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::) LV RQH Rl WKH ZRUOGTV ODUJHVW DQG PRVW H[SHULHQFHG
LOQOGHSHQGHQW FRQVHUYDWLRQ RUJDQL]DWLRQV ZLWK RYHU PLOOLRQ
VXSSRUWHUV DQG D JOREDO 1HWZRUN DFWLYH LQ PRUH WKDQ
FRXQWULHYV

)YV PLVVLRQ LV WR VWRS WKH GHJUDGDWLRQ Rl WKH SODQHWTV
QDWXUDO HQYLURQPHQW DQG WR EXLOG D IXWXUH LQ ZKLFK KXPDQYV
OLYH LQ KDUPRQ\ ZLWK QDWXUH E\ FRQVHUYLQJ WKH ZRUOGYV ELR
ORJLFDO GLYHUVLW\ HQVXULQJ WKDW WKH XVH Rl UHQHZDEOH QDWXUDO
UHVRXUFHV LV VXVWDLQDEOH DQG SURPRWLQJ WKH UHGXFWLRQ RI
SROOXWLRQ DQG ZDVWHIXO FRQVXPSWLRQ

(&2)<6

(VWDEOLVKHG LQ ZLWK WKH PLVVLRQ RI DFKLHYLQJ D
VXVWDLQDEOH HQHUJ\ VXSSO\ IRU HYHU\RQH (FRI\V KDV EHFRPH

D OHDGHU LQ HQHUJ\ VDYLQJ VXVWDLQDEOH HQHUJ\ VROXWLRQV DQG
FOLPDWH SROLFLHV 7KH XQLTXH V\QHUJ\ EHWZHHQ RXU ¢HOGYV

RI FRPSHWHQFH LV WKH NH\ WR WKLV VXFFHVV :H FUHDWH VPDUW
HITHFWLYH SUDFWLFDO DQG VXVWDLQDEOH VROXWLRQV IRU DQG ZLWK RXU
FOLHQWYV

209

7KH 21¢FH IRU OHWURSROLWDQ $UFKLWHFWXUH 20$ LV D

OHDGLQJ LQWHUQDWLRQDO SDUWQHUVKLS SUDFWLFLQJ FRQWHPSRUDU\
DUFKLWHFWXUH XUEDQLVP DQG FXOWXUDO DQDO\VLV 7KH
FRXQWHUSDUW WR 20$YV DUFKLWHFWXUDO SUDFWLFH LV WKH FRPSDQ\fV
UHVHDUFK EDVHG WKLQN WDQN $02 :KLOH 20$%$ UHPDLQV

GHGLFDWHG WR WKH UHDOL]DWLRQ RI EXLOGLQJY DQG PDVWHU

SObQV $02 RSHUDWHV LQ DUHDV EH\RQG WKH ERXQGDULHV RI
DUFKLWHFWXUH DQG XUEDQLVP VXFK DV PHGLD SROLWLFV VRFLRORJ\
WHFKQRORJ\ HQHUJ\ IDVKLRQ SXEOLVKLQJ DQG JUDSKLF GHVLJQ

) ,QWHUQDWLRQDO

$YHQXH GX ORQW %ODQF
*ODQG

6ZLW]HUODQG

ZZZ SDQGD RUJ

(FRI\V
32 %R]

5. BWUHFKW
7KH 1HWKHUODQGYV
Z2ZZ HERI\V FRP

209%

+tHHU %9 RNHOZHJ
$' SRWWHUGDP

7TKH 1THWKHUODQGYV

Z2Z2Z RPD HX

7KLY UHSRUW ZDV PDGH SRVVLEOH E\ WKH
JHQHURXV VXSSRUW RI (1(&2
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Paper made from
recycled material
FSC

winsscorg  FSC®

JURQW FRYHU SKRWR <« :LOG :RQGHUV RI (XURSH ,QDNL 5HODQ]JRQ ::)
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(GLWRU LQ &KLHI 6WHSKDQ 6LQJHU
7HFKQLFDO (GLWRU -HDQ 3KLOLSSH 'HQUX\WHU
BULQFLSDO :ULWHU 3DUW  %DUQH\ -HIIULHV

