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6 XPPDU\

7KLV VWXG\ H[DPLQHV WKH HIIHFQM R ILRDQ N HM ERMMLIQJIFKR X QWU LHV
WULFLW\ PDUNHW DQG LQ SDNM\WRIFEDIDW RKQGW RIS RAHRI LWD DLWV VW
PRGHO EDVHG RQ D PXOWLSOH ORSHG WBHIHNWWUIPRQH W&HWHP SDFW R
RQ WKH 6ZLVV ZKROHVDOH HO ®RWUILG GWRK I5W H FM K D WKW KUHH MIXH@H K O R D
VDOH HOHFWULFLW\ SULFH L VOHRUIEF B/HYUWR &) JBXRHGW R LW K H MDD HFW U L F
ODUJH HOHFWULFLW\ H[FKDQJN WDB DR FLARILHWH Q Q WLARGMWDREBD REVHUYH
HOHFWULFLW\ SULFHV LQ *HUPQG\LQUDSUAH D QG G AWP]RAHHIWLD D) X UW K H U P R
SRZHU DQG SKRWRYROWDLF HOB FQ\HJIDAL WM HI H B SIDPW LRRXD 6D YN ZKRO
SULFHV LQ VSULQJ DQG VXPPHUVEXVW XWKIQJ IPOD¥RQ CHF® R QWHU
6ZLVV ZKROHVDOH HOHFWULFDWL BQ LDFI& RIH@RK ZRAORYDW@H SULFHV

YXUWKHUPRUH DQ DJHQW EDVHG $&(P X ¥ DW HEQWR GAOH BWZBDWH GLII
QDULRV ZLWK UHJDUG WR WKHLGHWHKN @RIMNHHOW R WKH HON FWANFWQ D U
GHVLJQV LPSOHPHQWHG FDSDFLWVUBBMKQHTUWHAVRI® WHEKDRERUGLQJ
DW WKH WLPH Rl WKLV VWXG\VRVFD YBIFB G MEHQRQUDR PDUNH®W (20 L
VXUURXQGLQJ FRXQWULHV RI 6ZEW]HWDO\QBQ GHAXDMQULPUD® ERWK VF
RSPHQW Rl ZKROHVDOH HOHFWDRMLWD SDEEWYV IDQB[BRZBMGSYKH UHV
EDVHG PRGHO DOVR VKRZ WKDWFHY/RDWIN KQ HKIOO KB HIQFLMQVE RQ GHYH
ERXULQJ FRXQWULHY LQGHSH®EHQWDK LR/ GWKSHQBHDIFV LR FHKY HQ H[SH
DV D UHVXOW RI WKH H[SDQVLRIQNVKI UMUDG GQW F BSRZMHUNEE P Q@OKFDSDF|
PLQRU GLIIHUHQFHV LQ WKH VFH@BQDRN R [DPLIQ HFG S PF MWK HUHP XQH UL
LQ QHLJKERXULQJ FRXQWULHEO H B RANWBIMSFHF LOWH VW DX DWW BH) 6Z LV
H[SODLQHG E\ WKH KLJKHU FDSBRMWWLHY QBIGIMERX SRYYIFRLOLW\ RI |
7KH LQVWDOOHG IOH[LEOH SRHEWUZS®BEQMK ADS\DH IRW\K\\ R RISWEHU FDSI
ODQG HQDEOHV D KLJK OHYHO 5+ JDHGHUDWLRQWIKGH VEBBRWDULR ULV
SHFWHG RQ WKH ZKROHVDOH PDWNRMWUG X HEW BVINKIHF D WHXB OW LIRHO S
OHDVW FRQVWDQW RU ULVLQJ GHPDQG

,Q DGGLWLRQ WKH ZKROHYVDO®DRILERNVHW BUQEWWR IZWWK WKH BIJHQW E
WR H[DPLQH WKH VXSSRUW VFKHRWVLIE® \$ DHYHZOEDWH WRH ULIHF® IHH G
PDUNHWLQJ FRPELQHG ZLWK WKH PO WHWLSUAP LKRORBBEOH HOHFWU
FOLQH LQ WKH IXQGLQJ YROXPRH®IXEHMWREWYHDYHBOLOQWKHDVLQJ VKD
H[SHQGLWXUHYV FDQ EH UHILQD QFHBWELEHWN @ORWRYW WRHEHYHU DQ L
VXEVLG\ YROXPH LV DJDLQ WR RH WKIHRWHIG DWRES RIHWXRWD O LQFUHD
SKRWRYROWDLF VI\VWHPV DVVXPHIGRMIRMDVVXRQRIDDGFHZUMNVLRQ RI \
LIV 7KH GHFOLQLQJ VSHFELILHUHYRHWWRH BRXQ WKRIXGG ZWW K QD UHG X
WDULIIV LQ RUGHU WR EHQ HHL@HNHRPRSE R H QQM\E OR Q LLGHIQS$Z DA OW KHHQ H U |
RYHUDOO V\VWHP

7KH VLPXODWHG ZKROHVDOH S U DRHV DAV R KAHK W ZRD VIEW QRW ILRW® VW L J T
UHYHQXHV RI 6ZLVV K\GURSRZHU RVW RHW DXWLDQ ® Q XPSMIGPDW VWRFKDV
7KH UHVXOWYV VKRZ WKDW WKHW RHMWKHGZ KRE AWDQ A LMD UNHAWHDUH OL
UHYHQXHV IRU VWRUDJH DQG SXP\SHIEV R Y RO DVOWMRIDIMUSRRHU SODQW
VLIJQLILFDQW QDWXUDO ZDWHHDMHQRZP DUNHW LUHFYH@WHW FHQ EH H[!
QDULRV DV HDUO\ DV DV WKAVDRBUOV H GRULHFBIVBINY BIRU SXUH SXPS
SODQWYV ZLWK VKRUW ILOOLQDIURHA®HWH YAHGHX H§ FLUH B B Bl OLGDH BV LSH W K H
RI SRZHU SODQW LV GHSHQGHRDWRRQF U HDH HOR G O'\X I @/ILRQWIW X B W L O
KRZHYHU SXPSHG VWRUDJH |DHAL®LWLRPY WHKH \DKEDDUHS VLR FRHHERW K. Q S U
VFHQDULRV ,Q WKH (20 VFHQDWISRULE® SOXFNXBXWDRQWMRFFXU OHDG!
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I[UHTXHQF\ SXPS WXUELQL]DWLRR®RXOFOKDY HRYZ QHIDWWXKHVLPSDFW RQ
VLELOLW\ RI WKH SODQW LDD @M W KHYBGRE WIHG POXWW M DWLHR OHY HVOKH
ZLOO DJDLQ ULVH VWURQJOWVWHRWDWH YR WHRU S O D/RWWKDIWZKB XS RU ZL
LQJ FDSDFLW\ ZLOO DOVR EHWHEOHYWHRVIXUWKHU LQFUHDVH

7KH DQDO\VLV Rl WKH VHFRQGBUWFHRIDVUWUR® LRHV HU YDIQIGQ WKKHIHUV S
UHODWLRQVKLS EHWZHHQ ZKRQG \FIRQW H A B FMHWLHFU YW S UL F HVOD W LW/X U
IRU WKH PLQLPXP H[SHFWHG VHFROQGBHULW BOWHR®E LOHGHVRBHO\ E\ W
WKH ZKROHVDOH HOHFWULFLW\RDULE RO VRH WHKIDY\H VSHAFEQE DWKARE'O G D C
LQ WKH IXWXUH

7KH DQDO\VHY OHDG WR WKH ARFQGIFONSHRG MQFMLW V GWHK W RZEVYV D XWKR
LWRU WKH GHYHORSPHQW RI| ZKR®H VBDSIDF U WAHVQIR U HIHFFWMIL R Q D G F
LQJ FRXQWULHV LQ RUGHU WR\EH ®EWR WR QIHDFQMS § KR GUIDWH YIHD S D
RI JHQHUDWLRQ DGHTXDF\ LV DXW WV \DND AR YKRE UV KD WKN FXWUHQW |
LQ WKH QHLJKERXULQJ FRXQW WLHRS®RVQ RW KIB@H D QM RMDWILGHTXDF\ L
WKDW WKHUHIRUH WKH LQWURBXBWLRQ RHPKPDINPLMQ BHPXHUODQC
UHTXLUHG :LWK UHJDUG WR WHKMXWWURQIKLOERSRXHULQ @ HERWK VFHC
GURSRZHU FRXOG XQGHU WKH DVVYXPIB® IWURHIX OIMEL RQGBO DV KHKH UR
VRXUFH RI LQFRPH LQ WKH PHGLXP WHUP
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=XVDPPHQIDVVXQJ

,Q GLHVHU BWXGLH ZHUGHQ G L HQGIHHWNX\QH K@ \& 19 D UINDW B ENUDQPQGHU DX
BWURPPDUNW XQG LQVEHVRQGHHHW 8IHG L6F KIZUHW VHFK DDW QHERN D IW X Q
ZLUG LQ HLQHP HUVWHQ 6FKULVWW GIQ EDVR BB ABW WDV FKIHYHLRP XOWL S
VLRQ HUVWHOOW XP GLH 7UHLEHVHGBIR BIFHN W U]H U WSIWIEB B %KD QG H (
PHQ 'LH (UJHEQLVVH GHXWHQ GIDUDLDMFKIHQ/ D&V/DW X Q3. K6 HWD6 FKZHL]HU °
WURPSUHLV LQ 6SLW]HQODVW]HUWWQ XS DXXQQ GV & B WU N WXNIPFPFDH Q ZL U N
DXV ZHUGHQ VWDUNH .RUUHODWLRGHQ VY WAURR-SY IGIHVH QU R KHDX W V F K (
XQG GHU 6FKZHL] LP )UsKMDKU X QX BRIRIFGH.P EKHDRERDQF IGW H VG H X WV FKH
GLH 3BKRWRYROWDLN 6WURPHU]JHXJXQJ LP )U+sKMDKWXX@ D KP G R MBIF K ZH
JHU *UR%KDQGHOVVWURPSUHLVH +BEHEWNGREK LPQWKILH ®HEQLPPW ||
GLH 6FKZHL]JHU *UR%KDQGHOVVWURPSUHIQUN FKHQ DXOQOH B HEH QUD Q]| VL
GHOVSUHLVHQ

JHUQHU ZHUGHQ PLW HLQHP DJHQWRQEDV BRIZWHRE&6L PIRGIDWILHRZL UWV F
QDULHQ EH]*JOLFK GHU (QWZLFNQW® U BGXHRKBW UR PHRIVWNHDQH] KQDULR Z
GHVLJQV LPSOHPHQWLHUWH .DSBZI\WOMYPHAKPQHVRAGEHLR/SXQNW GH
BWXGLH GHQ SROLWLVFKHQ *HJHBWNQIHLWHGY & HODIILRFEHQG $Q DOC
/IQGHUQ GHU 6FKZHL] 'HXWVFKBQ QY®RZIHDQWUMUBKLFNDBLQ VRIJHQDQ
ODUNW DQJHQRPPHQ ,Q EHLGHQ 6RH@GMWLH Q LAH(UBMOLERVRBOY GHU *UR
SUHLVH XQG GHU .UDIWZHUNV N DG DH LW WM KQMWHNHVERKVD JSORMKHQEDVLH
GHXWOLFKHQ GDVV HLQH VWDUNEB GHEBVYIWNURRBWHENH YRR%EHQ (QW Z
1DFKEDUOIQGHUQ XQDEKIQJLJ YRPHVHZHKOWRI®HE] WRDDURGXUFK GHQ $
GHOVNDSD]LWIWHQ QRFK ]XQLPREH Y N N DSKWION FKHHWUJHEHQ VLFK
VFKLHGH LQ GHQ XQWHUVXFKWHQ 6]HH@DWLA @ LWR. Z8DGEMOWIPPHF KD Q
1IDFKEDUOIQGHUQ ZHQLJHU IOH[EEDHL]URIWEBXWH 'LO VG HUWS GXUFK GL
JLWIW LQ GHQ 1DFKEDUOIQGHUQ, ROBUGLH YOR DO LTFHNW UW] WMV HX HUN O
IOH[LEOH .UDIWZHUNVNDSD]JLWIW HUP|JOLFKW ]XVDPPHQ PLWHGHP (LC
6FKZHL] HLQ KRKHV 1LYHDX DQ (UQHXX{QJIVY LYRKM BKMQWULR ZHUGHQ
3UHLVH DP *UR%KDQGHOVPDUNW GIUEZ BQW B WP H H/OWLHEMUMHIUNR VY X
%UHQQVWRIISUHLVH EHL PLQGHNW W@AH 1 OHIQ 6 KEOMHLEKH Q O Bl R G

'DUEHU KLQDXV ZHUGHQ GLH *UR % KDIQGHOIMPD UBIWHS PHWVKHOGH GHV D
ORGHOOV VLPXOLHUW ZXUGHQ )|-WGEHUP BBRWBKFMNBDKIXQHGBUBXHUEDUH
DQJH]JRJHQ LQVEHVRQGHUH GLH |IXOG(LQWISKWWYHYPDIIMXRQJ NRPEL
ODUNWSUIPLHQPRGHOO 'XUFK G LOVWWHIRIMSQUGHY H URMKBDIQGWH O ULV
J)JUGHUYROXPHQV ]X EHREDFKW H Qb H8.DH U LEGWHLLQD LER B U QXUH VW LW LR Q V
O|VH DP 6WURPPDUNW HUZLUWW KW BQ UFKVEHQ D8 O H UBQIHQRPPHC
SRUWLRQDOHQ =XEDX YRQ 3KRWRW ROQHR MDY WD HIQGHVH GHUD PW I |UG |
UHFKQHQ RKQH 8QWHUVWHOOXQJY St QWY HU U-HWRQAR Q ' BUKD@E VROOV
VSH]LILVFKHQ ,QYHVWLWLRQHQ BXEK(PQWSHLYHF HBUBNRQIHQ EHJIHJIQ
DXFK LP *HVDPWV\VWHP HQWVSUHFRHBGYHRW GIHN O XOVUWRIBEU HUQH
JLHQ SURILWLHUHQ ]X N|QQHQ

'LH VLPXOLHUWHQ *UR% KDQGH O \QDUH.IHVH VLD G DX EKI ICAHIQUAIMLY +U G
GHU RSHUDWLYHQ (UO|VH GHU 6FHHFKHWUXQPF \BXPSYBHLFEEU PLW HL
VWRFKDVWLVFKHQ 6WHXHUXQJVPHREHODV VLG XTHKX G WD W H ZJHWLW HW H Q
*UR%KDQGHOVPDUNW PLW K|KHUK® GUIXNSDSE HEKGHIHNLFXIN ]X UHFKQ
VRQDOH 6SHLFKHUNUDIWZHUNH QG W+ HALIQGAKMH THDMQMWDXFRMNQY KDEHQ
-DKU LQ EHLGHQ 6]HQDULHGM @ LUWKHKREDU &HUQADUNDMHNVW O|VH JHUHF
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KLHUIsU GDV PLWWOHUH 3UHLV QWL YHDXFEKVVIFEK EBLEHEH @FHQDULHQ V.
UHLQH 3XPS 6SHLFKHUNUDIWZHUNH \WL&HNX$QMQY MO a3 HNOBIRQUNWHUO |
NOHLQHU GD GLHVHU .UDI\@MHUSIWMLSVEXEZ ¥ QNXIQINQ DQJIHZLHVH
-DKU ]ZDU VFKRQ OHLFKW YHHKJVF%HERHDEHWV FZHQODHRFE DOV GDV P
YHDX /DQJIULVWLJ NJQQHQ ELV FKH®DLQX EGILLHE HRPEWRDIWLHQ XPVR PH
$QVWLHJ GHU 3UHLVYDULDELPOLW I\ BWRIRWDNOBQN WM 6] DOQMWHLR NRPP
3UHLVDXVVFKOIJHQ ZDV ]X RSWLPXORSHDX KERFKUMUX X B \WPWOFKDOW =\N
VLFK MHGRFK QHJDWLY DX| GLHGW H FRXQYIQMW HX QD FKIEHDWHNH BWH LV D XV V F
NJQQWHQ %LV ]XP -DKU VW HHPW LQRIF BB B DWQE PMDXOOHODWLY ]X
GDVV DXFK 6SHLFKHUNUDIWZHUNH WRIQIH UR G X P SALDAS DH /DWW IGL H (UO |V

JHUQ N|QQHQ

'LH 8QWHUVXFKXQJ YRQ VHNXQG | WIQUGHHY 16 DHEQLBIDIMHNOIN UV W X RQ G E|
YRU DOOHP DXI GHQ =XVDPPHQKD QY WALRFXHIPL YHRUAKDPE® GHONWOGLHQV
VHQ (V VWHOOW VLFK KHUDXV+UWBWY WILQH POV HUBUHEQIHVHQGHQ VH
GLHQVWOHLVWXQJVSUHLV G XU F K%XKLIH GA-KZ\D\QNXRR S QHE M ¥ LERI VW LP P
VHNXQGIUH 5HIJHOGLHQVWOHLVWXQRYBUWLRIDRLQ GBIX DXQMVOHWIHQ VR

'LH $QDO\WHQ IKUHQ ]X GHP 6FKEXV3WUHLVDE DIQIIUMNMHEWHQ GLH 6FKZ
GLH (QWZLFNOXQJ GHU *UR % KD QUG HIOSDS|UWLWHXIQ G 6\WURR KX I XQJIV VLI
1IDFKEDUOIQGHUQ EHREDFKWHQ YRQMQE® UX® FHY 28 YHRMWO/LHQ UHDJ
QHQ LQVEHVRQGHUH ZHQQ GDV 1KHHWIH IGM W QUHHDIXQIVWLFLH (UJHE
FKHQ DEHU DXFK GDVV GLH DNWX®IHIH § HLDQUHNQN G H YR WQNHIH UL QIO XV
JXQJIJVVLFKHUKHLW LQ GHU 6FKZHG]LKDEBQ KOG B\ IE\D KBISD]LWIW VP
GHU 6FKZHL] QLFKW ]ZDQJVOIXIEKVEGQFW LGMV ZLWBUNHQVEQVWLHIV G
6SHLFKHUZDVVHUNUDIW LQ EHLEHQY 6]HQD QMM EGHHIH BWRK/ZIHR.JHU :DV V|
GHQ $QQDKPHQ XQG XQWHU GHP JHEREQQHQ G HUXPILWWX@IVUDWLI GL
WUDJUHLFKHQ (LQQDKPHTXHOOH ]XJHZLHVHQ ZHUGHQ
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SPpVXPpH

&HWWH pWXGH H[DPLQH OHV HIIHOQF EHW LRKD G XHPMHWOAKY GBEV OHV SD
PDUFKp VXLVVH GH O pOHFW WL PIDWY HOW BIBL OD UAY LG @L plQ QI M K\ G U |
SUHPLHU WHPSV XQ PRGQOH pF R QRPIIVHY VLR EOL\Qp U XUHXBXOWLSOH
G LGHQWLILHU HW GH TXDQ\WKXH®BHQNV OHDW SDEQ B TX h ALRBWEKF LW p
GH JURV /HV UpVXOWDWYV LQGLIDXHGWHWXI®H B UAKDAWHH URVQGH O pOl
LQWHUDJLVVHQW IRUWHPHQW SH\DHG B QW DIHMR §pE X RFRK\S GBIJSBE&X P D UF
'H IRUWHV FRUUpODWLRQV VRQHRBEVRY YR \O HhQW BW WOLHV VB #\@ $O0 0+
HQ 6XLVVH DX SULQWHPSV HW FW LR G' i BHOXM. HODROURGRH HMW SKRWI
DX SULQWHPSYV HW HQ pWp D XSQULR SOHF WURYI BWLO ¥R B FOMYL FHWp HQ

HITHW GLPLQXH DX FRXUV GH Q@Q KWRHW HOMW SWILD &KH YRV \GHH O pOl|
VXLYHQW SULQFLSDOHPHQW OH® fPRXFW GXFS Wip[ G JWRILEHHW HQ )U

8Q PRGqQOH GH VLPXODWLRQ EDVp&(XW\GM\X\WIBQWV SBRROHIMEXGLHU (
O LQGXVWULH pQHUJpWLTXH U KOMULA K pDXHGP YpHOOHRES\SUHLPFH@WE GDQV O}
WRXV OHV PRGqQOHV GH PDUFKp FPARADBQVHKNW & HRFRDS P MPVPKRLVLV FD
GDLHQW j OD VLWXDWLRQ SROHWIH >XGHBON PRPNGWQOHL® pWOGW EDVp
GYIXQ PDUFKp GLW GH O pQHUJLH XGEDN\XHOHBWW GRKKHW R @D 6XLV
JUDQFH ,WDOLH HW $XWULFKHY '@ QY RIHWWGR®[GHY GRS G H WRY GH
FDSDFLWp GHV FHQWUDOHV pOHFDWMIRKOLHYW /HWDPpY KO WDWY GX P
DIJHQWY PRQWUHQW TXH OHV SWhL B BSHH DBRNQ & HI FOU (NCHPRHAQWAL FBLH O p Y R €
YRLVLQV TXHO TXH VRLW OHWBRQP GIHRIFDKRR/LR D W W F QIS DGF HH- DXJPt
O H[SDQVLRQ GHV FDSDFLWpV FRPFHUBWHDOHV FIDSPH LWRVFGHY FHQWL
Q\ D TXH GHV GLIIpUHQFHV PLOQRXUHDPADREV OBYWPMHQBERQDULR DY
QLVPHV GH FDSDFLWp GDQV OHVOSD\& H\R EWIQYWU BHVHEFRPQV IOH[LEO
HQ 6XLVVH &HOD SHXW V H[SOWV }BH YSoHU GO ¥ DCSHDWF IS PVSORLVLQV HW
SRUWHU GH O pOHFWULFLWp |/DH FLOESDH IGMpY GH GW BB ® AW LoFOH FW UL T X F
GHV FDSDFLWpV K\GURPOHFWULT®HW MR UENL K\OH KDEKWP QWWHDXWG H VpF
WLRQ 4XHO TXH VRLW OH VFpRDXVRH B W DWW NFEG PRPDUFKp GH J
O K\SRWKgVH G XQH KDXVVH GH \& 3 Ut W GEHWVFS$IWLWY LA HVDRDW EXUDQWYV D
DX PRLQV FRQVWDQWH RX FURLVVDQWH

