0B 06 | # # Uk
1 080 )
1 0% 0 0 B

15 0611 ! u " %t YACH



5 | % 95 #51

| # #HIU! "O#5
HoU | " #51

= 65; 16"" 0>

%Wo 1 605>

% "6#5 9% 1 605>

%61% 0 0 5%0H

"5 %1

0
0

16!51
0% " % 59%¢1
# 1 08" #51

"5 5%l

0O 0# 1

- # 1



N# #Hd "H#H

) LHGHUF\RQ LV VIWDWG RQ WH WDGIMRQDOMUMRY Rl \WH

. ROWRTL IN : @DWE@NHZ L IN 0 DOVHHWZ KRVH DQFHWRYY DRQJ Z W
WHO Ip PDT 0 lp\P DZ DQG 3DWDP DTXRGG 3 HVNRRP XKNDW
7UEHV 1 DARQV VJ QHG 3HDFH DQG ) UHQGVKLS 7UHDWHV Z W WH
oMK & URZ Q LQ WH V

. HDWH JWDWWMIXORUWLY @QG DQG WH SHRS®! Z KR KDYH WQGHG IWRU
WRXVDQGY RI \ HDUW/ : H HOFRXUWDJ H HYHWY RQH VR WIQN DERXWIKHLU
UHDWRQWKLS Z I QDVYIH DQG Z I WH SHRS®! Z KR KDYH WQGHG R \WH
@G

e AL

© HZRX@ @\H R WDQN ) RRG IRUS$ @1 % IRUVXSSRUMY WLV UHVHDUFK
DQG EHIQJ D NH SDUGHULQ HQVXUQI WH UHVXOV Rl WL UIHVHDUFK DUH
GMMEXWMG DQG XVHG R DGYRFDWM |RUM VWMP LE FKDQJ H WDWZ LOKHS
DGGUHW IRRG LOQVHFXUW 1Q ) IHGHUEVRQ DQG 1 HZ %4XQVZ LEN

7KL SIRMPWQUW® WBUMG DV D VWXGHQASLRMIFWQ 6 ( 67 ) RRG
DQG 6 RFIHW LQ WH 6 X\WBIQDELON DQG ( QYILRQP HQWOS \MGLHV
SWRIWDP DW6W7KRP DV 8 QYHUAW ( P P D* DEUHOO R@ + DQVHQ
$1P HH * RXYHUQHWDOG 6 HVW 5 X\MWH@YZ HUH VBVNHG Z W P DSSIQJ IRRG
GHVHUN 1O WH & W Rl ) LHGHUFVRQ 7 KDQN\ RX IRUFRQMEXWQJ \R \WH
IRXQGDARQ R WLV SURWIFW

7 KDQN\ RX VR WH & DSIMIOE HI IRQ ) RRG & RXQFIOIRUFRQUXGIMY) Z LW XV
GXUQJ \WH [QWOWRI HV Rl WL SURMIFW

$ VSHFLDOWDQN \ RX \R - DFRE 7UHYRW/ IRUDFFRP SDQ\ LlQJ DQG
DWIMAQ Z W QDYLI DARQ GXUQJ WH [1HT@ REVHUYDWRQY

© H DOR WDQN WH & W Rl ) LHGHUFVRQ IRUSIRVIGIQ) RSHQD
DFFHWIE®! Z DUG ERXQGDU LBV WIDWP DGH WL DQDOMY SRWE®I
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7KLY UHSRUASUHVHOW 11QGIQIV ILRP DQ DQDOMY RQ IRRG GHVHUN 1Q

) LHGHUFVRQ 1 HZ %XQVZ IEN 8 VIQJ D QHVE RN EDVHG DSSURDFK 1Q D
* HRJWDSKIE ,QRWPP DARQ 6\ WMP  * |6 Z H LOSXWMG JRFHU \ARUH
@FDWRQV P DSSHG Z DODE®! VHUYIEH DUHDV DQG FLRW IHIHUHQFHG
WHVH DI DIOWNIQFRP H GDV R GHWILP LOH Z KIEK FRP P XQWHV @YH 1Q
IRRG GHVHUN

7KHWYG IGHONIHG  JWRFHU WRWHV Z IWIQ ) LHGHURRQY Z DUG
ERXQGDUHV ' HVSIWM WLV QXP EHU Rl WH FLWp/ SRSXOWRQ
DSSWR] [P DWM® SHRS®I @FN SK\ VIEDODFFHW \R D J URFHU
VWRUH Z IWIQ Z DOLQI GMBGQFH P HWHV YID WH LRDG QHVE RWN
2 | WH Rl LHVIGHOW @/1QJ 1O &Z LQFRP H UHJIRQV QHDUD KDOD
RU SHRS®! DOR MFNHG SK\ VIEDODFFHW R D J URFHU
VWRUH P HDQQI WDWAKH @/H LQ D IRRG GHVHUNS FLRW WH FLW
Rl WH RBOSRSXOMRQ @QYHV 1Q D IRRG GHVHUWV
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7 KH UHSRUAKLI K@ KW WH VLI QUIEDQMR®! Rl VP D@ LQGHSHQGHOWDQG
FX@MWDOJ IRFHY VWRUHV 1Q VHWYIQ) &Z LOFRP H LHIIRQV 2 | WRVH

QMQI IQ BZ LOFRP H WHILIRQV Z I SK\ VIEDODFFHW \R D J IRFHY WWRWH
RYHUKD® Z HIH VHUYHG H[ FOMYH® E\ VP D@J IRFHY WRUHV 7KLY
XQGHUWFRUHV WH [P SRUBQFH Rl FRP P XQW FHQAHG DQG FXGXUD®D

DSSIRSUDM IRRG UAVILOLQ P HHWQI  UHVIGHQWp QHHGV

YDVHG RQ WHVH 11OGIQIV Z H RITHUMWUHH UHFRP P HQGDWRQV D
JXDUDQWHG EDVIE LOFRP H R DGGUHW \WH DI RUGDELON GIP HOMIRQ R
IRRG DFFHW \BIL) HWG VXSSRUNRUVP D@DQG FXAMWD® DSSURSUDM
JURFHU WRUHV DQG DQ DGRSWRQ Rl WH IRRG DSDUMHLG [LDP HZ RUIN R
QDP H DQG IHVSRQG VR WH WA WMP LE DQG WDFLD@ HG SRAFLHY DOG
FRQGIMRQV WDWSLRGXFH XQHT XDO RRG HQYLLRQP HQW
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) RRG VHFXUW H[ MV gZ KHQ D@SHRS®! DAD@WP HV KDYH SK\ VIEDODQG
HFRQRP IF DFFHW R VXI IIEIHQWVDIH DQG QXWIMRXY |RRG WDAP HHW
WHUGHEBY QHHGV DQG IRRG SUHIHUHQFHV |RUDQ DRWYH DQG KHDMK
aH )$2 S ) RRG LQVHEXUW UHIHWY R LODGHT XD\M
TXDQMV RUTXDON Rl KHDOK\ |RRG RSWRQV Z KHQ QHHGHG

