo My Ce gl ¢ o2l Lol

Ll 2l b Legn Tl Leadladl BU Jdits Ol il &35 355
oSOl Ll Jley e ol (S G e sl Joat)
Dbl 555 o 5,08 5,040 el e dly il il Koy cZidsal|
6 s> I Ladle sl Joit)l Laadl sl ol 5 Jass s
b cRsloll B il S IS Slloally pV1 S caisl
20 o 31 L5 Hlenls Lolasl Laesdl aadl Jbsjy syle oo e Jar
oo U LS el 1Y s
boged A el Vs ds s B s ISy Jo)l Rl sl e 5505

Y ast 5 e B3l L e 05l 5 155 O 5 25 Jldl e

ST dley pllaas S5 (Lad OLY1 Gany b (01 adll dbo ) ldaas pasennd (1)
Qﬁ&%\oMfMj W}WJ\JJ"&J‘M\WM&L@}U&J‘@J‘QJ‘L“S} :\.'J}e..fu
A g ST Ll Ladl Sy cdul il ods b

115



il By eV Gl B gadadl bl e ST bl
Wl clles 105 06 2003 ple 5 4S50 bon s JLle 175 a0 ST 55 s
s oo W el day D B asse bl ST U
el s &redl By pall SMendl S oS B Al dnidl ol kel
Bl bkl (1996 ple cwld A cilaill b ol il asL
g ok (1 - 3) J&:J\ %;9 C.wy o LSy Lol eliall e b ,.S
e il e dege olblasl Lol Sl Lus,

aaie oy by e IS5 ¢ R Bl e dilisee gl a5
RIEIEPERPECHEVRCUC NG - F TP e

g AN B s gl

(223 UK mladl e e Rl JU any glied Koy
S5 sl Gl plasenly eall e e sl 1 OLRAN & S s
gl s sl Zl s L alieindl LD s e ol
Plas el s s il ol Soote mied) Sl pmal]
Gk e bl (05 L e soded) s BLL el oy s S
(o)) BLoD sl ol danl sy 51 (05 S 215D (S
S R g (eleall pBl ad o G my L G5 e S
S slas

dloy s o s 3 Lol ol sl ALl el JL )l a5
Li foe p 5Le 600 0 OS5 3550 Lans G s (Athabasca) L
600,000 mxi O (2004 ple 5 .(akd el Suul Koo Lendny OF o)
LS Ehadl Jl U ) sVl llee e meadl ol Ll s s
o Jorn Gades Osle V) Sl pos 01 Sans Ly
e e RSl B e paa) JlassNI 3 13 Sl 5 a5 12012 ple
Aol e il

116



}

A

- {r

Abd!g&zﬂ!.h.&:.ﬂ.s,l‘,.o (1-3) JS.:M
ol Bl 55 B JoVb e (Bl dgae o 031 ISty L] el

JSad s L) J;-l oo ¢35 axsl> (Mauric Dussealt : dsd

:I_.I I
S _p Bkl JUo Y1 i 1 (223) st

Pat Collins, Private Consultant, Calgary, Canada, with thanks to Maurice Dusseault, @ é_oJ_2 5

University of Waterloo, Canada.

117



| gclAs-¥

Uil y

(5]
LY

B sl

Py
L=

(2000) Jsass JSI ¥ 48
o &

(¥, ]

M

1985 1967 1989 1991 1993 195 1997 199 2001 2003
Al dle I e ol i) 44lS 1 (3 - 3) !

. WEO-2004, IEA : ju.all

AIWI g5l g3 L) e

o S Y e L) o e pn Il LB il gl BT Laa O
Uoed Slosl 3 s3le gl V1 ods 555 ol blasl Jigl 3 susdl
3 0550 lher ol Sl BSe 2 e LGB S s L
Lol S Lale s U1 0680 SIS oS GBleel 3 Laisens 5,0 5l
Al el AL il bl e B Jews dols CL:Jl <Ll J{ gl
e Jbo e e ey N QLU 000 ol oo Lads
ISl V)Gl o s a3} JE s o3 pedt Jaidl i
R YSIES [ PO WA L SUR P LUV NV “CTN VI JUCS{ JICH WA ¥ |
;}.:.E.‘:J\ Lol CL“_Sl 4l (steam-assisted gravity drainage SAGD) L) S
s 1o gl s I * - (cold heavy oil production with sand) Jo I 5 L0
ISty V1 S5 OF bsnedl ad (DU ol BUadl pal 5 Gorlas T 5
SUadl sda cwls ciias =X sl A e ol el Hlae e e
e pidls Sl il Bl 2] Ky G ) SllaniVl ey
Oe .G 23 UKD Joo U Us el 1,¥55 20 e BT Lo Sl sl
IS P e Osde e 1S (B e il ) i) JBE 21 o
2012 pll § aelay O (Saus o p

118



Ll g1 )l L)

B pds Bl aSley sl Lad) kil e 62T de saze Sl s s
Ul L) 095 e boladl axlo] Sy ey Leadl blos| 65l >
Al 2N LY e dalses H0s olles Y- 3:?)}1.5 FIEPEEN
(Orinoco) 55 55551 pli U Ste oa edin Pl ol s30ams SUYI
odgS Lk g1l O o B L A olblasl sl sl
bV Bl I e Ll comay L el e T 250 0555
Sbled L3S 0555 Edenme Ul byl ] Gy b 1y LR La)
Baisdl U s S50l Lo 51 Wl 15 Lo o) oy 1 2 dah 6
(g Pl Ll ) ST e s

Jts L plsaal Jole 2a il Olload) ods 355« 23 aas
oldles J%Oﬁc\,&@»w LW L@ baadl 4.8 Mp s w8y L shne
DA 835 g 35l e Jolie ¢ foep SLke 250 gty oS 50 plm B edeS
gl e G5 Ul Gaiss B8 Godas aslianns . fos 1L 1700
RENEL

oda Of =3 -SAGD uusdl LIl SULl s 14 G nall iy

Wl o ob Y gty il Ll Y ke 2SS e Bl
Ll Slay Lzl Lidl 2l peal GBS Joe snad B J] dr b
s Jo Jgandl (Saus o) piealls Ll ies ol e Bl J) ellis
IN e Balidl Sl SUls IS e 51 SAGD J1 &l JM- e Yl
OB o s S G DO e W Sl e fasds Sl s
Sl las el 5 wneos I plon e ) ST L2 Ll
Loyl el SU1 e 5Ll o ssaed! L Y0 s gl 15
S e e 30 s 1S el LB Bl e e S gl
O Ko I By ) T e 7o 155 ol ) Y1 T s
el s ool S s s o e R il L] e

B A (8 e LI e o 0 D e 3l oa SOl Badae UL ()
5)\.*:)‘ éi d_j}u.ac\..vy\zél.lf sl GMCQ...Jcla_.Jlu.AB)}vA\ W}J\ “r}laf));fa&;lal?b‘y\
.QGIM\QSJJMIQM;WJQL;)#\&&j ul.()\demu

119



2015 ple o L Ll 2] S5 Gam OF (as 3 an YL

Loge ol 05,801 Sl o doll el S e 3 3Ll Sy
gl ol e (sl 28 5585) S G 5 Glanedl e us
S ST B Ll bl o) Gy (0 SIL 8 5 585) LRl i)
Slbae Sllgnns cingl by gddal hadl 25y L leall Bl
oo il b Jl sl Lo 5Ll il delis Al el 3 2LsY)
i) dn w5 5 01 ey s i) Sl g S 5] L s 1 25U
el e S il 525 ST dndl 320 JI ¢ il Ladl s
S Bl plaseiul 3 oS 83l L ol COL JI L Sl o%s O
8303 o o EAss <(kyoto protocol) & 5S adlaV LE_U LYl Glaal
B i) )
AT 0SS 51 0 S ST B Sl ks gl e (S
Comys i pllaall Blall e Jgmsl ol o Ll Ll Jsis o oo all
Upandl 5 sieall o & ol il el Bl pluseral 3 IS deliall sls]
CO» I 3L Jo Jpamld (o 51 5] Slay . Ll Ll wlblos| cos
o.l.lbj 5\.&-}}}:}- QLﬂﬁ@dﬂ.ﬂ}) J.:J.z.:.‘\ CJL.G.A} M\ :da_w\).: c:»a.“
O B N AT ) LI CRN S VS R PRSPV Y
S U il ksl O Lol ol ¢ e o ST LS el ol Y
i O as ((IEA CCS,2004) (Lol 1,955 50 a (CCS) 5555 05,5
LS ol 0,80z L& COy I 5 3505 e (s smes Ll ol
ads Jyaxd) 5]
Lal ol of 25¥) ol B 3T ol Sy 205 s
Do L e desidl Lhad) Jb ) Blad g b day > ol o> i
J=l e ol Al slal,adl oLl U5, L (ACR, 2004) 5505l G
i et SUL e S sae OF JI (Flint, 2005) oda Gl 2y >
Sl gy Lles)l olsles il U 5y ) €O, ISl S

de ol S eV Sl Jol e ol 502y (s 5 s LT el w5501 3)
CACR-2004 5 ST |Lols

120



(k) L 2l SAGD ) Y1 iyl Caliea] ds s
Slazdl e el €O, JI 5L ISy el 325 Juasy =) €O, I
e Gedet o SKass e Bt 2SS e Jpeamd) Sy Lt W05 Gl
Bledl Ll Lo e sleze VU ews cols 1) L6 wlacs e cllis
;L'o fy; a;LaY s lpjé BL};,%) s 5.0 RIERA )’L'c _;\ il

e Ll 6 dadb ol
ool sl ST Al b 3 1 b k) Y SUE e e 0]
iy Bl e Bl by O JoVI sl B G- Sy
QL:J.Q.:J\ .kma gubj@\ QTJ.:.G cQ\j.;w.l;AB.}je-},a Ll a.l.h_j PrIsy
Bl )l dulys OV (5 oms e leninl 055 Gl dde S

By oy olsell i Ala D By L8Y1 LY a5 Sl skl et
. (Toe-to-heel-air-injection) sl J| <=L;§1\ oo

o (Ll el b ocidss) an,y ool olblad) i m
L St Ll S o il blaml b ol Sl
Sy )l s 0F e il ol J) AR Sl S5
AST &
Sl o OF Sl Joes o) disdl SUg Ssodced) plaseal o7 @
By el idendl sdn O oty oI5 L Lidl sy e S ol
ik ol e dudl eox ey WOYI o> dslassl VAPEX o
CUR i walely AL A SU3Se J) gl LEN o b
Bl s i SRS plasnaly (2 aele) oMb 2ia5)
gorin s sVl s 5 psde J3b LBy eemills 2V olesd
oA 6~U\ (<http://www.longlake.ca>) |5kl & > Nexen/OPTI
U.Au.o_lad\ s Gl (A3l SAGD dles i 58,8 AE ol S
2006 ple JM_U I8l ol i mans Ll I )

121



Hs Ll Sl o Lslasl 35 el B Jern 70000 Ll (5 e
bhobss Jole oY ol adl dIsYs L e D Y5 200 1
JigS sl de g

elaall loew OB colaile 3 s by ol Ly, Pl 55 s
Co e ¢C§j.:.¢._§\ 5] 3l JJW LM\ oLl J_UJQJL?J u.p\.&d\
el e pad OIS IS 1S Ll Ll e Al 0S5 of (Tl
S My comdl bbes slel Lot ¥ La Lidl OF ada>Sa jdon Lo
u.n.:.dug.o._[ LS Q)L’l.u L}_i..;.r 3)\.:‘5;43) ‘.L.SL;O Sjuﬁ‘ C)L:.IQL:.:}Y\ Ll
oo (s Ll BLesVI O Raisie LSS saell Ghled! (i
s kel JW ol e JSU 21 AES faws e el S S 5
ol B B Jal by Bl sz sl CILT OV ks (el
S s ;ij\ s Bl (s e u:jy\;y} Ll Ladl L)
2 obkma¥l bl sl 0 (Sdl e 2l iy . (coal-to-liquids)
DbVl 8 sme Il 35 Lo fidl il sl

14 3 s kuall
(SAGD) V)| iy joas 3 L]l iblis
Y el Bl el e A5k 5 2a) QL Ghun OlS ua
ddam g a3 Gawss) kall s dauly Gl O G L el Ladl
BU odgd OB clomdl o g &1 2 21 LT il andss (Goas) DL
Jlas) glad ¥y el Bl e LSl ) T s B 35U

3l o &l sls ST Laidl Bl L)

SAGD JI shas J| B0 dad peedl a3V LY 5 ool 0

G Loalim| 0Ll 01,5y Samd 423 Sl b (o me 2 LoS
0,55 Adaudl 2l Wiy bl pis ol e Ll 201 05555 >
o el plaiial 85LiS L s el i) Ul AS 3y heidl 25

122



s Bl gy Sl gl el Jdss any 4] LS cAB) 31 Gl & 00
OF s Dy il o) el 3l 05155 G il
B A b s il B 60 s | ) el el pe faas
D i Sl e OIS 3] ddisis ] Ve Edlndl iy s
ode b Gl e O] S Dl iy L A S A AL b
Sl o e Gsliall b oo el AL 5ol i sl ) Ll
b ilsb Slle e Tar G35 Koy £8Y1 5LV wbs Lolal ol
BUSTI o Ly aisen ool LS OF e ad (Lo e LY 0O
SAGD JI &l <JU 4@y Jladl dgu LT ue o 5eSI o ladl ]
OV Ly cansladl @sz\ S SN ol gl I T e cdes L

S Bl 2l olsladl S 3G

SAGD 2 Wpus

Sl s lns T3 iy ) ok s 1 (423) S

S _ o) 555 dasl> «Maurice Dusseault s Encana Corp. : 4l

123



[ ket s e

Sl el 3L wJ—AJMUpJ_G 1(5-3) Kl
2 s phaks — (SAGD)

oS _ 4 555 dxsl> «Maurice Dusseault : ds.i

IS T 1S Tolaal Ala 0] 31 ealaa¥) ol 2l o 1 gy ¥ 03
J53 b 5 b el g3 ol e Ly i3 Ul) 531 5l el o
W sl el Il Il s J sy Olees 245 dulys b TEA I
IS ks el JeV il Sl faiss bl feadl B sl (S
SM”-SLA_S‘ JG_R.A.S‘ )Lx.mj ﬁ)L.:M‘?Ju,DJP LS ¢CJL§‘5J,>LA.,U Z\J_i.).,_!\ .3)‘}.4».” o.l.ﬁ
Bl OF &sl (o 255 12004 pla) bl Bl Juditne Ol pizal 255
1,5 foiy gl b Lol 2] 5 el ,L&.jg,_;a:sﬁ?i <1, Y s ke
2030 ple Jslomy Lagy oo O 5o

e e (Ko Sl skl OF Wby kol e cple 02y
Sl B Bslasl ey OF 5 o1 Bl Sy s 5 Ladl Ll
S s 5 L (LS el 1,Y55 405 LS ol 1,55 20 1 e sedadl Laidl

e ASU oy Y Slbed 331 COy I 5L bl ciiss

124



Sl V] e OF Sy Y sl pedl (e 0l Redes LeS L] OF (S
s A s el Jle ) Al JUl al, ZEST ey e ) e s
O bl sy bas oo 200000 £ (Sl SV 55 Sl duai 1>
she g 3yl el odgd age e e sl Ll T e

.>)JL€«

il Jakall

oo ek el i e daasdl B hadl bl gy Y
Jpdls el S ¢ i) 3Rl oty - eall oo Loy mllaad) Chays
Lol Lpandl SLS Ll e 8 S eSS e gy - (WIS Jlaliall)
L3S Bleel 5 Lssas <olS L I3]5 . (kerogen) w}jfs Lo gos 3 a5
P QUSFRTPCIM Pl R P CH PN R 3 JEN R CHRNESS Y | vy
s Ol S e sl U Gleel 5 a3 LS, L
H L s o Sl (B ol s oS s S
el gy . ot JahS G om ¢ filo b 25V &t Er 5 500 I
il s e fl ake ool alie 5358 350 (LI i) [k
JaRl e il sl s 0,8 saed Sl gy ail Gl pasil
el 0 AN B el

15 Wbl Iy s OF K 0 SVl ol Jab Lis 150
Jalll 5 a5 ealanl iy HlatnadU SLG OLS 13 Tur 5,08 A5G
Daba Lo ) Lo somay bl U5 Sssien e s ol Lalle Lot
Bdmenedl SLY I 3 055 16 e ¢ o oo 0 05y 52,6
Jom ol J3hll o 5t 6 L &f L35 L 6,3 ISCall 5 as
sl JRBI1 Lok e B2l 350 plasenal &S] KN 5 s oLl
Sleosis 51 el e o S35 B J) s oS e Bl 375 L s
< http://www.worldenergy.org/wec- :‘:;QJL;J\ Bl dees) DLIS Lk,
ol o Q\J_:_M_&_? Cl_é_i geis/publication/reports/ser/shak/shale.asp >)
<http:// 03,31 B e Oseed LA ot 83 sdonall A1 & pael]

www.worldenergy.org/wec-geis/edc/countaies/jor dan.asp > .