/JHV SUL[ GH JURV GHV VFpQDULRRGYORXGED JHQWYGHRGW XWLOLVpV
PHVXUHY GH VRXWLHQ DX[ pQHUJDRHW LFXQRKYHOD BDMHWL | H&QH SUDFKD W
GLUHFW FRPELQpV DYHF OH PRGqQ8 GHLYRIQPBHSB P BDKKYH GHV SU
O pOHFWULFLWp XQH EDLVVH G3HMXRD XWH H RE WHXEWYPHQ WRRGHWQ WHUP
TX XQH SDUW WRXMRXUV SOXV LPSRHWDIQWWH BHHYWG § 8 M QVHWUGE JpQpU
VXU OH PDUFKp GH O pOHFWUJLBRMX Y HDRXW B VRWW QRQ S H XW@H DXJPHQV
WRWDO GHV VXEYHQWLRQV HQ MBhpVRIPXGH P DX PRI YOM IGRQQRPEUH
SKRWRYROWDWTXHV SUPYXHV j BVHW IXQ B HG pJUHADQW MY S SSX WBULI Gt
UDLVRQ OD EDLVVH GHV LQYHWNUWDLHP iy QDVO/H Y S QP IEW K HVFBPSHQV
GHV WDULIV GH UDFKDW DILQ GHPSHROW RBIH EpYRQFWHBR @JIDYRYDEOH
UHQRXYHODEOHY GDQV O HQVHPEOH GX V\VWqgPH

/JHV SUL[ GH JURV VLPXOpV GD QW YO-HYWG pdX] OHRIOW LRV EBIVH j O DQD
G H[SORLWDWLRQ GH O pQHUJEMNDKV: HIVXORF X B JHXWKWHE LQWRH DX PR\
GH UpJXODWLRQ VWRFKDVWLTXRQR\SWHLGPD OF X HH \D K\p \SXUA\V EB\W VAPH O H F W |
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PDUFKp GH JURV VHURQW VXVFHKDWXVEOHEHE KO IE WHW SXURK HQD QW
O DFFXPXODWLRQ SDU SRPSDJH F3PXD DW VROH QY WIMRIHM gUH GRQW
LPSRUWDQW HW QDWXUHO RQ $HHXWD W LIRQWHJGQUH. FDMHY BXGRV UHFF

GDQV OHV GHX[ VFpQDULR\DQOWH OB FQWHHD & PRAWIQ BWYV SULW TXL D
GDQV OHV GHX[ VFpQDULRYV 3R XDW I NVXBIEQYWNIH 8 X UG $ERBOH GH UH

O DXJPHQWDWLRQ GHV UHFHWWEM {5 R RABEQFWp HRAV MBOXNK IIDQ E FDI
FHQWUDOHV HVW WULEXWDLUIS & $8SRUXWD QW HAO 0O-XF I X DRMHLARIQIWQ W C
DXJPHQWHQW QpDQPRLQV PRLQV TXWL P H @IRQUDW HPIRRHQ Gs HFL OH

SRPSDJH WXUELQDJH SRXUURQW IOQ@FRRUHVPLEXJ)PHRVDMWHRGHKEH OD Y
GDQV OHV GHX[ VFpQDULRV 'DQVGHHOVFQEDULR CXLFRHPKOW HQ SDU
IOXFWXDWLRQV GH SUL[ VH SUGBXLPXAQMV BH BEOVFRQBRHQ@W BRIPSH W
IUpTXHQFH RSWLPDX[ TXL RQW DWRLXNWHKIR LO/D XIQ LL\PCSEDLFON. V@ p IWGHHF K Q L T X
FH SRWHQWLHO
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&RQWHQWYV

6 XPPDU\
=XVDPPHQIDVVXQJ
SpVXPpH
&RQWHQWYV
/ILVW RI DEEUHYLDWLRQV
,QWURGXFWLRQ
(FRQRPHWULF DQDO\WLYV RI 6ZLVV HOHFWULFLW\ SULFHV

'DWD DQG VWDWLVWLFDO DQDO\VLV
ORGHOOLQJ FURVV ERUGHU HIITHFWV
'"ULYHUV
,QWHUPHGLDWH FRQFOXVLRQV
,PSDFW RI PDUNHW GHVLJQ FKDQJHVFRQX QWKH. HWH [RIK BRI LEZIL V \
HOHFWULFLW\ PDUNHW
$JHQW EDVHG PRGHOOLQJ RI WKHHOMH MW ULGGWQHLDKERWWLQJ
311 ORGHOOLQJ K\GURSRZHU
312 ORGHOOLQJ FDSDFLW\ UHPXQHUDWLRQ PHFKDQLVPV
$QDO\VLV RI FURVV ERUGHU HIUHFWW\R® WNKHIW6 ZLVV HOHF W
321 6FHQDULRYV DQG GDWD
322 &DSDFLW\ GHYHORSPHQW LQ WKH (20 VFHQDULR
323 &DSDFLW\ GHYHORSPHQW LQ WKH &50 3ROLFLHV VFHQDULR
324 *HQHUDWLRQ DGHTXDF\ LQ WKH VFHQDULRYV
325 &RPSDULVRQ RI HOHFWULFLW\ SULFHV
ODUNHW YDOXH RI WKH 6ZLVVY] UHQHZDEOHV DQG DQDO\VLV RI LI
331 OHWKRGRORJ\
332 $QDO\VLQJ VXSSRUW YROXPHV XQGRIW H[LVWLQJ .(9 VFKHPH
333 6XSSRUW YROXPHV IRU WKH D Q DFONWIBGI ¥WHQBUHRW\WD QG VHOH
&ULWLFDO UHIOHFWLRQ
,QWHUPHGLDWH FRQFOXVLRQV

BURILWDELOLW\ RI K\GURSRZHU LQ GLIIHUHQW VFHQDULRYV

2YHUYLHZ DQG VFRSH RI SURILWDELOLW\ DVVHVVPHQW
6WDWLVWLFV RI 6ZLVV VWRUHG K\GURSRZHU
6WRFKDVWLF PRGHO
5HVXOWY RQ SURILWDELOLW\ RI K\GURSRZHU SODQWYV
441 7\SRORJ\ 36ZLVV VWRUHG K\GURSWRYHU" DJJUHJDWHG SODQ
442 3XPSHG VWRUDJH SODQWYV
7\SRORJ\ 30XWWVHH" VKRUW WHUP SXPSHG VWRUDJH
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7\SRORJ\ 3: 1 JLWDOHUVHH" 6HDVRQDO VWRUDJH ZLWK VPDOO SXP
6ZLVV SXPSHG VWRUDJH SODQWYV DJJUHJDWHG
443 $QFLOODU\ VHUYLFHV IRU FRQWURO UHVHUYH
6HFRQGDU\ DQFLOODU\ VHUYLFH
6HFRQGDU\ DQFLOODU\ VHUYLFH SULFHV IRU WKH DQG VFE
444 6HYHUDO UHVHUYRLUV ZLWK RBWVYRQYRFMHFRQGDU\ DQFLOOD

&RQFOXVLRQV DQG SROLF\ UHFRPPHQGDWLRQV
3XEOLFDWLRQV >ZLWKLQ WKH SURMHFW@

S5HIHUHQFHV

$SSHQGL]

$SSHQGL[ 5HJUHVVLRQ YDOXHWRRIHWE KH GRERHSFOAHIUR § OFDI QWY V
$SSHQGL[ +LVWRULFDO GLVWULEXWLRQ RI WKH 6ZLVV ZLQG DG
$SSHQGL[ )HHG LQ SUHPLXP GHWHOR®RHEW LQ WKH (20
$SSHQGL[ )HHG LQ SUHPLXP GHWBHRORSPHQW AHQ VK HR& 50
$SSHQGL[] ORQWKO\ PDUNHW YX®XHV DQG IHHG LQ SUHPL
$SSHQGL[ $QQXDO DYHUDJH H[FS® QJH UDWHV IRU &+) (
$SSHQGL[ $QDO\WLQJ WKH .(9 DQ®& RVKSH6GIRIHFW PDUNHW

$SSHQGL] 6FHQDULR EDVHG IHHG LQ SUHPLXPV

$SSHQGL[ (YROXWLRQ RI WKHKB8 XPEHBIRG KRXQUY ZHWERWVH RU
QRW PDUNHW FOHDULQJ

$SSHQGL] $JJUHIJDWHG 6ZLVV 8BPWWRDVHHRY RX@YOALHP L W
$SSHQGL] 7\SRORJ\ 30XWWVHH &50FBRM®ULAIRHW (20 DQG
$SSHQGL] 7\SRORJ\ 3\WZR UHVHVUDRQHY DQG VXPPDU\
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/ILVW RI DEEUHYLDWLRQV

$%0 $JHQW EDVHG PRGHOOLQJ

&50 &DSDFLW\ UHPXQHUDWLRQ PHFKDQLVP

(20 (QHUJ\ RQO\ PDUNHW

) &0 JUHQFK FDSDFLW\ PDUNHW

)L7 JHHG LQ WDULII

(9 . RVWHQGHFNHQGH (LQVSHLVHYHUJ*WXQJ

0% OHDQ DEVROXWH GHYLDWLRQ IURP WKH PHGLDQ
139 1HW SUHVHQW YDOXH

5(6 5HQHZDEOH HQHUJ\ VRXUFHV

65 BWUDWHJILF UHVHUYH

762 7TUDQVPLVVLRQ 6\VWHP 2SHUDWRU
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' QWURGXFWLRQ

7KH PDUNHW GHVLJQ RI (XURSHDY NQBFWUROHM PLLGN AMD/QRHY LQ W
7KH LQWHJUDWLRQ RI UHQHZDE ORHS € RILBIIA ZRXWIERHW WS BWDHQHUJ\ RQ
FDQQRW VXIILFLHQWO\ UHPXQ HUDW 2 FIR QHDY\W QRIRDOWACLS/D EUWW KH V F
HIITHFW Rl 5(6 ZKLFK GLVSODFHWHISRE¥HRUSBDENWDQLWEBH FRVWV RI

SDUWLFXODUO\ ZLQG DQG VRONUWSKRZHZKRORBGDWKXVDUNEBWFBULFHYV

PDUNHW SULFHV DOVR ORZHUV RMKWKAR QWRDEQMWQAR G RZHWI SO QW YV
FRQWULEXWLRQ PDUJLQV LW HV PIRUIE FRNOVHRII IMKH VER FRY SODQW \V
QRPLF RSHUDWLRQ PRUH GLIILBXD W LR KHIUHIMHY DMRZRHY WG HMIRXDF\  FRQ
SODQWYV ZLOO FRQWLQXH WR EH IGMKGHGRIUQLW KH VIR B HQMWHNDIE® VWRUIL
DEVRUE IOXFWXDWLRQV LQ W KRHOBWR GIXF WOLRR@J R U ZLL@GS BDQX® & DLRN Z L Q W
GURS (XURSHDQ FRXQWULHV FRIQW GEN UJQHR IL WIKGLL W KD R DWRW.E L W\ P L
WULHV DOUHDG\ WRRN DFWLRQ WDHFX QPS80 MWRRQWAHF KDSD¥FRW\ &50V L
PXQHUDWH DYDLODEOH FDSDFLWHNWUMHV )HDQFHUBDQUWR PDLQWLE
JHQHUDWLRQ DGHTXDF\ +RZHYHU R@KH (XWREMBG ERPFHW\QLY WKDW V
WLRQ RI SRZHU SODQWV LQ D FHUWDLQ FRRO®WWEWRODGE RO RRO\FROB
WV\SH 7KHUHIRUH LQ RUGHU QRWHWRF®/IWMWFXWE RMDKUN HQYW MWEKG UHP XC
PXVW FRPSO\ ZLWK WKH (8 VWDWH DLG UXOHYV

'XH WR WKH LQWHUFRQQHFW L P@ RN MWK H L6\ K VW KHHOWF WWR ¥ QWM G PDUN
NHW GHVLJQV WKURXJK WKH LQWBRGXFWLR® RIQ&5OWDLID )BXEOLW] +
LQIOXHQFH WKH 6ZLVV ZKROHVD®INV AIDJNHW S&BO0AHFRXHKO BB DG WR (
SULFHV LQ WKH PDUNHW DUHDOEHE D XM HH K OMIEM B IQFH W\ SXNRBNEWHG W
ZKLOH IL[HG FRVWYV DUH FRYHUKGE R5GD\REBWWW DWRXJIJKDW (YHQ LI ¢
GRHV QRW SODQ WR LQWURGXFHQ &kl WXKH RXQWCLRGXFRXGWULHV P
FKDQJHV LQ 6ZLW]JHUODQG DV D NHRWQ WRTOSHOQLRH RTKMIKH IRDB DQ LQY
SO\LQJ DQ HFRQRPHWULF DQDOGWLLW MRV LRSIHV@ MH. 16 2L KM ADHEMAVL F LW\
RI WKH QHLJKERXULQJ FRXQWUIRKY LV FRQGXFWHG LQ 6HFW

$IWHU H[DPLQLQJ WKH KLVWRULFDO LQWH U DH)GEDIVQ ® @ W R IQW K BIKEWRLAH
WULHV B6HFWLRQ DQ DJH QW LE/DX\HHEGVW RXIODWHLVRAOL PR\G H QV KIHN HW H F W
WR WUDQVIHU WKH LQWHUUHR®MWQR FQ'B WHRU WK HV KMV XU IHF H7 KIBIBIR MW R |

GHVLJQV LQ WKH FRXQWULHV HORX @G BEHW]BHODIE VAHQDWLRY KDY
DQG LPSOHPHQWHG LQWR WKH D HOQ W %D VEH GV\DINFDQU DVQIVRR) IPRRR X QW \
HJ\ VFHQDULRV 3URJQRV $* G DR VBEHWBHYOIBHQYHQFH 6FHQDULR
SHDQ &RPPLVVLRQ IRU WKH (8 F'R X Q WKUH. M ¥ HDQDIUQ BXWOHDG WR D Gl
WLWDWLYH YLHZ RQ WKH PDUNHRRPEHQIGIMWRRWYVRIGY DICRXQY WEOH PDU
LQ 6ZLW]HUODQG ,Q DGGLW L RRZ HWK S ODHWH X DG RRU KKKHRIS GHITHUHQ
H[DPLQHG 7KH VFRSH RI WKH $%PWWLWIKM\ ZPKIRUNHWDO IR IHOHHQ W UD O : H)
6ZLW]HUODQG DQG ,WDO\ )LIJRYHVW L$JDW &0 ¥ RDQWKMHHY DUWRRGHOC
VKRUW WHUP HJ ZKROHVDOH\P DRQHW B UPFHNHPW \ZHAXY BV HRHQW (
SRZHU SODQWV LQ WKHVH P D UBNHWVEX V YXHEBWEKHW K MU ZD CFEK EGIH R1 Wi
GHVLJQ LV QHFHVVDU\ IRU JXD UDXDNFN H1HQ HIUHIMIURDQV DRE® TX®DH\ LV WK |
JHQHUDWLRQ FDSDFLW\ DQG DJJUMHJI DVLIPE \G HMRSL Q @& A HNWDIDW D
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6WUDWHILF UHVHUYH
&DSDFLW\ PDUNHW
(QHUJ\ RQO\ PDUNHW (20

J)LIXUH &50 RYHUYLHZ DFFRUGLQJ WR %XEOLW] HW DO

7TKH ZKROHVDOH SULFHV RI HORWVWW LFFIL WX S SR OWHIRRH | &/ XHWEXD QW 5 (¢
SRZHU 7KH GHYHORSPHQW RQ ORHREHQ ZKIRWNHHND @ HZ ISRJQ AHM LQ 6ZL W
ORZHU ZKROHVDOH SULFHV WRKHHBWIB GXHS WRPWXP FXQUOWHQW VXSSRU
VXEVLGLHYVY VXSSRUW YROXPHV ZRXWHQEHVQWYIWE A G3NSRVWKIK GHFNHQGH
WXQJ =+ .(9 LV UHYLVHG 'HU 6FBXHL]HU M/KKH ROMXVOG RYU(9 VIVWHP DC(
VA\VWHP ZLWK GLUHFW PDUNHW IDQIDIAR\WY HGE6LIQV (WWKERURRIKO\V)RHB WKLV |
VLPXODWHG HOHFWULFLW\ SWHW HBWHVRU QVBEWVEPISWULRQW RIFBINGDULRYV

SOLFDWLRQ RI WKH $%0 LQ 6HFOWRDDWKHUHTXMHGEWR(® YXEVLGLHYV
VXSSRUW VFKHPH

ODMRU VKDUHV Rl 6ZLVV SRZHU HGROGXBVKRQURSRABUZ E®OY¥ VWD\ WK
SURGXFWLRQ RSWLRQ DSDUW RI QMHZUST|66 WRARVUEILQJ WRURKBRYV $*
UHODWHG VWXGLHV (VSHFLDOO\ VWRUHG K\G®QRSRX R S§HISOWVW RV D DH [K
SRZHU LV DGGLWLRQDOO\ FDSDEGMW RR2AMRUMH WK H WD RW LOARML\RIQL J K

WKH FRPSHWLWLYHQHVV LQ WM WMWY RO KD ®RIHVKIH HIDWUWHQJ 6ZLVV |
ZLWK LWV VWRUDJH FDSDELOLWAKIH GLY DHOUX-DQW\H 8 DRIRNDH. GSHHUKLRIGQHR SW L
VDOH HOHFWULFLW\ SULFHV LIQQWKHRKR @KIHG R 8 HGDMW MWRQMOVSURILW
DQDO\WVHG ZLWK D VWRFKDVWLHREWPPQB ¥RQMURD WRRIRILHV RI S
LQJ IRU H[DPSOH D WZR UHVHUYRAW SODWWR DR OJIJDOMRD&AZH 7KH ZKR
YHORSPHQW DV VLPXODWHG E\ WIGH ® ZHQW EBVMHEDOM H@SRR IRU W
FRQWURO PRGHO
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(FRQRPHWULF DQDO\VLV RI 6ZLVV H

'XH WR LWV ORFDWLRQ LQ WKHL¥HMQVOWH VRU L(KIUWR'S BHU MWK HV6 Z QRV H U F R G
*HUPDQ\ $XVWULD )UDQFH DQ®GQWMLOAV L7TAK® HHIUWWEBY WB QHLJKERX!
DXFWLRQHG LQ LPSOLFLW D& HBS WK WRDXG WQ R Q\H Q BUMMWRIQ HRM QH
DV ZHOO DV QDWLRQDO SULFMW GURENMUSHPRBIG DVONVEXHFHBWK AHE Z LV \
GLIIHUHQFHY EHWZHHQ PDUNHWHDBWHFDW ZE MWK\ FURNVGHERUB HFDXVHG E\
RI FURVV ERUGHU LQWHUFRQQHBEW&XNFH YQMH.F @ DAALL RHUHID AHM 6 HW Z H |

7KH IROORZLQJ DQDO\VLV LV ROSHUQEHROMEBMH® ®RQ WKIEXWN KDV EHF
QHZ GDWD DQG ZDV SXEOLVKHG HW WIOH SUHSUDQMW RHURRHM .HOHYV
DQDO\VHV WKH LPSDFW RQ 6ZLVW IDFIWRIWVED IR XYLOXIHBE TV JDPH W
PRGHO RI 6ZLW]HUODQG DQG VXHOIRXYRBRDOV AROHOMBKBQJIH Bl HOHFW L
JHUODQG V ERUGHUV LQ WKH \HKKMUNENREXWHWIRIXUHY VKRZ DIMDLIKW
WKH H[FKDQJH IORZV IURP 6ZLW]HUODQG WR ,WDO\

7TDEOH ([FKDQJH RI HOHFWULBLWQ EHWAMHEGRLIXKIEWRMHIMODQ 7:K 6ZLVVIULG E

(QHUJ\ IORZV
>7: K@

"( ZE&+
& +E' (
, E& +
& +E, 7
) 5ZE& +
& +#) 5
$ HESL +
& +HES$ 7

,PSRUW
([SRUW
7UDQVLW

7R DQDO\VH WKH UROH RI LQWH BQBIWWRQB DWWV $SDGHAHNR D GELEPSDFW |
GULYHUV D PXOWL OLQHDU UBLQNVNRRQDPRIGHO XWERBDMN HHOPWKH 6ZL
KDV EHHQ GHYHORSHG %HIRUH QUARGIHOVDQE W WK WHMXHOWN. RD G HW D
\WLV Rl WKH 6ZLVV HOHFWULHIUW\ LSU § BHY HD@MEH\S KIH). W B LI RROFOR/Z L Q J
LV VHW RQ WKH DQDO\VLV Rl WKMOLIDIPOWR Q¥ H RV XXOWAMRHQRPIQHLIKE
5(6 IHHG LQ LQ *HUPDQ\ RU V\VWHKH RR®MOLQHNI)ODFYW LGGLFDWH VLJIQ
IRU GLIITHUHQW VHDVRQV RI W&HGHIMUWEKLSO B \DW 5 BIYSWORL WKLV VHFW
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'‘DWD DQG VWDWLVWLFDO DQDO\VLV

7KH GDWD EDVLV IRU WKH IRO®R Z31QU LRGDIQ\R/M VVIW -ID@RDW \ WR
7KH GDWD RULJLQDWHYV IURPW DWIHR RS HXD WOEDWH\E @K 'HPDQG G
WULHV EHVLGHV 6ZLW]HUODQG FRBKWWIRBPPVRKH(WABRQVSDEHQ)RU 6ZL
WKH ORDG GDWD SURYLGHG E\ KH QDIWLRQID® 702SEXUWVBXNDDU WKH
ORDG H[FOXGLQJ SXPS DQG RZQ FRGVORBMLRY BSSVKIHHSREZR DOO IRO
PRGHOV 7KH GD\ DKHDG IRUHFDRZHURIHNB OLMUGHYE YH®@ GURP WKH (17
)XHO SULFHV IRU FRDO DQG JDVIRVH SURVIGBOLEO\ (BHEVROXWLRQ 7K|
HQGV DQG KROLGD\V ZKHQ IXHOVWRIM QRS UWED RHGVEHHSVHWLRXV Z
H[FHSWLRQ Rl WKH QRUWKHUQ F,RFH LDRPSBLFBSBWLFH GDMKH RSHUL
HQHUJ\ VWRFN H[FKDQJHV LQ )UD QIFH D)PI® PP WKBGUBIDWEHG SHULR
$XVWULD IRUP D FRPPRQ PDUNHW PPQ H R \E WD KRV NVUD\W WPKMVRPPRQ
PDQ SULFHV WKXV DOVR UHSUH VHKMWQ RKW KEXKYQV WD Q LPWL BV FHV RU

7KH GLITHUHQW HOHFWULFLWH BRDEHD Q® §DDQFH QIVQG\DUHDIFQ IOXHQ
WRUV %RWK HQYLURQPHQWD G URPW R U M @HIUG WHKCHJ B UH BHS/ORPW B LP ST
*HUPDQ HOHFWULFLW\ PDUNHW GIRD SHIDP\8 OHV \R KN RQINVWIDDHOB U6 V XF|