OMBNC VE/PY0]} Xt BanfonddB/Ba
VB ROE PrixgvBios BBNRecdb Y
e BLR\e qlrRVOBPBNonVE/g N
v — VEB/b FROVESNREY CHNRNEEN
NERBRLR Qe aiNe VL vy o B BwyP
RNDEBDé 480
7 KH P RWILHFHQAQDWRQDOGDVE LQGIFDWV WIDWDSSUR] LP DIMO RI
&DQDGIDQV DERXW P IARQ SHRS®! @YH LQ IRRG LQVHFXWH KRXVHKRGV
6 VWAV & DQDGD D ) RRG IQVHFXUW DWWV 1Q 1 HZ %dXQVZ LEN

1% KDYH KMRUFD® H] FHHGHG WH QDWRQDODYHWDIH Z 1M WH
SWRYLQFH FROVWMOQW WDQONIQJ DP RQJ RQH Rl WH P RAWWRRG LOVHFXH
SWRYLQFHV 1Q WH FRXQM 5 HFHQAGDW VKRZ V \KDW Rl KRXVHKRGV
1Q 1 % DUH H[ SHUHQFLQJ IRRG LOVHFXUW 6 VEMYAMFV & DQDGD D
7 KH SURYLQFH IHFRUGHG RQH Rl WH KL KHVAIQFUHDVHV 1Q IRRG FRWV 1Q
WH @WNX HDULQ & DQDGD DV FRP SDUHG VR D QDWRQDODYHUDI H RI

6 VMYAMFV & DQDGD E
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MLV [P SRUBQMR QRW WDWVRP H JIRXSV Rl SHRS®! LOFOXGIQI WRWH
QMQI ZIW BZ IQFRP HV P P LJWDQW QHZ &DQDGDQV SHRS®! OMQJ

Z W GIVDELOAHV MQJ ®F SDIHQWHP DB GIG IDP LaHV DQG P HP EHLY ILRP
%DFN FRP P XQWHV ,QGLIHQRXV RUFRP P XQWHV Rl FRBXUDWH P RWH
@HO R H SHUHQFH IRRG LQVHFXUW
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0 DQ. WIMIMEV DERXWRRG VHEXUW LOFOXGIQ) \WH RQHV DERYH DWH
REVBIQHG EDVHG RQ KRXVHKRE GIYHY Rl IRRG LQVHFXUW ,Q & DQDGD WLV
IV @U HO GRQH WRXIK WH + RXVHKRT ) RRG 6 HFXUW 6 XUrH\ 0 RGX®!
+)660 WDWY LOFRISRUDMG LOWR WH & DODGIDQ & RP P XQW + HDOM
6XUH &&+6 ZKIFK IV D VXUH FROIFWG E\ 6 BMWMEV & DQDGD RQ
KHDON. LHDWG GDB LQFOGIQ) BIYHY RI IRRG VHFXUW $ GMRXJIK VXFK
GD LV YDODE®! LY LP SRUBQMR QRWM WDWRRG VHEXUW LV D FRP S®
DAXH WDALY 1O XHQFHG B\ ELRDGHU A VWMP LE IDFVRYY @\H LQFRP H
LOHTXDONV WDQVSRUBMRQ EDUIHY WSHV Rl DYDI@E®! |RRG RXVBIW
XUEDQ S@QQQI DQG WDFIDAQHTXDON $V VXFK Z H NORZ WDW
LQGINIGXDY DQG KRXVHKRT GIYHY Rl IRRG VHFXUW DUH VKDSHG E\ \WH
HOYILRQP HOQW 1Q Z KIFK WH @vH

&RP P XQW IRRG VHFXUW LV D FROFHSVWWKDADIP V \R VKL\WAKH IRFXV [LRP
WH KRXVHKRT GIYHOR WH FRP P XQW GIYHO & RP P XQW IRRG VHFXUW
IRFXVHV RQ HQVXUQJ |RRG DFFHW DQG DYDIDMELDN DWIKH FRP P XQW
GIYHO RIWIQ XVIQI ®RFDODQG SOFH EDVHG VROMRQV DQG SRIFLHY . RA HW

c BrER XU/ dvaRiec i
BLRyBNE Bk BAVOLebbvey &R0

&RP P XQW IRRG VHFXUW DV\V Z KHWHUD FRP P XQIW KDV \WH

L UDWAKPWUH IHVRXUFHY  DQG VRFLDOFRQGIMRQY QHFHWDU IRUIW
UHVIGHQW \R P HHWINHUIRRG QHHGV Z IW GLIQIW : KHQ P HDVXUQ]

FRP P XQW IRRG VHFXUW WH QXP EHURI IRRG LQVHFXUH KRXVHKRGV LV
FROVGHUIHG EXWRWHUIDFVRWY/ VXFK DV WH QXP EHUDQG GRFDARQV Rl
JWRFHU WRUHV DYDIDELON RI FRP P XQW JDUGHQV RUDFFHW \R [UHVK
| KW DQG YHIHVBEGN DOR S D NH LR®I



MLV Z WL WH [LDP HZ RINRI FRP P XQW |RRG VHEXUW WDWHVHDUFKHLY
DQG SUDFWARQHW KDYH H| SBRUHG WH FRQFHSWRI 1RRG GHVHUN

(AR} XXonpvergRN
BB Yoo/ DK
R — BLRMP RO

) RRG GHVHUN DUH QHLI KERXWKRRGV Z KHUH UHVIGHQW KDYH GLLILEXGV

EX\ LQ) KHDOKM\ IRRGV @\H [UHVK [XIMDQG YHI HVBE®GN EHFDXVH WHUH LV
D@FNRI JURFHU VWRUHV RUVXSHUP DUNHW WDWARFN WRVH WP V7 KLY
|RUFHV UIHVIGHQW \R WDYHORQI GIMBIQFHV WR 1X@ \WRFNHG J LRFHU
VWRUHV RUVR HDAGMY QXWIMRXV |RRG WD FERVHUVR WHIUKRP HV

' HSHQGIQI RQ Z KHWHUWH DUHD LV XUEDQ RUUXUDO IRRG GHVHUN DUH

P HDVXUHG GLIHHQ® ,QP DQ XUEDQ P XQIFISDOAHV |RRG GHVHUN DUH
P HDVXUHG XMIQJ D P NP GMBQFHILRP WH QHDUHWAI LRFHU
VWRWH 7KLV LV DWXP HG R EH D IHDVRQDE®! Z DOLQ) GMBQFH UHI DUGBIW
Rl DJH P RELON VDIHW RUZ HDWHU 7 KH GMBQFH DBROH GRHV QRWGHILOH
D IRRG GHVHUN/6 \WGLHV RIWQ LOFRUSRUDWM LOFRP H DFNQRZ BIGI LQJ WDW

UHVIGHOW Z W BZ LQFRP HV KDYH 1HZ HUMDQVSRUARSWRQV DQG DUH
WHUWHE\ P RWH IP SDFMG E\ WHLUIRRG HOQYILRQP HQW 7 KH FRP ELQDWRQ

Rl WH SK\ VIFDOGMEBQFH DQG HFRQRP LE GVDGYDQUN H FRQMEX\WM VR WH
FROGMRQV Rl D IRRG GHVHUN2 QH Rl WH HDUIHWIWANMGLHY RQ IRRG
GHVHUN LQ & DQDGD Z DV FRQGXFWMG L1Q / RQGRQ 2 QEUR 7KH WWXG
FODUWO GHP RQMDMG WDWKMRVH QQJ Z W &Z LOFRP HV KDG WH
SRRUHVW\DFFHW WR VXSHUP DUNHW DQG WDWRYHUMP H WHIUDFFHW JRW