(GLWRULDO 7HDP 3DUW 2ZHQ *LEERQV (OOHQ
+LOOHU 5LFKDUG OF/HOODQ 'RQDOG 3ROV

':LWK VSHFLDO WKDQNV IRU UHYLHZ DQG FRQWU
.HLWK $OORWW -DVRQ $QGHUVRQ %U\Q %DNHU
(VWKHU %ORP .HOOLH &DXJKW .LUVW\ &O0RXJK
7TKRPDV 'XYHDX :HQG\ (OOLRWW O0DJQXV (PIHO
ODULDQJLROD )DEEUL ,DQ *UD\ %DUW *HQHHQ
-RKDQ YDQ GH *URQGHQ OD\ *XHUUDRXL 3LHUYV
+DUWPDQQ 3DWULFN +RIVWHWWHU 5LFKDUG +F
1RUD ,EUDKLP $QGUHD .DV]JHZVNL 6DPSVD .LLC
.RNRULQ /L /LIHQJ 3HWH /RFENOH\ 3DXO 0DDVYV
'DYLG OF/DXJKOLQ /iV]Oy 0OiWKp (OLVDEHWK OF.
YRQ OLUEDFK .HYLQ 2JRU]JDOHN 6WXDUW 2UU

'XQFDQ 3ROODUG 9RDKLUDQD 5DQGULDPEROD

5REHUQW] 5DIDHO 6HQJD 6KLULVK 6LQKD *HUI
7D\ORU ,YDQ 9DOHQFLD $ULDQQD 9LWDOL +HL
GH :RXO 5LFKDUG :RUWKLQJWRQ 1DR\XNL <DPL
Stefan Henningson

3DUWQHU RUJDQL]DWLRQV

(FRI\V 3DUW

3ULQFLSDO :ULWHUV <YRQQH 'HQJ 6WLMQ &RU
.ODXV

3ULQFLSDO 5HYLHZHUV .HHV YDQ GHU /HXQ %L
.RUQHOLV %ORN

6HH FRPSOHWH OLVW Rl FRQWULEXWLQJ DXWKH|
DGYLVLQJ H[SHUWV RQ SDJH 3DUW

7KH 20$ $02 WHDP ZDV OHG E\ 3DUWQHU
5HLQLHU GH *UDDI DQG $VVRFLDWH /DXUD %DLL
7HDP 7DQQHU OHUNHOH\ )HGHULFR 'f$PLFR
9LOKHOP &KULVWHQVHQ $PHOLD OF3KHH 7LP &
'LFOH 8]XQ\D\OD

1) 7TKH (QHUJ\ 5HIRIKW



:1) 7KH (QHUJ\ 5HSRUM
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SHFRPPHQGDWLRQV IRU D
5HQHZDEOH (QHUJ\ )XWXUH

3$57

,QWURGXFWLRQ
$ UHQHZDEOH HQHUJ\ IXWXUH ZK\ ZH QHHQ
(QHUJ\ IDFWV ZH KDYH WR IDFH
SRVVLEOH

7KH (FRI\W VFHQDULR LQ D QXWVKHOO
7KH HQHUJ\ PL]J
7KH FKDOOHQJHV DKHDG

(QHUJ\ FRQVHUYDWLRQ

(OHFWUL¢{FDWLRQ

(TXLW\

/IDQG DQG VHD XVH

/LIHVW\OH .

D Q A o
"OORYD {"
7KH IXWXUH LV LQ \RXU KDQGV

3$57

7KH (FRI\W HQHUJ\ VFHQDULR
([HEXWLYH VXPPDU\
,QWURGXFWLRQ

6XSSO\ + 6XVWDLQDEOH ELRHQHUJ\
,QYHVWPHQWY DQG VDYLQJV
3ROLF\ FRQVLGHUDWLRQV
&RQFOXVLRQV
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7KH (QHUJ\ 5HSRUM
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ZKODOTOWP
%HFDVLHRXQW 1

OnsIIXn
\HRVHRWHDV D.OWH
SIxrOo_vvoFroIxs
SO>NITOW~L JI=>DOW

(QHUJ\ 5HIRIKHW
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B Renewable Power
Renewable Heat & Fuels
m Fossil & Nuclear

Baseline:

500 - ~520 EJ/a

Aggressive end-
use energy
savings and

electrification

400 -

300 -

200 Substitution of

traditional by
renewable
sources

Final Energy (EJ/a)

100

Remaining fossil
fuels

2000 2010 2020 2030 2040 2050
YLIXUH
(YROXWLRQ RI HQHUJ\ VXSSO\ LQ WKH (QHUJ\ 6FHQDULR
VKRZLQJ WKH NH\ GHYHORSPHQWV
6RXUFH 7KH (FRI\V (QHUJ\ 6FHQDULR 'HFHPEHU