SRZHU KDYH VLJQLILFDQWO\ HFPGHDNYEG RREW WKEK\UB & VE\G WR W
SURGXFWLRQ LQ JUDX QKR I(FQH UQ V MALW YW P HU, 6RODUH*HUPDQ HOH|
GXFWLRQ GHSHQGV DOVR RQ OLJQLWHQXFOHDKDWGHRRD O DQG QI

%HFDXVH RI WKLV FRPSRBREZHRQSRR®KHWHR®DIXHO SUIRRHV DUH
LQ WKH HPHUJHQFH RI HOHFW WLYFHW \FRWLHAHW D)OD Q FH SIORIAVN RI LWV HC
QXFOHDU HQHUJ\ DQG K\GURSRZHU K\GURGREZGINDU 5pVHDX GH 7U
GT(OHFWULFLWp 'XH WR WWH LKL KK MW ABNMUGHPDIHS LQ JUDQFH L
GHSHQGHQW 5pVHDX GH 7UDQVSHRWID GG (D HMWDQFLW p

,WDO\ V UHODWLYHO\ KLJK SIRPGXPWLRQ RI HRH MWK IUPLDND #HIHFWULF
H[SODLQV WKH KLJK SULFH O IR YQHOL JIB\E ROKULLFQKJ LIPRSYRQUWVLYL HAR B LIDHQ S D U W L
KDYH D SULFH GDPSHQLQJ HIIHFRFRX®WHG |[RBRUWVR)I GHPDQG FRYH
DGGLWLRQ WKH VKDUH RI 5(6FL® WKH L\QFSISHD\VR QB OH¥SHALBOQD [URP

7KH FKDUDFWHULVWLFV RI WKH ®DLONWWHDUHDSHE WH YUH SOHRWM FXUYH
IHHG LQ Rl ZLQG RU VRODU HQWWH VD PHI WALIPGI\ DDARZ DORD G QBVWQFHV F
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JLIXUH 6FDWWHU GLDJUDP RWWHKH ZW\D\O HD® FWUERNVWIQSJLFHV

$00 SULFHV KDYH D IDOOLQJONMULIPYG/WOWGCOUG ®HYA DWDRQRM@WLO
WKH \HDU LQ 6ZLW]HUODQGHYUW®BPMW DWE&H WUAQ G IWHYHUVHG DQ
VLIJQLILFDQWO\ DJDLQ XQWL QW KHR GD\L FHYL ¥ DHY K6 XDWL\R Q LEIXAMKMG WR Y
PDQ\ YDULRXV VWXGLHV KDYH GGHXGN LDIOHG QD FOWER G HADUQMWL | L F D W b
WKH GULYLQJ IDFWRUV EHKLQGH®UDPH GHF ®XEOV W]DIOWDEQWKH LQ
LQFUHDVLQJ H[SDQVLRQ RI 5(6 BKH\GX%HHWQIMOWHQGHQFLHV DQG LC
VHDVRQV ZLOO EH H[DPLQHG ODWHVVZRQKDWR®\RHBQV RI UH

7TDEOH '"HVFULSWLYH VWDW ILVFWWRK\S BL FGDM R K BEDIGVHIOWHE WQQ@ DYGL¥HORRPWHMG @HLIKERKUL

>(85 0:K@ &+ ($7 7 IRUWK )5
OHD 6W 'F OHD 6W 'F OHD 6W 'F OHD 6W 'HY

7KH DQDO\VLV Rl WKH FRUU H\D WQ RIH RJ KHEGRKKFM Q 1 FRLRX QSWWIERIY Z L W K
ILUPV WKH SUHYLRXV REVHUYD@®RWQRQ :WROSIUDKHVUK GRUDBFH DQG *|
VHUYHG HVSHFLDOO\ LQ WKH VSWKIQ DDQBDUWXBPRBODWRRGAMKLS WR WKH

,Q ZLQWHU WKH FRUUHODWR@®R GRFKIDQDW LR HRBBRLVYV SULFHV
PDQ\ GHFUHDVHV WKH FRUUHQBPMW LR® WH.DWKH W KR P DOH 6 QVRUWKH V X F
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7TDEOH &RUUHODWLRQ EHWZHNQD QL YA\D HIFOW B MALIWFL B/ LISAHW (Q; QHLIFWERXULQJ FRXQWULHYV
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FLHQW EHWZHHQ )UDQFH DQG 6GLW]IHKBDQA® LDV WXPRLIREBQAL QWHU

VSHFWLYHO\ 7KLV LQGLFDWH\ IDVYHNRQY FRRQRIRYERAY QRQVG TXHQ\
WKDW WKH )UHQFK HOHFWULFLWIOHXHERHKRY WER&WR6 DLVW BRIQFH LQ WK
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JLIXUH 6FDWWHU GLDJUDP BIUWKH BQGVW KH BEMWAYL BIRW\G D VZZWE® OW § 8 DRMHYVHDWG WIXHJ BB P H
JUHQFK ORDG JUHDWHU WKDQ *

$ GHHSHU LQVLJKW LQWR WK IH IHQ DHR\W LIV RS WRK'H GFHR® EM QDKW LR Q R 1 W
RQ WKH HOHFWULFLW\ SULFHV Rl WKH GLIITHUHQW FRXQWULHV 7KH H
WKH 6ZLVV ORDG 3HDUVRQ FDWE SUKIFH ZAND UWRMFWUL 3DUWLFXOTL
LQ )UDQFH LV DFFRPSDQLHG E\ WLHIOSEHWEHFLRQ WKKDBZILINM )JLIXUH \
ORDG DQG HOHFWULFLW\ SULRKHVIDNKDH RDQWWKHUUG URWDRR ZW MG H VD
E\ HIFOXGLQJ DOO KRXUV LQ ZKILRKHVUKWKDEBQFK: ORDEW\YRWLFHDEO
DGGLWLRQ RI WKLY FRQGLWLR® FSRILVFWW ®ERKH DYHB®DHUSULFH LQ K
RYHU *: LQ )UDQFH LV (85 ¥KRRWMKDWDERWKV)UHQFK SHDN ORD(
SULFHV RFFXUUHG DURXQG )HBUXDWXUHV ZRLXWUH QHP EHUH XQXVXD
GH 7UDQVSRUW GT(OHFWULFLW@ EH FRRHUHPIRG W KIWFRM QFK GHPDQ
LPSDFW RQ SULFHV LQ 6ZLW]HVYZDQY® YHASHKEILIKOORDG\WKR XU
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ORGHOOLQJ FURVV ERUGHU HIIHFWYV

7KH DLP Rl WKH PRGHO GHVLJQ WDLQPE OWKH LWHWRFM/DRQQRYI YDIJQVILFDQV
RI QHLJKERXULQJ FRXQWULHV DG® HZ2MJHD O IUHG UHVBLRQOWH LPSOL
PRGHOV IRU WKH SULFHV LQ WKHKGLOI®OXHQWHF RXGWILNV HOHFWULFL
LQJ WKH DQDO\WVHG YDULDEOHVR® WWH QRQIHR & DRYG/ W/ FE KK 8D MK H SUHG
UHODWLRQ WR WKH GHFODUHWGLEDUYLW R GHV W WY E\OKLR/KOMS EIHQSKRRHUDNO D W
XUDEOH WKHRUHWLFDOO\ MXHVQR. BPE®WDIDQ GHB KM B XK VWHROV@HRP WK
WR WKH H[SODQDWRU\ YDULDE OFHR WW&EKY WNKHG W VIHV RH[EORQWWR U\ YD
JDUGHG DV SUREOHPDWLF 2Q WKHORAMKHG MIXD® WWH SYWGLKWRUV [
HDFK RWKHU &ROOLQHDULWM PRBG\D WR G QWKWMD EQ WIHW\S BHWRWLRQ R
FLHQWYV EHFRPHV LPSRVVLEOH \WRHORQWH B DAVRRS X WR K PG DVWKLHIY I X0 ZH
OLQHDU YDULDEOHV VLQFH WRFWH TKUHHDLED O L\DIHD R | GMKSHH @ BVERQLVQ H D L
LV WKHUHIRUH LQGLVSHQVDEOMG7XKWLRQDADKMLY% HOV OHU IKRRPGLWLRQL

DQG WKH 9DULDQFH ,QIODWHRROWFWRID® WR MKKH GHFLWWRG WR |
DQG GLIIHUHQWLDWHG WLPH GIVJ RKHR QH SHIMWH GV MPHV WHDILWK WKH D
VKRZV WKDW WKH WUHQG FRUUHFVFLRQ WQGUGLA KHFBHRX\OLVD MFIRROQO L Q H D

BHYHUDO WHVW UXQV DUH FDIUDEGIBVR X DKL MK OB BWRMXKH IYAVER QW S U |
$PRQJ RWKHU WKLQJV WKH KDOG FIRQW SRULFHUPPRLQDQ®MWKH ,WDO
H[FOXGHG IURP WKH FRQVLGHUDDWM RQVQ IZIKLEWY QW LRQUSXHQEBY RI ERW
H[SHEFWHG LQ DGYDQFH WR WKLV VWXG\

7TKH ILQDO VHOHFWLRQ RI SUBGREMWRUYV UHYXIOWAM RQ WRKGHIB®M IRU HDF

"LNE{"’“@?E?U & 285 E gUCSEif@gau(,HKﬁ@”E%Ucc & U xHKAL@
E >0 #HKE@®E >0 o HKERE S0 LNERE >0 LNERA

(TXDWLRQ ORGHOV IRU D UHJHHVO/HRWY WRIFWWH SAKIRFFHHMIJLOHDFK KRXU RI WKH GD\

%HVLGHV WKH JHQHUDO PRGHOVGRYULWHKHNVKKRGBIWSH UDRWR WHR VHDVF
VSULQJ VXPPHU DQG IDOO ZLQWGIUI I FAURI Q BH\D W QI WKHID VRIDIXBI QFH RI
GULYHUV RQ WKH 6ZLVV HOHFWDERLRMR GGHQ AL WH DWW B GWLRNKBNW LQF
ODWLRQ FRPSRQHQWYV WR LGHWWRW POIWIKHIHBGLEH GYSOBURHG E\ W
WHUPV )LQDOO\ WKH WLPH WHGZIHW ZQ ALK RAEKRHK OIRDIG FRIXQ® ULLINYV DU H
WKH DGMXVWHG LQIOXHQFH RI WKW LGZ HOWH PR D IGF RW \ VBKUHL F3R P

"K” LV WKH KRXU RI WKH GD\ ZOEQ"WQXWKH GD\ EHOWG WKH VW RI

EIRU "L” DUH WKH UHJUHVVLRUH G RM LIQRIL WE W \X VAIDADF RGD VW VT X
'"HVFULEHV WKH VHYHQ GD\ VHDNBRW R G L1KHUHHYUW DINGIRRIOSE HQ W H UV
WKH PRGHOV LQ WKH KRXUV EHWEHMHIQ I®XAQPAEHIRBH DQG DIWHU L

7KH VHOHFWLRQ Rl WKH SUHG L BWRUWW P VQEMVH® FRADR YN ULLR XWKGIHG L | | H
WKH DQDO\VLV RI WKH *HUPDQ HQ@WHLRYWLZWXIROWK BRRIGG5 KDY H D KLJ
WULFLW\ JHQHUDWLRQ WKH UMWBSQHNM QW HX EQ MK HVORDICQDYQJIDV S|
WR WKH KLJK JDV VKDUH LQ WKMDHOHFWKHFQRD G/ XS SIOQF @ MNOMIGHLQ W |
PRVW LPSRUWDQW IXQGDPHQVFBOGQ DWHR QKA HHP H\FWWHIQ F HWR\II SURIBV R F R L
WKH DQDO\VVLV RI UHVLGXDOKLM) RDGHRXW D § &N R AKUHDF VUM GB X UV X H
D WUHQG DGMXVWPHQW RI WKH ®DWBDNURX®G GVWH NHRQ $ WHUP )X U\
UHJUHVVLRNBZMPYH LQFOXGHG LQ WKH UHJUHVVLBRUDEB YV K HPGORX
DXWRFRUUHODWLRQ RI WKH UHW LIGIZBIO : X WWKWMDBORBDH G ZHUXR UV KL
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DQG .HQQHWK ' :HVW LQ RUGMWWH VR WRIGQYHEBWQWHPRI WKH SUH
XVXDO OHDVW VTXDUHV HVW LIPXOWRAR UV FDHYW LHRIQL BIQHSQWKE\H/GVD Q GD U

$ W WHVW ZLWK 1HZH\ :HVW V VKB QISFRX® R URIUWMOHY WH JIUHHW W.RQ PR G
QX000 K\SRWKWXHVWUXH FRHIILFLHQW LWRXHVRZLMK DMOPRDWWDOO KR
JLIXUH VKRZV DQ H[HPSODU\ LQ WIXMS B H URRIG HOWLP® B DRBQ E\ WKH Pl
0$( 7KH DFFXUDF\ Rl WKH UHJBHNYVQRQQLV KULUGJ BYEHVXPPHU ,Q DX
WKH UDWLRV DUH ZRUVH L QG [FFRIWIHDIDS\R\RQ\E 0@ DIRIMIH Q HRBUWPH Y VL Q.
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JLIXUH ([HPSODU\ LQ VDPSOH RRKEHESUKQ WRRUJ 2% WHR PIR@ P RWU D JRREVRWO RWHUHRQH G

,Q RUGHU WR UHGXFH GHSHQG MWHHY WKH FRIG WIODLQMPHE GHWRLGLIIH
WKH LQSXW VHW DQRWKHU VHIHRH QRISHE VALIRI BREBEBNVSIDWO FRPSRQ
WKH DERYH XVHG YDULDEOHV MW QIBWHEM XYRMOHXEE DQE VEKHI DX WR UHJ
WKH SULQFLSDO FRPSRQHQW D QDIONVILW VW M[KBMNW F&P6R@AHQWYV H[SO
Rl WKH YDULDQFH LQ HYHU\ KRRUO\ R RGHDP VNG PRQ KK RKDY ZH GHFL
WKUHH SULQFLSDO FRPSRQHQWV HW SRI® GIRGHROUN TRY W KHKHHSULQFL
JUHVVLRQ PRGHOV DUH

GXLNEZA %0 @ ?2KILKIAJES? U @ ?KILKIAJFE> 0 @ ?KILKIAJR U

(TXDWLRQ BULQFLSDO FRPSRQUIOQWKHI I8 ZUWVV \HRHF WRIGADWMRZ KRIORVIWEBH SODLFH IRU HDFK KR

,Q RUGHU WR EH DEOH WR GHNHH UPQG@BIPWRMW DQI DY S RQWHGRMWB YURP WK
D UHWUDQVIRUPDWLRQ RI WKH ADL\Q FIRPFIR WK EVE\H § ¥ @EHHFGINIVHYV RI WK
SRQHQWY DUH QRW WDNHQ LQWRDRFFRERX\WQ KM UMUHV®& R W LFIQAH X O D W H
UHJUHVVLRQ GHVFULEHG DERYH

6LQFH RQO\ WKH LQ VDPSOH SHWIKRUBDQG®HLISD @ YHRPSIRWQHQ@W UHJUHV
UHGXFH WKH LQIRUPDWLRQ RI WKBKMWXBXKL MISHDIFH$KIWKD @ WKH EHIRL
ZLWK WKH VDPH LQSXW YDU L DHE[G H ¥ WH-GY WKW WVH® K ¥ VU HWX OW WR I WKF
UHJUHVVLRQ DUH PRUH JHQHUDORB®® FHWR WHMXEDWSW RKIDBMH WVOORZ EH!
LQVLIKWYV
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‘ULYHUV

7KH GHYHORSHG PRGHOV VHUYH RIRGLQIBIQWHWWEKBHICQIFOXRIQF HRY HU W K
7KH PRGHO UXQ SUHVHQWHG EHORZRGWKHUGE HY WHKHNVL YDOXBEOHYV LQ
DXWXPQ ZLQWHU $V DOUHDG\ HM SO WVOKIHG H® K AWMLIPALLOM\US WILAHHW R1 Q
DUH GLITHUHQW LQ WKH GLIIHUHRXQWRYHDR/HR ER HTIKH LFRPEBD LIXWKH GL
DOORZV FRQFOXVLRQV WR EH GW B 7SI DLRP WKK-H G DIF WRHYFWMKMCEHWZHHQ

'"LIITHUHQFHV EHWZHHQ WKH VHDVRIQWEQM¥REHUFOKBU/BRN@ DO PHDQ
UHJUHVVLRQ FRHIILFLHQWYV :KEOHFE RKR@I (B WKH QDWXPPHU UHVX
HUDJH FKDQJH LQ WKH 6ZLVV HOHHPYKUIMWKMWFEDRRH RQ ZLQWHKHWY VLJIC
WKH HOHFWULFLW\ SULFH LQ WKXHWHJU(I8%WLR @ QRGHQ BEB QILPLODUO
ORDG SURYHV WR EH PRUH L@I®@KBQWIKD® L) ZQ QWKHUH ZHWWUKFLW\ SU
SHU DGGLWLRQDO *: GHPDQGHGV XKRIOW MWKH LOI®D XHQR® DY HUDJH VH

=
(9]

-—

EUR/MWh
EUR/MWh

=
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Hour Hour

J)LIXUH ,QIOXHQFH RI WKH JDW DSOULIFG ORBIGV ULQ &EWV KR (BBLY:K BEIMFW Y ISFLIWHSEILIFHV HQFH F
DGGLWLRQDO *: ,WDOLDQ ORDG@ LQWHKWP PHOX K K& @CH. Q H K B Q¥ KKRAHGI DIRIQE LIQQYGS. FFMW KX HV K H

%RWK WUHQGY FRLQFLGH ZLWKDWK$HUHBHY IDHEBS REVHK YW WO RDIMIV L FH'
DQG WKH ORDG RI WKH ,WDO MR BHHOX®@ &ZHU ¥ VWR\RG\ V¥ HPKBIUMHR/GRIIO DV V
WKH ,WDOLDQ HOHFWULFLW\ RUZIHHSORDNWVHDUWLQRW RIOSIREWUDWF
FDOQQRW VROHO\ EH DWWULEXWHG WR WKH ,WDOLDQ LQIOXHQF

7KH HITHFW RI WKH JDV SULFHVYWIKRIZ VKD UVOUFWHHW VLW WHUR WKH PRUQ
LQ ZKLFK WKH HOHFWULFLW\ GHPRD QEBKIHVLXVRIXBQFM KM 8 D URY LOFXDHD U C
ZLWK WKH WKHRU\ RI PHULW RUBKILF IS BIRFAHUJ SOPRRWYG ZQWW KLIKHU |
XVHG SULPDULO\ DW WLPHV ZIRHQGHMRBQKE LV D KLIJK SULFH
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JLIXUH ,QIOXHQFH RI WKH *H UDPD® 9L QHH 6 RLZQI UU LOMMV RQ 6 2 [8/5/ 0H 0 HSFW U(I8BL SV LSUHL BHM H U H
RU SHU DGGLWLRQDO *: IHHG LOYQ@ 17Q YWPRHEOXHGOQQ®H 7K HK N KIRAHIG DIRIPELIQQ GI. KD K HV

YRU WKH *HUPDQ ZLQG DQG VRODWSREBOVHMG LU DQIENHQFH LQ WKH
LQ ZLQWHU QR VLJQLILFDQW [EQVOXSQIEFHR FBQLEN HOMGW URLMGK 7KL
SUHYLRXV REVHUYDWLRQV WKDRHWRB GGRZV WHKE HFHWEDFELWOSEWULFL
FORVHO\ LQ WKH VXPPHU &RQVHUXMHAW OO XIFHWAGDMI ®J SREZLQ *HUPDQ)\
KDV D JUHDWHU HIIHFW LQ 6ZLW]HUODQG DV ZHOO

7KH QHIJDWLYH LPSDFW RI ERWRDAL @8 B{SOUVRQBG EHMWXKHQEZDRRQ ZKLF
5(6 LV PDUNHWHG 'XH WR WKH HRMWV LEQCE WKH PDXWBBERDVD Rl 5(6 WK
WKH PDUNHW DW DQ\ SULFH DQHtGUWW XRUGRIUHWI WKW S&H G W I XP&/ KbV D O
FRHIILFLHQWY VKRZ WKH H[SHFWHEB TKHKBGLRKHQ ABQXMWH RUHWLQJ WK
IHHG LQ IROORZV WKH VDPH SDW MWMH B R QLFH IDYODCE © R XV VDML HABKLHF F\WW H T T L F
WKH LQIOXHQFH RI WKH *HUPDVHHE WKHERYWDOOR RPRQNBXHOKH WRI WK
PHWKRGRORJLFDO GHYHORSPHGWYHWILRWRP2PDHBGCYHEFBVWLRDOLYW WKH L
GHOLPLWHG VKDUSO\ E\ FRXQWU\

5HJDUGLQJ WKH LQIOXHQFH RIOWKHFARDOG EGLGBHUHQMGUHWDOH WKH *H
QLILFDQW LPSDFW LQ WKH VXPRHQI EXMQEG R VR IL ¥ KH Q WHIQF RMDRE®G LV |
VLIQLILFDQW LQ WKH VXPPHUL@XWK KIA\L QWHNWU REL\HAHFRW FRIRH IURF
HOHFWULFLW\ GHPDQG IRU KHDXVG®J 71UD GAKIR 2 WQ & H(D HFMVUHLDE L W p

EHFDXVH WKH VKDUH Rl GHPIW/®I® ' URPKHOKIFW ULLIFFRIP SDUHG WR *}
IDFWRUV VKRZ D VLPLODU SDWWHUQ RYHU WKH GD\L@ IWKH VPIDE® KR
ZLWK D ORZ HOHFWULFLW\ GHRIQFG DQGWWKKHOBMWKHMWHUQARQ ZKHQ
GHPDQG SHDNV VHH )LIXUH
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Hour Hour

JLIXUH ,QIOXHQFH RI WKH *HUPRIG OUHL K WD QREQ ) B#HLQAK H O H F $/HIWL FLG\G LSULLFFRID O> ¢(8® ORDG L Q
UHG OLQH DQG ZLQWHU EOXH.QGQFDWH KV K K DFRHG DWHPYGLQJ S YDOXH

6XUSULVLQJO\ WKH PRGHO UKNE@BI\RIQW KH BZLMF BIQW AVQUQFLW\ GHP|
$ UHDVRQ IRU WKLV UHVXOW POQ HE IS WHGHL PAVZ R UDVX VEZ R LLFHKI D H B KERFOMK VL.
GD\ LQGHSHQGHQW RQ WKH VHDVRDKBMUHBRWIKWH YGDL ESIDRW RQ WKF
GLFWLRQ WKH SULFH RI WKH DMHN H HFRIDHF W V,P MKHHUHQH HWKRQ LV
DXWRUHJUHVVLYH SDUW WKH G @HPRPHAHPRIUMKHL 6 Z ED\H ORDW VWD\V |
JLYHQ FRQILGHQFH OHYHO RI RWERKHKH BHIH&KWWRUWRO\ FKDQJH VO
WKH PRGHO ZLWK WKH DXWRUHJUHVVLYH LQSXW