ZRUH /DUHQ * LAIDQG

$ AMRXIK QRVWMH IRFXV RI WLV LHSRUNIMLY [P SRUBQWIR QRW WDVWKHLH
DUH RIHULP SRUBQAFRQFHSW XQGHUFRP P XQW IRRG VHFXUW 7 KHVH
IQFO(GH IRRG VZ DP SV Z KIFK UHIHUVR DUHDV Z KHUH KHD®M\ |RRG RSWRQV
DUH FURZ GHG RXVIE\ DQ DEXQGDQFH RI XQKHD®M\ RSWRQV VXFK DV IDWV

IRRG UIHADXWDQW  FRQYHQUHQFH WWRUHV DQG J DV WIMRQV ) RRG VZ DP SV
DUH D SUHYDBIQAR/XH LQ & DQDGIDQ FIMHY DQG FDQ KDYH D @U H QHJ DAYH
lP SDFWRQ \WH KHDOM R UMMGHQW SREMIQH! 3 DTXHWH ) RU

H DP S® UHVHDUFK ILRP * DVS/ASIH 4 XHEHF IRXQG WDWRRG VZ DP SV
DUH P RWH FRP P RQ LQ DUHDV Z W KLJKHUBIYHY RI GHSUYDWRQ DQG \WDW
IRRG VZ DP SV P SDFWRRG FKRIFHV DV Z H@DV L[Q OHQFH IRRG
SUIHHWHQFHV DQG QRWP V' SREMIAMH 3 DT XHWH



$ QRWHULP SRUBQAFRQFHSWY IRRG P WDJH  Z KIEK UHIHWY VR DUHDV

Z KHWH KHDOK\ DI IRUEDE®! IRRG DSSHDLY DFFHVWIE®! P DIQ® GXH VR WH
SUIHVHQFH Rl D QHDUE\ JWRFHU WRUH EXWY QRWAX® DFFHVWIE® 1O
SWDFWEH GXH R KLIK SUFHV @P WG WWRFN RUDFN Rl FXGXUD®
DSSURSUDW IRRG WP VV ) RUH DP S®I D IHFHQMAXG. 1O 7RIRQR

GHP RQMIDWG KRZ IRRG GHVHUN DQG IRRG P LLDJ HV Z HIH DWRFIDIMG
Z W J HQMLLIEDARQ DFLRW WH FIW 0 HONR HWDO

R @ Dy

7KL IHSRUAH SRUHV IRRG LQVHFXUW DWKH FRP P XQW GIYHOLQ

) LHGHUR\RQ 1 HZ %WXQVZIEN : H H DP LOH KRZ WH JHRJ UDSKIE
GMMEXWRQ Rl JWIRFHY WRUHV DFLIRW ) LHGHUFVRQY  Z DUGV LQWMUDFW
Z W QHLI KERXWKRRG LOFRP H \R SUIRGXFH FRQGIMRQV Rl IRRG DFFHW
LQHT XDOW/

$ WHFHQMHSRUNURP WH & W R ) LHGHUFVRQ FOIP VV WDADERX\W
Rl KRXVHKR@V 1Q ) IHGHUF\RQ HDLD RUGM DQQXDD®

) XUMHU LQFUHDVIQJ KRXVIQJV FRWADUH KDYIQJ D @UW H LP SDFARQ

DIRWGDELON &IW Rl ) IHGHUFVRQ " HVSIW WHVH FRQGIMRQV

WHUH LV QR VSDWD@ WJRWRXY Z DU GIYHORRG GHVHUADQDOMY RI

) LHGHUFVRQ WDWKDV SIHYIRXM® EHHQ FRQGXFWG 7R WH DXWRLY/

NQRZ BIGIH QR IRRG GHVHUAP DS RI DQ $ VDQUWE & DQDGIDQ P XQELSDOW

H MV 1Q QMUDMUH DAKH WP H RI SXECGEDWRQ Rl WL LHSRUNS V VXFK

WLV UHSRUMHSUHVHON WH [LUAMVSDMDE W RUIRXV IRRG GHVHUADQDOWLY

Rl D P XQFLSDOW 1Q $ VBQWE &DQDGD 7 KLY UHSRUADGGUHWHY WDWI DS

DQG RIHWY/ 1LQGIQIV LOMQGHG R LQRWP SRIF\ DGYRFDF\ DOG

FRP P XQW DFWRQ
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$WHDRI 6 WG\

7KH\WWYG DUHD FRQUWAW Rl \WH \VZ HOH P XQIFLSDOZ DUGV Rl ) IHGHUE\RQ

1HZ YXQVZIEN : DUG ERXQGDUHV Z HUH REVBIQHG RSHQD ILRP WH & IW

Rl ) LHGHUFWRQ 7 KH VRVBOSRSXOMRQ Z IWIQ WH \E HOYH Z DUEV EDVHG RQ
&HQUXV GD LV © DUG ERXQGDUHV Z HIH VHOIFWG DV \WH

XQWRI DQDOMY EHFDXVH WH  UHSUHVHQAGFDQJ RYHUDOQFH ERXQGDUHV
DG Z HIH DFFHWIE®! R WH SXETF

" HILQLQJ D* WRFHU. 6 VRWH

1 HZ %XQVZ LEN GRHV QRWKDYH SURYIQFIDOG IMIMRQ WDWGHI LOHV
YDURXV IRRG RXVBW @\H JIRFHY WRUHV $V VXFK Z H Z HIH LHTXILHG \R
GHYH®S D ZRINQJ GHILQMRQ IRUWLY WXG. $ JURFHY WRUH Z DV
GHILQHG DV DQ. SHUP DQHQWQRQ VHDVRQDOUHVBABIUWDWHEY | UHVK

XQSWRFHWHG P HDWDQG SURGXFH 3 HUP DOHOQFH DQG QRQ VHDVRQDOWN
Z HH WHT XWHG R HQVXWH SK\ MIFDCDFFHWIELON DAD@WP HV Z KIFK LV

FROVMMOQAZ W WH IRRG VHFXUW SUQFIS®! Rl DFFHW 7 KH UHTXLWHP HQW
IRUILHVK  XQSURFHWHG P HDADQG SLRGXFH Z DV XVHG DV D UHIDE®!
IQGIFDWRUR! \WH LQUIDWAKFXMH CFHOVIQ) DQG VXSS® FKDIQ FDSDFIW
QHHGHG VR WRFN D IX@WDQIH Rl J IRFHUHV IOFOGIQ) GDIWY HIJV DQG
EUHDG 7KH LOFOMRQ Rl XQSURFHWHG IRRGV UH GIFW WH QXWMRQDO
GIP HOVIRQ Rl IRRG VHFXUW DQG D@ QV Z W WH FRQYHQUWRQDO
XQGHUAMBQGIQ) WDWD |RRG GHVHUAL DQ DUHD @FNIQI DFFHW VR KHDOM\
IRRG 7KLV GHILQMRQ LV LOMOARQD@ EURDG HORXJ K R FDS\WUH VP DD
DQG FX@MUDOJ LRFHLY DQG IRRG P DUNHW DBRQI MGH @I H VXSHUP DINHW
FKDIQV Z KI®1 H FOXGIQI P RWFRQYHQIHQFH WRUHV DQG VHDVRQDO