(1(5$5 &(17 5(1(:3%/(

) KDV D YLVLRQ RI D ZRUOGKMKPRILY VFHQDULR URHVHRUDG QHHGV WR
SRZHUHG E\ SHU FHQW UHXXPADHEORIHRQHQLY FD QWHIW\RXN\O DBRREQVLGHU
VRXUFHV E\ WKH PLGGOH R AKDIOOFPIWXUTKH (QHEBEDRHBROW EH UHTXLUHG
8QOHVV ZH PDNH WKLV WUDQ@YWVRQJDMHY WKH PWRWVEDIQVILMDLBRQ\ WR D
ZRUOG LV PRVW XQOLNHO\ WR DRURW 0 GBW MRICAWH.G V3 VWPRQREIOH HQHUJ\
HVFDODWLQJ LPSDFWV RI FOH@DWHR GRBEQWDO DQGIXRKIUMHO BRBLWRV: QG
DQG FKDOOHQJHV * DQREBRWRRQUJINR WKH
%XW LV LW SRVVLEOH WR DRAKKHNYWY | X UNKHBHRMEDWHOHPPDY UDLVHG LQ
UHQHZDEOH HQHUJ\ VXSSOLHV IRU HYHU\RQH WKLV UHSRUW $QVZHULQ
RQ WKH SODQHW E\ ") FORZOBIGH ZH JRLQJ WR WHRYHGHKIRWOHQJHV WK
XSRQ WKH H[SHUWLVH RI UHNSBFRVHGKHQARIIO G TV MNROXWHL REWVGWR WKH HQH
FRQVXOWDQF\ (FRI\V WR SURYLE8 HUYJ\DQRRAU ¢ EUH HAHBWVHRI FRGUHQW DQG
WR WKLV TXHVWLRQ ,Q UHVBWREWHV(FRIWMKRRW UXQQLRUH QWERHUDWLRQV
SURGXFHG D EROG DQG DPENWERYX\WXYHHYDXHR DV +FIRQRDMWRIQWKH PRVW
ZKLFK GHPRQVWUDWHY WKD®HPD Q8 WRE KODLFG COWRHIRUWDQW FKDOOHQJL
SRVVLEOH WR DFKLHYH DOPRYWLODSHO LFHQIMQ G X \DHD GJ XWUBIDW QROLWLFDO
UHQHZDEOH HQHUJ\ VRXUFHVQZVWRHGQ BAKHIV Q M RV X WWDLYINQ/D E OHD G
IRXU GHFDGHV 7KH DPELWLRRQ\ROPBMRRH/RI FRPPRGLWLHYV
RI WKLV VFHQDULR DORQJ ZQAXWOBDO RDWWKH DQG UHJLRQDOO\
DVVXPSWLRQV RSSRUWXQLWSISVRSHWDW & H3E) G DD TXDWH
DQG VRXUFHVY DUH SUHVHQWBE WY BDWW" RI WKLV
UHSRUW

21) 7KH (QHUJ\ 5HIRIWHW
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KLQJ WR UW @QKZIoE® WLPH PRUL
I\ LVQIW MWKYYY WEKGPPLRQ SHRSO
FKRLFH WG RX S 0o ELRNOHU:
RQ PDLQO\ IURP ZRRG

URS UHVLGXHV DQG

F
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%
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7KH ZD\ ZH SURGXFH D@ LEWD G X DV WKHLU
HQHUJ\ WRGD\ LV QRWp \DFQ—Q@I%-@'FQI FRRNLQJ
2XU PDLQ IRVVLO IXHOp KEBWEORLXHO

FRDO DQG JDV = DUH ¢AQKUWH. Q@ RWMAHO KXDUYHVWI
UHVRXUFHV DQG ZH DY¥H\VKHSDHWDED\
WKHP DW D UDSLG U D VW x )\ bW RRHURVLRQ
WKH\ DUH WKH PDLQ FRQWUY RWY JVRw K H
FOLPDWH FKDQJH DQQ) AU DARIRW R
WKH ODVW pFKHDSY IRYNYb60 @HV\BP\(UIFIBWHQLQJ
HYRNHV GLVDVWHUV |RY AASH RPW X D0 G DGGL
HQYLURQPHQW DV VHHRRUHFHIQIKRXVH JDV
LQ WKH FDVH RI WKH %3 RYUQPLROVOGUDGLWLRQD
LQ WKH *XOI RI 0H[LFRVWQWVH<\H DUH DOVR D
GHYHORSLQJ ZRUOG UHIRQAEB PR KHDOWK
ORFDO GHVHUWL:,FDWISR® N HD XNV KI$ RUOG
GHSOHWLRQ RI IXHOZRRDH HWR RWIKHHLIDWLRQ
ELRPDVV VRXUFHV WKDW2D W \RIWHRHY WKDW
XVHG YHU\ LQHI,FLHQWOPFO® L/RQJZRPHQ
VXEVWDQWLYH LQ GRRMOBRERIOWLFRQ OGUHQ GL!
DQG PLOOLRQV RI GHD PBRARNPOOHDFK \HDU
$ IXOO\ VXVWDLQDEOH| YRR HHRDOH Q) WKHLU
SRZHU VXSSO\ LV WKH|RRQV ZDAK PDQ\
ZH FDQ VHFXUH HQHUJEHRY PP ORGFRFLHWLHYV
DYRLG HQYLURQPHQWEQ FPMN VW BRIKHVLQJIO\
XUEDQ DLU TXDOLW\