EUR/MWh
EUR/MWh

0
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Hour Hour
JLIXUH ,QIOXHQFH RI WKH &DQ&MWRHKM HZ FSRN FBFH IRHHWS U L FHF LUV ISW L RHYV 6Z(BBVOHKO BRW Y85 O: |

SULFH GLIITHUHQFH@ ORDG LQ WXRP HW XHHGLQ HQ H7 KDHQ G KDLGH & VISIRHIBL Q Q GLFDWXHWKH FRUU

$QRWKHU H[SODQDWRU\ DSSUR XMHQER X0 GVKH WEIDWY \@RID G QM DOUHD
LQIRUPDWLRQ RQ WKH ORDG R QI YKERKIM QY PR QWDVWVSDHWO\ V)
ODWLRQ DQDO\VLV FDUULHG RXWLDBRYOHFQY®HAGW\L GWRBIQG LV UHPR
WKH ODUJH LQIOXHQFH RI WKH 6ZLVV ORDG EHARRMV YKV DEOHQ VKR P
LQIOXHQFH LV (85 0:K SHU DG ®MWMUPQEOL'W QRDHBYRQ KLIJKHU LQ Wk

(85 0:K RQ DYHUDJH $GGLWLRDQG GR IHKHDOIWR EGRRPHYV VLIQLILF
GHPDQG KRXUV LQ ZLQWHU
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3 CH load CH load (w/o other load predictors)
5
2 10

J
1 s 9 13 17 21 24 1 5 9 13 17 21 24 1 5 9 13 17 21 24
Hour Hour Hour

CH load (without AR predictors)

EUR/MWh
(=]
EUR/MWh

EUR/MWh

JLIXUH ,QIOXHQFH RI WKH 6ZHWVLERWEG RO BAVVV§B0H K SHU VEBRPWURQBO *D@QRIXEQWMHU
ZLWK DOO SUHGLFWRUV OHIWSUHAGWKMRUW DXIWRWH IDGE VALYWHKERXMW @ XOWRBRGHS U HB Y EWH ID\Q GP L (
VKDGHG DUHDV LQGLFDWH WKH FRUUHVSRQGLQJ S YDOXH

7KH LQWHUGHSHQGHQF\ EHW ZH HLGF WR bl VGEDI®I EERHQMW) W R D S UHWWHHEG DV F|
LQLWLDO WHVWV H[FOXGHG VEFPKXBKUHQWWWLEBSKRE HQF DV\RIEHW ZH H
FLSDO FRPSRQHQW DQDO\VLV W D&B LWWR®YDOON F RU WKIH FDS\CH S U H
FRPSRQHQW UHJUHVVLRQ PRGH®LUYWAKR IDWQOID I XIQ\GRP WEW XS DDFWR U
FRPSRQHQWY WKDW H[SODLQ PRVWDRIFWKRAKRYHUN@HOFRPSRWYHQW LV
*HUPDQ ZLQG SRZHU IHHG LQ IRQDD@® WKRXBVUHEGGLMRIRGY DQG WKF
KDYH D VPDOO LQIOXHQFH RQ WKH RRPESRBAWW V7EHHGHRPRQ® QWO\ P
IRUHLJQ ORDGV DOO ZLWK L @HRQWK HDQUWMW AR P SRQMQM UW KH{ ZHLJK
GLITHUHQW IRU WKH KRXUO\ ®RGWONK D WHWXKIQNG RERWP SWFRHEM LRY L JQ
PRGHO FRQVLVWY RI DOPRVW DXOODUXDG BPHEWDQFHYSEKMW ZHHD W K H
WUDVW WR WKH WKLUG FRP SR QRMSR\D H\G MY PW KHWL WZRLEDIQW FRVKH V
(85 0:K PRUH WKDQ WKH ILUVS% PRPSRRHQWIOXHQFH LV KDUGO\ G
WKH VHDVRQ EXW LV ODUJHU IRU KRXUV ZLWK KLJK HOHFWULFLW\ G}

Component 1 Component 2 Component 3
0.2 . - - - - 1 - - - — . 0.5 . - -
0 0.5
| o
02t 1 0[
-0.4 : - : 5 05" : - - : -0.5 : ; - :
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JLIXUH ,QIOXHQFH RI WKH SUR@F&Z3IDW AFRFPISRWBIOAM. W\ SULFHWYHBW LIQ@ LFROMW N KDIGFHER U UH
S YDOXH

7KH DQDO\VLV RI WKH LQIOXHQF¥WR/ DV KMH UX'QY & B PUHHOAMMDDOQ Y QR WP DW LR ¢
WKH DERYH ILQGLQJV RI WKH UHJGKWYWRQWKRGRABWKRBGRORU\ QR VW
PDGH RQ WKH VLJQLILFDQFH Rl WK BOR®QZWPHQW B R XLDSXMWIH LQIOXHC
FRXQWULHV LV KLJKHU LQ WKHPRU@QW AU DQG ®DWKH D IMHWERRED ,Q FI
PRGHO WKLV LV DOVR WUXH |ROP MW ISH WAWHADX FDRD EH HMGHPYWLILHG IR
H[SHFWHG WKH LQIOXHQFH RI WHGHLIY LD/QBWALRGEI S B ZIHU WIKH VXPPHU
EDVLF PRGHO WKH 0$( RI WKH SWHQFILEBQ ® FERSRYHRWOUNDOLIKWO\ KL
FRPSDUHG WR (85 0:K 2Q WKHURW®FK KIDWRH VBKI YIDWLRQV LV VPD
WKDW WKH SULQFLSDO FRPSRQHW®WLGHIDHMVDRQHP RGHGLFIQ BQ ZL WK
LQIRUPDWLRQ 'XQWHPDQ W WFIDHD FERIGBIDV X R X GGWRODWS HUIRUP WK
DQ RXW RI VDPSOH WHVW EHFDXNMMWRRQWY KLJKHU UHJXOD
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PV wind as price
1 1 0.05 ek ;
0
-1
5 10 15 20 < 10 15 20 5 10 15 20
CH load DE + AT load FR load

0.1 : 1 2
0.05 / = N

——no season
- spring/summer
—fall/winter
-0.5
5 10 185 20
YJLIXUH ,QIOXHQFH RI WKH | X)¥GRO® 18 @ MVD/OHSDHAAMUG B LWH SULBH\D ¥ (85 LOF K@ ISW Y85 OLR DV UH

RI WKH UHWUDQVIRUPDWLRQ RI WKH SULQFLSDO FRPSRQHQWYV
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, QWHUPHGLDWH FRQFOXVLRQV

7KLV LQYHVWLJDWLRQ DQDO\VHWRWK HD IK HFRAN IQH VIV K HV K O WF VD@L F LW\ S
FRXQWULHY DOVR LQIOXHQFH WHRHH®HIFMAR P WQ\8 LRIFW K AKEZER XSO L Q
ODUJH FURVV ERUGHU WUD QV PHFMLRQHFIDRSOF LKHILHHY SD DL XSELHQ W H U U
GHPRQVWUDWHG 2Q WKH RQH KIHQ BUHQF KV RRQBGL @ W\ UDKBW WW UR G
HOHFWULFLW\ SULFH LQ SDUWXBWXBW MR KN HUW KIDK BRIDNVUHG KRZ
LQ UHODWLRQ WR HDFK RWKHUQLQSWK & JGD QG WHK@WHUH DVIRQWR @DV D
EHWZHHQ WKH *HUPDQ )UHQFK DROBV6ZAKIMOHOMIKMW B ZENVW\HSHFWULFL)
OLPLWHG E\ WKH ,WDOLDQ HWIHF WIUWKLHNY ISULFWV 7KG DRHDMN BIFHLQW V V
IDFWRUV RI WKH ,WDOLDQ SULFIHQWHW PZRUGHLYIOXISQRIG LRMRGY RI1 W
WR GHFUHDVH

7KH DXWRUHJUHVVLYH YDULD EIOFDQ V@V RV RRWY KWHJ IHEOHWFAV V L BQWINK SIU L F H
6ZLVV ORDG GRHV QRW VLJQLFIH\D EMBDKPHOWKE FLQ WRKHP BWILRB LV PD
QHLJKERXULQJ ORDG YDOXHV MRZMHYH UHPIRWKBVIN R WKHEORGHO WK
EHWZHHQ WKH 6ZLVV ORDG DQG AN FUHFHMWEKWRBHSULIQFLSDO FR
VLRQ FRQILUPV WKH UHVXOWV RIQWHKH QMHISHY VLRQFBRGEHOVWDWHG
UHJUHVVLRQ PRGHOV DUH VXLWDSEOH LRHOD@DROMKLE W EH WRHHQ WK
PDUNHW DQG LWV QHLJKERXUYV
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,PSDFW RI PDUNHW GHVLJQ FKDQJF
ERXULQJ FRXQWULHYVY RQ WKH 6ZLVYV

,Q WKLV VHFWLRQ WKH RYHU D®OVRMWKRGKROBZLVRUHD®KAWWLFWW\ PD
ILUVW WKH DJHQW EDVHG VLPXODWW RRGXEGBO BRZMNGRQILWKH PRG
ZHUH LPSOHPHQWHG LQ WKH FRQWRAURW BRKULGHSURMHFWY TRQV6ZLVV
DUH DQDO\WHG IROORZHG E\ D@ VEDPHWWMLY BWLWHRQDMICHIEQG WKH G
SRVVLEOH IXQGLQJ YROXPH XQGHKHWHKH)EQDOBQ W I YGSBRAU WRQ FO X VL
UHVXOWV RI WKLV VHFWLRQ ETKLWGVRGWLRH) SWHBUWILIWRIGLPPHUPDQ

$JHQW EDVHG PRGHOOLQJ Rl WK®J6H DWW\ QIGF QW A

YRU WKLV UHVHDUFK SURMHFW D$%%DJBC®URDFKGZPRGOHIDHFNHG 7KF
IRU $%0 LV WKH LQWHJUDWLR QHRIWRKN PBHNMHHBRWRHV L DARVW KH W
GHFLVLRQV LQ WKH PRGHO 7K R $HQY IHGFWD (RUBIIMH. LKAMWIKD VS SO LHG U+
SRZHU SODQW LQYHVWPHQWYV RUQYHWIDWA VDR H@W P H QKL \G HPHDV LR Q V
SHFWHG IXWXUH FDVK IORZV W KIZHVW&E R LFRW QDD MR VF RDM H WRHVW R W D C
LQ WKH UHWUR SHUVSHFWLYH @&LRDD @RRVPEHHD @MW EDWXGISPD FDSDFL
D GHPDQG VHUYLQJ FRQVWUDLQWEH® DROMLP I HOW\R FDRREADMVW OH)
FDSDFLW\ LQ FDVH RI DQ HVWLRDW NG OQH{J DMBOY HRQH@H S ULHOMH VW P HQ
\HDU )XUWKHUPRUH LW LV SRWVWEKGHSWRIDWDBLOHW\ BIRVQ QWYHVW
W\SH %HVLGHV LW LV DOVR BBWUDB\CRHVRW RS RXIED LSO VYW Q WHJIH F EL
GD\ DKHDG PDUNHW LQ WKLV D SYSOURIDEO HH ¥R QWDE RYRZ MMKHHU WKH PD
DSSOLFDWLRQ RI WKLY DSSURDFK LV WKH SRVWZHEHQ LL\W S MRl HDRMD ® D/UHN
PHQWYV ZKLFK FDQ EH LQWHJUDAMKHE RW XIGPRG ¥BRDEG EPWHG H[WHQGLQ
DJHQW EDVHG VLPXODWLRQ PRGHO 3REZOGM$&HW*BQ@RHVHD .HOHV HW
5LQJOHU

3RZHU$&( LV DQ DJHQW EDVHG EFROMWURRXIZKROMNODOH RO RRWULFLW\
DJHQWY DUH PDMRU QDWLRQD O HSUGH VB QW UQD W KR QDL @ IWRHVWDWLR
SOD\HUV  SOD\HUV LQ 6ZLW]HW\O WG $SQHQMY RRIGFHGEHEDVHG RQ W
ZLWKRXW FRQVLGHULQJ DQ\ RY & ULIOWH REMMRAW MYKH VKR PR GMHQUP GLV
XQLWYV ZLWK DQ KRXUO\ WLPH HUWN FOSWERW \ DS0® QUKIHQ O RQW K UH JD U
SRZHU SODQWYV 7KH PRGHO FDQUEH W DEOHD\G DWVRZWIO@I ON WIR DQ LQW
XVLQJ D 17& EDVHG PDUNHW FRX8 @\ 2 HEE XRBIBKE ZWIKAK (XURSHDQ 3F
(3(; FRXSOLQJ VRPH RI WKH (XURSIPXQFRXR@ BREHOTKBEQ EH DOVR X
GHWDLO WKH IRUPDWLRQ RI FOHDWM QZQ$URPHRRRIG B RIW UAHDUN GH VL.
HOHFWULFLW\ PDUNHW FDQ EH DSISDV HRAJ WK H HQIDOH R DARKESWHG P DU
3RZHU$&( KDV DQ KRXUO\ UHVRORWSRQDERPEQRH G ZRSWKWDR FJ WLPH W
PHWKRGRORJLFDO WRRO XVHG LQ WKLV SURMHFW DQG SURYLGHV LQ¢

0ODLQ VWUXFWXUH

‘LWK UHVSHFW WR WKH PDUNHWRQNURFESDXQLHH VPDWHR W HEQHVIBD@W HG E\
LQ WKH PRGHO 2WKHU DJHQW V \D URHU PHRGHHFOMDWHLG: WAR GHH® G EG GIRU JH G
WR H[FKDQJH HOHFWULFLW\ ZLWXQGHWRKE 8N U D®.H FRRXWNHWWV&RQFHU
PDUNHWVY WKH IRFXV LV RQ WKK C\DFOKBDE® BQONHWKRKUB\ EDVLV )F
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WKHRU\ SRZHU SODQW RSHUDYYHRFWD RALMU BEKWHGC REQQMHDNIOD O JHQF
FRPSHWLWLYH HQYLURQPHQW D®&HN HXHO/ WD U DR Q XSGH. EIQW BUFG W\W D U
VLWXDWLRQV LW LV SRVVLEOUHNVRSLYWKOWGGEHS WQGEGND WG IWKHIBDUNHYV
DOVR WKH ORQJ WHUP IL[HG FRVWV RI D SRZHU SODQW

%DVLFDOO\ WKH PRGHO LV XV GG YO REPXQUWRI WHH IEKOWKFUBHBWE LW\ \
7KH PRGHO KHOSV WR DQDO\VHPWKMHWS®RFW. RQ) 8BEMWHBOYW (20 &50V
PHDVXUHV RQ HOHFWULFLW)\ SUICRHVY E Q@ YSHR/ZHRH © &/IVQMQV THYG WKHL U
VHFXULW\ RI VXSSO\ LQ WKH URVSWE DA YSXPBSBNHWPDWHLVD LFHRWV R
V\VWHP DV ZHOO DV LQWHUDFWDRQNUHL VEHRW R WB GDERGW. GHUHG LQ

2XWSXWV RI WKH PRGHO DUH WKH HOHFWULFLW\ VSRWLPYUNMWW
PHQWY DQG WKHLU XQGHUO\LGRBHELYQBQW\L QMDRU ERID[ LEELARHLGH HPL
IORZV KRXUV ZLWK QRW VHUYHGWRHWEKE GCS RYGIG BSODDKQWIWEZQFOXGLQJ

JLIXUH D VFKHPDWLF RYHUYLHE®RILWKIB GRYWUDWNW HR G
Market Area 2
. === | Resulis i
=T — = L | Market Coupling |« Sopach Transmission
ke w=== | All Bids [ Capaci
Market Area 1 Results | | All
Bid
et Forward Market e Eenewabie Profiles
L 4
o Results Day-ahead Sell Bid 2 J'
Investment [ Mt > Grid Operator
Planner . -
r
;A Demand Trader
Investiment Ask Bid
Decision
| Demand Profiles
Supp]}-‘ Sell Bid
E B Trader Bid Other Traders
Legend: Market TRhEE Agent Information Flow_

YLIXUH

6SRW PDUNHW

6FKHPDWLF RYHUYLHZ RI SWMKHIGREHU$&( PRGHO

5HJDUGLQJ WKH JHRJUDSKLFDO DAFHRIWH DG HI IFHRMSIOM ® XWNBW D GD\ DK
SOLQJ DOJRULWKP EDVHG RQ WUDKH. @D FRISWFR WHBYV BNWWZAHMQLRQHG
WKH REMHFWLYH RI WKH XQGH@JIRQ I VOK P H B UVRSRLL[R P]L0 W WSO Z H (
VIVWHP VXEMHFW WR WKH GHPD®GDERYH EDIHD QE HEK 8 RFADIONHQH U J\ |
H[FKDQJH WUDGLQJ FDSDFLWLHV 7KH GHPDQG FR$RUZHBUHSIOW @X\D WLRQ\
WKH PRGHO LV DOZD\V IHDVLEOBIQW MWK W IGHK RIAHS WKW SO W W WHRH S U
D QRW FOHDUHG PDUNHW )LJXUMFHGKRZA WEO GHOBQIGFDR G VXSSO |
WHG IURP WKH DJHQWY WR WKH{PDWRHW R 8B GDWKRH ¥LBKHMRSWKH PD
WRU ,W RSWLPL]JHV WKH ZHOIDIWH D\QB3R WHRIEM WWHS U HF ) D WEDRFUIW W R WA
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7KURXJK WKH PDUNHW FRXSOLQUHBVLFBOLBELWRON CHIMAI® PQ WKH G
VLWXDWLRQ LQ DOO RWKHU PDUNHWY DQG RYBEPRWDRQ@ \FPBQFHWIH VL

Results

Buy-/ Sell Bids "lf

Day-ahead

Market Operators

all bids

Market Coupling
Operator

1

Linear optimization

YJLIXUH

,QYHVWPHQW GHFLVLRQV

6FKHPDWLF LOOXVWEDWQRSWRRPMKN PQ WBNREZ\WUSREY 5LQJOHU

7KH PRGHO FRQWDLQV DQ LQYHVWPHQWVSK[HER WG PRGKOB \BEDU ZLV

WLPH KRUL]JRQ

7TKHUHE\

QLY WHLLRHOQMWRIL Q ® H VVEHIQ SR ZHU SOD QW \

FRUGLQJ WR D FHUWDLQ HFRQRPLFHNHIQWHYDD XH J3 RWKHHQ@H DO UHYH
FDQ EH JHQHUDWHG IURP VHO OLSRWHPBIEWHWFLIW Z8HQ BY HMURP\8D U W
J FHQWUDO FDSDFLW)\ P UMHWG N SH@ALHQIL R Q WMWKHU UHVSHFW
FRQILIXUDWLRQ

,QYHVWPHQW DJHQWV LQ DOO RDHRWWSREUHD\SOYQ WXPSWHLRQN 'DWD |
ZKLFK WKH SUHGLFWLRQ LV EDWHIEDRGH IIXMOX DO Gl GIIREWVLRQVBHLFH Gt

&50V H

IROORZLQJ \HDUYV

%DVHG RQ WoDKWW HVGDOWD WD \SRDEH IRUHIKWXYH SUL

PDUNHW DUHDYV a(RW¥HKW WKHWS U IpF°H WWRUHBO¥XWODWH WKH 1HW 3UHVHQ!'
HDFK DYDLODEOH LQYHVFRBPBBQRYIRSGRVLRAQADWLRQ

(TXDWLRQ

ag

FPUE

tay AU@S'fS %cfrgao agé"{ré:

E=-4F

02844 FasE T
c@s

'S EE;

&DOFXODWLRQ RI WKR SWERRY ® @ Q QWK WE HIQY WPKHHQ WF & Q\PRLGFWQ M H WHPW U D W H
IL[HG ERSWIVFH IRVWHBRGW DULDIEOH FRVWYV

,QYHVWPHQW RSWLRQV DUH SUHOGHVEHR® LWKIE WERDHDQRRVIDEDH LQ
DQG UHSUHVHQW D VSHFLILF |IOMEE @Y PRIBIV ERDBDMOM\SKH RSWLRQ
QRPLF VXFK DV It ®@YUHVQWRH/QWWP H QIVQIGRW HIRKQ RORJLFDO SDUDPHWHUV
KDOI RI WKH WHFKQLFDO OLIHWLPH WKDW YDU\ RYHURW RBIL¥DRX G B WH
RSPHQWV VXFK DV FDUERQ FDSWWRHD¥PRXIQRW LBQUMDUDRNQ LQYHVWPH

JRU WKH FDOFXODWLRQ RI WKHKKDQQXDIOF ADMRK HE X¥\W CDI(RYURHOHFWULF
WR GHWHUPLQH WKH H[SHFWHG WHWHQXHYVSWLEFWKRUMBEBRWWPIRU WKH
ZRUNV DQDORJRXVO\ WR WKH CPHDWNHWLWWIHRE\ RISWRH. §3 W2 WO IDUH
QJ 7KH YDXUWLDEOH BRIWWWRWHKH YTHDHI GHGXFWHG

FRXSOL

SODQW RQO\ SURGXFHV LI

IURP WKLV 6L

DWDOHDARY WMUKHG Y DOIOD @ 8 IDMRWWIMEB VK 10OR

JOHFWLQJ PXVW UXQ FRQGLWLRX\P ¢RDQUWMLREB W RYRW VRKHPERQB FXODW
IXHO SULFHV DQG FDUERY WHUWHGEL WRDBMHWSKUIH- VDWW IDWQ DOO P
UDWLRQDOH EHKLQG WKLV LV IMXIDQN WWHVBPLMVG6HZILWOWL E@ WRXSOHG
VFKHPH DQG SURGXFHV WKH VDPHSSJUIFHH GULHMMXUHQF H7 IKR-U I GIMITHUH QW

FRVWYV



PALL S(HERRER INSTITUT
\ —]

Karlsruhe Institute of Technology

WUDGLQJ SRLQWYV GLIITHU PDUJLRDFEKORQRBV( XWR S\HIDQV HVQPKILMI\S WL FH LV
DVVXPLQJ WKDW QHWZRUN FKDUJHYVY DUH QHJOLFWDEOH

$ OLVW ZLWK WKH 139 YDOXHWRILVOFRUBRXMHHG AR DUBR/® ®ODWHRMNWUM HW D
JURP WKLV WKH RFWHFWNVHG WKDW UHDFKMY WEKHRUGKQY W B RVXBMWYR