IDUP HWWp P DUNHW

* IRFHU VWRUHV Z HUH I XUNHUF@WILLHG DV @U H RUVP D@/ DU H WRUHV
Z HUH GHILOHG DV WRVH RZ QHG B\ RQH RI & DQDGDYY ILYH GRP LQDQW
JWRFHY UHVBIGBLY / RE@ZV 6REH V 0 HWR : D® DUNDQG & RARR

Z KIFK \RJ HWHUDFFRXQWRUDSSR] P DIMO Rl WH & DQDGIDQ
JURFHU UHBIOP DINHW 1L RQ  %4HMU $ @QRWHUTXDA\ LQJ
VARUHV Z HUH FOWLLLHG DV VP D@

o Mith BRVOscAFRRcEA
®@R ggP—>  RBEpVE/dE RPOoE RN
b FB/RINENLP



6 VRUH , GHQWI LFDVRQ DQG 9 HUI LFDVRQ

$ Q LOWDODMRI SRMQWDQ) IRFHU WRUHV Z WIQ WH WWXG. DUHD Z DV
JHQHUDWIG XMQJ * RRIGYY 3@FHV $3, DQG VXSSP HOMG Z W <HTRZ
3DJHV ( DFK GRFDWRQ Z DV WHQ YHULLHG WILRXI K 1Q SHU/RQ ILHG
REVHUYDARQ \R FRQILP  IMP HWKH \WKG. GHILQUMRQ $ VWKDVWAP H
FRRUGLODWM GDWD Z DV FRIFWG GLLHFW® DWARUH HQWDQFHV Z KHUH
VDW@M GDVD Z DV RXVEDWG RULQDFFXIDWM $ OMRXJIK WP H FRQUXP 1QJ
WLV [IHG YHULLEEDARQ SURFHW HQUXUHG DFFXWDR DQG WHSTEDEL@N LQ D
P DQQHUFROVMMQAZ W RWHU& DQDGIDQ |RRG GHVHUMNANGLHY

6 HUYLFH $ UHDV DQG 1 HVZ RN %DVHG $ QDO VLV

6 HUYLEH DUHDV Z HUH GHILQHG DV WH J HRJ UDSKLE DUHD UHDFKDE®! Z WIQ
P HWHV Rl D JURFHU \ARUH YID WH URDG QHVE RWIN 7 KH

P HAH WUHVKRT UHSUHVHOW WH WEQGDLG Z DOLQ) GMBIQFH XVHG 1Q

XUEDQ & DQDGIDQ |RRG GHVHUANHVHDUFK. DQG UHI BFW WH DWXP SWRQ WDW

UHVIGHQW H[ SHUHQFLQ) VRFLIRHFRORP IE GAMHW DUH GMW @\HO R KDYH

UHIDE®! DFFHW \R D SUYDWM YHKLE®! RUGM RSWRQV IRURWHUWSHV RI

WDQVSRUNS QHVE RN EDVHG VRGMBIOFH DSSURDFK Z DV XVHG WDWHU

WDQ D FLUFX@UEXITHU \WDLI KWIOH GMBIQFH DV WH URDG QHVE RWN

P RUH DFFXUDWM® UH GIFW WH UHDOZ RUTS FROMDIQN RQ SHGHWIDQ

WDYHO

b R0 eI G B
HPRIB — VPEBNGR} €

$ @VSDAWDODQDOMY Z DV FRQGXFWMG 1Q 4 * ,6 D IUHH DQG RSHQ VRXUFH
* HRJWDSKLE ,QRWP DARQ 6\ WP 6 HUYIEH DUHDV Z HIH J HOHUDMG XVIQJ
WH 256 7RRY SOUJLQ : DUG ERXQGDUHY WRWH FRRUGIODMY DQG
FHQUXV GAMHP LQDARQ GDVI Z HUH D@IP SRUMG DQG DQDOVHG Z WIQ
4% 6



,QFRP H & @WLI LFDMRQ

JQFRP H GDV Z DV REVIQHG DAKH ' DAVHP IODARQ S UHD ' $ GIYHOLRP
WH &HQUXV 7KH/RZ ,QFRPHO HDVXUH$IWU7D] /,0 $7 ZDV
XVHG DV WH IQFRP H LQGIFDWRU 7KH/ ,0 $7 GHILQHV D KRXVHKRT DV &Z
IOFRP H Ll IW DIWUMY LOFRP H IDQY EHBZ Rl WH QDWRQDOP HGDQ
KRXVHKR@ LOFRP H DGMWMG | RUKRXVHKR@ M H XVIQJ D VTXDUH LRRW
HTXLYDBIQR\ VFD®! H J IRUD VIQI ® SHWRQ KRXVHKRT

IRUD IRXUSHWRQ KRXVHKRT

7KH SHIFHORU H Rl LHMIGHQW EHBZ WH/ ,0 $7 WUHVKRG Z DV
FDBEXOWG IRUHDFK ' $ DQG GLYIGHG LOWR ILYH HTXDOTXIQAMBN ' $V 1Q
WH LW TXIOWB! DUH WRVH Z W WH KLUKHW Rl &Z LQFRP H DMV
7KLV P HDQVWDW  t Rl LHVIGHON @/H EHBZ WH/ ,0 $7 DQG
DUH WHUHE\ FOWLLHG DV ®Z LQFRP H LHIIRQV 7KLV DSSURDFK LV VIP SO
WHSTEDE®! DQG FROVMMOAZ W RIMHUE DODGIDQ | RRG GHVHUMNANGLHY
WRXJ K WH XVH Rl QDWRQDODMHUWDQ UHI LRQDOWUHVKREV LV

DFNQRZ iG] HG DV D @P MMRQ

2 SHUDWRQDA LQJ ) RRG' HVHUN

$ ' DVHP LODWRQ %BRFN ' % Z KLEK LV WH VP D@MAJ HRI UDSKIE XQWRU
Z KIFK 6 \BMYMFV & DQDGD FREGIFW GDW Z DV FOWLLHG DV D IRRG GHVHUN
Il MP HWE R FROGMRQV VIP XGEQHRXV®  IWHOZ MWIQ D' $ FOWLIHG
DVD®Z IQFRP H HJIRQ IUW TXIQMM DQG W JHRIWDSKIE FHQARIG
|HORXWIGH WH P HWH VHUYLFH DUHD Rl DQ\ TXD@\ LQJ J URFHUY
VWRUH 3 RSXOMRQ FRXQW Z HUH DMIEXWMG \R ' %V DQG WRVH P HHWQJ
ERW FUWUD Z HIH FROVIGHHG IRRG GHVHUASRSXOWRQV
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* LRFHU. 6 VRUHV $ FLRW WKH & LW

7TKHWYG IGHQNIHG  JWRFHU WRUHV Z IWIQ ) LHGHUFWRQ Z KIEK LV DQ
DYHDJHRI DSSWR[ [P DM®  VWRUHV SHUZ DG ) LYH RI WH \VEZ HOH
ZDWGV LOFOGIQI Z DUV DQG  FROMIQHG QR JURFHU WRWH

Z WILQ WHIUERXQGDUHY HOLQ) LOAWMDG RQ VHUYLEH DUHDV RWI LODWQ 1Q
DGNIFHQWZ DUBV

7KH P DS DERYH GHP ROVWDWV WH GMMEXWRQ Rl JUIRFHU WRUHV DQG
WHLUDFFRP P RGDAQJ VHUYIEH DUHDV 1Q ) IHGHUFVRQ $ IX@OMRI
JUWRFHU WRUHV FDQ EH IRXQG LQ WH DSSHQG[  7KH JWRFHY WWRUHV DUH
TXIWM XQHYHQD GMMEXWMG WURXJ KRXWMH FIW 0 DQ. WRUHV DUH
FROFHQADWMG LQ WH FHQADODUHDV Rl WH FIW 7 KHUH DUH Vi R FOMMUY RI
O@UH JWRFHY WRUHV RQ WH SHUSKHU Rl WH FIW