125



o e oL 1060 JL1 g Jadedl Jalall 6555 ot iy 2 (6-3) S
g AN ol il

Encyclopedia Britannica (2005). : jdwall

oda cilS Jl .J)I’u djf:.o J.STJ;.SJ;-L;l RN CJLAY)J\ Sas
RURREEIN N[ PJCRpgl [P S P OO | P PSR PPN PN
s ol Wy skl saed) e Slslaell Oles Zliie (lis S
Sl o S Cradl 5 Ll Lol susmenadl LY I 3 25Ul
c2Us - et gl Ol e ke sk a e Al sk o
035 gmadl oLl Lol £odle e 1,00 lslatll 5 Jaidl LRI S, o
ele b il Jahl) dal oy 8Ll 5,155 culis Lol il sl Ui
(SN ao ) sE e (s | (DOE Shales 2004) 2004

O ai e Bl e addl LRI Jpul e B s
Do 35858 epsd oS (S dllsy cila ik b delis L] s
oo JS 5 am gy e Bl e sk RS s el W e
Leds Wl Ul il ARl sl 5w olice ealls o3,
Ll ol e ‘_fuzj\ Johl ol e e pasend sl Slles
e 3 B Wl B S e e fels wllee JSY
) Al Gl

126



Gae She sl calandl e el g1 el (a1 2l s Sy
Cikall JU I T il gl Dl oS as )t Sl (s
Ul B e ) Seall e 5 iz d sl Aed SUWE el
oxb ki JI L s oS e (Retorting) i padl b e
T3l 0550 O s comsliatll ads oy B el B selal e sae
e ) LS el 1Y 55 25 me goleassl 2ol LasN1s Gla> sV

LSl iy ppa pas (LS LT D3, (7 2 3) JSCadl Lo e
doimy ¢ eV ozl JGRU I glall (63 ol st s e Arpesel
SIE B gy e RS B B)le st/ Joe s 200000 s lie e
Loy Wil B e ol gt om0 wsny oLl LS ool
o U LS al 15Y55 20 1 as el

E w0 | W Tygpuall o
=

=y B gL

£ 254

B olits ol
Juall ol aliis

20+

134

104

-

4.50 3
340
] ISR
;_,.I-L.'...'II;,.gJ__..-..LL'. q—'l—_l-i-ﬂJIJ_II.L:IJILII.-u

Wl b 0 kel o g L g5 e BAIS 2ty (72 3) S

. (DOE Shales 2004) s>l LY G135 Sl b 2 e

il il el 0B gl gl ilas sl 3 LS (3 e w1 Y
Ohols colblid) e palsdl e A6 e 0555 6 Lo 3T Jasy
oY o JE BN s sl

127



st i) pl SV T By L o) s ge B 2 pmedl i) Cy\
LRl OY 5,0 as o peall i (SIsodes G255 Ol it N
WS e Slas] Comy el g i Ladis alis boses ot
SUT ool Lae p Jonn OF e 500 el e (i ) Lot O
gy Lt x5 9500 s> JI Seall s comy o5 sz Y
ool s S e S e el Sl S soaeed) Sl
o eV sl B L] T i SUL plasealy SLY) O3
g-u\“ e Gl et NI POE [T PR GO R
b as o oV Ol B 5 ) il Jugeeny ST ¢ il L]
Al NO) RETIIEH R ST PSS VRCET U I PIBE Sl Y
i35 o Al LI Y] Bl Jeod Wl e e 31 s J5Y1 L L i
Sl J dodl oVl wo ol G sdinsdl ULl i Vs L
o) @ ol Al SLaadl e 1,85 GAS Coas T L8 cCd sl
Sl Bl b odi A ol el L slaals 5V plaseaY
S e bl fslias! 0555 0f edgS wlledd S el Ll
Ll ol 25) 3Lty Laadl dowed Lad e . koo 0 LS ol 1,¥ 53 25
PVl bl Sl Feme ol gt e L5 AS 5 Leas (2005
Y53 20 4 slanly Lolai) 0556 01 w5 ¢ LSl el plaiinal,
oA LS el

oS Leally (il Jb) 2l oldes Gl (S5 S b5
gl oo (ST €O I 5l s s JULs) wal Bl ¢ ozl il
S pedl e o 13 Lo i haedl laill Elee S5y sl ekl
30 I 6l Bl e e oSV GBIl JoY) sl
35550 e Bl eda comtl Lo 135 el Laidd DUl Eed e Al
o Bl el COu I Slal ilos JI zlow 28 LB (552!
Gyl Ol ds o oSS B oan 0y COp I e el o) IO
Al AR ol gyt oy OF L3 dolasll i) fl
Ladl e gl oo p I CO5 I 5l e L] 35 180 a1 Y
(<http://www.iea.org/textbase/work/2002/calgary/smithdoc.pdf >)

LS el V3 50 sl anypis 24085 €O 1 5L sl gl 01 51,5805

128



cobiedl (B e el 3 lasl oy Sl 1 BLAYL (b 1S
S ES el Y s Ll e iy 3 055w LY 2SI OB <l
an oeeds T 23 Sl Bl ! OF 2 o - o
LCO, JI e Cadss 4l
Lally Llaad *\dug\@gw\ LS & 20 0L cad] 5,LaYI el LS
OlezeVl Cdeed 450 \rua_;j Loradl i pald sl 54l e sl
i S el iR gt 3 ey OF ks LB Sy b !
sl LY Bl ] ol adl e 1 sdsenedl LY ) Al 5,05,
2020 ple Jpmy ool Jaidl il e Lagy Sl e ooy Gl
25 o desde b el dpnlas! cid g )5 Sl 2oliedl 505
sda O b €O, 1 5L Cipiss BS e ¢ e LS ol 1,53
Gl Jalll s 2SI S 5 0585 Wl e b s S5 Ll
L_S'U\M‘('"»ul}w?j)ww‘wu?@ C‘;S.&x.}.b;;l-c\
c:\.ﬁ.:br_‘\ gféj .M\ \LUJ%;esj}fJ\ L'J.:.?-}ﬂﬁ\v.,\.&uﬂ:.b 44;.:5@3\).5
N 5S 5 AV 3 05T Badenl 5 oSl il (B sl e o ans O
s sl @{wxgmwu\ﬂ@jgl&ﬁyiﬁjﬂs
/\)V)>70)/L“5).“_AT/\JY)>25 &M&éJWY‘ CLD}“ w‘jw

el LB L) ol e e ) LS

129






DA Jaad)

Ol Sy g apddaidl e Hall 3yge

gtz e 5l

JRCS CA R U ER T SR VIR TS P (R SO 93 [ St PEg P
S olblas C\);T SN Bale plaaal puduna s (gl
dddl LY Bl e (S OV ) e o3
Gamoeadl LD (ol il Ol e i e JoV) 3 0385
e e O 2500 B 5 s Tas 58 slse Oledl Ol e
ol s vt il W Han LB (el e (35 Ok 19)
S 25 5 o il SLYSI B ISV kil B U s sl el
S 2B e deadl

Sl il b
u.” L>-) )N\Mm*}bw\ \Mmﬁwcﬁv_ﬁj\ V.>-L~e
ﬁﬂ‘f)ﬁw\ﬁuOWQSWMw}fjﬂ‘
ool & 2l L}s L.&; 5 o,lasl Ol e S LJL>- Ay 4l
fda C,JJ JJ} Lales aJ}jJS_S co).A 21_:C02 al )L& o }_\5‘ é)b:v.“
S el ol b Ol 5L ol sl sal) Bade Vs 150 A
Y el M b (COu I 3 Jgo ddendl ol B Bl U]

131



(@Ml AT 8 dods v L) Ol e Dol Ly 501

b L O 2 le IS0y 00ass I Jgm ool s e i
B sadl vl e SV STl OF B pa dr JSCi G e
e oSy ¥ Glesl 3 U5 5
IR 0_51(,_»&_!\ s e sl gl Slalys 58, 45
Tl g o B 01 2 codgS Biee pomd lila) oY s ol
Sl ] fais U pie LS 13 05w s> IS s L0V o Las)
s i ol
Vol 5o, Glasl (3 0 sadl vmeddl (o 80 LS 1 S5
OB il bl B el I LS oSS ey o ploinal (S
il Bib Ol Of e Olte e Lal gy oda dhanll (odll Slid
(1 dds> iS5 s ,Ss e wlile aisl ) ol ya (Coal Bed Methane)
el B 5 51 O el Gae AT S odS b Slad B s sl
0dgS b Dlab (B s sadl Ol Ledld (golaVI A1 S N Ll
S olblast 3 2y Bl Tus dglie Bl el sl (S
SO D s brall jassed (il il B LYY s 5] il
P Sh LS e )l Slpmall Ll LY Y e el
Y ol 0B S s B3 015 055 OF el Slib fes ®
wliasdl chaadl blosl Lais 13 Y] U ypan LI o 33
” S 45550

canlos SIS B slodl e 8 0S SlaS e ool (g OF Sy @
aw@uuudwm}v}d\@@y;w\f@w
%;SL“JLU ccuy\}}ib uck_.,J\quij L§‘ J}wj&.gd.oj\&néjxs
L5 Ll LS Lz ol HLYI B SleaadU Ll 0Ll da
casl bl 1 dadlaadl sl ol ) i bow oLl s 0N« IS

S s i Lels IS0 sieee B OV s a5 Y &) Lo @
Dled) Sl 2l anal B OB (Ler ] dume o dila) Sy S
Lol mall ©¥slee e 3l 0555 L UL

132



golasdl i V.xid\ olab e L sl e gl =l sk - A3

1S eV B 55055 Sl el y IO e Ll ciamndl SLY S

o el b Ol Jres Blladl iy i) Relal] fots oLl b
sl LY B S Z) e B B8 e

& et A il Bab Olis o112 14 Sl B iy 1 5 e
oo LS i s 3000 Sl sk OV (5 ey ideadl LY )
obasl (Say Jsimdl edn skt Slioll 0,8y 1 24 S B e
LT L by (S adll i) 2asST) daises SLYI o oS sde iy
O Gy oIl Sy 32550 T pinin aomdll A Olis 0555 Loy Al
CLldly cmally Sy (Wl 8 Bl Sy 5 S bS5 s
3 Jsandl S i) Lk 3 o :L:Mj)ﬁ adps el skils el
3yl sadl o SLY dplie (ST 3 )l sadl ods d> s . White 2005) 5
s Wl b clgaitns comms Gles] 5 caimzadl LY s 534yl
ol Slib of 2 (Jol el e 5ok I O aly LB aall L
OF o5 A gy I J sl lame B diliies Slasl 3 aSTL 63 5 4o

Jd 5 S 35l ge 2aiSIl e sl gl

3 1800 - i B Aioea Boge
E 1600 4 B Acpciachian Basr
-E Hm_ﬁ W Warrior Sasn
& 1200 4 : .
z [ Enerprg Baem
' 1000 <
- B Son hooe Bouin
800 4
600 -
400 4
200
0- .
1983 1985 1eg7 198% 1991 1993 1995 1997 1999 2001

L il S ) b el b plie U 5] (12 4) S

180000 boe 51 xS 20 O 5oka 25 ¢ SIS e o8 O 5y 15 1 Aadho
N EIUNCH TN BTPY R PS JRUC IR VR W)

133



Western Woshington 24 Tef Marthern

* Appalochian
Forest City 1 Tcf &1 el

Wlimois 21 Tef

Greater L "
Grean River Cendral
34T | Appalochian
Uinto 10 Tef K
Piceance 79 Tef

Son Juan 84 Tt J
Arkoma d Tef  Warnor 20 Tef .
Cherckes & Tcf

7 05 A 20 — 3ol SLY G B el D Ol 3 5 1 (22 4) S
S

ol LY I S L ) SO e el

@olasVl sVl e OF sl SLY S e sl clls oo

(Economies of _ulLiae olslaml ) OIS Sy bl 5 5.5 0 055
Lol 5,000 0L OV S iz isens SU1 a3 Scale)
Sl e WJWI bl e 5 W 358 gl S bl
©ysh s sl SV 2 als Gl e i) 22 b Ol
O b (wsns comalls (1aiS) 2V Ghlacdl jamy b sl alin
Edoedl Bl s OF w3 gmedl ped ¢ SV ol 65 5 LY Bl
A Bl s e 2 o8s il Y Bakedls L Jbeadl a5 ST ol sk
055 3| honns Ktie adiny i) Ak o bLimY Al lial
Baseroll DLV 3 Bl a5 oS, Wy eI B ey Ly pa
alam e ot Lo e 3wy oLl b dleod) i b dege 15 54
o oAy eI plaseal Jam a5 Al Gl a5 seb

134



O o S sde e dezas I il blasl gk S plaseal oLl
o) COL I 5o i pabeig 435 il SLY I B dedseiall
SAl P €O I 5L ey clidodl s pomdll i e Oltadl £L3)
S €CO5 I 5L i 0B M 0Ll Slel e ST ool - gl e
(White, a&l 3132l I3 CO» Il 5L dpmss ¢ podd) 3l Olis ey O
Blasl il 055 Ol (W sLlis e CO, JI 5le Lidl Lo 135 .2005)
chasl a3y pas Ul 3 els we Bl oda JIpY5 a5 Liises

el ailn 311 Ll

Szl LI

LS ol el B de s U LI LG el LI i
Bl JSs 1 Ul (s stmn 06 ¢ s S G o Ly i
(3l el 3 sslinadl 3a ) s e 0,1 oo 15T 0585 1) s
W e (ke ST 26,9 Lk Ll il s 0,56 0 oK
Dol s B 2 o ol i ns) i Jib ST i dais
oy il LGBl wlie IS c sl JERI L el G 05,
U}‘w;n O 1da pms deas 5 33e) LS days I faddl b 255
RS b Ly g 5,200 oo (3L JARI 0] 3] iy sl o i
D o el ekl O SOl b & paal sl s S
() g il Slles &sumd 1315 5 240