&L «f5[02%8p AEF D [fPC2& E=D #
(TXDWLRQ B6HOHFWLQJ WKH LK XH YMHPHD W3R SRV LIRAO ZD WHQ W K

(DFK LQYHVWPHQW LQFUHDVHVDWKW\WRMDW R X . Q DWDXOHOHGH W B3 LF H V
LQYHVWRU ZRXOG PDNH DQ LQRWVWPWIW3BLW K LDAD DLIQH MW B CVKLIFWM VW
WKH RZQ QHZ LQYHVWPHQW EHFRPHY PQSHR IS W.FEOIR UHEDWI LV FDO
LQYHVWPHQW GHFjtVERBVIHRIUFRIOQMUUWR 1Y DOXDWHG ZLWK WKHIRYHZ SULFI
RjF LV VWLOO SRVLWLYH WKH DJGRW DQPHY VBV LHR KW HRGQH W SIWL RO F
ZLWK WKH VHFRQG KLJKHVW 139 DQG VR RQ XQWLO DQ BEYHWWPYH Q
139 LV DYDLODEOH WKH DO JR UWUWMKPHW HQF/IHY/DWWPH\Q WP @ QR PDGH LQ
Y)LQDOO\ LW LV LPSRUWDQW R\HRQ WHRWRFRHY W K B W MSKHD WIGHM WH U\ \H D
IRQ

2XWSXW

2Q0H RI WKH PDLQ RXWSXWV RI RMHFMROHUB WIKMKHLRXWRLW SRIAK HO H F W
PDUNHW DUHD 7KHVH HOHFW WK \§ D S/ RO VWHIWUKBW LIRROV P DUNHW G
DWLRQ PL[ HWF DV ZHOO DV GH\NORE PHQWMWY ZEWHHFRRUH GHWHL
ELOLW\ Rl H[LVWLQJ DQG QHZ DHQHXIDWLRQ W& LW W WX ®\O &R @WHHT X H Q
XVHG LQ RUGHU WR DQDO\VH HKIPHFWR R QOW KW XIXE\E RS 8V DYGRE QLKA H I 1H
RI K\GURSRZHU LQ 6ZLW]JHUODQG

*LYHQ WKH SRVVLELOLW\ WR YD WLR®WKGHKDU 3MDMUDP#YNWHDFWHYDWHG DQ
IXHO DQG FDUERQ SULFHV YDUIHH® R DRAHNYE( DWIURUWIRHGLIIHUHQW
IRUH LQ WKH SDVW VHYHUDOKRYYHXZMUH MWIURHDVG R V WVHAH DXMW OO\ FRQ
HW DO E XVLQJ WKH 3RZHU$&( PRGHOOLQJ DSSURDEFK

:LWKLQ WKLV SURMHFW WKH 3RZFHAURBRH P RGWE® KBVDEHHQYRPVKH PHW!
VSDWLDO UHVROXWLRQ 7KH PHWKIREBROWR DLCIDBD WKW H@ B IORHPWHBW D W LR
LW\ PDUNHW DV ZHOO DV WKH KMG URSKRZBWW LG XNOTDINVIRKU BXEXVMH UD DQG
PRUH WKH ORQJ WHUP SULFH REBDRIMWWXARUFKQLWKNH&YHVWPHQW
ZHOO DV WKH LQYHVWPHQW S OEDHHEL QB SAARRGYXHIH WWWVHIGIL KD WHKH FRQ VI
FRXSOLQJ HIIHFWV *HRJUDSKLKBOPB UWNHQW DRIGIW \L RE GGXEM WUODQG

ZKLOH EHIRUH WKH SURMHFW MK K& H®WE HDOZ DAV & IHRLQV HGJ R/'\RHWQ & :( F

3.1.1 ORGHOOLQJ K\GURSRZHU

$QDO\WHYV RI WKH 6ZLVV HOHFWULFLW\ PDUNHW UHTXLUH MQ @ GMKTHK DV

HOHFWULFLW\ PDUNHW PRGHO WRGBVZLWHWRIKQGURSBURYULPHDQHUDWLR

D WRWDO VWRUDJH FDSDFLW\ RKH K\GKRSRZBY DIHMHBUM™HWWLRQ FDSDFLW

SODQWY XQGHU FRQVWUXFWLRIQUAY BLYLEHGB LOQWRRI SXIRSHG VWRUL
*>» R VHDVRQDO K\GUR VWRUDHHUHDSODDRIQMWAH RAZ(IQHWUPN G J
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7KH UXQ RI ULYHU SRZHU S O DKHVF/RBWHHD LEDWH LU R @/ K G VIVORWR. BMD @VIH Q H L
JHGHUDO 2IILFH RI (QHUJ\ E GDWDGXMHERWRRH\WIMHJIXODU SDWWHU
7KH SXPSHG VWRUDJH SODQWYV DUWKRRGHSOSORIKLGFRFEFRVGWIOEIHW RE\ ) U |

DVVXPLQJ RI WKH WRW DR WRBRXPHHRY FODODXP K\GW DYDLODEOH IR
6ZLVV )HGHUDO 2IILFH RI (QHUJ\ I

'LITHUHQW PRGHOOLQJ DSSURDFBWY @ URIUWHK/IWHSURQIG AN DDB G ILQD

SDUHQF\ RI WKH PHWKRGRORJ\ URDERQHY FKRVHWRRROGBS WKH VHD

DV LW LV WKH JHQHUDWLRQ WHRXWQROD®ROH & LRMKS WKLV K LIKBY W]IHUOD

WKH KRXUO\ KLVWRULFDO SURBRBRWORIQ\GWR WWRUDBN RRAHD SODQW
E IRU WKH \HDUYV WR WHIIH KV HGRIR D QKA V LV

hydroGen, 80 +>. ( f,‘;“fload,m + BEESRES,. z)

~m,s

+ Zm# CH lamts netEx@hange CH—m,t

+223 Bt hour, Vi
ey
+ €

KHUH

t +RXU RI WKH \HDU

FYO ODUNHW DUHDV RI 6ZLW]HUODWLGIIW @XVWKHERXYJUQD FRXTQHNW P D

(VWLPDWHG YDOXHYV

RES 5(6 SURGXFWLRQ

V 6WRUDJH YROXPH

day ‘HHNGD\ RU ZHHNHQG

hour +RXU RI WKH GD\

(TXDWLRQ 5HJUHVVLRQ PRGHORSR UHDMWLRP@ \RH WHDN KRBOOAWRUDJH K\GURSRZHU SODQWYV

7KH IROORZLQJ LQIOXHQFLQJ IDWWR UN BHWVIPHEWOQRIGWAUIWHKHIUHVVLE
IHHG LQ GXPPLHV IRU ZHHNGD\ RQJHHIIONREYZ GWKVQH[BEKERXULQJ PDU
DJH OHYHO DQG KRXU RI WKHOG DL\Q FQMERZE IDQ MW K A SOV R UK HY QHRYUH.G D
SURGXFWLRQ &RHIILFLHQWYV YR G XDKOHW HH MDAFWRDWWH B UIIR W GHB®IFVMKKWHH D V R ¢
LQFUHDVLQJ FDSDFLW\ RI 5(6 QRORPHIGWR WBREBXWHRWORUPQQXDO SUR
WKH YDULDEOH 5(6 IHHG LQ (TXDBWURQVLBEVWVRIGEHEY MBEHQGL] GRF
GLYLGXDO UHJUHVVLRQ FRHIILFLHQWY IRU HDFK VHDVRQ
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Regression results winter

Operation duration curve winter
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KLVWRULFDO DQG ILWWHG RI WSKRH Wb B\VORD@DAMV K\GUR VWRUDJH

7KH GHYHORSHG UHJUHVVLRQ P RIBHD LIDANGH 1 WD/WHHRGH LIQ MR QRVAH U $ & (¢
JUHVVLRQ PRGHO WKH KRXUO\ RS HKUDURISRZ HRU B/E B QWD VRBRUGLQJ
FDOFXODWHG ,Q DGGLWLRQ RAKHG VDVR DI HWQ A M HIDYGDIWG WWKUHD HY H Q W
GHUUXQ WKH RSHUDWLRQ LV DFBEMXRPVWEHDBRRHGEQ(J ®R GHDO W HV X O W
VKRZV WKH KRXUO\ RSHULPWOR®/ MG ZLOWWHMKH UHJUHVVLRIQK®Y YRYZMNU
DOL]JHV WKH VRUWHG RSHUDWHRZ QGHID WR RKD FKK® ZH WRKUWKK UHDO F
LOOXVWUDWHY WKH KLVWRURRIDJH \WRYBOHRO NWKHO VL@ & ODKHH R/ LQ 3|
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312 ORGHOOLQJ FDSDFLW\ UHPXQHUDWLRQ PHFKDQLVPYV

$ FRPSOHWH GHVFULSWLRQ RI KRZ MK H @& 3BRZ DUSL [ FPQHPHQRXQG LQ

D )RU WKLV VWXG\ DGMXVW PHQWY NOGDUYKI GHEHMREQ 3RZHUS
GXFWHG 7KH GLIITHUHQW P D UN HW L&HWIKHY PROSMILHRAD Y WGHS\O R\UHH EULH |
IROORZLQJ

6WUDWHJLF UHVHUYH

SHFHQWO\ %HOJLXP DQG *HUPDQ\L EPSSHO/HHRIGIW BE DUSVEODRWHHW DO
WKH 65 LV PRGHOOHG LQ 3RZHU$RU DWHKRODREZYR YKHRSHHDWRU RUJD
DXFWLRQ LQ RUGHU WR DO ORKBHWHH WKH ®¥RDHUWETBQWY SREHD GOD Q!
IHUUHG WR WKH 65 H J LQ *HWKBIQRD SDFE WAKGHMHD R GHT X D Q WHLMG R1 WK
LQ WKH KHLJKW RI WKH H[LVVWWGEHUHWRUSYDHU ML SDEDWWH L@ WHKH 65 D
DYDLODEOH ZLWKLQ D FHUWDE®Q O\GL R MW/ DW KL W PR @ V MHW ¥ BVEFDADL R K R X
WKH VHOHFWLRQ RI WKH SRZHQ S/XBIQRD\S D ¥ LE\D VSIUGEL FIR GH G\ ZROMK R X W
FRVWYV

*HQHUDWLRQ FRPSDQLHV RIIHU HM KW 166 JEDRHGURSO WRWNVNUIRQGLYLG X
RSSRUWXQLW\ FRVWV 7KH RSSRUKMXBLQ REORYRAHD WWBQWRAURP SDL
PDUNHWYV RXWVLGH WKH 65 RQ%HDWIGHE PDWHHSBBWGRW R KHKE QRVW SL
PDUNHWV 7KLV EDQ UHPDLQV HNRIQWUD/FW SHKHLRQG QRWIION EDFN UXC
SULFH LQ WKH 65 DXFWLRQ HTXDWW\ W&2 1§ KF DPRAHWI RU QHA H SULFH D
SODQW FRXOG EH EXLOW H[SOLFLWO\ IRU WKH 65

.| D SRZHU SODQW LV SDUW RIPRRK 61K OWKHFRSHUWB W LRQD &5 WAKH JUL
RQO\ XVHG LQ H[WUHPH VLWXDWWRBNQ 2AKHSB QRDEDDGEPE EH RQ WKH
H[SHFWHG ,Q WKLV FDVH W KHWXHVZRYMNUR'SHIUD WK HVGRN DK HDG PDUN
SULFH 7KH SRZHU SODQWYV D URIl D\FKWLLYUD WDHWGEL D B OMKFHR R WAH YWKWHW W K
ORZHVW YDULDEOH FRVWV LV XMHGRQYKWQ, W KB\WWRBHBEHBEDGLVSDWF!
SODQW RSHUDWRUV UHFHLYH D VUM\F PRESEHQWLIR/QIDROD { RAD MXKUHJ AR G XU L
HJ IXHO FRVWYV

&HQWUDO FDSDFLW\ PDUNHW FHQWUDO EX\HU

7KH FHQWUDO FDSDFLW\ PDUNHW ZLWK FDSDFLW\ RSWLRQNSBFLW\SSC
ODUNHW ZKLFK LV FXUUHQWO\ WPBOHBH]WHG L8@ WWHNVRPUNSHUDWRU
DQG LV DGMXVWHG WR WKH ,WDOLDQ PDUNHW DUHD

,Q WKH PRGHO ZLWK D OHDG WLPH RI IRXU \HDUV WXMLR DX B WROF |
UHTXLUHPHQW ZKLFK LV FDOFXVDWHIBGSEHDWHGRPG W& HVIKRH WA SHFWL Y
PLQXV WKH FRQWULEXWLRQ RI 5(FHDGIEG ZWLRIQ WGHIXBDF\WRB WKH ED\
FDSDFLW\ FUHGLWYV 7KH UHJXRXQWR UPBRNMW DORR R QW R UDFIRX.QW UL H
VFDUFLW\ WLPHV 7KH JHQHUDWMRLRDGHTGXB\FV OHNHO QY BRRHJWDLQ
UHJXODWRU EX\V DV WKH FHQWU®WO LDQ) M\GKW WR B8 HZK R Q A OPOGSIDF) DO O |
DXFWLRQ LV XVHG DV WUD G L QUKSHOBPMS REIPWW R HTQXMUHP ME\D VEW\S X U F K L

7KH &21( FDQ EH UHJDUGHG DV W\KW PIH®MK ISW\ PRH QMKH IRQ YW K H  F KIDMSLHRVQAD OQ$HRZ DH LE SI0MW) W R Q
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7KH DXFWLRQ LV GHVLJQHG DV R@G HR¥YRN®GIORR BORFE DWPWWLQJ SUL
&21( 7R FRQGXFW WKH DXFWLR@WOIOUVYFRPQGREOGPLIHB DQG WKHC
LQJ RUGHU DFFRUGLQJ WR WKIHAH LAD BBIBIXWH 6 UA\FBl GHIH GBHUG WRFUHP F
SODQW RSHUDWRUV DQG LQYHWW FOHXFW ISFO® @ R HQ W3IOHIJY EQGHEN X Q G H
LILHG FRQYHQWLRQDO FDSDFLWTKULNTSUBRAB®WHLYHYKDAKWHEQ WKH |
7KH UHPDLQLQJ ELGV FRPSO\ ZURKLWKRQFRVW KHIWAHTHQWHSS FDSDFL'
ELGGHUV UHFHLYH WKLV SULFHQRD SROWQWDQVHWVPBYAR DQG IRU F
H[LVWLQJ SODQWV

$ FDOO RSWLRQ OLNH PHFKDQLMWPHLW KPS OHP N @ B/FHBL MR HQWKK RO GV ¢
LQ VFDUFLW\ VLWXDWLRQV $ OO0 (SHDH WVIRF DS D\ WIVN HQSW K FHH¥IFRIGWKH H
WKH VSRW PDUNHW 7KH VW ULNH\SRUFW RAHQ E H BIT XIDIPDW ERW@HR | D U
ZKLFK KDV FRPSDUDWLYHO\ KLJXVHISUPDEQE&\ARY WNDMNQGRIDG VLW XDV
WKH SULFH RQ WKH VSRW PDUNSWL FH VMK HD BSRZH W B B DWQWW [RNS# UD W R |
SULFH DV PD[LPXP 7KH SRVLWLYHKHG PIDKHQFEULFW ZHH® WKH VWUL
FRYHU WKH FDSDFLW)\ SD\PHQW FLWHVDOCPMLQRIQ! U, RP LW KK FHSRRZ B X Q D\
SODQW RSHUDWRU WR ZLWKK R@® FDWB FL @\ KD YKIHW FHYGIRWHMN IRU W
WKH PDUNHW 6LQFH FDSDFLW\ SD\PHQWYV DUHUEHDFHGIBRQ WXUEILQHG
SRZHU SODQWVY FDQ DOVR RSHUDWH SURILWDEO\

JUHQFK FDSDFLW\ PDUNHW

7KH LPSOHPHQWDWLRQ RI WKH )BRQRAK$RASZRLWK ZDVNSDAW WQFXODUO
WKLV SURMHFW LV DGGUHVVHEGKH UMKHURQPHR ZDSD FILWVEHBORDQG LQF
GHWHUPLQHG VHFXULW)\ IDFWREKLD XFMNOLARX®D DWW HGU SUHRWQWR RQ SDFLW
WKH IXWXUH DQQXDO SHDN GHPDQG®R 7lKMF UKEKVLRAD SIDFWRIHY IURP
ZKLFK ORZHU WKH QHHG IRU GRIPBINWRMD EDVEDFHW\LGRHLQKERXULQJ FF
YLGH HOHFWULFLW\ 'HSHQGLQWWRQVWHK H DSDFUWQ RHE GDIEDFLRQV RI W
VXSSO\ FRPSDQLHV DQG ODUJH FR® \GHPSHQ/G LMUHRG@HWKHRIPU O KDUH L
PDQG VR WKDW HDFK REOLJDWBGDIDUW \REBHGIVWLR GW RYH VRKH IRUP
HULQJ WKH DPRXQW RI LWV RZQ GHPDQGUBLWPHUPDQQ HW D

J)RU WKH FHUWLILFDWH SULFH SELR\W RHW K@ WHKMHPDWNIRWY PDKH H[SH!
HOHFWULFLW\ PDUNHW LV HVWXPDW HR® | B U HDOFX\ E-DYH V D WHHRIFGHH W H U
FRVWV WKDW ZLOO IRUP WKH SULFH RI WKH IFDSDEQWMGEDLE WHKHH JB®LS | E
WKH \HDUO\ LQFRPH RQ WKH HQHUJ\ PDUNHW D Q GDWHKH MUID WILRKDGXIQ
SURILWDELOLW\ 7KLV PHDQ\D OO B RR\OM\Q %\ FIRQWRI. EXRW HRIGF WU FL QN F
PDUNHW LW QHHGY DGGLWLRQDO SD\PHQWV LQ WKH DPRXR®VRGLWYV
HUHG WKDW QRW WKH HQWLUZHIUQSY WD@WHE BDDBDRRALG RIVDKSRISDF LW
WKH VKDUH RI DYDLODEOH FDSDFLW\ 7KDW PHDQV 7KH YR XPH RI
VWDOOHG QHW FDSDFLW\ PXOSHBOLAG ZS WKL I/ W B F MRRIOWR R\ UHV SHF W
57 (

7KH FUHDWHG FHUWLILFDWHY IHUHSWKHR RKEGHUHGVEYLWRMW RWVLIRU 5(6
HULQJ UHVSHFWLYH FDSDFLW\JRUB GHW\ GRHG HDRE KV W FORLYRWOIRN K- DS D F |
ELG SULFH RI JHUR VHH 57( LV KRR QHIP®HWCHEBLWR EH SULFH WDN
FHUWLILFDWHY LQ WKH DPRXQW Rl WKH UHIHOBQYRK\FD$SWRKRW YL W.\VWR-
VHEXULW\ Rl VXSSO\ WDUJHW )IRRW HDKFHK WH? B PWILRH \HHDW VXSSO\ D
DUH LQWHUVHFWHG WR UHFRU® WX H FUMSKIRF UISWWLB KFDVQ® Q@ RIBIXXH %D
UHVXOWY WKH FHUWLILFDWHOSBWAHS PRIAHB DS BB QW WKH VH
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$W WKH HQG RI HDFK VLPXODWLRQH\SDDQWHKB LQYWNMW PRGWTY 7KDW L
HQRXVO\ PRGHOOHG VSRW SULFHGIRUHFDY AH WR \HW W DFRIGNW KWKU H V X O
FDWHV SULFHV WDNLQJ LQWRID@RRBXEME DO O O L RALKWD WKIWRQWMP@ @ VW D C
LQYHVWPHQWY DV ZHOO DV WKRSPHEWH QRH FIHZDEQ WK \GWME HQ@MV W K H
LV FUXFLDO VLQFH WKH LQLWDDY PRGWIIFRX @BV WRUVWKHQYBILQ VKD
QXHV FRQVLGHUHG LQ WKH LQYHVWPHQW DSSUDLVDO
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$QDO\WVLV RI FURVV ERUGHU HIIHFWV RQ WKH 6ZL

3.21 6FHQDULRY DQG GDWD

,Q WKLV VHFWLRQ D VFHQDULRDRFRRIHGARYUAH LA \E8 K I IMKHGPRGHOOLQJ |
7TKHUHIRUH DVVXPSWLRQV BREPHRD/G RITRIO MWVAMWMUGHYWOGHPDQG IX
WLILFDWH SULFHVY DQG FRVWNVRI SURGXFWLRQ WHFKQRORJL

Carbonpricescenario
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YLIXUH '"HYHORSPHQW Rl WKH RZDRFHINQ (6L VWL B8 BXARSHDQ &RPPLVVLRQ

,Q WKLV FRQWH[W WKH SUHVHWHISUDIDOVXQSXWDEBHWHED VR UFPIY ZKLF
DQG SURFHVVLQJ ODUJH DPRXQWVWKIHG DWVDD WKOH RUWFGHHILD WLRR XNMXQV )L
5HIHUHQFH 6FHQDULR (XURSHDQ &RPEBLWRLEBRULYHZABWX )LIXUH

SULFHV )LJXUH IRU DOO PODH NRIWYW DO HONO ®EC BRZHE SODQWN LQ \
EDVHG RQ 6 3 *OREDO 30DWWYV SRZHU SODQWXGDW@EDWIKH SMUD Q!
VLRQ FDSDFLWLHY EHWZHHQ WK&H IRRPNHVE SHIHBW DWH GHULDGIG (1762
L, QYHVWPHQWY LQ QHZ IOH[LEOHDSRXHBWLRIQWNRDVLIHG @ @& WGGLWL
LQ DGGLWLRQ WR WKH FRVWNVNFRWIEKHORD @R A DU BERQ WMWY WIUHOXVHG |

'XH WR WKH KLJK WHPSRUDO UHRXR®XWHRG RQ WRIG BRICHQ GKSURILOH
XVHG DV LQLWLDO GDWD WDNHQZMHW®R® DV76QRP 6ZEV\DMJLG GHSH
PDUNHW DUHD 7KH \HDUO\ GHYHORSPHQW R| WRIRFLWRDRAG LV W DR @
(8 FRXQWULHYV DQG IURP 3URJQRY $RU 6ZLWDHUDQQ®G $O0 SURILOHYV |
LQJ WR WKH XQGHUO\LQJ GHYHORSPHQW LQ WKH PRGHOOHG \HDUYV
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Fuelpricescenario
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YLIXUH "HYHORSPHQW RI WKH: K@ O (XWRBH\D QQ&RFEBBLY VLR Q

7KH 5(6 IHHG LQ YROXPH FRQWEHDRSPHQW®OXQWRBYDQWW@WHFRQVLGHU
LQGLYLGXDO 5(6 VXSSRUW VFKHMH\Q &RPPDMWORIQURP (XIRRISWKH (XUR
FRXQWULHY DQG IRU 6ZLW]JHUODQ®DURPBWRJQRV\EURSRZHU SODQW)
UROH LQ WKH 6ZLVV HOHFWUL L WD PIRLNWHIVA V7 KRH CKABUHRI DWWHIU  VHD\
DQG SXPSHG VWRUDJH SRZHU SOAZQWYV HGHWD® QI UBR R WEQH U J\ .