' HVSIM  WRWHV EHIQJ SUIHVHQADFLRW ) LHGHURVRQ Rl \WH \R\EO
SRSXOMRQ R UHMIGHOW @FN SK\ IEDCDFFHW \R D
JURFHU WWRWH Z WLQ Z DODE®! GMBQFH 7KLY P HDQV WIDWRQ® RQH WLLG
Rl ) LHGHUFVRQ IHVIGHQW @vH Z IWIQ PHAHV NP Rl DJWRFHU
AWRUH YID WH URDG QHVE RWN



JOFRP H' DAMEXWRQ

,QFRP H DQDOWY [GHQWLHG WDW Rl WH RVBOSRSXOMRQ
UHMGHQW @QYH 1Q GMHP LQDARQ DUHDV ' $V FOWMLIHG DV &Z LQFRP H
WHILIRQV 1L TXLOWD

7KLV P DS RXEQHY WH JUIRFHY WRUHV WHUDFFRP P RGDAQ] VHUYLFH
DUIHDVDQGWH  TXIOWBN 7KH  \AWTXIQWB! IV FROVUGHHG GIDW

GMAHWHG EHFDXVH Rl LW SRSXOMRQ IDQY EHBZ WH/,0 $7
7 KH WHJ IRQ 1V FROMGHUHG GIDW\GMAHWHG DV YHY 1HZ UIHVIGHQW DUH

@QQ) EHBRZ \WH QDWRQDOP HGIDQ KRXVHKR® LOFRP H 7KH W TXLOMD
LHSUHVHQWV ' $VZKHIH Rl WH SRSXOMRQ | DY EHBRZ \KH

QDMRQDOP HGIDQ KRXVHKR@ LOFRP H DQG LV WHUHE, FRQVGHHG P RWV
GMAHWHG



) RRG' HVHUN

2 | WRVH QMQJ 1O ®Z LQFRP H WHJ IRQV UHMIGHQW DOR
@FNHG SK\ MIEDODFFHW VR DQ\ JURFHUY WRUH P HHWQJ WH \WAXG p/
GHILQWRQ Rl D IRRG GHVHUN7 KLY IHSUHVHQW R ) HGHUF\RQY
\RDOSRSXOMRQ

7KH 11QDOP DS DERYH LOFRUSRUDWG WH HBP HQARI IRRG GHVHUN 7 KH
\ HBRZ VHFWRQV GHP RQMDM WH ' % WDWDLH |RRG GHVHUN 1Q

) LHGHUFVRQ ) LHGHUFWRQ LV KRP H WR VE R XQIYHUW/MKHV LOFOGIQI 6 W
7KRP DV 8 QLYHUW DQG 8 QYHWIW RI 1 HZ %XQVZ IEN ERW Rl Z KIFK
DUH @RFDWG LQ D IRRG GHVHUN) LHGHURVRQY 1 HZ %4XQVZ IEN & RP P XQW
&R H LV DOR GFDWG LQ D IRRG GHVHUN

5R® Rl 6P DA LRFHW/
2 XUILQGQIV GHP ROMDW WDARI WRVH QMQJ 1Q BZ LOFRP H HI IRQV

UHVIGHQWV  Z HUH VHUYHG VRGI® E\ D VP D@J LIRFHY WRWH
DQG UHMIGHQW  KDG DFFHW \R ERW @ H DQG P DO
WRUHV 9% FROADWV UHMGHQW  Z HIH VHUYHG H FOOYHO
E\ DOUH JWRFHY WRWH



([ DP SGV Rl VP DOWRUHV VHUYIQ) WHVH SRSXOMRQV LOFO(GH 9 LFVRY

0 HDWO DUNHVDQG %4\VBUO DUNHWVE RQYHQIHQFH WH @WHMURI Z KIEK LV
FX@OXWDE WL QUIFDQWRU®FDOS WDELE VSHDNLQI DQG 0 LGG®! ( DWMLD
FRP P XQWHV DV ZH@DV 2 QH 1 DARQ 0 DINHWD KDDOQJ LRFHU 7 KHVH
VWRUHV SLRYIGH QRARQD |RRG DFFHW EXVFX@XWD@® DSSURSUDWM IRRG 1Q
Z D\ V WDWDU H FKDIQ VXSHUP DUNHW RIWWQ FDOQRW

7 KHVH 11QGQI V XQGHUW/FRWH D SDAWILD FROVWWMOQAZ (W WH EURDGHU

& DQDGIDQ QMUDMH WY VP DIBIU LQGHSHQGHQWDQG RIWQ FXOXUDD
VSHFLLE JUIRFHY VWRUIHV QRWDLI H VXSHUP DUNHW WDW/HUYH

FRP P XQWHV QMQJ Z W &Z LQFRP HV . RPDNHFK - DFNVRQ
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( WREQVK %DMF ,QFRP H * XDUDQWH

) RRG GHVHUN DUH DV P XFK D SLREGP RI DIIRUEDELDN DV Rl SWR] P IW
5 HVHDUFK FROVUMMQW® GHP RQWMDWY WDWJ HRJ WDSKLE DFFHW \R IRRG
UHWBLOY QRWRQ W RZ Q D VROMRQ \R IRRG LOVHFXUW 6P S® DGGLQJ
JWRFHY VWRUHV VR XQGHWHUYHG DUHDV Z LOQRWP SLRYH GIYHY Rl IRRG
VHEXUW RUIRRG DFFHW 1L UHVIGHQW FDQQRWDIIRUG WH IRRG RULL WH
VWRUHV GR QRWSLRYIGH FXAXWD® DSSIRSUDM IRRGV

%DVIE LOFRP H J XDWDQWMH LV D SLRP IMQJ SRIF\ VRROKDWFDQ DGGLHW
WH A VWP LE IWXH RI DIIRUEDELOW ' U 9 DBIUH 7 DUIDVXNY 352 2)
UHVHDUFK SURJDP KDV HWBEQV/KHG WDWRRG LOVHFXUW 1Q & DQDGD
FDQ EH W.J QULIEDQWD [P SDFWMG E\ SRIE\ GHFIVIRQV WDWDITHFW
KRXVHKR@ ILQDQFHV 7 DUDVXN & DQDGD KDV H SHUP HQMG Z LW
EDVIE LOFRP H J XDUDQWH LQ WH SDVW* XDUDQWIHG DQQXDOOFRP H
H[ SHUP HQAIQ' DXSKIQ 0 DQWRED WDQ ILRP R $ OMRXIK
WH SIRWHQGHG DELKSWD DQG QR 1IQDOHSRUAZ DV SXEQVKHG GDWD
ILRP \WH SLEBWGHP ROMDWG WLJ QLLEDQAIP SUIRYHP HOW RQ KHDMM
RXWRP HV HGXFDWRQ UMWWQARQ DQG RYHUD@Y HOEHIQI ) RU HW