(1 5*< )$&XQZ WLHV(ZLOO GHFOLQ
( 72 )$)& WH DQG LQFUHDVLQJ

H[SH VLYH IRVVLO IXHOV
H9b W WKH DQVZHU IR
ELOOLRQ SHRGE‘H@ RSDYIHRXQWULHV

QR DFFHVV WR U”OH‘@UBCE'@EHEOH HQHUJ\

RXUFHV RIITHU WKH
HOHFWULFLW\ SRWHQWLDO WR WUDQVIR
:KLOH PRVW RI XV WD va y RI CR)élRHPII:_)I(:?(
JUDQWHG DV D EDVLF OOLRQV
WKH ZRUOGTV SRSXOD WW?{

QR DFFHVV WR UHOLDEOH HOHFWULFLW\ £
GUDVWLFDOO\ UHGXFLQ®YKH[ YR RYEFEN U2
RI' JHWWLQJ DQ HGXFDWERQRSD QG I 2XWORRN (2

HDUQLQJ D OLYLQJ $V. s
LQFUHDVH WKH ZRuoéﬁfw%g%% %Detkéﬁgy”oo'*wm
FRQWLQXH WR EH H[FOXGHG

1) 7TKH (QHUJ\ 5HIRIKW



:':f
=]
g
(=%
O
(o
o
-2
3}
=
o
m
=}
)
g
=

)
N

=
Unconventional oil .
Natural gas liquids
Crude oil: fields yet to be found [JJj
Crude oil: fields yet to be developed .

Crude oil: currently producing fields

\
N RUJ GRFV ZHR NH\BJUDSKV SGI
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6XSSOLHV RI FKHDS FRQYHQWHIRIQF®RIMODLEE DDBURFHVVLQJ DQG XVLQ
DUH GHFOLQLQJ ZKLOH RXULQFWWDVEABDY GRRN L XN WRQYBI@ WIKRIQDO IRV