7DEOH $VVXPSWLRQV IRU ,QY HV SPAHUNYOLDR RRQL FRRVILGR @D WHRI B BIGW [GBIHW RHW KBHOEORFN VL]H
HIILFLHQF\ PD[LPXP OLIHWLPH ZGOHV IV HIQ[W GS D\PPGH Y WURW E O H (RF-H LD W LRRWWOQ G PDLQWHQL

%ORFNOHFWULFDO JLIHG 9DULDEOH
VLIH HIILFLHQIE HWLPGYHVWPR@WFRVWR/ P FRVWYV
L, QYHVWPHQW RSWL®Q > @ ><HDUW@®85 N:@>(85 0:@>(85 0:K@

1XFOHDU

&RDO &RPELQHG &\FOH
&RDO

/LIQLWH

*DV &RPELQHC

*DV 6WHDP 7XUELQH
2LO 6WHDP 7X

JRU WKH PRGHO WKH VWRUDJHH® $RBLMDFKDYHWRUBPW GR@LW\SH L H
VWRUDJH DQG SXPSHG VWRUDJH BHADW HP P @ WVKHRPGLFW QRO \WXKRH VWRU
VLEOH 7KHUHIRUH WKH WRWOGBG/®\RWRBHHEBDIPWHWE\ SWRGXVFVOLURQ RI F
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WR 6ZLVV )HGHUDO 2IILFH RI (RBOHWH RYHRYLBZAZRI LQSXW GBWD DQC

7DEOH ,QSXW GDWD W\SHV DQG VRXUFH RYHUYLHZ

,QSXW GDWD W\SH 5HVROXWLRQ (8 FRXQWULHV

&RQYHQWLRQD 30DQW XQLW C B5HVHDUFK FRPSOHWHG ZLWK 6 3 *OR
SODQWV WHFKQR HFRQI DQG ZLWK RZQ DVVXPSWLRQV
DFWHULVW

'HPDQG DQG IHH®RXQO\ DJJUHIDWRGHBY &RPPIVRIRRV $* (1
IURP 5(6 HDFK PDUNHW DUHRP762 ( E 762 ( E
6ZLVVJIULG
)JXHO DQG FDUI \HDUO\ (XURSHDQ &RPPLVVLRQ
PDUNHW SULFF
,QYHVWPHQW RSWLRQV 6FKU|GHU HW DO
7UDQVPLVVLRC \HDUO\ (1762 ( D 5LSSHO HW DO
LW\

,Q RUGHU WR H[DPLQH WKH HIIHPWVYDRILWKMY ¥EBQDRQLENWDLDH WDOFXOI
EDVHG ZKROHVDOH HOHFWULFLWR B D \VHW H KRX)Q PRVQL RGGRPR G H @V R
VKRZQ LQ 7DEOH

'LIITHUHQW VFHQDULRYV RU VH@®WULWKWULINQB®\DUW PRG HOYDOE DWHRQ RI
GHVLJQV IRU WKH VLPXODWHG PDILALHW DEHODNU 7K H K50 HB\ROQWYV WK |
PHQWHG DQG SODQQHG PDUNHW GHWNHM) W UBDWKAFRRRB/MQEBMGTRKLY UH:
UHDOLW\ UHSUHVHQWDWLRQ RUQA KIHWF WKFHX PALW B Q\FKHH SWRIMBE®W ZDV E
(20 VFHQDULR LV DQ KLVWRULF \OFW\Q D Q LIRODK A QUINRAM D $ODV KDYH W
WKH HQHUJ\ RQO\ PDUNHW L HD OROR DVPW KN HMW IWEDQYFRQDORRIIHHG FR)\
SODQWV LQ KRXUV ZLWK SHDN LFRRG WK HRHM SDINVGIRDG SU

)RU WKH VWXG\ Rl &50 PDUNHWDEWRIUMRI| DYDRO ZEIQWHE. WO G IRU 39
LQ DOO KRXUV ,Q ,WDO\ FRQUHBRQRIQD®HUSIRZHUNKOD QDY DL OPELOLW
WKH FDSDFLW\ PDUNHW DXFWLRIQ DRI D\GGL WHRKRDORDEVHUYMSOHPHQ'
D VHFXULW\ IDFWRU RI DV WMARUDYLIOISDFLWD G H/QRLO DU GHI

DUH DSSOLHG )RU *HUPDQWVWHKMHBY WD DDIQWFDWHY *: SRZHU
D UHVHUYH ,Q DOO PDUNHW D UMHDWU XGSW DEXBHUMR/BE® QFVMS ROL WKW V D Uk
RI RI WKH PD[LPDO SHDN ORDI®W @GS D UFHGRN S D (\8BKM: &

7KH (20 VFHQDULR LV FKDUDFWRQQ Y H B0 &\ DAKIHLIDFOHWHQWHG LQ DOO F
7KLV PHDQV WKDW DOO LQFRPHWVRRK IHHJHEOM $S® ZEH UVKGIDYDOH RI H
WKH ZKROHVDOH HOHFWULFLWLWDRQBI® SDKPWAWWEUBRP DGKBDRU WKF
FDSDFLW\ PDUNHWV RU 65V &RBVHUVRHQ@WBVW OQ QEEHIREZHY SODQW
VXOWLQJ IURP H[SHFWHG UHYHQXHV LQ WKLV PDUNHW
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7TDEOH $SSOLHG PDUNHW GHWH®@NULRY WNKHGGLQHWNKIQW UWHV HDWUR R GB\URDMHNIW (B6 EQHILDIW
UHVHUYH )&0 )UHQFK FDSDFLW\ERDHMHW &% &HQWUDO

ODUNHW $UHDV (20 &50 3ROLFLHV
&+ (20 (20
‘( (20 65
)5 (20 )&0
7 (20 &%
% ( (20 65
1/ (20 (20
$7 (20 (20

'Q RUGHU WR FRYHU WKH FRWMV RW JHHQDAID WK VHKARHUFRW WIHAEFRR P YV J L Q
RI JHQHUDWLRQ PXVW EH FRYHQHGE HARIQHRPZIEDH SURBWFMADRREOH +
RSHUDWH D SRZHU SODQW H FR QRPLIF®I®D F RVKH PRY W VWHWR FEH FRYH
ERWK YDULDEOH FRVWVY DQG WIGHHERYPBUHRWH H[IS HQGH WXRHQW,| SULFH
UHDOLVHG EHORZ WKH ORQJ WHWDRVRDUZLQD @ RWVEH VKGHRWRIERY HU
E\ WKH SRZHU SODQW ,Q WKH FSOMH HRV D UMVBDDWHGGRIG DICH ORQJ WHU
SRZHU SODQWYV +RZHYHU VLQPFWXERHFW UNRLWW RBAHEIDVQGL EM WX FW XD\
PDGH LQ WKHRU\ EHWZHHQ D SHDWNRORDSKBKHBYVHQDWKHDORRZORDG SKD
RI WKH SRZHU SODQW LV QR¥K IXRDG $WDUHVHR® WEHVRW KHY KDQG \
XWLOLVHG ,Q WKH ORZ ORDG SKDVH LW LV SRVVLEOH WR ZRUN HFRQ
FRVWV +RZHYHU GXULQJ WKH RXYRVORD G FKHBIWH GSWKPHW H[FHHG WK
LH YDULDEOH FRVWV SOXV WEWWRMDWKWHSSRZ HF $QFEWWP%RLWH X[

$Q HVVHQWLDO DVSHFW RI WKH (20 Q¥ KB HQRWYHW DICH FRWRDV Rl FRQ®
SODQWYV WKURXJK VFDUFLW\ KULUKHSUILLFH YV FIRP D UKD \WRDEOSKIKVHV 7K
KLJK SULFHV DUH DFFHSWHG LG ROKUIWERPDO KW V AW ¥ DRUK HW KIHMW DUH
DO

7KH UHVXOWY EDVHG RQ WKH DERYWHUD®WR RWMH S DLUD WHKWHRD OF XOUD
IXQGLQJ YROXPHV LQ 6HFWLRQ RIDWBERDKWEURERHARW LRQ 7KLV L
UHVROYHG GHYHORSPHQW RI ZKROWKB HK RO NVHWXODWWHNQRSHULR G
LPSOLFLW FRDO SKDVH RXW LVQHZHMXYHGON FHKQWNIRQH RPRO QWWLJIQL
DUH SRVVLEOH LQ WKH LQYHVWLJDWHG PDUNHW DUHDYV

322 &DSDFLW\ GHYHORSPHQW LQ WKH (20 VFHQDULR

6LQFH &50V DUH DOUHDG\ HVWDEDW WHKG MWL FHRRH WBHNHWHNSDUDWLR
(20 VFHQDULR VHUYHVY PRUH DV D EHQFKPDUN VFHQDULR

,Q WKH (20 VFHQDULR WKH WRDWD 6 DLSDWL /O OHFG RARQ DB QWLIRADR WU LH
HIFHSWLRQ RI $XVWULD 7KLV FDQ EH H[SODLQHG E\ RYHEMHDNSWHUW L
FRXQWHUEDODQFLQJ HITHFWYV DRIHRDAV WRAH LYDWNR@ WV HP CPIDNUHWHA W F R X S C
RI WUDGLQJ FDSDFLWLHV DO OR ZHAXKWIHIH Y RDFXRVY FRMHQWWILHY +RZ
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VKRUW WHUP LQFUHDVH LQ FDSMAKMVPRGHO UIXIE/ 7KLY FDQ HVVHQW
E\ WKH FORVXUH RI ODUJH Q X FHO H/IRUWFKOIS\D FAMWMKH ¥ L X UHDAFKRS R W K H W
WKH PD[LPXP RSHUDWLQJ OLIH Rl QXFOHDU SRZHU W®&BQW W RW D O\ HT
VKULQNV IURP RYHU *: WR OHVVHWKNQH[PFOXGWELQ@HZ LQYHVWPHQW

HW DO 7KLV OHDGV WR UPEDWE BBGKOH LA WWRIQVRFXWLYH \HDU"
WR DQWLFLSDWHG LQYHVWPHQWWHQ OHWISRZHU SDSRQRMLW\+RE IDOO L (
OHYHO RI EHIRUH ERWK LQQWDDRWY PREVLGHNGG FRIXVHU W K

UHGXFWLRQ RI WKH LQVWDOOHG FRQYHQWLRQDO FDSDFLWLHV LV GXI
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J)LIXUH &XPXODWHG FRQYHQW IHRQD OOHDW D BIQVG\ \8 R WIDQRISGW WHD @ 200H G F HPDIUALRV L Q UKW HIU@
LWV QHLIJKERXULQJ FRXQWULHV WRR WKH 3RZHU$&( VLPXOD

+RZHYHU $XVWULD LV DQ H[FHSWL R Q WHEHRRDXHG RA DWKH Y H/ SOLWWLQJ
*HUPDQ\ VLQFH 2FWREHU D @ GF WIK®IJ PIHALMOK & WABW ISFHSXEOLF +XQ
YHQLD ZLWKRXW SULFH HIIHFWGLWWR UMD\ WIHHY WRH KERK®@QH[WHQ
$XVWULD DSSHDU SURILWDEOHLU® WHHFPRR&KWE FEHADX\GK R IWVKRRORZ LQ
EHWWHU LOOXVWUDWLRQ )LJXUM FDSBREZW\WHKH ARRSABDQWRILWKRXW
WKH GHGLFDWHG 5(6 GHYHORSPHI@®WQ G LUG WX URKSIHIKQFORPPHV VLR Q
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CapacitySwitzerland EOMscenario
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YLIXUH &DSDFLW\ GHYHORSPHQMWD 6@ IWKHUQD ¥ 6 H@IFWXRG LQJ WKHO5]H @HUWEDWKRQRQYHQWLF

YLIXUH VKRZV WKH FDSDFLW)\ GHDYHI RISPHING LL@J 6ZQ & |56 FDSDFLW
E\ WKH UHVSHFWLYH JHQHUDW LRXF OHTFK GRER U\ SKDQW WZXKIHOO EH FRF
E\ GXH WR WKH DVVXPHG PD[IHD{PVOWKN ERISIRALW\ ZLOO EH UHSOL
PHQWV LQ *DV &RPELQHG &\FOH FDBHDFEH W\ XRI WR*D WRAIMDIGIU LI WKH Q
SODQWY DUH RSHUDWHG IRU DHORRQUKWKDSHIHLRG WKLV SLFWX

7DEOH ,QYHVWPHQWY LQWR QHZ 62HM]EHO® BREH) SAOKH (Y VFHQDULR

<HDU *DV &RPELQHG &\FOH >0: @ 2SHQ>&\@OH *DV 7)

)XOO ORDG KRXUV IRU ZLQG KRXKRXW\WQGVRDDBRWKHU WHFK@RORJLH
DVVXPHG IRU WKH FDOFXODWLR® RRBBHNBRDBLVQUHWF HDQDWLR 3URJQ
LDQW & ( RQO\ GHILQHV JHQHUDWHG 5(6 HQHUJ\ TXDQWLWRBG 8QGH
KRXUV WKH LQVWDOOHG ZLQG FDSDBLW\ MQFUHDWH\L.QURP DQG IRU \
IURP 0: LQ WR 0: LQ

‘XH WR WKH FXUUHQW KLJK WRWDBRPEBOEIDHGWWRI ZA\QOE DS RZ KWV XQ WKL
FRQVWDQW DW *: LQ WKH VFXBROURRW LEROIQV RG6R D WeKZHL\BV )HGHUD O 2
G 'LWK UHJDUG WR WKH DJH RI WHNMHRUDIGRYWDQW FDSDFLW\

DVVXPHG WKHUH
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7KH JHQHUDO LQFUHDVH LQ LQVWDOOHG 5(6 REEBFEWWKB 67 REWHU D
SRZHU SODQWV $V D UHVXOW D RKM WRWHD\O | UIR@HRNDHWL R Q :F LY W F
LQ LQ WKH (20 VFHQDULR

323 &DSDFLW\ GHYHORSPHQW LQ WKH &50 3ROLFLHV VFHQDULR

,Q WKH &50 3ROLFLHV VFHQDULRH @D RRGH PRQNVV EOIW VQDIUMHO UHD G\ L
SRVHG &50V 7KHUHIRUH WKH LBMW\WRRCXFNVH\RY R WIKH) FBISIDQW QWD O\
KLJKHU FDSDFLWLHV DQG WR D PRUFRDERBVW\DGMY ARK®BRE YWRIQQ WK H
SDUHG WR WKH (20 VFHQDULR ¥HBDULRUHLWK &FOWKHMVKH GHPDQG IR
DWLRQ FDSDFLW\ LV GULYHQ E\ WKH SHDN GHPDQG SOXV SRWHQWLDC
ODWRU\ DXWKRULW\ DQG QRWFMW L@ RLKWHKIO0 E\ SHIDNFSIUWKH GHPDQ
WLRQDO FDSDFLW\ DOVR UL VKHWUL&5W K R SRR BIW LZRGAMK RMHVH LQF!
E\ WKH LQFUHDVH FRPSDUHG WRDQG L@ JHO®HFMUREGW,W® O\ DVVXPHG
(XURSHDQ &RPPLVVLRQ EHFDXWHK WKHQEERD WYDWW @R WKH (20 V
RQ WKHLU GHVLJQ QDWLRQDO ®HRD @XBDQJESHPNW RDGS KRIX UV
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YLIXUH &XPXODWHG FRQYHQW IHRWD OO FHD\§ D BIQ/E\ \G K M HADRRVE B @ @ QWKMD &30HER P § D H ¥ WAF HIQ D KW
6ZLW]HUODQG DQG LWV QHLJKERXULQJ FRXQWULHV

5(6 FDQ KDYH D PLWLJDWLQJ HHR® WHRQVIWRKGDWLFBISIFWWH GHPDQG FD:
+RZHYHU GXH WR WKH 10XFWXDWKIH)IJPBN KEIDYO\RIDURNM LF(I6SYDWHHWR D Fi
FDSDFLW\ PDUNHW RU E\ UHGXFGQJ/BRHYD N OWR IGGKXIHND GHM RO WKH UHYV
SDUDPHWHUL]DWLRQ RI WKH &50VG L/KH FIDVS\DFER-SW LIRUHVG UWYDRIDQ EH I

+RZHYHU DV D UHVXOW RIWKH WO RF LWHTRKUHBGWD/Q G LQVWDOO
SDFLW\ FRUUHVSRQGY WR DOPRVW SHDN GHPDQG&EQ MR(HLRXHDWDLB P
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7DEOH ,QYHVWPHQWV LQ 6ZL\8 REHUDREDIQW PHD IWKH BE668 3ROLFLHY VFHQDULR

<HDU *DV &RPELQHG &\FOH >0: @ 2SHQ>Q\BOH *DV 7 X

JRU LOOXVWUDWLRQ )LIJXUH OWRKPHQWKH PZSWHHWOBBBHD QGVWKH QF
OHIW DQG WRJIJHWKHU ZLWK WHK<HH 5566 FDHYDHFQ VS PINQ WLBR® EH IRXQG LQ
PLVVLRQ ,Q 7DEOH WK HSRQ WK VS\CPTHMWV DLQHQHZVWHG , Q@ YHVWP
LQ JDV ILUHG SRZHU SODQWYV LQ WKH KHLJKW RIQO*: L @ RZRPYEHLD HLAD F HF
WXUELQHV &&*7V EXW DOVR LBVRKO7¥\FDWHHIONYUWXREMXH UHVXO\
RXWSHUIRUP &&*7V LQ WHUPV RU H DW KW [DJ HF@WW \F KRRIMHHWRKH 2&*7V L|
LV PDLQO\ EXLOG WR SURYLGBOH WLYHGR Y S.D WK S RZGI®\ WRQD VP D
WKH VSRW PDUNHW ZLWK ORZ DYHUDJH PDUNHW SULFHYV

CapacitySwitzerland CRMPoliciesscenario
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YLIXUH &DSDFLW\ GHYHORSPHWW®HLQD WIKRY 1&F 6 BRWIHFULENQG L FROXYGIQVLR KRB G (BHRQ® G DVKLIR C

JLIXUH VKRZV WKH WRWDO GHFHWRISPHOW RIQFANVLEODSI(6 7KH GH'
5(6 LV DQDORJRXV WR WKH (20 VRHFQUBDMY FR&RH QNMYPODOI G FDSDFLW!
WKHUHIRUH GXH WR WKH JURZ®AK DL QU WRODW SREWDCGEGDOBRLW\ ZLOO
LQ WR DOPRVW  *: LQ

J)LIXUH VKRZV WKH IOH[LEOHDRISDGLWKHWEZ® &FAHQIPUIORYV 'XH WR
PDUNHW SULFHV DQG WKH KLIJKWHUIP XOPWHBHGHEFRSDFLWLWWKHVQHLJIKER
JUDQFH DQG ,WDO\ WKH IOH[WHMHLQY® WEKEIHE IRNFDWKW\WR G:ZLW]HUC
I[URP LQ WKH &50 SROLFLHVKWIPHQGRHVRQRWZAH)HUHDWVWH WKH QXPEHL
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WKH PDUNHW FDQQRW EH FOHDUBGQG RIHWXRIQKRIXIULW QHKH@H&GHWR FOHD
PDUNHW DV PRUH FDSDFLWLHV UNPVWKHHOM LD K H FODMOLOIDEDH DOVR |
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J)LIXUH &DSDFLW\ GHYHORSPHIQOWRRQYBE BREZHEGHW PRY YV LOHOM WRHQIIDUWQKRVYRU WKH GLIIH

324 *HQHUDWLRQ DGHTXDF\ LQ WKH VFHQDULRYV

7KH JHQHUDWLRQ DGHTXDF\ LMRWRORYVWREKRW\H G (K& BHHSIHF WHKE YROXPH'
PDUNHW FDQQRW EH FOHDUHG QRUWK®OQXPEH GBGRY KBREFHAQAWK PLVVL
LQJ LQ WKH GLIITHUHQW VFHQDURRUH YV OLNEBHG LQ QG EDMHEOH LQ WK
7TDEOH VXPPDUL]HVY DQG DJJUHJDWHW WKHFKXWEKHUYRRWRKXDUNHW LQ
JHQHUDWH D IHDVLEOH PDUNHWWUR®XEPMNS ZEMWMKLKYX BB HHQHKWL LPPH
FDSDFLW\ LV QHFHVVDU\ IRU P DIUGH \W DFQCCHIHWP IH@IW G'MB D (R3AJ W KH PDUN
FOHDUHG GXH WR LQVXIILFLHQW XSS RMHUHIR BB WBNHWHFDWD (85 0:K
+RZHYHU WKLV GRHV QRWEQBFNVWRDUEORZQRXWNWHEHHFDKXVH WKH
VWLOO WKH DYDLODEOH EDODQFLQJ FDSDPUR\FRZKHBKGBO® R & D\QG RN
DIJHV 7KH DYDLODELOLW\ RI '"6D\SRWRIQWKB GHUVN GWRPI&G LQ BOO PDL
LOQGLFDWHY WKH FXPXODWHG QX RHWGRPBER&E UWHXYISWRWHKRU ZLWK QF
IRU ERWK VFHQDULRYV )XUWKHURRRM FRXHUH{SHFRNHIBVH@EH WD QR IHDV
LQ WKH VSRW PDUNHW LV VSHFLILHG LQ WKH VDPH WDEOH
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7TDEOH &XPXODWHG KRXUV ZLWEBRWRQKH RWHOR BHPDIPW EEINDULQRULPROY KW RAPXODWH®@ W IKHMH
(20 VFHQDULR

&+ ( )5 7 $7
(20 VFHQDULR

'60 XVDJH >K@
1R PDUNHW FOl

([SHFWHG ORDG QRW
VHUYHG >0: @

&50 3ROLFLHV VFHQDULR

'60 XVDJH >K@
1R PDUNHW FOlt

([SHFWHG ORDG QRW
VHUYHG >0: @

,Q 6ZLW]HUODQG WKH ORZHU [FQWW D Q OMIGH J&50H IO G \F YFBI QD ULR
WKH QXPEHU RI KRXUV LQ ZKLFKOWRHH® &RNHWKFDIQR)RIV ZHKHQ '60 LV
FHVVIXOO\ FOHDU WKH PDUNHWVRBRKHWKIK@XP RHUWKHKRRQY ZLWK '6
IDOOV GXH WR KLJKHU IOH[LERXU EQS BRXWQWLUQ MK ARPHSIDIKHEG MHR WKH |
(20 VFHQDULR WKH PDUNHW FDQ EH LFRKHDW G X\(H B CEO WRXUXVH RI GH
DQG WKH KLJK K\GURSRZHU FDSB¥LWFHQQUVLRH REOD\3ROLWULD KDV PDC
WKH PDUNHW FDQQRW EH FOHDUHG