2 QEURY/ YDVE ,QFRP H 3LBRWZ KIFK DQ ILRP R
GHP RQMDWMG \WLJ QUIEDQMHGXFWRQ LQ IRRG LQVHEXUW 0 DUAD
) DYUHDX 2 WHW/ SRIQMR 2 @ $JH 6 HFXUW & DQDGD & KL@
%HQHI MRU& DQDGD ( P HUW HQR\ 5 HVSRQVH YHQHIMGXUQJ &2 9,
DV IRWP V Rl XQIYHWDOLQFRP H GMMEXWRQ P RGHY 3UQFH ( GZ DUG
MDQG LV QRZ FDP SDLJQQI IRUEDME LQFRP H J XDUDQWH DFLRW \WH

SURYIQFH

3RIF\ P DNHWY DWIMH |HGHUDODQG SURYLQFLDOBIYHE VKRX@ SURUM H
LOFRP H EDVHG VROMRQV \R IRRG LOVHFXUW $ EDVIE LQFRP H
JXDUDQMH Z RX@ QRARQD DGGHW IRRG DFFHW IWZ RX@ DAR WHGXFH
VWMHW RQ FRP P XQIW IRRG SURJWDP V VBNH SUHWXUH RIl WH KHDOK
FDUH W\ WMP  VXSSRUAMBRFDORRG LMVBIOE) LQFUHDVIQI SXUFKDVIQ

SRZ HULQ XQGHWHUYHG DUHDV DQG DGGUHW WH UIRRWHFRQRP LF
FRQGIMRQV WDWSLRGXFH IRRG GHVHUN 1Q WH I LUMBOFH

BRI ¥.eb PWHB\APBED YeVnaete \eea)B/
LB IRV aFb Y dyPel BLHINEE O



6 XSSRUAG P DADQG & XAXLD® $ SSLRSUDWA * LRFHU. 6 VRUHV

2 XUILQGQIV DO Q Z I RIHUUHVHDUFK WWDAGHP RQADMY WDWWP DD
LOGHSHQGHQWDQG FXAXWD@ VSHFLLE JURFHY VWRUHV DUH P RUH @\HO
WDQ VXSHUP DINHW \R VHUYH FRP P XQWHV OMQJ Z W BZ LOFRP HV
3RIF\ LOMUYHQURQY WDWRFXV H FOMYH® RQ DMDFWQI @U H FKDIQ
VXSHUP DUNHW \R XQGHW/HUYHG DUHDV KDYH IHSHDMGO VKRZ Q @P WG
HI HPWYHOHW 1O FKDQI LQ) GV EHKDYIRXURUWHGXFLQ) IRRG
IOVHFXUW . RP DNHFK - DFNVRQ 2 GRP V <RXQJ HWDO

5 HVHDUFK DFLRW 1 RUM $ P HUFDQ FIMHV KDV GRFXP HQWG WDW
FRP P XQMWHV Z W &Z LQFRP HV RUHTXIW GHVHUYIQI FRP P XQWHV
KDYH VJ QULEDQWD P RUH VP D@J IRFHU WRUHV WDQ SUHGRP LODQWD
Z KW KL KHULQFRP H DUHDV  DQG WDWIKHVH WRUHV FDQ SURYIGH
FUMEFDODFFHW \R KHDOM\ IRRG $ GWRI IHVHDUFK RQ IRRG GHVHUN
P DSV GRHV QRWENH VP D@ LRFHY WRUHV QR DFFRXQUDQG WHUHE

SRWMQUD@ P MWHV WLV [P SRUBQASRIOWV

3RYIGIQI 1LQDQFLDO @I MMEDORUWFKQIEDOVXSSRUMR VP DQJ LRFHU
VWRUHV FDQ\ IH@ J IHDAEHQHI LW QRARQD VR FRP P XQW IRRG VHFEXUW
EXVDOR R SIDFWFLQ) DQG SUHVHUYLQD YDURXV FXEOXUHV DQG

WAHQI WHQQJ WH HFRQRP IF SRZ HURI W RVH FRP P XQWHYV

7 KHUWH DUH FXUHQW® D BRI GVFXWWIRQV DIRXQG SXETE J URFHU
VWRUHV : H HQFRXUWDJI H GHFIMIRQ P DNHWY VR FROVIGHUFX@YLDO
FRP SRQHQN RULP SDFW LI SXEQE JURFHY VWRUHV DUH VR EH XVHG DV D

VRRORI SRMQUWD@ DGCGIHWIQ] IRRG LOVHFXUW & XAEMUDOUHSUHVHOWMRQ

DQG FRP P XQW LQSXWRUJ RYHUDDOFH 1Q WRUH GHVLI Q DQG RSHUDWRQY
Z RX@ EH YHU P SRUBQW

MLV [P SRUBQMR QRWM WDWRXU I LHG REVHUYDARQV [GHQWIHG VHYHLDO
@RFDARQV 1Q ) IHGHUF\VRQ WDWGEIG QRAIX@® P HHWIMH VAXG p/ J IRFHU
VWRUH GHILOMRQ EXWSRWHWHG WH SK\ IEDOLQI IDWAKFMUH  LOFOXGLQJ
VKHOIQ) WH W HDARQ DQG I®RRUVSDFH VR WRFN 1UHVK DQG QXWIMRXV
IRRG Z W P L.QIP DODGGIMRQDOQYHWR HQW7DLI HWG VXSSRUNRUWHVH
@RFDARQV FRX@ WJ QUIFDOW H[ SDQG IRRG DFFHW FRYHUDJ H DFLRW
WH FLW



$ GRSWD ) RRG $ SDUMHLG ) LDP HZ RWIN

© HWHFRP P HQG WDWFRP P XQW RU DQ] DMRQV SXEQE KHDOK ERGLHV
DQG P XQIFLSDOJ RYHUQP HQW Q) IHGHURVRQ DQG EH RQG P RYH \RZ DUG
DGRSWQJ WH @QI XDJ H DQG IWDP HZ RIN Rl IRRG DSDUMHLG 1O DGGIMRQ \R
RUIQ SOFH Rl IRRG GHVHUN Z KHQ GIVFXWQJ |RRG DFFHW LOHT XIWHV

7KHWWP IRRG GHVHUN @H dRRG VZDP S pIDOHO [P STHV WDWSRRU
IRRG DFFHW LV QD@ RFFXUIQJ 3 RRUDFFHW WR IRRG LV D LHVX@\RI
A WMP LE DQG KMRUE IRWP V Rl RSSUMWIRQ DQG GIVFUP IQDARQ @N\H
GIVFUP IQDRY ] RQQI GIMOQYHWR HQWDQG GIVFUP IQDWRY BIQGIQJ
SWDFWEHV WIDWKDYH A VWP DAWFD@® GHQHG FHURLQ FRP P XQUWAHV DFFHW
WR IHVRXUFHV LOFOGQI IRRG MO ,WDAR [P STHY WDWIMLY D GHVROWM
SOFH Z KHQ LQ IDPWKHH LV D BRI @H DQG FXEOXUH 1O DOFRP P XQWHV
7KH WP IRRG GHVHUAFDQ DOR EH WP DW Q] SXWWQJ E@P H RQ WH
FRP P XQW LWHO