Lalasl OVures iz ¥ W 0Y Luls 8 olblaY) eda o
SSer Y G e Sl b las Lol SUWES pldsaul 053 s
5o Aeall Bk s Sl S| Lealds] feis L el B 0
Gl awd Ades s el 3225 e e by SUY) G G b
LS gl

Gl mo pblas dlsb Lml U i ol oY1 Ea bl L
G5y s ol Lank COlST Epw coliins | dxbw L] Lasbl)
ISty Wl s 10 psenads LY ) iy SO SGU ee bl

135



S e ol U ceais Gox i susundl LY I &b $lasl
WU bl 4 050 e I S poied! GRS Slless i
15 s sl LY 5 ol S 3yl 23 sl
15 Jom Wl 555 (s Jonp e 350 UL 100) caxSe o 05k 5

” SO ) e el 3

A1 ST B edgS Sgmms S WSS s 2 S g2 Lo O
o s s L Ll A Y sl e O] 3] L S W s
OF o sl o Sl 355 5 smomedl W1 GLiasY ol e o
(Barnett) < b o s dgplin oMSES e g 5T Loy, uﬁ\)}\é}:}u
SLY I 5L blaml ST O 5 say) il ekl LS
e 3yl AT BSGl B g OF sdgs o Sad (g G|
& L il SV B Gaal BAS s el e W 0B casTL
Lol JLs) O e L)y (B dobs (oIl o Y1 bl
Ladl Zls] el ey Joal a1 Sl gasdl wagﬂm
bl eosd) Sl gl I sl

o35 O e podl b ¢S i 8,850 Blatdl OF Ly cLadl L
il 55 Sl s lsedl e 1S sl ST ol shn Bwedl Gl
o &l S5 gadadl e 5B olblas) olG] 0B« gundadl L)
Al Gl g el Emd) ) 5 SU1 Sl 058 OF e Sl
W e 3801 il sl i)

Sy skl Jizadl 5)le 1okl ool s

Jies B o4 1Sl ol acis dde e Ll Slyas O
Sy cdae barsy Lot )l > iy < $LJU Ol T ks
Joo Y S OY eliaas el sl i I Ly ple
Lt Lplie ideo ol S5 La)l ihans €05 Sl 0Ll oY)
S

136



o ol (b Ol 853 ao cddoeld ALl Gl oy 2oy 1 (3 4) Sl

U CJ‘JS

Jas —dob sl ¢S Dallimore : isl&

Sl claill Ghle 51 el g6 5 Ol Slyis A s
(a5 5 Joes) s arally 55 =l i 55 050 L Cdazeall
e e b dab B 0SS Lasled L4 S B b ae sa e
o b Ses & OsSS Ll }b;\ g b Ll ik LL{J}IOOO Sl ¢ 200
Ll o e 0 15005 o 500

137



Sl =y
Sl (M) ¥
r —_— i, 0 4 —
! H -
200 - :
400
"
L]
400 :
:
800 + i
:
1000 ~ A
v Rl Gl B Lcsgy
\ 1200 -
L e \
wh b 1400 o Slated) jlac o
N R ] 1_
T TR T . |
Tt 1800 + T
30 -20-10 0 10 20 30 302010 0 10 20 30
el ia (e Sladliaa(r)

BJIJ;LUM!ZN.QQUJ:.@JI{,?;S% I(4_4)J§.~’£)|

Jas _ach 5,0l S, Dallimore : dsd&

R A A PRI PR UL IS TPU R S PRCC I PUN PR PR
Ok 5 1000 oy Sl paisdl 251,55 i o SlasTl e G5 paedl
oo s il ie s anall oo b il CaSe ze 05l 5 10000000 5
bl a5 (Milkov, 2004) S CJJ NERNE REV PR PR
B s S e 00k 52500 I Jaas 03 3l el fees O
Sl 2l Oliadl Sl sy 4 T U OB I 5.4 el
(amadl id Joadl el 1 e J5Y1 plaadl (3 Lodall 5 sl
OSN30 X el gl O a1 T OB (S mas
Dbz Lo Guis g Jos L 5,08 bl B3 5 bl Ladse)
Ly galanl Sy 0Ll L] 1as b gl iy JIeN1 S
el 1in b &gy sl sl e Sl S 500 sl

35508 gl S sladl UGN e W6y Tiaa> T
caxloly alinS LaS J iy b3 sdoeadl Aoy dnedadl B aadly cisUald
SLL S0 gt NI B pa SV g iy pladl Lz

138



22000 o) i 16l e Gugy i delially o¥aldls sladU
Shoder Sl o anhdl SLI) 2] ASGY Jels e ) (2016
sl SLY 1 ) s s ideadl GBLLIL B 51l g B 3 S
L 5t Jia cdoindl Hub B SV olaedl e se L s
iceal 2SY) (Malik project) oLl ¢lucS s cadoeedl LY 1 sy
et ol Sli Slblasl e 2002 3 el ) SW 28] b s
SLY I 31999 plad Sl i) dob 1 Bl 5,155 das SugSs LS
il L5 2014 22009 J ols] Bl JI e 5l SIS G|

AUV pliall e b Leliall 1S ,2)

Jas _ach 5,0l S, Dallimore : dsd&

O ulass Ui gl 5L Hlaznal Llad Sy L3043, e

Sl 5 ,S SUB s ey 4352020 ple J sl il 0555
erll B e U W 050 O (Sl e it 1 sl
(oledl () OLL Loy VT ¢ ool mcdall 5L 385 s g )

139



Sl e Joes sll Olrlamis 0Ll (! 3) saszadl LY Iy
HETIN] ,& 2030 ple |3 550 UL A O c;,oj\ e el
Gl 5Ly Jrmadl paall S mslind Slezma¥ e b S T O
2020 ple J g Laus V!

Wl g3t L OF ol ol gl Loslas sV 45 00 Ll
alasVl podarl) AL ol pseadl OF ) OVI 2> a5 (AAPG 2004)
Ll Wy coblgdl o > 5L e g5 Al oUspedl ks
O L e YA wlble Y1 sk Bs )l L 3] SN ) dr by
S Usand! @)wfoﬁ Lo Jl glow LB castls sslasl (S
2006 ple 5 V1 Lisb 2Ll & ol ] Slte Sle g0 = 2 ale
Shis w35 0 Sy U sl LT G5, 1S 25L5) Jas b sems
R S-SON /[ -1V [ SN EH I TN

140



i) (it
Jadl

B S i Wl Js Sl S sodegd) a5 slsp OF Al e
LIl e 1S e OF deadladl BUaN Juitas Ol sl &y 555 50 )l 2,8
O VTG wlslanl s &l s paadl I adl el el
G230 6 ololasily diglly cmall (EA I Jys Lle L5 6
cislamas 8,08 Sblae G5 Lidl o 30 ST bS8 e s
65 N1 2002 ple 5 Loosy oo r Osobe 31 oo GbL o L il 5l
(IEAWEO-2004 ¢ s yall 5,Lend]) 2020 ple 3 Loy O 5cls

SB e sl Gl O 3] Sl A SVl s s
Qs Ll €Oy I 5 ity Ui pasadl (Jsall e LS
W el SN S s skt S Bl e s ol
EJL?J s las s_éj.w} QJ.ij.la bl éj.e d}le\ )L«.H 5.\.«5 }:5 J.i.;u
417 e 2002 5 Walstas o dojew Lo cBlasl OO0 bl o b
. (IEA WEO-2004

oL YU sl SUis sue ddataadl byl eds 3l

LSy ALVl s Ll Nl Gsbeally g medl Jadl o e

e olel il I ghbladl sl IS 5 il Sl 058y sl
-;;SP O}L«S}

141



SBIE s
J‘f‘."‘*‘)‘ W’ﬁﬂ Sl %Uiﬁ‘ .bjb sdadadl J};J‘ J"MM

2O sl e 8l Ol pats 5 ol g Bad ) (5 sl plinl o5 0
P el g BB A I Sl

Al e m

SEMISCRRREN

sl Jsds A m

s bl IS Slaiss e ¢ fead) aglal) G AL
el SIS0 s S s wlae B eliall Slslasl e S
SOOJWM\JLJ\MCAL@JJL& 1 als coaissl Wy . Lo
ele B LSJ,«.A\ 1,Y 53 250 S J1 1990 ele & L,j.w: el uSJ""’\ Y
O 6Ky sl L o i) d;e Lelias C>\J._, of amadl ey .2004
sde Hla u"‘“j‘ 13V sl o ULS & ==l f_»L; Blall selaS ol
Sl el (L3l S sl ) )l ol Uas et eyl U3 UL
) U 1 il s peiad) DL e Jay i 2ied) Aol
S 830e) fod) ) LN BBU 5 LA B plaseal O Ol
oS iy cezais (Invar/polyurethane Oy s 50 /5N 0 de sian AGL)
8 il sl Sl el adall S SBL Bl ol
sl mdall S SBL e oy 2S5 bl e o) <25 o o
(P 2w O @ gmall o s 1985 ple s Gl 3 25 Jm EROERS ]
Jeaiadl gl iy sl e il b T Al 325 I
CexSe e 200000 o ST Slaw I3 5 S Jw boes ,w<Jb s
e 138000 s 13 Al Jld) ol 8 ls

zﬁ,@a}ﬂoooog\y)ﬂuM\@m;waw\&woi@

S o) J el 0B (o lodl 2 40 3 Lol onlall S o3l g O35 (0
LY B el 1Sl (Sl g coba ¥ Oliudg e e 2l S
J,.»\y\zj\ Ol i sl pladl s 2 OF e podl e iz

142



J.:)?:JJ\ EJLGQCJLW BLi.'w d}i OLJ c:\.“JLC J\JS‘EI L@JJJJSQT (..&—) 4_:1),”& co.l.@_g
(125 23D 2005 o sle /131 b Lgdas Sl =Ll D0LS LWl 51 )

By s S e JS 3l S ool bl et i)
daxr Jle lans 1B 3 Jendl e 2Ll e 3Y 5301 pliseral LS
IS les Jodin SIS Y501 i e OF SCags B Y1 sl ) s
(225 KD W e WS Jaisss (oS!

ol 5 Lesladl pl eVl el Mo e OF a3 el e
il coUYI5 120X 3Y 55 Ll plbeeuSU X100 5Y 53 2ol ol el
ol UL OB cands <30 5.3 15 ISl dulyal ad Ll 48 Ll
Pl T (Galsdl e Vo) Y1 il 23 b ey clVI ol 5l
L S iy A slaiss B ST S ealegw ¢ JWI 55 L

LNG A 5LE sake] oyl
paf a2 opele 20-14

J L L3 5 ) el sle s B < (12 5) 2l

- Excelerate Energy cpo O3 L] o5

Slao) 5 dawly 53le Jand o oSl 3555 sl Sl ol
Sl s oY b 5 el JE 5B e Lladl Bl LI

143



bV bglas fre dlsb wblas ) 53]l coobY) b plasd 5 S
rw\ ‘_;l J}U.” )L&J\ N o ;ﬁj 10 LSHJ} fJ}:&.«_g LL:..»)) ij EJ).}}@J‘
ROt NURPSY L R S R SUN TN A TSP CON R BEREY
Gkl o el ol kel e 5T oY ST 5] b ol

) s Oledl e DLl UL Jaae. I c&JW)

= ]
::_\ 5 150
=< 4 =120 5
:1 i
J 3 90 9
P "J
1 !|
2 =60 W
1 _/ L3p &
0 -+ T T T T + 0
1940 1970 1980 1990 2000 2010

P s g oYL B Sl a1 (2-5) Sl
J_(.Si)\!j;ul»;Q}SJQT%M\&)ﬂu&g\f&ﬂcwiuué%@}\ﬁb‘ﬁ
df&?d:@,.@l,ﬁiw‘VSJ.QJ}?K'?JQUSDUQJ ¢S 1000 JSI(1G]) J s S

LS 12029 Uy 5 W1 e (1GT) a1 )

sl SIS e 031 (Gower, 2003) (e L] el

Transcanda‘_paﬁj".bgfsja‘g r&»\.&u}jb (3_5)“}&&.“

L5l Ly 188 el

144



o B bglai s Bl S s ol e o) e
slace g e Ml Sl i oS Jb ol ) G by 50 Sl
s e dacky (LU Jled i) 80 0) (w3 (oall S o J2
- ‘;ﬂj)\ (blue stream) o s Lo Ul .la_;) uc%;ﬂ.»i ¥ ol
(Sl Vs Sk B e ST A Lok 50 waladl o3 g1 S I
i R e g L e s
sl e 13) 5 ST BV I L o5 i3Vl JLI1 J i e 6,08
Jsane Sy dpslas]

e DBl ) Aol Sl el (] a5 OF Sl e
bl gl a5ud e CBYI Lo aliey U1 Ganedl ST JL)
bohs 5 diliee dsdane Ol gt o LD e Sy I 1) Baane
Jetcal 5 5 01 CobYI s iy Se ek ladl Lls &5 520
ST gl Slny el UL BLAYL sl S CO5 S
o i Jlasl SUT iy eedny it g5 e pps skl o e
SLasVl s 3 eales ¥ Al UL feod V1 B> oyl I
UV L G531 B s B GUIS deld b cmd

oo S oleS Sl sl I Loadl ol ghadl sds e I ek
S ke g bl 8 dde I dseo oy I A SLIL 5,15
s 0550 65 PG s oI SLIL s3le LN 1 ey 265 5l
L slas] o pmms 0550 5B S 013 00 billeas mllaasll
osliadl oy Tysmemn SWI aaY dedl L) eda sly s (AU Lo
Dolasl b Gumdl ) bjlan] flee 3 5L slpe I ots OF s
ol ed gl <
Gl e Jredls o JBl S Sl e SWH s 2 M@wb
Lo e ol paadl s OB S5 ol I el Slal e (ST L)
b OB sl e a2 05l 550 e moals e s e il

0585 OF ani G s 2l 51 COL I SE (o 6 S EeaS oy 5L 55 (Cimn) SN s fots (1)
5555V A e N e SUHSKU AGY ALl ol (s 0550 W6 bl ey il 808 L1
R

145



<Ll 0B @lds; . (IEA WEO-2001 5 wsd> Cedigaz) W= il ol
SRS - Py { T R [ S PV [ I P K DN St [ ESR
bl

Al el L

(CNC) b gozadl anlll 5L

il a0 iy bl ey LW Ll Y Sl eds
wbibg W}T dal i) &T& Lx sl JU:.:\ ui,a cdjj,w) LS'U)
S e e BT DL W1, JI a1 e CJ}@J\\MCL}UJ arall Jle
89 2 S g Yj .J.::M..J\ uwuﬁu@)\ Lx sl olicw O\Lo..g&;x.mkj\
Gl e b acas) wleaSl O 6wl s cpm S ) dlases )
sl dns daetdly ST 058 (el Jadl S 0l iy ST 0SS
8 ead SBlaed S s B s QQ«S&Z.’JQ)LAAE\ Sl