325 &RPSDULVRQ RI HOHFWULFLW\ SULFHV
9DOLGDWLRQ

,Q RUGHU WR EH DEOH WR LQWHUSUHW DQG YHULIKLW WHR WIHA\DXD &V L A
FDUULHG RXW LQ DGYDQFH 7DERE RIVKRZY SWKIHFHRPBDWIKH \HDUV
(3(; 6SRW DQG WKH SULFHMG WIODWKBIUHREBEOSEODWP XODWLRQ
WKHUH DUH ODUJHU GHYLDWLRWNH2RIORKRBUBIJH[SODLQHG LQ

&RQFHUQLQJ WKH *HUPDQ SULFH BEWILRWYHRBQW KWWK DM WHRIE®! PDUNHW
PDQ\ HJ 'HQPDUN 3RODQG [PRGBAWHE WHBRIHLMO\$SOWKRXIK WK
ZLWK WKHVH PDUNHWYV DUH PR G MOLGHKS[ ALKQD ®R B H RERA\ YW R HV WX UO\ YR
QRW SULFH HIITHFWV RI WKH YV H X@QRWZ V&DIOH XNODNWHLR QY WR VDK D DY QHLJ!
RI *HUPDQ\ LQ 3RZHU$&( VKRZ WKW W.RMW PR@W IMDBDNERZI (85 0:K IR
DQG $XVWULD LQ WKH \HDUV DW&H FDYEBW KHHWPRIUHFDWHY SULF!
GHULYHG E\ WKH (8 5SHIHUHQFH 6FHOYNURR (XURBXWQ @RAPDOLW\ WKF
ZHUH ORZHU LQ WKHVH \HDUV ZKRIFWKHOKRJIKHID B DGV WRIPFHLW\ SULFF
7KH HUURU EHWZHHQ VLPXODWMGT DIQ/EHKYFWVRW L RDVOWKHU EANVVNY DQG
SULFH ,Q JHQHUDO WKH SULUFHFYPDQWO®DWRRQ GHOX®WWYWVHYKHSW IRU ,

,Q *HUPDQ\ WKLV ZRXOG EH FRY\WHUWLYH\ WKH VWUDWHJILF U
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7KH PDLQ UHDVRQ IRU WKH GMYUDUMLRY QR |L\§ IVGI\UQ\D & K/B\Y WWSWLLFH R
JRQHV LQ WKH PRGHO DV LW HUWIKRUFRDQR QM WHBARONW\H VW ULEWRR QV
DFFRXQW WKDW ZRXOG VKRUWH@®@WHKRQMV/UNE® Q& DWBKWRGKIUHKUHU SUI
+LJKHU SULFHV LQ WKH GLIITHUR QWK IRRHY DYHWDIH WKDG LQW\DKH FDV
DV DQ XQLTXH PDUNHW ]JRQH

7DEOH 3ULFH YDOLGDWLRQ RIRWEBIUIRZIHWIKRO P RZHOS RW Y V6 L\PXFOOOMMAH S USFIHFBEEM H VL F
ERWK 6FHQDULRYV IRU DQG

>(85 0:K@

UHDO VLPXODW UHDO VLPXODWLRQ

& +

( $7

)5

7

381

3ULFH GHYHORSPHQW LQ WKH VFHQDULRYV

JRRNLQJ DW WKH VLPXODWHG ZKRQHMDOUOH SURGBVLDQWMKKH&ED 3ROLFI
YLIXUH LW LV LPPHGLDWHRBV YQV)EDGFW KDUH WRH DU\ EWBRZ WK
PDUNHW DUHDV XQWLO DSSUR] 7KH UHDVRQ IRU WKLYQWVWHKH K
JUDQFH ZKLFK DUH QRW DIIHFWH® ULLE®D WHVS QUFFHNVUERG ¥HMOWKH SU
JUDQFH GXH WR WKHLU ORZ PDOURDRW B G RAMG L XHPDS DFKMWLKN EHWZ
RWKHU PDUNHW DUHDV FDQ RQORZDSUNLFBYRORMHBR P U KWHR/H BULFH Lt
H[FKDQJH WUDGHV ZLWK 6SDLQ DG FR{DIWH B & MR WAKKL FBKHQFK JUL
D KLJKHU SULFH OHYHO DUH PINVGKYLDWLR@HBEWZHRH QDUHQFK DQ
WUDGLQJ FDSDFLWLHV EHWZHH QHVKXE ¥ RHWAHD® 6 R X Q MUWHBIWHIEE ,Q D
FOHDU SRZHU SODQWY DUH EHLWEK H YALICPM KR YUTREF R IGWKHQIQDO\VLV
HQG RI WKH VLPXODWLRQ SHU ISRZ H E 6\ DUDMK HAK 1 DK DIOLHGK MR W K H
PDUNHW DUHDV 7KLV FDQ EH REWHUKHIEGH LRRUBRWKRFFHQRWQIADUGYV S
(20 VFHQDULR ULVH VLJQLILFDQWO\ GXH WR VFDUFLWD 6 0HRH ¥ D.SD ¥ HV
DQG LQFUHDVLQJ FDUERQ FHUWHISHRWHVSIUQ AHKH PREGBOHUD WKH \HD
DUH WKXV RYHU (85 0:K LQ WKKH(2R /GRRDIDQLRHDQW KRZHYHU WKH
IDOOLQJ DIJDLQ EHFDXVH WKHVH SULFHV DJDLQ LQFHQWLYL]H QHZ LG
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Wholesaleprices EOMscenario
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JLIXUH '"HYHORSPHQW Rl WKHULPX 2BRAHEGY BPDUNSHW. FFDVHDR U WKH (20 VFHQDULR

,Q DOO PRGHOOHG PDUNHW DUHDV SULFHV DUH GHYBORSUQFHY DOV
EHORZ WKH RWKHU DUHDV FRQVLGHUWHYVE IGRPHUHQFHADDAGM GXH WR

HIFKDQJH FDSDFLWLHV WR QHLJIJKHERZUWXK WRXQW DLYHD\. \DREJAHH/N\S UR G X
HJ 5(6 VR WKDW LW LV QR ©RQBHHUOSHRWIULIEFO N HLSRWWH ERUWKN SR C
\HDU ,WDO\ JHQHUDWHY LQ DEBYHQ DMKH KRXURRZBLWK IXOO\ XVHG HJ

YJURP WKH SLEFWXUH LV VLPLIOW WARQDVWKIR 50 L3R WIKH (20 VFHQDUL
HQFH WKDW WKH DYHUDJH SU LLF HAK B IDHE VR ODXIW HF QW O\ GOHRYZLHD WHL W Q R |
SULFHV RI WKH GLIITHUHQW VFH@D W@EWLDUH D VR QWKHF B X ¥IHGQBAKW K H L (
65 LQ *HUPDQ\ EHFDXVH WKH SRZHRXS\D BQ WX H PO® NEHWW BIQM L O W
VFHQDULRY DUH DOPRVW WKH VDHW DW K H{ {2-DQDWGILIXMAOS LELHFOR Z W K H
WKH &50 3ROLFLHV VFHQDULRYV )URFA SURGHANUGHY LKORZH VLIQLILFDQ
FXUUHQFH RI VFDUFLW\ FDXVHG\ENQD §DULQ\RXIVLEDHQ@WW PSS DV LQ WKH
SULFHV UHPDLQ ORZHU VHH )IQWUHD SDBXHLWR VX IWMKH .50 3ROLFLHV
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Wholesaleprices CRMPoliciesscenario
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YLIXUH '"HYHORSPHQW RI WKHULPXDBORMGY P DUNSHN FFOHDRU WKH &50 3ROLFLHV VFHQDULR

YRU 6ZLW]JHUODQG WKLV GHYLBWILRQVRRIWK H QD YIHIXDIH SULKH PD[LPX
EHWZHHQ WKH \HDUO\ DYHUDJH SUR. PH\G RV KHK & 502 8 R\FIHRQBIY VFHQD UL

(85 0:K LQ VRPH \HDUV DIWHU H GIZKHUHQEK SULRI FRXUVH\ GXH W
KLJKHU IOH[LEOH FDSDFLWLHRK LU D ® B HCODE® HMDVMD \D QKW L RAHU LTHOH Q H
DOVR SURILW IURP WKH KLJK W @V YDIDAHHEG FB\S D ELOW | WFHOMW RM [HZHU
PDUNHW FDQQRW EH FOHDUHG 7DEOH

WholesalepricesCH
130

120
110

100

(o]
o

— EOM
e CRMPolicies

80

70

Electricityprice [EUR/MWNh]

60

50
2020 2025 2030 2035 2040 2045 2050

Year

J)LIXUH &RPSDULVRQ RI WKH GHOMHORG ZHKRW HRMV DIOKIHPWDLLAN HW PQISDIRLQ W KK L(RE VD DG 6AZK MV &L
3ROLFLHV VFHQDULR
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5HIDUGLQJ WKH SULFHV DQG WKWKADSDFWWU I HYHDREBIPHOOM QW IRU 6
RQH KDQG OHVV ZLOO EH LQYHWMHO® UQRW ISH L&HBHVIBOHFORIXYHR WKDQ L
DQG 6ZLVV K\GURSRZHU RIITHUV HRXYKWHD FMPALOW\HLEY KIDOWVO WKH ZKRO
DOzD\V EH FOHDUHG +RZHYHU RDUWBHWRWWHKH RBQOGKERRRI.QJ FRXC
VFHQDULR GRHV QRW KDYH PDQ\ KW XGR/HIVQQRW. FSU WXIHG PIDVUN ILFLHQW
QLILFDQWO\ KLIJKHU SULFHV +RZHR\WHWYV &B QWG FEXR & XMH3S/ WR LQHIIL
EXW WKLV LV QRW UHOHYDQW ULRUFRBY W] HRW B GVEMFBD XQRU WKO O\ DO
FRXQWULHV
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ODUNHW YDOXH RI WKH 6ZLVVYLYHRIHZDOIEDAHNV DR
VXEVLGLHV

7KH FRVWV RI 5(6 HOHFWULFLW\WRD S DAWKNR\HD DN EHHUIDIW KE E\ KH[LVWLQ
QRORJLHV +RZHYHU WKH H[SDQWRR®Q/ RRB (§DWLREY LMWDORQY SDUW
HQYLURQPHQWDO SHUVSHFWLYH

,Q 6ZLW]HUODQG DV LQ PDQ\ RMWAKHIHBORXYQOWURKBVWKORXWKUE(6 LV VXS
HUQPHQW H J 'HU 6FKZHL]HULV EIQH 96 WEG HVIMDWR G XFWLRQ Rl WKH VX
JHUODQGTV 5(6 LQYHVWRUV UHFHIUHF W L \WE B UWD ® /KK S\SFPLW QDV D FR
YHVWPHQW H[SHQVHV RU IL[HGHFRYWUPWIHRQVHBWHWGIHE AJDRQWDULI
DPRXQW RI \HDUV 1RUPDOO\ RRQ@Y RQB EH \DISISWHE REBWIRQH SURME
SRVVLEOH LQVWUXPHQW GHSHQGY R @ KK M L3 H6 RV FWFIKIQ SORD QIHG LQVV
7KH L7V DUH GLIITHUHQWLDWH GI UPW WG WEBKRROBJ6 HVHQ6ZLW]HUOD
FRPSULVHV VRODU SKRWRYROWRRBVVVEDQ® K\QGG RSHRIHKHUEFADO SRZF
FDOO\ VXSSRUW VFKHPHV DUH LVQRAHU R BSOF\GL RV@R FOIFFFHOW H BRVHR O R J L F
YHVWRUYV

,Q WKH SDVW GHFUHDVLQJ ZKRYOHE/®DH R (B WLKFHH V. KKRHQVHVBDBEOWHHH GHFWULF
PHULW RUGHU HIIHFW 6HQVIX®d AWUERQ SULFUH\GBRGLRRDO SULFHV ¢
7KLY OHDG WR KLIJKHU VXUFKDRDWN RRYWBES RUNGERJLTWY VLQEW JULG
DUH IRUFHG WR VHOO 5(6 RQ W KR ZAROOCHVDAD W R I WNHPW Q@ J MXQGLQJ
I[URP HQG FRQVXPHUYV

,Q -DQXDU\ 6ZLW]HUODQG GHFLSRHBNWIRH UIHA R WDFRQW KR L Q WHHJ U D W H
H[LVWLQJ (QHUJ\ 3URPRWLRQ 5HX@D\DWHLLRRY GQXQJILH W GFHKZHL]HULVF

$PRQJ RWKHU WKLQJV WKHLQB®X®HN H[WHNH® KHRREOLJDWLRQ
*HUPDQ 3 LUHNWYHUPDUNWXQJ FDBDPLKWHN DERWHD @OFBUMBLQ FDSDF
IXWXUH 5(6 HOHFWULFLW)\ ZLODO UEHP RQHUPWIHHE EN POM VL YEK W YWHKH SU
D FRPELQDWLRQ RI WKH ZKROHVDR HF POUNG WHSGLEB BQBPWXP YLD D C

3.31 OHWKRGRORJ\

7KLY QHZ IHHG LQ OHJLVODWLRKD RVB O \EH HWIXKPL (RROORRUGII HBU WKL
HQFH PDUNHW SULFH RU LQ WKADRW®HKE& UP DUWHW DYWD)OXH WIKH WHRQEWH F D
SHULRG OHQJWKYV )LUVW WKHRCWEBQW D OPW WAHLSE BGHSHRQHVKH F X
ODZ 7KHQ IRU WKH WZR VFHQD2OL RWK&5IHBHREOL® LSHIWHPQXP(DUH FDOFXO
\HDUV DQG SHULRGV WKHUHLQ W RHMWKLIH XODXMHG ZKROHMIJHH PICFUNHW
\HDUV DUH XVHG IURP WKH 3RZHWJ{&UODRXODWLRQ IRU 6ZL

7KH IHHG LQ SUHPLXP LV WKH GLTIHDQHEQWH HE t\W FHHHHQWHK P DUNHW SUL
SHULRG VHH )LIJXUH 7KH JX DAJKDQW WHG LLQJYHQWRIHW FDVK IORZV
HYHU WKH JHQHUDWRU FDQ UHFRHGYHQKWDKHLY SFODHQIXHY KRXMVV ZLWK
DERYH WKH )L7 'LUHFW PDUNHWRQJINERWRGHHDBEQWRUBPKLHYH WKFE
H[SDQVLRQ RI 5(6 ZKLOH DW WKH VDRHWVLEOWHQUFWWMDRYQQIKHUHIRUH
JDUGLQJ D KLIJKHU IRUHFDVW TIXQ ZWWRQGKE PDHANHY DQUH LQWHQGH
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Feed-in tariff (FiT)

Rp/&Wh

i =" = |4 — % - Reference market price
Electricity market price =

i % revenues of the electricity

sales

— ~) — ~ >

J)LIXUH 6FKHPDWLF LOOXYV\RQDRN MWMRIQHI RAUHE KLH) FDUHRAXXPW L6 ZQNVIN\HGHW DO 2IILFH RI

&DOFXODWLRQ RI UHIHUHQFH SULFH DQG PDUNHW YDOXH

7KH GHYHORSPHQW RI WKH UHIHWH RFIHWS UIVF ADIQEXE(BWHHDFFRUGLQ.
UHVROXWLRQ LV WKH REVHUYDR/QW® BHWR @S TXREUKVEY R@H BIKLFK WK
FDOFXODWHG 7KH ZKROHVDOH PWUNH\R US WIKAH V LFPIX BD:WE-B®R ZKROH VD C
RI WKH GLIITHUHQW VFHQDULRYV |IVRIPQSKMH URSE& (WIKWHH UXMHGHIQ FH SULFH
KRXUO\ SULFHV DUH PXOWLSOLHG E\ H[RJHQRXV VYURPR( (3 R&GSRIS & (
SURGXFWLRQ IHHG LQ RI WKHH GIH IHWUHQRMH 538 W\ 1P X OTAKL S OVLHGBWAL W K
IRUPV WKH PDUNHW YDOXH IRU WKH VSHFLILF 5(6 W\SH

SD 77¢ 7«-( .ﬁ@ ”lf—... —'6,.
Rep 2ref T—... <8,
(TXDWLRQ ODUNHW YDOXH RIRSY6HIRURD N SIKFOLUMAH SH U L

F7E e b T LR

,Q 6ZLW]JHUODQG WKHUH DUH WZR GLIITHUHQW PHMWHKW® GW RFH DOHFIIDQ G
WKH OHJDO VLWXDWLRQ

$FFRUGLQJ WR WKH UHYLVHGOUHIJKXPH WLR@HAZILVY )BGHBBOMPNDQW I
WKH IHHG LQ SUHPLXP IRU JHQHKBWIHRBUSHIFGWAD DINMK )SOLFN IRU SK
FRUUHVSRQGV WR WKH DYHUDJHGRH PWUH BILW F HYFKBW JRIQ 6V J6HD,Y IRU W
GD\ DKHDG RYHU D TXDUWHU RJGL QHDWR ZMKH KDFAMVX DG FIRKDUWHU KR X
VI\VWHPV PHDVXUHG DFFRUGLQJ WR WKH ORDG FXUYH

JRU WKH RWKHU WHFKQRORJLHVFHVRKRUUHWIRIQGEY WRUWIKM TSXDUWHUO
WKH HOHFWULFLW\ H[FKDQJH IRU WKH IROORZLQJ GD\ °

$FFRUGLQJ WR WKH UHYLVHGOUMJXPH WLRQHEZILVY YAGHEBOHYDQW |1
WKH XQFRYHUHG FRVWV RI HOSPW QWA L WKRA 7 HDRIQDAMHL RBLIKWH G
DFFRUGLQJ WR 6:,66,; %DVH ZLWK KRXUO\ JHQHUDWLRQ WR WKH EDO
(( WDNLQJ LQWR DFFRXQW WKH H[FKDQJH UDWH 3

%DVHG RQ WKH DQDO\WVHG \HDUV DV WWOKHGQRW D® GHOWDLO DYDLODEO
DSSOLHG ZLWK WKH KRXUO\ JH QRHW MWK HRIQQR H WK HIWW W@ IJHBODWHG \V
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JHHG LQ SUHPLXP (LQVSHLVHSUIPLH

7KH SRVLWLYH GLIIHUHQFH EHWHUHQFWKSU)LEFH DQGWWKH HHG LQ SUH
7KH IHHG LQ SUHPLXP LV SDLGGRU MWWKIHKDBWHLWUL P BORIRXVOWR R WK
WKH RZQHU RI WKH 5(6 SRZHU SODQW

SHVXOWYV IRU UHTXLUHG VXSSRUW YROXPHYV

7KH UHIHUHQFH SULFH RI 5(6 EDVHG RQ GDWD IURP (3(; 6BRBMWLRQ L\

6LQFH WKH GDWD RI WKH JHQHEDLWHBQ5 (B F DMKHR WO EHX B LVDJJUHJID\
DYDLODEOH VRXUFHV WKH KLED\RHG FFO®D WD ¥R\ DRI ZHDNKWHG DYH !
DFFRUGLQJ WR 6:,66,; %DVH DQ G ® KR QWPWDER RRNUDFWWUDKBH RIILELD
QRXQFHG LQ WKH 6)2( FROXPQV DEPRULILIQAIHWR 6@HWM\)HGH 'HYLDWL
WR WKH VWDWLF H[FKDQJH UDWH\ DBGOWWN OQ FRIUNGHHG G\DRVRERQLQ D
WKH UHIHUHQFH SULFHV FDOFXGDDMWH®& KH) EZI\EIOH |RUDIKHUWKHU DQDO\
YDOXHV DQG IHHG LQ SUHPLXPV

JRU WKH VLPXODWHG SULFHV WKH RIRGYXPIHSUHLIEHWBQGGDWHKBIDV XPPHG
VRODU ZLQG JHRWKHUPDO DQG ERRPIDWXMHEBP IRZHH $ &S WRYLGHV Wi
FDOFXODWHG UHIHUHQFH SULFH

)RU LQVWDQFH EDVHG RQ WKH FXUUHQW WHQGHUV IRU ZLQG HQHUJ\
ZLWK UHVXOWYV EHWZHHQ DQG &+) 0:K DOGUDWH(D BOKH +
WKH ULVLQJ PDUNHW SULFRVFRYRQH RRWE @D EFRRNEBLQ WWR 7DEOH
PDNLQJ WKH UHTXLUHPHQWXRIOLKXENLGLY DWKHRIR YHUMHDEOH X W
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7DEOH &DOFXODWHG UHIHUHQOH WRUMNHW SHQMH V FHFFRWICR YV 6521 \P\H PHOO/HENDWW KH 16 FH R1 (QF
G SXEOLVKHG YDOXH

3HULRG

>&+) 0:K@ 6)2( 6)2( (20 &50 (20 &50 (20 &50
3ROL 3ROL 3ROL
FLHV FLHV FLHV

-DQXDU\

YHEUXDU\

O0DUFK

VWAXDUWHU
$SULO

0D\

-XQH

Q€4 XDUWHU
-X 0\
$XIXVW
6HSWHP
UG4XDUWHU
2FWREH
1IRYHPEHU
'"HFHPEH
WK4XDUWH U

<HDU

332 $QDO\WLQJ VXSSRUW YROXPHV XRBGRU H[LVWLQJ .(9 VFKHP

,Q WKH OLVW RI DOO .(9 UHF Hil¥HW *6ZVWW IHBHHUW O(@ 1%L FH RI (QHUJ\
DOO SURMHFWYV VXSSRUWHG EQIWMHF.RD W DH QL VQIHRE PDRALVR Q DERXW
RJ\ LQVWDOOHG FDSDFLW)\ JSIIHU BWEN @0 HE WKL EWQ D IQGEH\WE \H D L
WKH FKDQJHV RI WKH VXSSRUW WFWRPMKIHQQZZ WHILO®DQ® ICRQ DQ HJ[ ¢
DSSOLHG WR WKH H[LVWLQJ SURMHFWYV