) RRG DSDUMHIG DWWP FRIQHG E\ DFWYMN DUHQ : DVKIQIVRQ QDP HV
WHVH FRQGMRQV DFFXWIDMO ,WGHP DQGV \WKFYUDOVROMRQY LDWHU
WDQ P DINHWEDVHG I1[ HV 7KH WP 1RRG DSDUMHLG HQFRXUWDI HV XV \R
WION DERXVWMH XQGHUDLQI DAXHV Rl LOHTXDON DOG LOMVMEHV 1Q WH
IRRGV WMP VKL] KQJ KW LOMOUWRQDOSRAFLHY @\H HFRQRP LE H FOMRQ
DQG GIVFUP LODRY XUEDQ S@QQQ) WDWSIHYHQAREDFN |, QGLI HORXV DQG
FRP P XQMHV Rl FRBRXUILRP DFFHWIQJ QXWIMRXV IRRG

) RRG DSDUMHLG LV DOR HP EHGGHG LQ WH FRQFHSWRI IRRG VRYHUHL] QW
Z KIFK FD@ IRUD P RUH ®FDA] HG IRRG VA WMP 1Q Z KIEK VP D@IDLP HWY/
,QGLI HQRXV SHRS®N DQG FRP P XQMHV Rl FRRXUKDYH J UHDMUSRZ HU
DQG VHO GHWLP LODARQ RYHUIRRG SURGXFWRQ DQG GMMEXWRQ

$GRSWQJ D IRRG DSDUMHIG [LDP HZ RUN Z RX@ P HDQ DFNQRZ BiGI LQJ 1Q
SRIF\ @QIXDJH DQG SXETE FRP P XQIFDARQV WDWRRG DFFHW

LOHT XIWHV DUH VAKPMUD@ SURGXFHG QRACDWILD® RFFXWIQI ,\WZ RX@
LOFOXGH FRP P XQW ®IG IRRG VRYHUHL] QN [OMDWYHY @\H XUEDQ IDWP V
IRRG FRRSHUDWYHV FRP P XQW J DUGHQV DQG VP DQJ LRFHWY 1Q IRRG
VHEXUW S@QQAQ) 8 \VIQJ WH IRRG DSDUNMHLG [LDP HZ RWN Z RX@ DOR

P HDQ FRQQHFWYJ IRRG DFFHW SRIF\ VR RWHULWXHY @\H KRXVIQJ
DIIRWGDEION DQW SRYHUN SWRIWDP V WDQUHTXIW DQG FTP DM
UHMITHQFH 7KLY Z RX@ D@EH GRQH B\ FHQMUQJ |, QGLI HORXV
FRP P XQMHV %DFN FRP P XQMWHV DQG FRP P XQMHV Rl FRRXULQ
GHFIVIRQ P DNQJ  LDWHUWDQ [P SRIQJ VRS GRZQ P DUNHWGUYHQ
VROWRQV
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' HVSIWM WH FUWFVP V RI IRRG GHVHUN P DSV RI IRRG GHVHUN FDQ EH
YDOXDE®! VRRY IRUP DNQJ LQHTXDON YIME®! P RELQ] [Q) SROAFDCY L@
DQG VB HWQJ UIHVRXUFHV & RP P XQW RU DQL] DARQV KDYH XVHG IRRG
GHVHUAP DSV VR DGYRFDWM IRUSRIE\ FKDQIH FD@QJ IRUFRP P XQW
FROAR®DIG |RRG UHVBLOVSDFHYV @\H SXETQF JIRFHU VWRUHV VXSSRUAQJ
FRP P XQW J DUGHQV DQG IRRG FRRSHUIDWYHY DQG DGGIHWIQ] IRRG
DFFHW DBRQJ VIGH WDQVSRUBMRQ LQ UDVWAKFMUH DQG EURDGHUM WMP VRl
VWXFWUDORWP VRl GMVFUP [QDARQ ' HO DWMU ' DQHY 6RP H
KDYH DOR H SDQGHG RQ IRRG GHVHUAP DSV DQG LQFOXGH DGGMRQDOGDVD
@H XUEDQ IDP V HP HUHQR\ IRRG SIRYIGHWY 1DP HUp P DUNHW DQG
RWHY ' HO DAWMU ' DQHW

) RRG GHVHUAP DSV FDQ KHG XV XQGHUAMIQG Z KHUH WH JDSV DIH EXW
WH GR QRAM@XV Z K\ WRVH JDSV H MW\RUZ KDWIKH UHDOQAHY DUH R
"M 1QWRWH VSDFHV $V VXFK Z H VHH WL IRRG GHVHUAP DS DV D \RRO
IRUFRP P XQW RU DQJ] DWRQV KHDO DXWRUMHY RUSRTF P DNHW/ \R
XVH 7KL P DS IV D WBUANYJ SRIOARUD P RUH 1Q GHSW GVFXWIRQ RQ
KRZ VR DGGUHW IRRG LQVHFXUW



Aaer &5 il

$ WXP HG WDYHOEHKDYLRXU 7KLY DQDOWY DWXP HV WDWHGHQN
WDYHOR WH FRVHWA LRFHY WWRUH Z IWIQ Z DOLQ) GMBQFH 6 RP H
UHVIGHQW P D WDYHOR WRUHV RXWIGH WH QHL] KERXIKRRG LQ Z KLFK
WH @/H LQ VHDUFK Rl EHAMUSUEHV SUHIHUHG ELDQGY RUFXOMUD@
VSHFLLE SLIRGXFW 7 KH DQDOWY FDQQRWGHWLP LOH Z KHUH SHRS®! VKRS
) LOGIQIV VKRX@ WHUHIRUH EH XQGHUARRG DV LH GIFWQ JHR WDSKIE
SRWIQWDCODFFHW DWHUWDQ DFVDO RRG DFFHW

6 VRUH FO\WWL LFDMRQ DQG GHILOMRQ VFRSH 6 RP H WRUHV WDWGEIG QRW
IXQ P HHWKH WXG GHILQMRQ DQG Z HIH H FOXGHG ILRP WLV DQDOMY
QSWFWEH VXFK WRUHV P D\ SURYIGH P HDQLQJ IXCDFFHW \R VRP H IRRG
VWSOV IRUQHDLE\ UHVIGHQW 7 KH VWMPWDSSTEDMRQ Rl RXUGHI LQMRQ
PD UHVXGIQ D V@ KARYHUIHWP DARQ Rl IRRG GHVHUAFRQGIMRQV 1Q
DUHDV QHDUWHVH ERUEHUIOH WRUHV

,QFRP H TXLOW®D! P HWMRGR®I\  7KH XVH Rl QDARQDO ,0 $7 TXIOMBV
DWHUWDQ D UHJ IRQDORUGFDAGQFRP H WUHVKRT LV D LHFRI Q] HG

@ MMRQ 1 DWRQDOP HGIDQV P D' QRWX@ UHI GIFWKH HFRQRP LE
UHDDAHV Rl 1 HZ %4XQVZ LENY @ERXUP DUNHWZ KHUH LOFRP HV DQG FRWY
Rl @MQJ GLIHUILRP \WH QDARQDCOP HGEDQ + RZ HYHU WLV DSSURDFK Z DV
FKRVHQ VR HQVXUH FRQUWMOR\ DQG FRP SDUDELDN Z 1M RWHUE DQDGIDQ
IRRG GHVHUWAXGIHY DQGWH / ,0 $7 WHP DIQV RQH RI WH P RWAZ LGHO
XVHG DQG DFFHSWG LQFRP H P HDVXUHV 1Q WH & DQDGIDQ SXETE KHDOM
QMDY