FRQWLQXH WRNVLQW GEOBYHW WKDWZRMWMK XQFRQYHQWVR®DPHWRXWREXFHV
UHOLDQFH RQ IRVVLO IXHOWFRQQRVQ)GROWLEXEK ®NVUJKDIOND QDML WLHV R
g%gnﬁ%w\ﬁ'l—é%ﬂ: LLVé*f:UWHKDHVﬁRM%NWR@@R@%@@WDWQPMJB‘J:&BBQ/KHR[XIV‘H JDVVHV D
AP REBLF®@ SROOXWLRQ
E%\\/(HQUR\\//VVKDHQQRHS[\\I/VVLR(SHDUV 3Eﬁ(ly|-\l@lbl-ygtp(yD)@1l_>bQQOWDIUQ\GDQEWV%()Q\NXVWDLQ
WKHVH FRPH DW DQ X (CGSHRLFGIG\H @ W HRX U
M X V WU HY KHFRWQ IR LLFH VR X U F
EERUGLeI TR W e gﬁ% B IREIUIY AUV HaL mik Vel R ADW @ S b F w
DQG JDV UHVHUYHV ZLOO IDI3D P[b*ulﬂlx &H ZRUORVELRGALYHUVLW\ DQC
SHU FHQW E\ <HW WKH @M‘KMWRQHGS@F@GBGTﬁVVBKH:H(VDVV\W'llPR\Sl'HBMDFHV
WKLUVW IRU HQHUJ\ LV XQDHDWQ-HBUENMQHDGJ{PWQ(@ $UFWLF = WKDW
LV URFNHWLQJ LQ HPHUJLQ.DHRARQRWPI® VR ¥ XEAKR G L Y HJFO VRSO BWARR M : (2
DV &KLQD ,QGLD DQG %UD]lH@ER\!\HWHHLFb\R'QUYLFHVD@g@@g@ggwBQQ}@VXPSWLRDQQ(LQ‘;[
WKH DYHUDIH 6DXGL 6L0JIDS o At T B 850 i
UHVLGHQW WKH ZRUOG'H S\ [§ g@YH# ”%Wg'vﬁ@’.& ARNWTAED
ZRXOG EH XVHG XS LQ OH VV VL %Fg% O UHVHUYHV DUH HVWLPD\
&RPSHWLWLRQ IRU IRVVLO | >§/ QFoviwelebuunov zlo FrovXPSWLR
D VRXUFH RI LQWHUQDWLRQ HFRQBERQ%%W RQLV | CELOOLRG
SRWHQWLDOO\ FRQALFW ZKHQ W LQJV JR ZURQ
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) 7KH (QHUJ\ 5HIRIKW
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(YHQ LI IRVVLO IXHO VXSSO LA ZRE b O (MU AHHFWRU KROGYV
ZRXOG KDYH DQRWKHU FRPSWRREWNH\ UMPVRQUHRGSRQVLEOH IRU
DQ XUJHQW VZLWFK WR UHQBURKOIE WZR WKLUGV RI JOREDO
HQHUJ\ FOLPDWH FKDQJH +XQHGKRKRH JDV HPLVVLRQV
PLOOLRQV RI SHRSOH ZRUO Q3 G PXUFWOW K BWCE\VY LQFUHDVLQJ
DIIHFWHG E\ ZDWHU VKRUWDFWVD FORWHDLOXWHWEKDQ IRU DQ\
WURSLFDO GLVHDVHV ARRGRQXRQG& HEWRHPRRDO LV WKH PRVW
ZHDWKHU HYHQWYV + FRQGLWARIPFR Y HDW HPYVILYH IXHO DQG WKH
OLNHO\ WR EH PDGH ZRUVH R @6 HHIDULILHVW VRXUFH RI JOREDO
FRQFHQWUDWLRQV RI JUHHQHKAMMIK RXYVHUHIMD VOHW KWV LR QV
(DUWKYTV DWPRVSKHUH 7KH (pgUD/MQRDWHOIHZDEOH HQHUJ\
WKDW FOLPDWH FKDQJH LV D@RHODGA LMK YIPELWLRXV HQHUJ\
PRUH WKDQ GHDWKYV DWYB®PUQJ PHDVXUHV LV WKH EHVW ZD\
WR DFKLHYH WKH UDSLG HPLVVLRQV
*OREDO ZDUPLQJ WKUHDWHQM WXEWURIVOAH QHHG
EDODQFH RI RXU SODQHWYV HFRV\VWHPV DQG

FRXOG FRQVLJQ D TXDUWHU&M%%&W&%W%& FéﬁHE[)
WR HIWLQFWHRIRVV RI HFR O RWWE D229z QbW XUH PRP Q

VHUYLFHV IURP IRUHVWYV FRUDOG vt Vo D' G RWKeHAS Lp owH FKDOIH RO
HEFRV\VWHPV ZLOO DOVR KDYBE'KEINIHER G RBP LG ot RowE VX sstonn’
LPSOLFDMH:R(ERVWV RI DGDSWMJQHWRJ\ 1LJHO $UQHOO 3DP %HUU\ 'DYLG
FOLPDWH FKDQJH ZLOO EH FROBRMYIIE SO EH, QWK 6w el rkbue viso
UHSRUW VXJIJHVWV WKDW E\JLP KHARIKIH, 2 R K e e e boa W ERe
PD\ QHHG WR VSHQG PRUH WKH{IQ5HmHOW %«"w WHUQDWLRQDO ,QVWLWXWH IRU

K
OOHR *
D \HDU RQ PHDVXUHV VXFK DR/ TDH@\&?QE@J]EYK&Ré'E%QW S

GHIHQFHVY WUDQVSRUWLQJ ZDWHU IRU DJULFXOWXUH
DQG UHEXLOGLQJ LQIUDVWUXFWXUH DIIHFWHG

E\ FOLPDWH7FRKDYRHG GHYDVWDWLQJ

FRQVHTXHQFHYVY ZH PXVW NHHS HYHQWXDO

JOREDO ZDUPLQJ EHORZ & FRPSDUHG WR

SUH ,QGXVWULDO WHPSHUDWXUHYVY 7R KDYH D
FKDQFH RI GRLQJ WKDW JOREDO JUHHQKRXVH JDV
HPLVVLRQV QHHG WR VWDUW IDOOLQJ ZLWKLQ WKH
QH[W ¢YH \HDUV DQG ZH QHHG WR FXW WKHP E\

DW OHDVW SHU FHQW JOREDOO\ E\ IURP
OHYHOV = DQG HYHQ IXUWKHU EH\RQG WKDW
GDWH

;1) 7KH (QHUJ\ 5HSRUMW
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1) &DQRQ










































































































































































































































































































































































































































































































































































































