Wéi “‘)S“u':} LJ}‘}J‘Y MTJ,:& c@)w BJ.&C&-.:L.H:— (':‘-ij

W&;‘:‘“’JL"MC«‘-‘
R -mummwﬁ oxeb Ql gSJﬁJﬁ 5 duﬂu-lfvfﬂw\“
s e 5B ol 5 ks e I UL m = gk O Sl
SIS e Sl 355 0580wy Lslasil 1l 5000 B15aY oo
S a0V o e o &l Lle (LN s bl e ey ke
ngb‘?tﬁj‘;‘"

146



LA Jeadl B4 4 Sl i) s s Sy Lhns 85l > 420
Fadl SN 850 d s e S0 e Il eds 0l i s 0555
Ko e ds (Se ool S Wb L Gaall e 45 455 160)
Tl lize | gl dgos dies ol 51 Gk e S ol
iz Ses U3 O 1 & Ladl luh il woslaly Sl JI ab o sslel
Ldis O oy o o6 il SN olest o Uslass) 0550 OF comys

Al B a5 U3 s OV e o SIS e b Sl

15 Sakall — Sl J,'.:..‘J

¢l Sl Slblas LY il ,}u e S e ez
M&J&Lﬂé‘h@d}mf&) c)w‘ QdeJ\sz\ U.AYJ.J
35899 Ao,y Al B3lesS LJL>- <=J.>M) dj_an.nﬂ SPEREE HCAN PR TR
f“b"“”"} (DME) (dimethylether) :oliaos c(w 5555 LY e

\Jj_ﬁj - O el oyas (aerosols) <l sre = birse LS [[0e
_sadj_,.x_ﬁ\ \.JLSf;QJ 5)—’}-5 )...uL.Q.H (“J&wm dﬁ.ﬁ 3}3) j‘ colbeladd

REMEI A

15 3 gl
S s Ll
e e Bl Bl S Joedd ) DL pasns
5 20 ol s Ll < St &:J)}.L q:J\ (Fischer-Tropsch) i 5
o) e W Y L T g
((syngas) sllaol & JI skl 5L Jimy L;USH syl G
sale] daul yy Lof b 3ons] Ko -0 3oy 830 doST o ure (6]
31 «(CH4+Hy0— CO + 3H, Jeladl I ) Olicadl oo Sl LS55
(CH,4+1/20,5CO+2H, Jeladl JM 10) 45521 508V daul 5

cBlall Y] ez ¢ oS St 0l Lole el JYI Ll
e gyl b ad) sl Lee 2T i) e 83l
oans b IS ST ad) e S Ll ey L i)

147



S e (I 5 glas) Y .r\mw < Ol ki ] ¢l

e 35 0 gt g Sl e iy A ] el

3y «IL Sl Jl audodl e ooV 0L pal I 3 I by acadl
o S i)l ) SU Jelis Ly L fdeodl B gt (¢ 5
sda Lan plisaal (S 3 cslanddl NIOUVS S VUL R DTN S pea
wlides ol e Bl )l 51 Ll oSCas sole) Llas b 3,0 ol
L;J;-T

S e caSle e Oke ST fee 3500 G3le 6,8 lane s
5 S SlaS ddendl Glas GBI cazadl 370 > Bl 5elis 0,854
S Jormd) 8 S lae S 0y iline IS 2 5eS €O, I e o
a3 COp JI 5L el oY JY1 Gugdl

J.:u.c) EJ\}U 3).19} oly edely L}.LF« 3.:.2'_>r_, QLF«)W = J.e..x_’;
JESATRR TV ,:S\ 05 o e syngas + Fischer-Tropsch) .5 slas<]l
T sony a5 aeliall wlidadl Of so oS0y LSl San GO sl
e

Lebo 51530 Lhee) Oloedl o Jplidl 2k ooz Jos &1 Jls
Jin b5k eI &850 ddee) Jpliedl e (DME) s (b |
06 sl (LPG Jrwadl Ll 560 LuS (DME) el Sy (U
. <http://www.aboutdme.org> J 3zl LAS > o (O s

lesl B 5 L) S

s o 1 5SS 05 slazzeY il Sy 0555 0 @

Sl 1S 35S Jeons wlie suad ladasadll (o > 235 5,80l Gl e
5 ol o Loy oo 30000 35 e 5] 31| e eldl b b L
s 2010 ple Loy Jomol 1 e SVYT Sl ) Jeaziws <2006 ple
== Bl b SIS e xS 26300 I b sed) oY e

148



Sline clar pliadl Slsbasl OF bl g wlone B 4ol o bl
O b ipslan¥l il e dall S s lacad il 3L s
S0 0F Sy Sl sy by 5l ed plls Sl Bl Y ol
L ¢ V1 alsb slosl s ae I e 5L Aoy 1 =N e o) das
C rl S Jeoed e DUl ga LS5 ) T 8 shae 3l (g 5
sl Las slined st LUSS mo oS dlo Ty JI 5B s B gl

(425 JS8) Loy Joop IO S el 5N 53 30000 1> ]

a3l 150 Jaaa (USD)G]ykm)
=
i |
1

B,

401 \

20 1

0+ ™ T — -1 T 1
1950 196 1970 1980 1990 2000 2010

S o3 Y 0L L s Sl JW T, 2ALS ) phas 1 (425) )l
Lo ss Jos p SS9

.. 1. Rahmim, E-MetaVenture -0 034 e 5] Al .2003 @f- L TAEE £35S ows e

D) el S Sl 6 ) gt LI Jsis ey Sl

b sbasl cod i rall el ol 0 (16 Gsaall oyl )
clind s cslas e Jons oS 8 s0e O 8 aldl 3l
SB Jos 0dgS wlae udlizay (525 JSCadl) &3 2o O pdenas
ay L Bype ST G pd Slilael bgmas ceomdll s 1 alall

149



Syl Sl ddsed! SUledl iy ST i o sl J) JI 2L
&bl S e Ol e S s Bl B 055 OF (Sl s
(biomass- & sl il Jooms Dllas N> (o (gl 58501 L] dalS
OB clrdsdl gy el Jonds SU) s SULEL A 2] to-liquid)
O s oY1 555,00 Byle WS (gammnl 55801 sl s I
wlinadl Ldas) & S il o o OF J] by Joolonadl o5

ol S 3585 sk el wlindly DB A Jeun s 135Sl

:]1']" .

1

? -r.
X

!

1

| |

Gt B Je S s 3Ll Ll 3005 (5.2 5) SN

. Alchem : de0%

dyos 3585 1Ko e ol (udadl o badD sl Sl m
B ohle] el (3 sl sdl s palen OF (Sl as L aas

150



Rabie Jps B 835 pe muls Ol o il Bsliad) 5L >,\yr1moi
SN ol o )l wlacs Lzl (Ko V1 G20 o sy
ols) el ;STLL;.L;\ las Jsadl ods 0T e o2 1 e i i
oo 350 et dr gy el Lasjlge e 3ST SN e Ll sen deged!
el o SedSUl d ) 5535 85l -1 By Sl ol Slles

e sl LB co S e s

zLl e OF 2004 plad Loodladl Bl Jies Ol pttal 553 0 55
2030 ple 3 Loy oo Oghe 2,4 JI Jondl Slloe o J

16 & s luall
Szl SN e dpls Al a1l

o i Ll Of @3 i gl ae Lo 311 51 il
Gy Al mladl e jaise bas JI bLaVI B dle kis
lod Bl a3 e bl pa LS ¢ Bl 3 ool 5

b - 5L s i e ale B3l SLIN s e mas
ol dll o il ) dedl S e il 25 <(GOR)
A I Balsse ol Ablam Y1 S S GOR (ol Cilasas
sde N 10 s o 7505 ) 5] L (laad) de il @) oo Ly 85 L5 )
SSTGOR e (503 091 Ss50ee)) Slblaml 0B claasdl by .SV
Sl ol e seimdy cdais Jgie e Yo W CasSs J e e et
o Al Blall (5 ymmn SV drny S SV ms 51,55 Led 35 gl
(A e des 1001 ey Ao 1 0.009

Gyl ot Lol oy Lo GLI L Sletiad il oS 8 Lok
ISty LIy st Bl ) s ST Y1 01K a0l el
Gl Woe LSl 4 Loy 5,08 Sy dr 5 Y cadendl GBI 3 o>
o B A LaS o]l Vs G o 508 LaS e b
MLy mdall U L) sl S el x5 Jle LT, ez
” .LQ}LZJ?LM;J)‘UJ\JL&T&»

151



doings - bV J B s Blel 0550 J2aN1 Sl L)
G OF Tas Ul 1 0,80 0f (Sayy ¢ blamVI Slivl e e @l
SR N SURIPIES DU DO T LU R UL JEPIY
s SBI O sk Lee 5L SOl B Y1 s C\f;r.:..u\l\
Al gl 5L 013 S Bdee LI s sslel S Vi S
315 . BlamVl 5 podl il Dol Lo bars Jb 3 bLeasl
oMl e 0B chaidl ol a3l dr g o ST VI e A Sla 08
L:W\ 0y Ry Y
G Ob] b oo S e OF bl pa el a1 L)
;,M; Cind ol ke ol @l o i el 2 Yl m“oi,,'o (i 33) g2l
A D I Y IR U OO [ We-F ST U RS 90 WA P+ PN N PIESNT
Lo 1y - Bdle 2als Joty 1igS Ol OF oty clma sl
PtV R PRRC RPN [ H IV +IC PR N PR eSU R ST
.C)J,.Ld\ lolabl B g
Sl sds claii ZLl i S Jrl e OLe A 5 i
eVl g aada¥ls Bdedl il AT e L e g3l i
usu\_;euw (nsd) g ) Ol 0480 O o riadl o s
S S 5,08 o Aol Gl O) S b T L e
iy by o s T8 Jorseadl SWI Ll BlS) 05805 G olazwY
an Sle i O (35 Ko Lle Gy ol 51 deS G m Y
JSdl (B s 52 LS) Il i) e il B £ 0 e Sl
S QIS ey en gl O dde 393 53 55 T ) B8LYL, (625
Gl €Oz I 5L Sladl e dzadl b Tusly 0 Lde 2l 3 €O, )
lezle Je Josy ols 3 e QJ}T”\;L@J} Y Y ,-J\ oy
S casj.J\ 05 grnd| Sl Ole @;J\ o uk;-\ o ol )
doad) Bl ol T e LI il G5 e Vs ¢ gl
IS B el ea sl Sl e pemadl OF o5y i 3 8 el

152



opeb e detan SN pamdl OF 2 asly o e beosoSTN L pas
.CNG Micro- LAN GTL : eVl 5 coisys Il obladl jax
L) 5L Ty T e Ll i3 o Ly 6 ke
DS ) Bl 0555 01 Comg S s BB J2o SULE 0B e
Pl 28N G OV p ol A el
S OLadl s e Sl s e Byslee T e st aG
ool am s e il SUL plaseeaY s Al Gl3 s (Gl Y]

. (<http://www.methanetomarkets.org >)

g

eyl § it # 3
16~
Lugialy eyl Spal
10

.;,..L.ib -
e yalad¥ L_l-.uj_l 11
\ '—u.u'

S g ok e (i) gen gl ) a5 £ (6.2 5) St
il

-(boe 0 52l 700) S e O 5ls 110 2 5 [l foz 0555
. Cedigaz e glas 'lbdl ey

SlslanVl g sl el Juoeadl sl Lol 725 Sl
s Bl xS ok Gl usys Ll B e ilaad|
.aj}&d‘j EM\ QL:EL:Z?-Y\

153



Million m Vday

()
L7

10

0 1000 2000 3000 4000 5000
oS — sl il

ddesd) S s ol oladas 1(7-5) Sl

.SINTEF (s 03YU Lo, sl

Sl Lol ‘é;..,n Jadl wbles

o S oS OB ISV fadll B 1211 S B mbge s LS
o e 3de - e o5 O o ol I J s sl il
cer\ sLdy (Wb Gadns A Gy st sl Gde J:.A Fladl
0L aw VI G el i e slexeNI sbs)) CZ,; s DLl sy
SBIN o 855 e g o5 Ly il e (S0 Jl 050 s
0555 Bl Y1 e e Lo s cdaw V1 B3l 3 delinadl _andall
ot b Wles Lama e o pinpl ol IS0 cislodl Gkl ol Lan
SBLasYI eda b a0 net 3135 SGslbeadl 0B Logas idysb ol U
il bls GAS s . Pis Il SbslaeY! 45 o5 Ol Y1 ol
S
AU G bl sl ciasd Bl ks ) ixl> Sl

cg el Jadl s S0 aule V1 lutgdl e s0de Held a0 Jasy OECD 2003 o L1 (2)

154



bl bl 5 b e odeS las sl dlasadl o) bl dta
cOU sl - LG - Ly, WUTL}@,@ U3 e Jley Blaad) § uas
roomtll 3 And gmall Sl pslatl] gy s sl s sl e Sed gl
Ly Dss QLIS sles OF ciiyllan il B By pon el 23015
S S il e s RSl f il o) Lt OSGL
Alzzdl Sa) Il suadl jadss (SKe 10Ky 3 sl 5l sl

s 3] e Wl Bl B e gl B 1S me ety Y
ol coVlaWl Sl cpaudl e e obdaadl Sl rbd\ skl
oo S L 0 oS ST Szl

sy il e VIS el m

Sy J o o 05 s sell bas S1 e W

el At ) m

il e e L6
S Ob i 30 Sl I asle dtes @il ee O Lay ST suuddl
Sl ol Balail il s o Lo Lday 0550 J5ha¥1 B s
STV Ve I PSP I TP IECH LR, {1 QR+ o Al s
NUPENN] N U S 2 SIP L PRCTIPENUR- N T | SUOCTRON VT2
L}g':“'fj Caadl sl BEE] ‘L;)Lu\ C-’.J’L:'Hj ol CE.; Q\Jbl} ;‘).:}LS 5\.1-65
4\))34.:_5\‘5.35_3' QT L}_S_}.U\ Ojo.:_S\j QU)&}J\Q;LPWHJW |da ¢rL§«
Ll

155






olud) (Lad)

AoMludlg Al

I
dxlw & Labaseodl Cldadl sUsl 0L bl Jpnddl 5 5345 Las
N o DB u-" ol olles
s ALl Gbladl B LY sus pls) a0y sdud> ol
ST or Vsite s pedl il sl 055y 35l podl e Bt )5
ot il e A Lyl YT B b ey 0581 13] Lais oLl
MJ\V__,(.JJJ\ «&»‘}I\Jewdmu}@_e ol con ccaia Sl
L;.cd.)\}& WM\LUMJJML@Y\oMule) e Ll
oF il Sl e T ¢ O e (Ul e 5,06 0,55 O dslial

A e d 5l Ll gl 5 S S 550!

s ol sl LY Aty 3l ey pLAl o AT AU
o by Ll slpadly c(rradl clodly il Ciy s Lado) sl
VR4 [ 3 PRI B (E1 PR S PPN INUON PRS0 [ IRCIN L PRpRCH UL
Ll sl Jlentaly ¢ 2,31 Jlenitanly 33l liiald 3l
é‘ﬁ)‘ Sladls ! Wlas] Slidsy clacdll 55l sl