6 VIME VQDSVKRW 7 KLV DQDOWY UHIGFW D VIQJ B SRIQAIQ WP H EDVHG RQ
& HQVXV GDWB DQG | HG REVHUYDWRQY FRQGXFWMG GXUQ] WH WXG\

SHURG * LRFHU WRWH FRVXUHV QHZ RSHQQIV DQG VKUW 1Q

QHLI KERXWKRRG LOFRP H GAMMEXWRQ VIQFH WH WP H Rl WH WXG\  Z LOQRW

EH FDS\MUHG ) RRG HQYLLRQP HQW DUH G\ QDP LF DQG WLV P DS VKRX@ EH

XQGHUARRG DV D EDVHIQH UDWHUWDQ GHILQWYH RUSHUP DQHQW

([ FO(VIRQ RI QRQ WRUH IRRG VRXUFHV 7 KH DQDOMY |RFXVHV

H FOMYH® RQ SHUP DQHQM LRFHU WRUHV DQG GRHV QRWDFFRXQAIRU
RWHUVRXUFHV Rl IRRG DFFHW LOFOXGIQI 1DUP HW/pP DUNHW IDLP J DWV
IRRG EDQ\V FRP P XQW NMWPKHQV XUEDQ J DUGHQV RUP HDOSLRIWDP V
7KHVH FRP P XQW |IRRG DWHW S@\ DQ P SRUBQMR®G! 1Q \WH QHG

H SHUHQFH RI IRRG VHFXUW IRUP DQ\ UWMGHQW DQG WHIURP MRQ

P HDQV WDWRP H DUHDV FOWLLLHG DV IRRG GHVHUN P D\ KDYH

P HDQQJ IXOFRP P XQW |RRG LQI LDWAKFMXUH WD QRWFDSWYIUHG KHUH
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&IW Rl ) LHGHUF\RQ &IW Rl ) HGHUFRVRQ KRXVIQI QHHGY DAVHWP HQW
XSGDM U H HFXWYH VXP P DU KWV Z Z Z IUHGHURVRQ FD P HGID |1
|UHGHUFVRQ KRXMIQ) QHHGV DWHWP HOAH HEXWYH VXP P DY

'HODWMU. 7 ' DQHY - ' HVHUAZ RQGHUQIV 5HIP DILQIQ) IRRG
DFFHW P DSSIQU $.J UFX@XUH DQG + XP DQ 9 DOXHV t

KWBV_GRLRU i

)$2 7KH WM Rl IRRG VHFXUW DQG QXWIMRQ 1Q WH Z RUG
KWBV_GRLRU FE HO

) RUHW( / 1HZ TXHWMRQV QHZ GDW R LOMUYHQARQVY 7 KH KHDON
HIHFW Rl D J XDUDQWHG DQQXDOQFRP H 3 LHYHQWYH 0 HGLELQH t
KWBV_GRLRU M SP HG

+XP DQ' HYHBRSP HQW& RXQFLO 1 HZ WKQVZ IFNV FKI®  IDP L®
SRYHUN WHSRUAFDUG_KW8V _FDP SDLIQ FDZ S FROMQAXSERDGV 1HZ
YA KQVZ LENV &KL DQG ) DP 1® 3RYHUN 5HSRUAR DG SG

RA O BXPQHU- : IQRQS$ (GV & UWFDOSHU/SHRWYHV LQ IRRG
WYGHY WGHG 2 [ IRUS 8 QLYHUAW 3 UHW & DQDGD

.RPDNHFK 0 ' & -DFNVRQ 6 ) $ WXG Rl WH R®I Rl VP DOHWQE
UV URFHU WWRUHV 1Q XUEDQ UHQHZ DOLQ D VRFIDOKRXVIQI. SURMIFW7RURQR
&DQDGD - RXUQDOR! 8 UEDQ + HDOM, t KWBV _GRLRU Vi
/DUHQ . * LaDQG - 0 DSSIQJ WH HYROMRQRI IRRG GHVHUN 1Q D

&DQDGIDQ FIW 6 XSHUP DINHVDFFHWIELDN 1Q/ RQGRQ 2 QEUR t

 QMULDRGDO- RXUQDOR! + HDGM * HRIWDSKIFY — $ UAF !
KW8V_GRLRU

oD 0 $ ) DYUHDX - 7KH FDWH IRUEDMF LOFRP H IRUIRRG VHFXUW
7KH &DVH IRUYDMEF ,QFRP H 6 HUHV  YDME ,QFRP H & RDDARQ

KW8V EDVIFIQFRP HFRDOARQFD Z S FROMOAXSRDGV &DWH IRU% DG

) RRG 6 HFEXUW S

OHONR 3 2OMDG ' OXCWHJRQLS$ O LODNHU/ ) RRG GHVHUN IRRG

P WDJHV DQG JHQWILIFDARQ IQ 7TRIRQR &DQDGD +HDOM  3@FH  $ UANFO
KWBV_GRLRU MKHDOKSO@FH

1[RQ $  %HMU. ) IRP S&Z \R SDQM 0 RQRSRO LQ WH & DQDGIDQ
IRRG W\ VWMP & DQDGIDQ $ Q0 RQRSR® 3 LRMIFWKWEY DOWP RORSRO FDZ S
FROWQAXS®RDGV &$0 3 5HSRUN RORSRO 10 WH &DQDGAIDQ ) RRG

6\WMP SG



2CRPV<RXQ) $ WRZQ$ * 0 $IXWE&RAV 7 * O . ) RRG
LOVHEXUW QHLI KERIKRRG IRRG HQYILRQP HQWDQG KHDMM GLVSDUMHV 6 W Rl \WH

VFIHQFH UHVHDUFK J DSV DQG RSSRUMQMHY $ P HUEDQ - RXUQDOR! & @QIFDOL XWIMRQ
t KWBV _GRLRU MDEQXW

S5REMI@ | 3DTXHWM 0 & " HYHBSP HOARI D P HKRG R &RFDWM
GHVHUN DQG IRRG VZDP SV IR@Z 1) WH H SHUHOQFH Rl D UHI IRQ 1Q 4 XHEHF

&DQDGD , QMUODMRQDO- RXUQDCR! ( QYLLRQP HQWBIOE HVHDUFK DQG 3 XEQE + HDAOK
$ UAE® KW8V_GRLRU LVAILSK

6 VMYMEV & DQDGD D &DQDGIDQ,QFRP H 6 XUrH &,6 * RYHUQP HOAR
&DQDGD_KWBV ZZZ WBWDQJIFFDIPGE S 69 SO
) XQFMRQ JHEXUH, .G

6 VMMV & DQDGD E $YHUDIH UHWIORRG SUFHY GDW YIVXDd DWRQ \WRRO

&DWRIXH 1R ;* RYHWQP HOARI & DQDGD
KWV 7277 WWDQJFE FD Q SXE [ [ HQJ KW

7DUDVXN 9 P SCFDWRQV RI D EDVIF LOFRP H J XDUDQWMH |RUKRXVHKRE IRRG
LOVHFXUW 5 HVHDUFK 3DSHU1 R 1 RUMHLQ 3RTE\ , QAWM
KWBV_ SLRRI X\RIRQR FD
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[ DAMRI JWIRFHU WRUHV 1Q) LHGHURWRQ 1%



* IRFHY WRUHV  VHUYLFH DUHDV



6 HYIFH DUHDV  LQFRP H GAMMEXWRQ
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