Bl Bl o)ys Al el 2 sl g T BBy deliall O]
DLV i Lol ol shadl sdin (65 Lols o laaadl 1is 3 delociw )
B olasy (BT ,ue e i olas ) é;}j i) s@\
Sl LU b Bslels 0,851 LS ks 2 el

157



oo o gl delans sl Bl 2! Ll Aadil T A ) gl
ol cns OYL &) G (Ul e ddl e el gVl s
B Bl o3 e (B plasanl JI g Ju Z WY1 AS e 58
ATz sl sl JI eeitigedl S Slaodls 5l O) Bkl s

Sl Sl Wl adls wls PBlas I als oo b Ules i

cﬁbh&d;&}jubM‘W&M‘c@‘hﬁ (1 6)J.<.»J|
glehr'.:J.>|

& (O3 L S IV sblasY) fuwuw skl Ols udl
U‘JJM\JP‘J}ML}A) Iy (1 26 K2l 1900 - el o @)l 4l
o (Wytch Farm) ;b oy oo dwlas sl B cdas I dnasl
.(17 d}M\)2_6J§.ﬁJ‘) \}.\}uiu).o—
Bl e sl B slael Ol 3 Leedd Al oleghadl o bl 235
51 adazd) ! QML,;W(am&ﬁJ (3 -6 JS&) (OGP) 5Lis
.CJ\};....: BJ&Muéj.@_?J’,SJS ieloll C,,_:\SC,.:.> ‘;LQJ\%;L_A.;J\ g_.a.if.o_?
S Sl e x5 dage ool I Lladll (e (S aa
Sy b3V B s e alodl SV OF ey ST Slee a3l

158



s DY s I i cadall Ales b Sl am SLLYT ods
SLYI s GOl sane 5T &N k)l LY e Ul asu s il
oY) plal e dos S el sides b i ] el Al
sl 8 asl I3 LY ST cRis n e dewy GAS L4 Z 6 JSCadD)
Lo B dods (526 JS2) i e JS A1 Gl dmbadl 3 5V
Sl S e Sl Bleel o

ol conds JU eld o aadl iculesdl 0555 b Ls celds &
v_eu;u_,LJLoJuj Cjﬁﬁwguﬁ\da&n&&&_ﬂwu
S L) ULS;""J“‘.}U“‘J‘ W\ i Hles

Sle Sl ot Il &S1 il ) ) Jod cJlnadl s B
b Js S sl (,M Sl ol e Legs aslially 2ol oloanall
FESUN I RCUPN+- SO R PN [ - CSON | R U5 SO | RSO I G- L P P
Balindly deloall o G ) Osbaall delimny S Ky oslS o L
Sy Ladl ezl o3 cels e ey WJ el Gaday i b il
By b 8ok sl 3 Bile e cnd SLIS1 L s A Jletll ey B
) Ll iz ol L Sy Lis

ity Ja (1900) o piadl o 81 By b ladd) L) L 1 (2-6) S
sl AL (Wytch Farm) ¢ Bt

.BP deum

159



il i peadll ola o Bany JSI kil Ly jual

15 30 = 2001
< 25- . 2002
% = 2003
1]
B
> 104
3 5 )
1.
gl e sl e dany £ aanadl
gl e S gl e By ll il e
B 2001
y I 2002
ﬁj 2003
4
ot
P8
Ll fe uay el
: ke Ole il IS st
-t 2001
;1} - 2002
4 s 2003
o
:‘I e oesas GHG
2 B e Lgialt
'_j.') radl CHy » CO3)
e e LgtE, Ly
(coz

co, CH, NMVOC  $O, NO, GHG

o A el W el i 5 b Sl 1 (32 6) i)l
Ol e e s el 4 sl LS L U NMVOC e 5 da>Sle
E&P Jlislis b 2l elsN1 1359 (OGP) L, %5 e codxl &I ) seall oda
(<http:/fwww. g =SIY) C:;-"U e s ge LIy il s 5L e 031 Lear L) el
ogp.org.uk >).

160



17 5 kall

(Poole J g slioe o e 1600 Goe b p,b il Slblasl o5

Les Jgoelis didaiad U gy W) ] e g’)"‘”  blill e Harbour)
= (Ramsar) jleel, L3l daul o Lammn a5 Ju ol S

RETETY LI CSo [ ICH PR A 1o W JUPRIICH PS-CCINON IR SOV T S DL
w ilw delisy (D> dab dalin old dakie Sl J) Loyl
@?;&,w)m.upuﬁ\,grgjﬂﬁﬁ iS5 ol feiis
DY i ol SusT plasaals ( bladl e SLY @ s 465 555
ol B o oS 10 G e bidl blasl ) d ol 38

el il e 86 T 0gs

Lt ol g gLk el il B oeads s e ol o)k 05y
ks JI BLEYL 658V 2l padl 5lze V) om ST L ALLS
Slals cdssl Wy, 2l S e Gt L] wdd ¢ gLl LW
A e Jodald Sl alacadl ey w085 BRI A sl
G Sty slaceadd Ol T wlelis )l Je 543 MJ_; sl
:\"E}r}:"s}f’ u;'m".ij.’ 35;.2 L;JJ e &J_, Q.G.LP} 89@}“ W}-ﬂ Slis
Laiseod fwall DS paens S, Sl S5l 3 |
.@;},Jxﬁ%;ya!\ el

Lo 23 ol oloodly GLY1 3l e ALy wdlsoll a3
Job oloadl iy sy oS GOL bhies o LY pl e b O
LBV L s sl Bale ke ol gl cpmadl sl S O] 3] T
Gyl Slkendl mass byl paas LLAY) Al e 550
JoSI il oV e jlall ollasald Ll e aST osls G305 )
o8 Gl B Jen s S S e

161



1970 1580 1985 1999
boampdpe 1 a8 in pias 3 dpasf A plse # 1l
Sk B5 i 24 Glad 11 Sk 13

b2 miles o™ 3 miles - 5 miles

B miles
Loe ¥ 04 ik, =7.065 Uk, =19.625 Tkl = 3024
e e s e e s des
b A e Llaidl LBl e ST laS ISl 1 (426) JsCal

BRI - 3 B SNTE | PR Y LT = ConocoPhilip © ConocoPhilips &S ;% : isd is
N1 - ConocoPhilips ook 03 O el Slay d S Vs YT < ConocoPhilips

-~ 60
gyl

TH e e - 80
- 40
@ ;:;h::s— gyl - 30

[ Tk - Mpla phpe j_,_.u.
ik m _Eﬂ redinid | 20

1
e b e 11 o 1.7 PR, = 10
L T L L o

1970 1980 1985 1991 1998

&Aig,w B0 M i 1(5-6) ISl

R W R S B SPU PR LW - ConocoPhilip © ConocoPhilips &S & : sl is
N1 - ConocoPhilips ook 03 O el Slay 4 Hes Vs YT < ConocoPhilips

162



18 5okl
Lyad| oy ghadl e s

Aol o 0,51 W1 gl s

Loosh Olrlaml o 1S Lo ooy 201 5L Ul o 2L
bl L e dam 1 Il oy e e SN Ja 3] L 2
ol Y b e CIlaiy L1985 ple b anead Ty 4y L6 o
Lt q’ (Saxony) q;}MSLM s bl e

TaoS daases ¢ ol i laoy e 55k 5)liieall Zakaiadl O
LBLMJL&strwbkuuwww\g\uu‘ibw)
Lesl Laasl oy Slaizeald JMae plasetoly Blow J) yeus 21 5Ll
W S a3 e s Ly g5V Ll Sl 55 e ol Lol dases it

S o sl Sl 83 e 31 il S el o
C)—*r"—‘y %;Sﬂ}zwél_a_)\ (Accumer Ee) | ﬁf‘s‘@bﬁj
cla_m_ﬂ\wdv_§62 dj_lau_&JJA_.iu(Baltrum) (’JJ-:-H-’J (Langeoog)
ele Gl 2 Wy aeb ol demeodl Hae ol oslaxl (5 3l
05y ikl i) Sl e gl M B Lad G bl 055 11994
Sl S (i iy o Dhes (ol S0 gl pland) e Sl 08
ke U cobl lax s 6 B Lindly Aol Gllats e G OLS
S Caiss ol e el 3 Sl 5Ly Wi g Gadl b 54l
“ XU (P

lenall Zalate spend Tag e YS! Jol B G, iy e 255
CPSES | UONT I SN (51 XU ULV AN SE el Q\,;u\r{;,uutsj
swmiésd@éﬂ;‘u@u@ﬁyiwwﬁ, ol
SR SN SN U L;LMSJ LSJ_;J.,M_;\)LASJA 17 LG_A}LAM&A.JMW
‘ubu\u.nt}s\ e 3)\4}6 05K Jday dddanadl oda u)).laj .(Emden)
oy -2 YL sadead) 50l bl colsle Iy el il
CodgS Reames sLish At Sladiiadly dncdall Hlase ddoeedl oollalll
OV s lamdly w205 a5

163



'CL;U 5y CO, JI Sl

s g1 s ccamall ey 3l S Ul e el 0
ods o dold sl (ol (B mled nainS (5)5 0 ol cUs S5 0!
Sosi 1 58 Bl e ¢ BV 3 cizall b i OB ciadsdl by .ol
123 Jsdr (IEA, CCS,2004) L 251 Slle b pbinins dnziell
IS a8 UL e dol e delan LSl Slas| OB Ui
RNERI P Kt IS BN [ R - PR S RO TR B PSP

sl 5l sadl Hlasl 6w Y1 Can ele €O, JI 5 bl o)
JEC{ RNV PR Wi Ll 0B ciaL) Jsadll 3 Laals LSy .La ks
el IS Cllan Lo panal OF 8 64.3.@\ Ladl e 05 SIL 8
el DUl s e s oo el LR Gy s - o ST B
Sl plaserals L sam Ts555 BUall juas 01 13] €Oy I 5le oy
CO, JI 5L Uty Bl 3l dume S s wllesd 05 (L)
Lol 85 sues

oS Lo s dln 01 coliamndl e 381 e JUsedl 5 Lo
Al el OLGL 0 5] calslandl e Te i s ) L) Ls Lozl
S el gy Layl o) e g 0550 0 Sl kil dsln
IS Sags el Sl (B el LI S Ll gAY €O, i
) €Oy I 5l s ol e sdiienadl JL1y Leadl olblas| pldsl
S glos b or Bl 151 il oUls 0B ple (s ik
bl of Wl i o oSS 3 €Oy JI 5 i) Laall ai s
STV Eeliall 3 fobdl il latiaVl e L ST 5 5 3 4me G yllaal
Co, JI e u;,w Slan L) Gt bl o JJ\ dns I Sz
OF Bl Lo 13] & gl dn Sl dalnadl e lS1 201 0 80y L2 5o 5 23
ek Zadls 231 el 0SS

Wy oY
Lol ST & pale 2 sum SUT 5 WL Ols e 4o 515 il Of Lo
Lola )l wlamg Lo ,e LI Ladl Ollias o i1 OB camy e O jaliey

164



JORE PR RGP WRSINLIFS [PON PR SO SO R PRV
Gl pLall) Cgllae ol O S e Y Sladl B dedseadl
Jood Slaies ploaVlsllasl s et Slanedl rnenas oLl SlSnesld sl
S 2= w6l ((Sandia, 2004) suzedl SLY I B Lo sax Sl bl S
e gy e s Uity Un sty el I 010 ol S
3,08 e ST Losoe oldaigdl OV VT cloge Jleadl a3 e sS)
s g5 e W ol dls Gl ol 0Y (il 2slidl wls 2l
i Sl ol 301

SUas Y1 deslies Frem L 1yphay b o Y1 sl ool jlael e
e, s e slinadl 2l oblam| dezas L WL 3] i dall
S Y ST IV S ol sl bl spud olindl el 13
35 B Fladl Sl i OB S ey ple i IS e S Al L5 LY
e adias el bl 2 Ll Gl Lac b bl )
Ll ol ol e b S il Slacs B 555 AsSlan wlally
depadl sl deliall e Lo Uols Cllas

165






) (Lait

Al e Hlkadll aog

s Bl e S o nl e BRI Jpadl) LSl
ot Je Lalbl ady U3 s Loy Lasl@l o pialls el ool il
o il Sy ) ol Gl ey sl ol Ol L) i
Cloldl Aol 50l ULl sda e UL due 05 0] LD
s B ol Yo islall M Ol e A A sSo el s g
Sl Bl e BAlSO) s | et T3lbe] & 3y 1 sopdel L)
oty Al el I SUld) daslsy Lo el Lol 1da slazels ol o
skl Blae 0L Sl Slland CLYI o dpmnd (LSl s S
el wllalldl =05 L;;T A e el
Sl Soodeedl B amd dr g Vol J il Jpadl 3l LS
ol Lo Ul Ll e B e Al A OT Y] (o N1 b
U3 owu;by\wij\}w s 0550 dBy 18,0 500 e sl U\yf.n
el SUE e w8 gmadl SHL 5l
ST sl T Al B 5l w5 Rl ula. [N
Bl sdn aloze (i agds OF (s ,all oy B3dmee ol (omed) 5|
CS[EE JULRNY S0 SVON gt -4 S UL {EUERH SN TR S I EEN
& el ol g D33 30l o sl g2 015,55 06 (lg S5 04!
OB Ul Juadll § 255 WSy . pshidly Sl SlazmaYl <ol =23
o AL SB s el S Blpd bl gl 2 L) Lad)

167



S coos sVl Gilas Vmdll s 5B s Ul
358l e Buseiaadl 39850l WU & «CO, Il ol s VJL:«
BLEYL (COy o BN s JI Bl o I 5ad) o s sl ST (55l
Al 3l gt ] N e el e ) Bl )
o] B drdad ol

s as ke L) 3 AlewN1 el Lldo 2l 1> 50 TEA I Sl
sl OB il e Ll Cllal e 1S T g ey L1 O) ey . 2!
AU mdl alaadl s i e s ga fendl g LI ] ege 8 5k
g riall 11 OB (MARKAL Jl & 0s 351 b e sloxe VU5 TEA JL ol
Eodl U1 e ((ETP) (IEA CCS-2004) &5 58 b Ll T30 phdnio s sk
s dond) Gl 3 W Bl s S ddlseadl UL ST L4S S
IS5 b SN ad 555 Bl wlslas] ass ol Ul e olis sue CS)'“';'”
== Shlaadl wosde 5 dline N 15 ) bl IS 5 wleladl ol
Ldlls eIl Bl plas 23S L OF (Sandl e gl 5585015 ULl

Sl bl s 03155 O 3 sadl 3 Sl sl Cilises 28T Sy
Jadl JI ol e s 0 dld s sl slaeNl b udsT (CO,
clidl Yl oldas e SULY o Lol 3L sl c(well to wheels)
S ollgl B olaisadl el Sy o s OIS B s
LdS 1 pldl 25 s i Sl Lel po oSS DLl Led CO, I
el Al GO Wil e ST ollllldl eSS

JBYI s Jl il dlias 2050 o 5,2l JI o3 sadl e
SULl o sl 25 B degedl Sl ! w355 S Y )l
o LSO i 12 2030 > 6l el 12030 don ais dilisel
sz VU sdude oV L > d6s Y1 al b bl ol ez
51 Co, JIsle o Joladl bl Szl o i dalses ol Bl e
bl Jaad il WS ol e e

Judy o Je bl el s S| C)L'> La o shas 4515 CTL J1 Sl desles o) (1)
. (Steynberg, 2004)

168



8 bl Ol et 515 L) OF (Gielen, 2003) 25V msbadl - 25

s O Sl el 22050 ple o 3V 5 ol 5585 Gow e
o LS e Al By ol OY 2030ty morl AL Legranlos
b le B dsVls il e el 531 Ty Bl B ST
S kel Judl JWl B Ly el e Jpdodl €O, I Sl ks
dl 330525 o e JI dsedl 53 Je LIl sk uis (CO, I
s e Al ) AS 35S i Sl ) 3oLl s
Soaadl 35301 ol ey Bl Sl e ol a0Vl paasdl 1 Al
et et Sars s 38 e LS W@ Gl il e

odgd oS JE 50 (g mns L,eLwc 1595 SR Of 530 L oLl
.(IEA-Hydrogen, 2005) is3W)l TEA JI oole glas & HCAN

JJNQ}QMC}J\\MUﬁvWMJWLS‘ L«.@_A‘WQ‘
chadl Jl= By 8l el ddai) s el LW S

Nl B e I el a5

Sl lolief b Bl 3G

Sl st sl 06 Al GASIN Slisee) Cilises 19 G sl R
Slisen Of A4S 5ol J’WY‘ e Bl Leliall Sy JJ\ Lall el
e aladl sl LU ds dmsly e 5l dasle wlol ol LJLc e 0dgS
S YL e R Jpadll S lael Wiy . Jkia)
S i O S 1 )l adl 2S5 a0 OF el ol 51 e
5 s el U i Ol T Bl s AV bl
s e 5B e s ol ASTN xSl ey gl badl e
AN Sl BV s (5 s obslasYl s s Jull

LT drbon Jp Y s aS5ed) N1 L8l s Js o) m

e ki (Cadl Sl

15¥53 20 o 51 6,2V S 3adl Sl o fon ) s 3y m
W‘Jr& MJ\) «?Lfby‘ go) B A_LLQ:M») g_aifx:.j\.;

N kel b o U T5Y 55 25 e o
ool 1Y 5335520 1y Lo BASG oo 2 5l 100 Eadl olool iazes W

169



20 o b 2SS Lo Lke 200 slas] Jleidl Cladl bl (S ®
.J?Arb’i)y§360‘5

ol L 2S5 (i 1 dandl SLbLam Y] daalos 0,50 @
Gl e sy Lalaes O 3D kil )

Lo ST oo Lo 300 slas) Lal) BN ) V) Bl oy ®
o ol S V1 o ol el i Sl S a S
Jar WS e Lan Wl 2 blas

Jonp 5Lle 1000 J15>) 58 sG] sl 6 Ll Ladd o m

20 o s (T Jass Slspds (s 3 olbles! e de)s
coedl calaldl 2lS 5 €O, JI e AdS ean ¢ Jue ) 1,Y 55 40

oo et WS 5eal Y55 25 (6 clslasi) ey Lol (i1 Ty
sl il S5 €O, 1 L LS eds ¢ e, )

127 Sl 322D s (127) ISl b ol piid) sl w5 A3
SlaS el etV b s 5 (S5, i) pmmr Y poadl 5
gad) €Oy 15 53 ol o) 21 Ol pdsT cLsliasil 1L 5 50l
Xl e BoS1 5l poll glad Loy sl 8 Ll o il U6
£55 o dol 5l ol s oy Bl 23S Sl 2 e
BV iy i sllaoll UL Cilises me bl gl GO foes 3,0 5
W5 ikl s e ez VI (e ey Y wils Lale Wiy o 1S s 0
ST il el 2004 L Leedladl BUa fudine Ol ptial &35 0 0
b grodl BN S sd vge iy UsS 5 L €20305 2003 ¢y Lo o8 el

o2t cadliies Ly STy e UL 2 2 7) S 5 e
Sl AL 2SIl syl sadl Y el ey claddl aw x el e
e bolanal o) 3 5 olS il e dans U golian) 1S
e SO U el 1Y 53 255,20 Lo s ol el sy LYl
ST 5Y55 35 TN 55 30) e s andl L OF S0l o 2
ad) bt 3 S ST A 0 e

170



L ¢ amadl ol 3 Dbl 5l pedl el 13 & aSTI (gl e
3 et Ll M on OF 855,000 s (galadl Jlazza¥1 63 gm prons
CLlaN ST Blier ollezmal Ladlues el oo Julse sde dls O]
Jelse 5T o lpadl JI Jgo sl Bluss cASldls Jondl Ssls ol il
Ll ot e o Ll slaadl Sl Sl OF g b (S0 g g
ey S e

e s Y A h deeddl Sl e SIS dis JIKEY! o
G edy cledsdls oliaedd eV sun WS 5 2 ige 5,5 el
S $20055 2003 sle o S SCis wolsl ol ysdo Lanl s Y
SN A 35 e 1Y) Al G adt SUT OF 651

s LS Qo7 (117 ISl e T 5 mel Sl
i o ST Rl ol oSy S o DU s 35 3] ¢ e
i 8 S ASUSe] 13 30 e doaiads o SN 3 s madl 5] pal
bl i OF s 3l Jiss ool s Lo L i)l ol 2]
Jo e Y53 60 130 o sl s Sl ol Dslias) dmdanl
.C:Ejdldl_sﬂ.w\ﬂ.g

B0
70 =

C0upe i adm
(il am 32 Jal ankCO; 22 Jasl)

s

ﬁ 604  WEOD S sl " '
9 su d - I —adl |
j’ 40 i
« 30 |
S 20- .
L]

2 10 i
[=]

S o |

0 1000 2000 3000 4000 5000 6000

st g—ley Jaiidl 4oty BOR o sl Spucall Jadidl

Lidl s e b1 gl skl ity (Lddl ST poen 1 (127) S

PRWECNTFINEY
.IEA :JJ.\AL‘

171



_ B ek Ji s

3 4000 4 Fa

1 A B EOR

1’ 3000 - plad et e

j: WEQ 2030

] 200 W it

:_:]‘ B i sl

jjl . B At
0 B ey Jys oyl

5 10 15 20 25 30 35 40 45 50 35 40 &5 70 75 80
g landl s 2004 (USD)

127 JS3 b L bl oty 55« Jai) BEASS powie £ (22 7) S

.IEA :JML‘

19 5okl
Ll olimenn g 2SI olio

O 135 2 Y1 B Sl Seudl B ek dla oSG I 1)
Sylpadl JS Lo s ol kadl Sl gl oo 1 Jisdl
Sl gl S S5l s e LMl ghi GiS i)
oo B et BslasVl Z3ledl S sl €l ol Sl
- Jeadll tia sl & osSdedl ETP £3p0 LaSle IS0y - mlinedl
Gl Mo Janiy . fktaodl U o] S g Sl 3 o]
oAb Cf"ﬁ"d‘ Mg il 63 il Jordl e dabls 5 ks
5 S olimis JI Ioboal e pdaodl ssldl oda 3 ILYI Azl
.(Cost and/or learning)" B e wlisen Al

LS oVl ol o) el Bn a5 5 e 1995 ole b Dt
3D U pis <Gl P 2SI Jual o0 Lgs SUd1y Lol 51yl
Atalgl) ST DV S5l Bl ] sl dsball plets

172



Jia S USD
-
o
|

S Bl s Ll ety

th O

-
________

afa aab I JIUSD
LS ] L] e
1 1

0 50 100 150 200 250
Pkl e At sl ¥l Sl gl

}L&}k.ﬁ:;‘yculjﬁﬁjdw'ﬁig|;l|m‘ Z(3-7)J§J’J‘
R CH Wy U § N WN

@,.éw\ﬂﬁjéwngwyﬁmmb‘a{.x:u;suﬂﬁuwﬁudlu,fu.\

1994 pLa) S oY1 )Y 5l 8 )0ke C AN b Sl I 0L cole pdall b st o Ly

Loase T 20 28 T 5 ona 25 1000 31 Jleg
1995 &S a1 o gl s el din e ez ] e

J.«.ZMJ\ @j_;'_]\o_n3_7 J.X.i._“ CJL:.AML;L;J)M\ S
Ailasall o)l Sl sy B ke ¢ Genll UV, cHiliiee 3lpe 3 3 5l
gﬂlﬁg};\.«.}'gﬂjﬂj L€_>-L2.:l J_i).la_}'_j b)b.@.“ oda alinsy E\.Q.SL>J\ sy

173




O35 e 1994 Sl 5 6L e S suly dazd dabls dad) ol
I S (..Lu I dals e

Y Ll e B sdendl SLY I 5 Bl Sl slae DS oo
Lt ] Lo il okl 5Ly Bisdl e okl ik 5L
(B e bl s (o dan s il b by (il Jlte) &
) iUy ol JSI Bl 3 1S ) el 3 0.5 M o sl
sy i dudy L5 ol TEA Jl sl ¢ s il 8 LI
S sl L dpe wls

_7&{.&)\)(..5&.” LS).IMJL;QL&»L;;;@J&)J 2 ch..j.)u!.s
Sl besss - (Rogner, 1997) Gl O 50,8 5506l 551 50d any &) 5 (4
s Gedas s LI (1997) AU o sl wle i 1L @&J\ I
i) e Y olomie 005 Sy el e ple S0 B2l i dly RIS
O Jlzel ¢ hiteadl 248 J2a5 OF Lo il oy wope I G oo bl
Dl cond 25) BYI LU 15 5,10l L] Logs oo LI dais
Cordieinl A3y (LS Sl 545 i less @ﬂ\@@m@rsug;
Pl g ieed el s s Y1 DS 1 g 00 b Aglice iwy
Ol i ededl o 3l Olgnul 85, OF Gpedl s - (SAUNER, 2000)
cols Lalseadl 5yl sadl LS J > (Rogner, 1997 5 10 Jsd>) a5leg i3
L) 2SI O Bl oy 1997 ple dmy foar Ly Bl wilb o
25 1N 52 20) bl e 280 3T cols s b il e bl
i eds (1990 3 TN 38 ] 35 sl i5,Lie <2004 5 V5o
* Wb b gyl o,ﬁioio,@“v.w*\ ol JI
Wy . ey, 5k dglie 551 b (Greene, 2003) o & disls  fental
Slas b O s .5 -7 SN 3 gadidl 2 baid) wliois iy .\_ﬁ
ol AU o iy Bl T Baslize Sels Lozl JRbIL Lolsll
Al Sliois elaty (QIWN Jadll L) o ol edlse |5 e 6 el

Jar ansl e Ll

) Sl a6 drded Sl etal cdadl Sl pasnas

174



OF odadll s (5 8,51 i (Led a) olls McDonald, 2001 ¢Sl
dime po Slte) Slr padl (S1 5 AV O S0 0,80 ST asls
oo el 320 5 el deed) 200 1 sal) 0SS sl 3 20 Wl
ol 5 20 o sl Al 2000 J1 asldl 055 Ldsxedl 100 J1 asLol
(Wene, 3 (C.OWene) ply .5 . [edluy (Gewiiadl 1000 JI sl
il e ol b slnadl JTadl Jine il Ty 5 1988 ol i <1 2004)
AbloY SLLAYI AVW) &l 520 ssd0w skl LS oy Gl
el 3,m S b el 5 20 il 2l O pny M3 48] 2l
e Bl deesaS sl ada OB el J< (sl wLlaYl Les
ol s By teiy Lo Lilas B3 150, 1988 ole OF 25,5
wlin S Gl dla 0,5 I &l Jetaed Sl el paadl (5 xa
Y Ll B s e 5l Ol rrlonadl Sy U3 ) L)
o LY LI Bl o ol sl oleles et S oS
plosl nllaay Gl b larul andi ol wiay Glass il

3o gedl o dilee ¢l 5T o1 ol A s

130 =
120

2883

]
=1

) i
= =]

-
(=T =

LSl bl ey JS) (1990 (LUsn)
s
Lo I =]

=]

D 100 200 300 400 500 400 700 BOO 900 1000
lEall o il e s LSan
J;b,,yrzm,;wbh.wmgw 1(4_7)J.§.ﬁ|

Sk S J“‘beﬁJEmJKA A=l b doley 13BN
Annual Review of Energy and the Environment, vol. 22 (c) (1997), : 43,35 e O34 Leelb asle| O

by Annual Reviews, <http://www.annualreviews > .

175



' oty B
I‘.Il.‘.'I 1 / Al Ll

s S0 USD b andt

5 15 25 35 45 55 65 75 85 o3

[

wﬁwéw|ﬁ9MW|aw 3(5_7)J.§.ﬂ|

. (Greene, 2003) : -o L 5| el

@H”WJMYL’”C’JY\J‘UL‘)M‘ oda o
il ol de) sylpadl o ol dly g doedl (5 s
1000 o msl Goe (B deondl obodl 5050 51 cptadlly @ Sl
cple [ (oSl e e &l V] (eSSl > B e 20005
Jloy OF pleead 2l ey s 1 55l e odeS Slulys Goas
g @25 S Al (5020 e el s cud e BTl il
LN all e B0, il 2 Ll Zl) OY (6 - 7 Y
B e ke 1000 e 25T G5las ¢ s Sl 10 25D
L c,,s =G u;gfiﬂ_ﬂ V_Lx.; izl & 20 s 0L (g5
ST e 0L oo dd Y55 100 Wl ilsS A1 5,1 peld e
cdeo sl Us el 1Y 55 20

176



dplnall ola alnalt

——

0.1 10

ol Ll fomw - el Lol du)‘._lasaw H(6-7) Kl
Y o515 o
I Jadll 533 JSal ol W kil Al e 5 il Sl sleall IEA 4

Qu&‘ PEL)
el o B s 050 OF sl e el Sl as L
Bileadl Leisle e J5U 0¥ Bl bl ols 20l 5 ol plall
ey daadl by Laal Jle 3 e s sl e sl gl ddlasd
& boeglloial Slsss e Bl e 1S 2 Slie iy O pdeS e
M ST Bl 3550 w55 Ol C@,AJMWM&M\ sLeoJl
ijfw\wmgzﬁ}mw.b#ﬂﬁwﬁgub\mﬁ\
Olasyl e s e Jb Jley 8 >l O\jﬂy‘w@'“\ﬁ“ﬁrc-l-’u&“i
rUé_;O.aJ*é_’;‘Y\ FRAN| Cuyc_:u\ LIl sl du)\j M\ L)
)LM)\H ob cuU.\Sj m:La.a\ })\j./a 3, sadl sl e dJ\ e.b.bd\ Sl

177



I RSO [ S PURCH RV NP N RCHUN g RUIESN QAP I E A
S bl Flals b (Jaate iy pall pla e el L) Slasbed) &l
s B dsle b cls ) S olblasl e 1S g Al cols
B obema Nl e 5 S0 A e B sl i saelenodl OB M 23

ASTL plaaVl G By 35l pall e sl 61 5V

o el 1 5VL oS plazal e Y T (IS cadio S e Lo

o8 s OV Oy ) bslaa ¥ plads Leasl el oy 5l sl

ko dadl i bn o eliall b shadlly Sond) e oSV ol

Sl gall skl s A g O pndanig Y sl (gl smad el 5L

ol pdaiidls s el o dS1 ]l O) Q‘Y\u&w}}foﬁdjﬂj
.%S;La.J\ f.uJJ \qu.@_»o,\i_b,J\ 3yl gl &8l W bl s SERY

ol Aol deliall e slaxeVT o Y el e ke
CESLI V) S e e slasVl b Ll b e
plazal ol Ll Q3 y L olagletll By 3 Lajlas)l o T e Lol Lol
Bl slanl s ool 3 Ll el )P s D dslall
B e e 0555 01 dmy las S5 cplaxaVl 5,240 3035V 6 el
Dl 0585 Lakie el Lzl ol pabos L2341 Jand cnis)
baseh 8 S ddaadl bl sl pml claides Lall

s)lse Lol 3 dm s I IEA 1 ) & sesnadl Ol cols cLsa b
Oles) 5L Ll il & S skl e Wl sV 5y L
Sl ST e LU oS L Goaall LY s s Al el
Lol a5yl 5l r_la_udb J= L;\ e Lo, LAJ.}L;H)
JPJSC@M JABA I b elasVI 2 Jadll B a el 2l
JS 0L (S a1 G - el Lk e Tslaxel T IEA )
3l Lepd OF 5T c&lal 5k 5 Lty Ths OV1 e (335 TEA I s
o SN skl B deslaed] wlize b 825 1S e b e
Sl W Laadl e Lede ey sl y‘utlg;w EAURNIppyee
L;S)Y\ MJ.«_S\ 5 5Ll L—"‘J\u""’u‘"gﬁ caeslal 5 gaadl D dslo
.VJLJ\ & Blall 55l 4ol

178



Ghledl Jamy 20,50 48 &l cilnldl Jpaddl DN e LY
b el gmeny Bl jshs 50 LSl slulld
DRI ICH FETESAN

il Sty

oo IS5 Ciall Jpad)l e ol sl Sle sl e sde il AR
N P B S Lo S\ RO B RER
e iUl adasl st BLS 1S 5,05 a0l Ol W
St S bl il B dbe Sl 54300
(2 -7 A7) L
Ul oot oshtlly G dl b osises dgr ) il Lo @
I P 4 PY I 1 C R PO IS U AL I P EP S |
s STy suas
e ekl G
15) LY se 3o Ll 1555 9055 OF bl dunlid| ks
S b e S cnael
slekaV1 ey il syl sl B sl fate Jes ) S50 @
&bl am (gl obied el ALl iy all ppasdls onlied)
Gsllaadl B (s s B 313 0550 0T Sy el 2 Y1 el OF & 2l
dls BB o 5l se Jad
d.;ji}“ d})@df;j}x\.@.‘\ })\jﬁ é.xb} IEA_H J).}JQL}LE.:.H
oo A sl sy Sl kel wes sl dxT @
LoblsY)
M s A Ul by gy pshs 8 AL dealll]l @
LNl s Al

179



Sl oamtdd L3S €O, JI 5L wladl jaiss 0,55 of sll @
L €O, Il 5l peed! Laid) xSl o SN Sl ij et 2
Lol gl Ve ) (g5 50w

o B Sl Gt adl e Ll B Bl pylall o @
Lyl SUL) plaseal 3 Lrlis Latis Gy L6 1 O] G cimnla]|
Ak Sl S5 sad) L T ol AN

e s e ) Lglalses e dol) Sl sliall syl pes @
Sk Gble B o)l )

Pl VL e ol dlasdls ppladl ol shas 83L3 5 Ll enuNl @
31 sk deluall 35l AST 4 by cOlodl Slhton Slblamd it
slons Lol o a1 il sb lslusdU T dage 0555 26 3,0 sedl ods O
s e elea)l laabee e slae¥l e o Ul

seledl Sladadl eda JI sl (Al bl Slngiad) adans
JS Hlas Ll lagle o ol G Sl doliall pn SS1LS ely b
e o el 5l 05l e 350he (g SIL) prenlad|
S e 3 GLl ladl deles Al el 56 el Gladl
s e g o0 Bl 05 S psel Blamd O L 13 odgS ol

180



(i yard) )

g oo 52 - (Improved Oil Recovery) (IOR) ‘pizenod! il C|J.>h:...~|
Lol e b o S O sl pusen s blosY s 5500 2les ol
A Lolas) S sy d T VJ sl

: (Microbiologically-Improved Oil Recovery) Ls 5 Ko piuread] Jaid) g el
ARS o LV B dule bbb s Olpas i e sl sas
0555 O e 6835 sl Sl g S 5 sl s T ol et s
UGS &y S jad s o 5l g ,Seradl LA 1o 3] Sl szl
ST Sy ¥ s w s e S ST Bl &S s e 5,00

daind by gkate Ll Bl e 8 le * (SOFT) g.l.!l Lall i Sl
Coou DYV Lol slaadl Sy ol nSIY o fm‘ e S IS
s ol shald 5ol 51wl GUYI s el e Sl U 655
Doy oS B, ) Sl el 5 ol gland) Ess bl
Ol el Sldeall faSius s saane L5) 2l 43, Tl ol all

ies Jl s e CUa..mJ\ s pisis a2l 1 (Ol Peak) Lol 35,3
sl il s I B Bl Bl yiaedl sl L) faas A1 £
Rl B By 208l bkl S ol Ws IS A5G ey Lol
o & en Bslas s o N1 B 83 g pedl L) BaS JalS e
Akl sp,dl el el o ss g e

dri G5B sy e 8 L8 pas (Ol Shale) Jaidl fabll

e s ddl ST IS Jlalall ST U SIS sl Jabl)

W =l 5 oS el B ALl & paadl OLS el e 8 0S les
Gy b)) Sl Sssaa J e B3 Slael § 35 0

181



JIRYs L?.HJ'JJ'J\ c.«.d\ O 44 :(Seismic Scanning) ((4D) ?JUJ}M cwdl
Lol 5Ly Ladl e ol 3 s s dogodl Sl e sl
3y Ao ) Al B3l ) g0 i L5 dsb e I el e,
BN s VL iy JIIN sl ol S sl ey el s L
Sl LSl Wy el co L a2 350 e J sl
o e Jyaxdl o LS llanal Ddlaay 3N foed 23 et
IS o faliie e Jool sk el s 1SS gl bl SU dadl £330
el aadl s e ol sl

o pols ohne dib Llle dxpi) 53 L sa (Heavy Oll) il i)
QQM\J;)ABQ}AJQM\J%&ACM\&AQIUM\
Sl o Slesl e 5 bsle Ladl s us sy o blasN1 Gy b
* L.W doisea byl >

& el bl ] mllaadl s Ly o (Residual Oil) M‘ Ll
Al s IV ) eVl e a5 neall L el Slebee|
A e WS A S

CL:.»l i ,2JL Lea :(Conventional Oil and Gas) HLJadl 5Ly kil
s il G yaidls Slolaadl OMans cidandl G in s JI U el
JSI oy o35 e Ol Lo V1608l 3 & el i g Il p5eall
sl i o ) SlasY I3 GO+ N R Ao |

: (Maximum Reservoir Contact Approach) &;bL“.:;-YLa d..a..;%)“ JLasy c@.a
a3 LN Ll o) 0555 By el i oy OF o
A1 s esldl ssaaze LY LY plaseral S5 s ¢ bl
b)) ke s iy s WSS 5 e Redbeienedl ASLad) o plall
Yl sl L olbles Y s

Ll ol ol ais Ll sl ge & 1 (Methane Hydrate) (lowad) ol jn
bidy ddibie 1)) Slrys b eladl Ol e Lot JS35 cle b
s sderaadl Jleddl Chaall ghble 3 51 el g8 2 dx s Jas
o2Vl B 05 Sl Sl s i 2SI sl

182



EOR
IOR
MEOR
WEO
MENA
R&D
BOE
ASP
BTL
CCS
SOFT
I-Field
GTL
Micro-LNG
CTL
E-Field
THAI
FSU
USD

iyt N e

Lal) ESU o Sy

el o) )

Lo Sor il LS 21 5l
AL Bl Lans O azul &) 53
Lo V1 Gl /Ly 3T Jled dakaa
sy Lo

B e B

S ol Job s

Lot S s

ol 52 5 b

iad ) Ladl J s Ul

SN Jsadl Sl

SE s

oo B Lo nall S L
o e

BRSNS

L) ) LY e el sl
ol GLé sl 5V 5o

Sl Y53

183



SMEs
LPG
CNG
LNG
ACR
DoE
WAG
SAGD
USGS
API
IFP
OGP
EURO GIF
OECD
OPEC
ETP
CBM
GOR
METI
IEA
EIA

i g0 58 oo DS 5

S 5 56

bras bl

S g 36

3yl sl b JT % 2

S eyl Bl 5505

S el

JUl o aadll ) Al
SVl o st el s
S oY) il s

o A Lol dgme

Sy adl gets
sV Ll ol K suze
3| gl O sladl dodana
Laal s ,all J sl dadaie
$Hb B sk

il b Ol

laiehl 4] S dns

oLUl & delially s, bud sLasNI 5,05,
FAPRUPEIA[IH[CH

Bl Sl slas DS 5

184



Ol sellaia gl

Stylolite

IEA implementing agreement
Reserve

Remaining reserves
Bottlenecks

Recovery

Improved recovery
Derive

Upstream

Super deep

Kick-off

Petroleum systems
Monobore

Piggy-back

Shear thinning

Steam flooding
Behind-casing logging
Residual oil saturation
Learning

Casing drilling

185

oy

ST

dalall TEA JI i3l
S

e bl

o Bles

oA

it gl
ol
YL e

<
Ll das

3198 0 Iy %
A e Jos

A

Sl s

s

NENEE PR



Gasification
Technologies
Membrane technology
Conventional

Coking
Hydrocracking

Drain hole

Open-hole

Holy grail

Bitumen

Ore

Peripheral water flooding
Green house effect

Oil peak

Primary

Oil sands

Hydrate existence domain
Majors

Independents
Conformance control
Gas shale

Oil shale

Magic bullet

Down hole separation and re-
injection

Lean gas

- s -5 ) Ll
oLl

sleadl Bl

(455 A ) Jes#) 5SS
ST IR P

iy el B e

i siie b i

dwdie sals

() o

fl.; Odme

sl U 58
s V*J‘ b o)
Ll 2l a3

(dsD) s

it Jbs

Skl 38 e
SrS e

s 1S 2

SLkYl ks

Sl Sk

i

iy e 22l

skl Jals ik sslel s Ladll ilas



Sour gas

Tight gas

Steam chambers
Non-conventional
Unrecoverable
Unproven
Economically recoverable
Technically recoverable
Wettability

Kerogen

Major resources holders
Multi phase
Multilateral

Locked-in

Reservoir simulators
Water-loving
Oil-loving

Probable

Stranded

Upgraded

Solubilised

Oil wet

Clathrates

Reservoirs
Discovered/Unproven

Well-to-wheels

187

Juwle e
Sl

Sl e

ST 8

gl A LB 2
S e

$olazl S ol sedd LB
[REFEEI A
SR TANERRE
O S
RSP
bV saaze

O PER RN

das

SV olsls
bl o5 /s
Lillo,i/ce
ul,‘,:;

o

ol

Lol b
Slbles|

el I 21 e



Cost curves

Multi-cycle Hubbert curves
Frontier

Resources

New conventional resources
Undiscovered resources
Deep water

Ultra deep water

Coal mine methane

Mature

Assembly-line

Synethetic crude oil
Residual oil

By-passed oil

Heavy oils

Basin modeling

Reserve growth

Five spot pattern

Virtual reality

Maximum reservoir contact
approach

Agency

Oyl Badmie @ pen Ol
z\iéjv\}:\ija;ﬁ

J)‘),a
ol LU 5l 5
iaiSa 155 4

({iews) 10> dias ols

e

LY s

Jm.;\*igw\ e
PP

PV V) Iy e

s

188



é—f"‘)""“

AAPG: Hancock, S. [et al.]. «A Preliminary Investigation on the Economics of On-
shore Gas Hydrate Production Based on the Mallik Field Discovery.» Paper
presented at: AAPG Hedberg Conference.Vancouver, BC, Canada, September
2004, <http://www.aapg.org/education/hedberg/past/index.cfm > .

ACR: Alberta Chamber of Resources, Oil Sands Technology Roadmap: Unlocking
the Potential, Edmonton, January 2004, <http://www.acr-alberta.com/Pro-
jects/Oil_Sands_Technology Roadmap/OSTR_report.pdf>.

ASPO: Association for the Study of Peak Oil and Gas, whose Web site Contains
Extensive References to Literature Arguing for More Conservative Estimates
of World Oil and Gas Resources, <http://www.peakoil.net>.

Attanasi, E. D. Economics and the 1995 National Assessment of United States Oil
and Gas Resources, United States Geological Survey Circular 1145, Washing-
ton 1998, <http://pubs.usgs.gov/circ/1998/c1145/c1145.pdf>.

Bret-Rouzaut, N. and M. Thom. «Technology Strategy in the Upstream Petroleum
Supply Chain.» Les Cahiers de I’économie: no. 57, March 2005.

DoE: United States Department of Energy. »Coiled Tubing and DOE/NETL’s
Technology Program.» Presentation at International Coiled Tubing Associa-
tion Lunch, 15 January 2004, <http://www.icota.com/publications/Lun-
ch%20Learn/NETL-ICOTA %20Luncheon%201-15-04%20Final.pdf > .

DoE Shales. United States Department of Energy. Strategic Significance of Ameri-
ca’s Oil Shale Resource. 2004.

Vol. 2: Oil Shale Resources, Technology and Economics, March 2004,
<http://www.fe.doe.gov/programs/reserves/publications/Pubs-NPR/
npr_strategic_significancev2.pdf >, and <http://www.shaleoilinfo.org/li-
brary/government/doe_vol2final.pdf>.

189



DoE CO,. United States Department of Energy. Six Basin-Oriented CO,- EOR
Assessments Examine Strategies for Increasing Domestic Oil Production.
DoE Office of Fossil Energy, 2005, <http://www.fossil.energy.gov/pro-
grams/oilgas/eor/Six__Basin-Oriented_CO2-EOR_Assessments_.html > .

Encyclopedia Britannica. Oil Shales, Encyclopedia Britannica Online (2005),
<http://search.eb.com/eb/Article?tocld = 50648 > .

Flint, L. «Bitumen Recovery Technology: A Review of Long Term R&D Opportu-
nities.» Report Prepared for Natural Resources Canada, April 2005, <http://
www.ptac.org/links/dl/BitumenRecoveryTechnology.pdf>.

Gielen, D. and F. Unander IEA. Alternative Fuels: An Energy Technology Perspec-
tive, March 2005, <http://www.iea.org/textbase/papers/2005/ETOAIt-
Fuels05.pdf>.

Gower, S. and M. Howard. «Changing Economics of Gas Transportation.» Paper
Presented at: The 22" World Gas Conference Tokyo, 2003, < http://www.i-
gu.org/WGC2003/WGC_pdffiles/10175_1046659520_1393_1.pdf>.

Greene, David L., Janet L Hopson and Li Jia. Running Out of and Into Oil: Analyz-
ing Global Oil Depletion and Transition Through 2050, ORNL/TM- 2003/259,
< http://cta.ornl.gov/cta/Publications/pdf/ORNL_TM_2003_259.pdf>.

Hart’s. Rhonda Duey, «Journey to the center of the Earth.» in: Hart’s E & P Net,
February 2005, <http://www.eandpnet.com/e205/0205 exploration
tech.htm > .

Hightower, M. [et al.]. Guidance on Risk Analysis and Safety Implications of a Large
Liquefied Natural Gas (LNG ) Spill over Water. Sandia Report SAND2004-
6258, December 2004, <http://www.fossil.energy.gov/programs/oilgas/sto-
rage/Ing/sandia_Ing_1204.pdf>.

IEA CCS (IEA: International Energy Agency). Prospects for CO, Capture and Sto-
rage. Paris: OECD/IEA, 2004.

. World Energy Outlook 2004. Paris: OECD/IEA, 2004.
. World Energy Outlook 2005 OECD/IEA, 2005.

IEA Hydrogen (2005) (IEA (International Energy Agency)). Prospects for Hydro-
gen and Fuel Cells. Paris: OECD/IEA, 2005.

IEA WEO (IEA (International Energy Agency)). World Energy Outlook: 2001 In-
sights. Paris: OECD/IEA, 2001.

IEA WEO. World Energy Investment Outlook: 2003 Insights. Paris: OECD/IEA,
2003.

190



Klett, T. R. and J. W. Schmoker. «Reserve Growth of the World’s Giant Oil
Fields.» AAPG Memoir: no. 78, Giant Oil and Gas Fields of the Decade, p. 107,
American Association of Petroleum Geologists, 2003.

Laherrere, J. »Future of Oil Supplies.» Paper Presented at: The Seminar Center of
Energy Conversion, Zurich, May 2003, <http://www.oilcrisis.com/Laherrere/
zurich.pdf > .

Laske, G and G. Masters. 4 Global Digital Map of Sediment Thickness. EOS Trans.
AGO, 78, F483, 1997.

Marquette, G. «Oil and Gas Industries Technology Master Plan.» Presentation at
the: SPE Meeting on Management and Information, Milan (Italy), 20 April
2004, <http://www.assomineraria.org/news/attach/g.marquette.pdf>.

McDonald, A. and L. Schattenholzer. «Learning Rates for Energy Technologies.»
Energy Policy: vol. 29, Issue 4, March 2001, pp. 255-261.

Mijnssen, F. C. J. [et al.]. «Maximizing Yibal’s Remaining Value.» SPE Reservoir
Evaluation and Engineering: vol. 6, no. 4, August 2003, p. 255.

Milkov, Alexei V. «Global Estimates of Hydrate-Bound Gas in Marine Sediments:
How Much is Really out There?.» Earth-Science Reviews: vol. 66, issues 3-4,
2004, pp. 183-197.

Norway CO,. Norwegian Petroleum Directorate. Report on Feasibility Study of
Projects Entailing CO, Injection for Increased Oil Recovery on the Norwe-
gian continental Shelf, 2005, <http://www.npd.no/English/Emner/Ytre + -
miljo/co2rapport_pm_260405.htm > .

OECD. «Security in Maritime Transport: Risk Factors and Economic Impact»,
Directorate of Science, Technology and Industry, DSTI/DOT/MTC 47/Fi-
nal, 4 September, 2003. Paris: OECD, 2003.

Rogner, H. H. «An Assessment of World Hydrocarbon Resources.» Annual Re-
views of Energy and Environment: vol. 22, 1997, pp. 217-262. (Annual Reviews
Inc).

. World Energy Assessment, 2000, chap. 5, <http://www.undp.org/seed/eap/
activities/wea/drafts-frame.html > .

Saleri, N. G. [et al.]. «Shaybah-220: A Maximum Reservoir Contact Well.» SPE
Reservoir Evaluation and Engineering: vol. 7, no. 7, August 2004, pp. 316-320.

SAUNER (Sustainability and the Use of Non-Renewable Resources). Summary Fi-
nal Report, ENV4-CT97-0692, November 2000, <http://www.bath.ac.uk/
“hssam/sauner > .

191



Schlumberger. «A Niche for Enhanced Oil Recovery in the 1990s» Oilfield Review:
vol. 4, no. 1, January 1992, <http://www.oilfield.slb.com/media/services/re-
sources/oilfieldreview/ors92/0192/p55_61.pdf >.

Simmons, M. R. Twilight in the Desert: The Coming Saudi Oil Shock and the World
Economy. Hoboken, NJ: John Wiley and Sons, 2005.

SPE/WPC/AAPG (Society of Petroleum Engineers, World Petroleum Congress
and American Association of Petroleum Geologists) (2000) - «Petroleum Re-
sources Classification and Definitions», SPE, Richardson.

Steynberg, A. P. and H. G. N. [et al.]. «Clean Coal Conversion Options Using
Fischer-Tropsch Technology.» Fuel: vol. 83, issue 6, 2004, p. 765.

USGS (United States Geological Survey), World Petroleum Assessment 2000,
USGS, Washington, <http://pubs.usgs.gov/dds/dds-060 > .

Wene, C. O. Presentation at: Forum for Energy Modelling, Bonn, October 2004.

White, C. M. [et al.]. «Sequestration of Carbon Dioxide in Coal with Enhanced
Coalbed Methane Recovery - A Review.» Energy and Fuels: vol. 19, Issue 3,
2005, p. 659.

Yeten, B., L. Durlofsky and K. Aziz. «Optimum Deployment of Non- Conven-
tional Wells.» Presentation at: SUPRI-HW 2002 Annual Meeting, Stanford,
California, 2002.

192






O I AuiaY 2ea 5 Aadull s3a @i
L el plogl Lol Zlimy uft clyiaatt
Golal 1l aa,atl Jais juplaifly com ot
wgirall

dgu 2 (il LAty el A
3w B le 2030 ale o B3l
15 018 23U o Sl iali sl Sl
Ay gl Hiaw daddl e cdladl (Sly o puim
Laa Ll e e Mall Caoliatpg (2501 250
B3 3950 aghln Jag 3litgdadil joline Lo
Seoas 3l Juiall B donliily daiill 2l il

Shilly daiitl cpe @llatt edade B o)
Ll ll Hlms 2 JAla jyplat M gotiw
whigl Aadaie c€a3 3] img ooleia¥y
ols Aalayl alilll 3uh ;e (OPEC)
Linglp Kl (o daje I AaS1B 23 A lall
1lllg aS_”Ia.‘ill

g pon (yal€a B 2l pan M puugil

By (al€e M Juasll —

Agadaifl pud crlyu i Slaatuly sa i —

(3305 QLI {2 Fl @23 Lo le £Liyg
edelld 2 Losatutl el glyall galyis
Culyaid agsy «Jaitly pli¥ly ccamit
o180 M 3% gt OSTROR N (N PO 1
Aulze 2lla slye onali 3.2 Jpo 22301

Adgtartl plijaaguntl 2 o1ogia slpbs elie
Uil jull (g3505u Aasla o (aglpanat)
g,.all-“ L‘m..l.“_’ Léld' s:nlmb..t." rdae 1(1978)

g [0aph3 Wals 2

Y165
L dula L.yt

RL LA |

W el Ll

: “Resources
Reserves

Zl.gal:\s.“

Sladhy Jos Ball e J ¥ s ()

Slafg Jdo i .

E
. . . . . .
- S U1 A W N e

¥ ol (a8 Al

]
E
k
[

-

s Laass)

v

MWakyr cllad 3

oasall dypshll dobuigll  NSTES patel



	22222222222.pdf
	ادخار الموارد_صفحة_001
	ادخار الموارد_صفحة_002
	ادخار الموارد_صفحة_003
	ادخار الموارد_صفحة_004
	ادخار الموارد_صفحة_005
	ادخار الموارد_صفحة_006
	ادخار الموارد_صفحة_007
	ادخار الموارد_صفحة_008
	ادخار الموارد_صفحة_009
	ادخار الموارد_صفحة_010
	ادخار الموارد_صفحة_011
	ادخار الموارد_صفحة_012
	ادخار الموارد_صفحة_013
	ادخار الموارد_صفحة_014
	ادخار الموارد_صفحة_015
	ادخار الموارد_صفحة_016
	ادخار الموارد_صفحة_017
	ادخار الموارد_صفحة_018
	ادخار الموارد_صفحة_019
	ادخار الموارد_صفحة_020
	ادخار الموارد_صفحة_021
	ادخار الموارد_صفحة_022
	ادخار الموارد_صفحة_023
	ادخار الموارد_صفحة_024
	ادخار الموارد_صفحة_025
	ادخار الموارد_صفحة_026
	ادخار الموارد_صفحة_027
	ادخار الموارد_صفحة_028
	ادخار الموارد_صفحة_029
	ادخار الموارد_صفحة_030
	ادخار الموارد_صفحة_031
	ادخار الموارد_صفحة_032
	ادخار الموارد_صفحة_033
	ادخار الموارد_صفحة_034
	ادخار الموارد_صفحة_035
	ادخار الموارد_صفحة_036
	ادخار الموارد_صفحة_037
	ادخار الموارد_صفحة_038
	ادخار الموارد_صفحة_039
	ادخار الموارد_صفحة_040
	ادخار الموارد_صفحة_041
	ادخار الموارد_صفحة_042
	ادخار الموارد_صفحة_043
	ادخار الموارد_صفحة_044
	ادخار الموارد_صفحة_045
	ادخار الموارد_صفحة_046
	ادخار الموارد_صفحة_047
	ادخار الموارد_صفحة_048
	ادخار الموارد_صفحة_049
	ادخار الموارد_صفحة_050
	ادخار الموارد_صفحة_051
	ادخار الموارد_صفحة_052
	ادخار الموارد_صفحة_053
	ادخار الموارد_صفحة_054
	ادخار الموارد_صفحة_055
	ادخار الموارد_صفحة_056
	ادخار الموارد_صفحة_057
	ادخار الموارد_صفحة_058
	ادخار الموارد_صفحة_059
	ادخار الموارد_صفحة_060
	ادخار الموارد_صفحة_061
	ادخار الموارد_صفحة_062
	ادخار الموارد_صفحة_063
	ادخار الموارد_صفحة_064
	ادخار الموارد_صفحة_065
	ادخار الموارد_صفحة_066
	ادخار الموارد_صفحة_067
	ادخار الموارد_صفحة_068
	ادخار الموارد_صفحة_069
	ادخار الموارد_صفحة_070
	ادخار الموارد_صفحة_071
	ادخار الموارد_صفحة_072
	ادخار الموارد_صفحة_073
	ادخار الموارد_صفحة_074
	ادخار الموارد_صفحة_075
	ادخار الموارد_صفحة_076
	ادخار الموارد_صفحة_077
	ادخار الموارد_صفحة_078
	ادخار الموارد_صفحة_079
	ادخار الموارد_صفحة_080
	ادخار الموارد_صفحة_081
	ادخار الموارد_صفحة_082
	ادخار الموارد_صفحة_083
	ادخار الموارد_صفحة_084
	ادخار الموارد_صفحة_085
	ادخار الموارد_صفحة_086
	ادخار الموارد_صفحة_087
	ادخار الموارد_صفحة_088
	ادخار الموارد_صفحة_089
	ادخار الموارد_صفحة_090
	ادخار الموارد_صفحة_091
	ادخار الموارد_صفحة_092
	ادخار الموارد_صفحة_093
	ادخار الموارد_صفحة_094
	ادخار الموارد_صفحة_095
	ادخار الموارد_صفحة_096
	ادخار الموارد_صفحة_097
	ادخار الموارد_صفحة_098
	ادخار الموارد_صفحة_099
	ادخار الموارد_صفحة_100
	ادخار الموارد_صفحة_101
	ادخار الموارد_صفحة_102
	ادخار الموارد_صفحة_103
	ادخار الموارد_صفحة_104
	ادخار الموارد_صفحة_105
	ادخار الموارد_صفحة_106
	ادخار الموارد_صفحة_107
	ادخار الموارد_صفحة_108
	ادخار الموارد_صفحة_109
	ادخار الموارد_صفحة_110
	ادخار الموارد_صفحة_111
	ادخار الموارد_صفحة_112
	ادخار الموارد_صفحة_113
	ادخار الموارد_صفحة_114
	ادخار الموارد_صفحة_115
	ادخار الموارد_صفحة_116
	ادخار الموارد_صفحة_117
	ادخار الموارد_صفحة_118
	ادخار الموارد_صفحة_119
	ادخار الموارد_صفحة_120
	ادخار الموارد_صفحة_121
	ادخار الموارد_صفحة_122
	ادخار الموارد_صفحة_123
	ادخار الموارد_صفحة_124
	ادخار الموارد_صفحة_125
	ادخار الموارد_صفحة_126
	ادخار الموارد_صفحة_127
	ادخار الموارد_صفحة_128
	ادخار الموارد_صفحة_129
	ادخار الموارد_صفحة_130
	ادخار الموارد_صفحة_131
	ادخار الموارد_صفحة_132
	ادخار الموارد_صفحة_133
	ادخار الموارد_صفحة_134
	ادخار الموارد_صفحة_135
	ادخار الموارد_صفحة_136
	ادخار الموارد_صفحة_137
	ادخار الموارد_صفحة_138
	ادخار الموارد_صفحة_139
	ادخار الموارد_صفحة_140
	ادخار الموارد_صفحة_141
	ادخار الموارد_صفحة_142
	ادخار الموارد_صفحة_143
	ادخار الموارد_صفحة_144
	ادخار الموارد_صفحة_145
	ادخار الموارد_صفحة_146
	ادخار الموارد_صفحة_147
	ادخار الموارد_صفحة_148
	ادخار الموارد_صفحة_149
	ادخار الموارد_صفحة_150
	ادخار الموارد_صفحة_151
	ادخار الموارد_صفحة_152
	ادخار الموارد_صفحة_153
	ادخار الموارد_صفحة_154
	ادخار الموارد_صفحة_155
	ادخار الموارد_صفحة_156
	ادخار الموارد_صفحة_157
	ادخار الموارد_صفحة_158
	ادخار الموارد_صفحة_159
	ادخار الموارد_صفحة_160
	ادخار الموارد_صفحة_161
	ادخار الموارد_صفحة_162
	ادخار الموارد_صفحة_163
	ادخار الموارد_صفحة_164
	ادخار الموارد_صفحة_165
	ادخار الموارد_صفحة_166
	ادخار الموارد_صفحة_167
	ادخار الموارد_صفحة_168
	ادخار الموارد_صفحة_169
	ادخار الموارد_صفحة_170
	ادخار الموارد_صفحة_171
	ادخار الموارد_صفحة_172
	ادخار الموارد_صفحة_173
	ادخار الموارد_صفحة_174
	ادخار الموارد_صفحة_175
	ادخار الموارد_صفحة_176
	ادخار الموارد_صفحة_177
	ادخار الموارد_صفحة_178
	ادخار الموارد_صفحة_179
	ادخار الموارد_صفحة_180
	ادخار الموارد_صفحة_181
	ادخار الموارد_صفحة_182
	ادخار الموارد_صفحة_183
	ادخار الموارد_صفحة_184
	ادخار الموارد_صفحة_185
	ادخار الموارد_صفحة_186
	ادخار الموارد_صفحة_187
	ادخار الموارد_صفحة_188