$W ILUVW FOXVWHUV DUH IRUIPHE& EBYHGDRVL VEMWEEKXWRABRIRTKH FO
6ZLW]HUODQG V UXOHV RQ G L UMW FRIGN MWL REDW WRLLF ISDOMMLRFFGS DW L Q.
UHFHLYLQJ VXEVLG\ IURP RQZDVREY RS SODIRWVREMIK DQ RXWSXW
WKDW DOUHDG\ UHFHLYH D .(9 BOIZXOWY DMVKSBIQ CRXRUSK \R IR | N: R
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QHZO\ LQFOXGHG LQ WKH VXEVLGY PYXWWWHEBLUKIHWHD R8SHODWRKHLROHI OHF
PDUNHW E\ -DQXDU\ DW WKH ®&bMWHN W GRGDRQZIDIUFGIVRI (QHUJ\

W VKRXOG EH QRWHG WKDW WKHUHSODBWIM DIMRWMKWEPRD@ISREFHLY F
ELRPDVV DQG JHRWKHUPDO LQ QWWN VFH@DYMRD/Q\ERYM® O 00\ GLV
RXWSXW LV DVVXPHG 7KHUHIRSWR @®RFELRBUHRFFXHPHQEWWHEHHQ WKH G
RGV LV YLVLEOH ,QOLQH ZLWIKQWSKIH B IHXZP UKFOMX/P MK Bi Ul HD® DHODVH G H [

DQG LQ WKH $SSHQGL[ D FRSSFADQWY ALWEHFDXVH QHZ DQG
SODQWV ! N: PXVW DOZD\V RITHU WKH JHQ®G DWWRI® K& UHDF BADH FDL PW
RI )L7 DV VXSSRUW SD\PHQWYV
.Q WKH PD[LPXP ZKROHVDOH SULFH ZDV &+W0:K DFF W

(85 0:K H[FKDQJH DFFRUGLQH WRIFPEREBRJ\ ZLMVK WKH ORZHVW )|
YROWDLFV ZLWK &+) 0:K & HVNRIKQ WHKHI BKRGEHVDOH PDUNHW Z}t

&+) 0:K LQ PRUH WKDQ KRXWRWKHKH WHFKIQWRRJIJLHY DUH HYHQ KL
Rl VRODU SRZHU 7KHUHIRUH [EFWVADRIEFL VKWHPW PG UNKIDNV. QD WKH GLII
DQG UHIHUHQFH SULFH LV SRVH®UWH K@ BHHKIORPO RQ LIHG'PRNW DO O K

BURGXFWLRQ DQG IXQGLQJ YROXMHBWHUDKFRUGER JRW RQ 61ULIN V E DV
PDUNHW YDOXHY DQG IHHG LQ SDWHIRPGXFPY WKH EDAB¥FKQWWIEBCGPEHWKRGRO
GLVDJJUHIJDWHG UHIHUHQFH SVWIDRHY 1BBEOGL | | FMKHRQW SHUAIRGGPM DO XHYV
I UDPH

7DEOH IXQGLQJ YROXPHV IRU 5(6 SRBWMFLIDDIQWY: ZBWRAXFWLRQ DQG WWGHEMLIZY RURFFH ZRIV \
(QHUJ\ E ([ SRVW PDUNHW YDOXSRIW EDVIDQ ®QHFG LQ SUHPLRP Q\WDEDNIMG RS ULEH DFFR
WR 7DEOH

7HFKQRORJ\ 3URGXFW/IRRMQD O )L753DAXOWLQOMIWNHW YDBBPKWFXODWHG
> K@ PHQWYV HUDJH pl&+) PLOOLREGW@ LQ SUH
>&+) PLOOLRQ@W® 0:K@ PLXP
>&+) PLOOLRQV@

6RODU
6PDOO K\GUR
'LQG
%LRPDVV

6 XP

7DEOH VKRZV WKH FRPSOHWH IXQGPROOMRRIXMRWRDR+)XQGLQJ YROX
SD\PHQWYV DFFRUGLQJ WR 6ZLVV )HGHUDO 2IILFH RI (QHUJ\ E &+
YLD WKH PDUNHW EDVHG RQ DQ 7IX®IQE DIOHW HIGIFH @ FIRV BHWHOHWRWDO )1
PDUNHW YDOXH PDNHV XS &+) EHPEROHMBBGDQICDKWMKHMRIHG LQ SUHPL
WLYH VXSSRUW VFKHPH ,I WKH WLPH UHVROXWLRQ RI WKMPHDOFXOTC
ZHLJKWHG UHIHUHQFH SULFH DQRX TXBUHWHUFRQE P BWRKEERWRJI\ DERY
VXOWV DUH REWDLQHG )RU L QARMDDX® FHL QFKUHH BMRIAVDW REGGELQIPLOOL R (
WHUO\ UHIHUHQFH SULFHVY FRPSDRABGRDLWE B@RXDO DLV 7KH IXQ(
PRQWKO\ EDVLV LQFUHDVHV IXQWXQDORBRXA)O\ WR MKH. RHDU LV  WKH
IRU WKH \HDU LQ WKH $SSHQGL]
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,Q RUGHU WR VHH LQQHU \HDU @HYRORBRHODX\D BWWHB\IRQGLD PRQWKC
NHW YDOXH DQG IHHG LQ SUHPVXWHOUH) FIDEPXODWHEODYE WA\ DQG 7I

7TDEOH IXQGLQJ YROXPHV IRALW(6 > ®FDISD FLOD\QWVO0: )HHG LERG@GWHPXRBBWMUWEDVHGIUDJIH
DFFRUGLQJ WR 7DEOH DQG WKH )L7V RI 7DEOH

6RODU 6PDOO K\GUR 'LQG %LRPDVYV

4 SURGXFWLRC

ODUNHW 9DOXH
4 >&+) PLOOLRQV@

JHHG LQ SUH
4 >&+) PLOOLR

4 SBURGXFWLRQ >*:K@

ODUNHW 9DO
4 >&+) PLOOLR

JHHG LQ SUHPLXP
4 >&+) PLOOLRQV@

4 BURGXFWLRC

ODUNHW 9DOXH
4 >&+) PLOOLRQV@

YHHG LQ SUH
4 >&+) PLOOLR

4 BURGXFWLRQ >*:K@

ODUNHW 9DO
4 >&+) PLOOLR

JHHG LQ SUHPLXP
4 >&+) PLOOLRQV@

7RWDO PDUN
LQ

>&+) PLOOLR
7RWDO IHHG LQ SUH
PLXP LQ

>&+) PLOOLRQV@

'XH WR URXQGLQJ LOQDFFXUDFQRW RRUHUW RSFDEG YWD[OXMANO GR R W\KHDOXHD/JIJUHIDWHG TXDUWH
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333 6XSSRUW YROXPHV IRU WKH DQBEPWHHG I X WEKQBIWHRDW Y QG VHO

,Q RUGHU WR HVWLPDWH URXJKONWEHQIH FXORSBMQW RI BUHWHW D\
FDQ EH DVVXPHG WKDW WKH )IQ7 VZKB OQ AR Q WX QXK HV RE XDVO W KV ZR X O !
VXPSWLRQV KHQFH WKH )L7 KDYH HEGIW @ HYR|6 Y OPRZ Y K® FREOMH 7KH
WKH DPRXQW RI IXQGLQJ EDVHG RQ WKH H[LVWLQJ VLWXDWLRQ LQ RU
7KH GLIIHUHQW WHFKQRORJ\ GHOH@EWHW )L7R/XD UMW KKK BLUQAH GHYHOF
GLIIHUHQW VFHQDULRYV RI 6HFWLRQFH BWH FHAH G UBKWDINHQ DJIDLQ U

7KH IROORZLQJ DQDO\VHV DUH FIDVHGEG \RHU WK VXDWRUHQWLADWLRQ RI1
WKH IXQGLQJ YROXPHV VLQFH QRPH&EVW GHJUHVVLRQ LV DV

7DEOH OLQLPDO )L7 IURP RRQ 2HDW 6 VKZ HE RUGLLVGFKW % XQGHVUDW
>&+) 0:K@ )L7 SHU WHFKQRORJ\
%LRPDVV

*HRWKHUPDO
6PDOO K\GUR
6RODU

'LQG

$V D ILUVW VWHS WKH VXSSRUWDYRD WHHF KQ R CFRDJQ HXODHNWHHGR G\ V XS S
)L7 7KHUHIRUH 7DEOH VKRZV WKH PD[LPXP IXQGHQH G ROWRRXWK B
PDUNHWLQJ 7KLV FDQ EH VHHWKMHVWAXE S XSS HQYJOLRPOXWPIHRUI LWLIMWHDV V)
SULFHV ZLOO RFFXU

7TDEOH )XQGLQJ YROXPHV LI RQMR WKH YDW BDFRRUGEQH VIZGOOHEBHWSDAKQREB®RIQBVFRQ

>&+) PLOOLRQV@
%LRPDVV
*HRWKHUPDO

+\GUR
6RODU
'LQG
6 XP

7R LVRODWH WKH WHFKQRORJGH VY MFRAD WDEJHNGW L Y JP RWKWA IWHRIFEOHQ FH P
JLYH D ILUVW LQGLFDWLRQ HSSUWRFRIQUDVHVKHEBM HH WHG@F)L7 XYW ZR X(
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WR VHOO WKH HOHFWULFLW\DGENHW W Q \VDRH V8 B B HZK®RIJ H ¢ B R\MI HHRJGI Q WD C
FDOFXODWHG YDOXHV IRU IHHG LBRTUWRYXIPYDEODXMHEH QRBXEBWH WKDW
FROWLQXHV WR EH WKH SUHIHUDEOH RSWLERFWHRDWNNW LYQQOXWH Y RO}
JHRXV DQG QR IHHG LQ SUHPLXW®WHVNKWHROARIILHY | RIUWKHEHURPYWKH FX
LQ 6ZLW]HUODQG D JXDUDQWHMHXRPLVY FRKUHPHKHVINMG QQ BBGMDQWDJIHR)
RI WHFKQRORJLHV LQ IXWXUHRRYDVWFIKURKN B\GIZRISFHBEWEODQWYV

7TDEOH VKRZV WKH PDUNHW YD QRHXYVILRU WKH RRZHRHBQDYVSRW PDUNI

\HDUYV DQG 7TDEOH VEKRD XMHWHIRDUWNKIMWW &50 3ROLFLHV VFHQ
WKH WZR VFHQDULRY WKH PDURXWOYRZOWHK WIKVHHF DUNPKWY VEDQEHHY 7K
DQG WKH (20 VFHQDULR LPHBWLYDOXHEARD XPLHIWKH ZKROHVDOF

DUH ORZHU +RZHYHU LQ ODWH&S5OHDRIGVLFHLHY KDYHVBHORZHU PDUNHMW
5(6V GXH WR WKH ORZHU DYHUD S ZKHROHVDOH HOHFWULFLW\

7TDEOH <HDUO\ PDUNHW YDOXHV IRU WKH (20 VFHQDULR

>&+) PLOOLRQV®@ ODUNHW YDOXHYV (20
<HDU %LRPI *HRWKH 6PDOO kK 6RQ 'LQG

,Q FRQWUDVW WR ELRPDVV JHBRAKHWPLD/O LV REDQUW DQGOX LVGW/QW KW LY |
WR RITHU WKH JHQHUDWHG YRODXPW RJIKHOMHFFWNHWLWQ G\LUQGFMWKH VFHC
K\GURSRZHU SODQWY UHFHLYH IDGIG\ LYHHIBPENRG GG LXWI®RQ

7DEOH <HDUO\ PDUNHW YDOXHN\F HRW WKHIRBOWKRID GRILHWHQW \HDUV
>&+) PLOOLRQV@ ODUNHW YDOXHV &50 3ROLFLHYV
<HDU %LRPI *HRWKH 6PDOO k 6RO LQG

7KH WRWDO IXQGLQJ YROXPH LQ FI\EHG RQZWKH VEOARODWRNG DQG WK
PDUNHW SULFHV RULJLQDWLQJ |URFXCRZMQYWE)LEDRMWGWKG WHKDUV [URF
7DEOH JRU WKLV SXUSRVHFIMWKHSPDKRIB HDVORMXBOWHEWUHG SER WKH
GXFWLRQ TXDQWLWLHV 7KH G LD H3 MWEMHH UBH WZ H@ DHWKUH. FH7 7DEOH
ODWHG WR GHWHUPLQH DQ\ IHHGLRQ BKHPIXNPG )AL CRHOWKPHPEHU 0:K W
YROXPH ZDV GLYLGHG E\ WKH WRWDO YROXPH IHG LQWR KW K/ \D/QVH P
DQQXDO RU PRQWKO\ HYDOXDWLBQHZLQY KWK HJPSISHQYRL]IDEOH
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7TDEOH JHHG LQ SUHPLXP IXQGARHQVYRQRN HWQIRHWUER WKDUWHUO\ UHIHUHQFH SULFH
&50 3ROL &50 3ROL &50 3ROL
(20 FLHy (20 FLHy (20 FLHV

)XQGLQJ YF
>&+) PLOOL
6SHFLILF IX

YROXPH
>&+) 0:K@

7KH WRWDO IXQGLQJ YROXPH L §FRDHONMNEY E\QWERMKWURRHIIDWLSFD Q VLR Q
WR WKLV GHYHORSPHQW WKH IX@GIDYHYRDXPWBHLQO0:K GHEPSDUHG
LQFUHDVHV XQWLO 7KH LQLWLDO GHFUHDXWHWR RWPKWKH. VHRU\SULF
ZKROHVDOH PDUNHW DQG WKX\VSDDMRYWRKUE X LIQD YWHHDHQHOPMLY H HIIH
YROXPH $OWKRXJK WKH IHHG L SRIUX RIGVDQLG/ W IGKW LW K BV RRPIRK QW R
WR EH IXQGHG WKH HIIHFW RI VHGEXH MGRIHHH UG GRHHBUXFH LQFUHD)
WZHHQ DQG YJLIXUH W& AUHDMHDL @ WWKRQS3(6 H[SDQVLRQ HYV
SRZHU

7KH LQFUHDVH LQ WKH IXQGLQJHROXPE SWD O VKR D BEYNWOW BRVB GLVS
LQ WKH IHHG LQ YROXPH IURP SULWR LV QRKAL OHWLRH WR WKHRWDPH H|
WLRQDOLW\ OHDGY WR DQ LQRUBBVHIR WKH IXQGLQJ YROXP

mEOM
m CRMPolicies

2020 2030 2050
Year

Funding CHF/MWh]
P RN N W W
g ©o o0 o U1 O O

o

J)LIXUH '"HYHORSPHQW RI WKH IKQGWXJDY ROXPW FWHO\ (UHIHUH @D BUL K MNWKEH VBKHHUHQW 7V E
LRV
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&ULWLFDO UHIOHFWLRQ

7KH DVVXPSWLRQV DQG LQSXW G DWDQIVIVXIP WG ERIb VWK MW R FP®HM R U X QF
WKH GHYHORSPHQW RI GHPDQG UNMKHLFDMWHIY DR ARHERSUEFHY IRU J
VXEMHFW WR XQFHUWDLQW)\ 1R{ WDHYLLODEDAEHD HP DRUN B WV LEBIWKIRBL]RQ X S
LFDO GHYHORSPHQWY DQG WUH®GNVHVQ BRWKUFEQPB@WWRERQRMQG 5
WDNHQ LQWR DFFRXQW WR D ORGWHGV K AW HERD DIWEY D WHL YDR/OAX

7TKH GHYHORSPHQW RI WKH GHPDQG& K HMBIPDQ\GH WSAR WVHK @ WLLFDPGA\G ZD W H O
GHSHQGV RQ IXWXUH HFRQRPLF BRBOMWHFR Y FGIRID PYORQHW KB D WWUD I
LQJ WKH WHFKQRORJLHVY RQ WKH PDUNHWYV

,Q DGGLWLRQ VLPSOLILFDWLR®R@HH R AWHADWD W KIHQ FIRPEBIO\HH GW\ R \
UHPDLQV PDQDJHDEOH ZLWK DYDKEOPEOHI IFORSXRMQAVWQ L G RZKIHU PRGHOV
RWKHUYV

" FRQVLGHUDWLRQ RI RQH ZHDWKHU \HDU
" QR LQWUDGD\ PDUNHW

" QR KHGJLQJ WUDQVDFWLRQV DQG

" QR HPHUJHQF\ SRZHU FDSDFLW\

3RZHU$&( LQFRUSRUDWHV VLPSOSIREGUFKREE Q@HNGVRHI WDIVQBQ O\ WK H
WKH IRUP RI D ORZHU HIILFLH@FFRXQWHHQ WDNHQ LQWR

YXUWKHU VLPSOLILFDWLRQV KD WHR BWKH HFPOMSAHNV LW R QJ BUDG G KB\ GRP +
QRW PRGHOOHG QHLWKHU D WHWKH W/WIDEXWPLLR @ LIRIQ @ R b DD WERE O\ W k
LWLHV DUH FRQVLGHUHG E\ XVL§@WKEW QXMWY G7TRRQ AHDMLRQY ZLWKI
GLVWXUEDQFHV LQ WKH JULG DWW K¥D \PHDQ $Q PARDIF ERXRWMY E@W HJ R O H
KLJK IHHG LQ SHULRG RI 5(6 HQHWUGLER WWR PHIQHFG \Z IPFRKJG OHDG WR |
VR WKDW RWKHU SRZHU SODQWY KDYH WR JHQH WD VZHWAR G WIKMHIL\A YWR
FRVWV B5HGLVSDWFK PHDVXUHWRUY QWWGLQ WKH IRFXV RI

,Q WKH PRGHOOHG &50 PRGXOHV \DRPWREY PO\GHP SWLQEGVQRW DOO G
DYDLODEOH IRU DOO PDUNHWUBISBDDWMR QY KH WKPW RWWEWH SRW H[DPS
QRW GLIIHUHQWLDWH LQ WKH ZHHQRKKFDB B G LW \P B G NSHDW VB HHHWWURHD D U C
RU FRQVXPHU GHPDQG FXUYH SDWWHWQF¥L $OUVWRQURIRIRH HW K® SRZHU
QHJOHFWHG +RZHYHU LQ WKH J)UHQFK PHFKDQLVP HQW U ACHKUGHGS LC
WKH VHFXULW\ PDUJLQ

8QFHUWDLQWLHY DOVR SHUVL\HW BLDMKD U R K B ULG) MO MQKAHH ZRH DWVKKH Z H D\
DQG FRQVXPSWLRQ Rl HOHFWULFRWYLQVWRQNHGBAUPE G\REHIK K\GURSHF
WDLFV DUH GLUHFWO\ GHSHQGHQRRRY HDKWHL RODW KSHREZ D@ G BIYBIW V F D C
ZHDWKHU 5HJXODWLRQV ZLWK PBIPPXE WRWHLY WUHPSNBDW XRIWH PD\ D
GHSHQGLQJ RQ WKH ZHDWKHU &RRDYH EW LRQ B B GS R/ARH U HSSOMFGIWWK H L U
GRZQ GXH WR H[FHVVLYH SURGXFWLRQ RI 5(6

7HPSHUDWXUH VHQVLWLYH GHPDQG IRU HOHFWULFLWE\ MAKSHEHD /& HL
SURILOH RI JRU LQVWDQFH W\R DWHKRRBVH\D DUHWKRHIIW HG E\ HOH
WHPV RU KHDW SXPSV LQGXVWU\HD@EGYBUPDRHY SIKRWHQFY LQ FR

7KLV PHDQV WKHUH LV D VIWUIRRY BHWEZWH QHGFHRDQIEODQG ZHDWK
WR D PLQRU H[WHQW LQ RWKHQ BRGHOD® GWOH BRWD SHRM O(I8V DQG V
ZHUH VHW H[RJHQRXVO\ EDVHG RQ WKH \HDU
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,Q VRPH VFHQDULRV RI IXWXUH GHRXQRBSREQWLEDIWB D RIEVHYHUDO
PHGLDWH \HDUV DUH WKHUHIRQHSOLQRDSOM L YWH WDIRQDWHIA) 3RZHU
LQ FRQYHQWLRQDO SRZHU SODQWWOS5 (BURP HVWID NHF® (DR LIRYR )RU WK
DJHQWYV UHO\ RQ UHIHUHQFH WHFR@RO®RHGHRAFOHVSWRXHBLRBIVQWYV KD
ILUHG SRZHU SODQWYV

YRU WKLV DQDO\VLV VWRUDJH B9 MAIMLROW RVBBHFLRDO\QIRW EHHQ FR
LQ 6ZLW]HUODQG 3URJQRV $* D GB\RHH[\E M@ERWAL R® RUVIDGBHUR VWRUD JH
WKHUPRUH LQ WKH UHJUHVVLRH PRONG QRO CMRHDBHQREFJUD W LR Q
HITHFWV DUH QHJOHFWHG

7KHVH VLPSOLILFDWLRQV OHD/G PXR XWE R Q WHMXWOMHW & HUBIHR B R WW K
SURMHFWLRQV IRU UHDOLW)\ L® MMKHHVHOQHWWHRRREHYVHDPWDRY FDQ
XQFHUWDLQWLHV (YHQ WKH VRHIXNWHKRHG DDV YORIHN Y. R DM HFQG WK Q F H U V
UDWKHU WR FRPSDUH GLITHUHQW WK HXD LHWRH G WY BORSPHOMRQY LQ R
HYDOXDWH RSWLRQV IRU DFWLRQ 9R%
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,QWHUPHGLDWH FRQFOXVLRQV

,Q WKLV VHFWLRQ FKDQJHV LQLWKHJPDQKEHW QHVKER RUI6QJ BEXQW UL
WKHLU HITHFWV RQ WKH 6ZLVQYYH®MWRLWDWFHGVL @ DMZNRHWF BQBBESRVW7KH |
RQ LQVWDOOHG FDSDFLW\ DQG PWKM HW RIOUH\VFHOH KO MAKAHWIPRWAH W K H
VFHQDULRY RQ WKH SURPRWLRQ MBOXPH RI 5(6 DUH H[DPLQ

$V VKRZQ LQ WKH VFHQDULRVI WKH EIORIGMAWLE HWADSINHWM\VGRSHQG RQ
WULHV 7KLV OHDGV WR GLIINUHQ®RWXY MFWE®B QMR \DF MK IRVE®DOO D
SDFLWLHV LV ORZHU LQ WKH &WE& 3 RBA@LVVHRDWRHW BDR WH/O\ R KLJIKF
QHLJKERXULQJ FRXQWULHV 7KLVUPRDQYVWEDSH 6BLHQ)\W UR® @G LIJKER)
DOWKRXJK LW FDQQRW LQIOXHQ@FW KR-DUHN HVR GHWHU QLGHB DWIRR Y X U Q H G
ZKROHVDOH PDUNHW LQ FRQW UMW MHRY WKIHQ VE K FROMH@®IHIEE) LFR DO O
ZLWKRXW &50 LQ HDFK WLPH VKRDSI K7 WLKH B H DLQYYVDW® KLDQV ODXWQ FRIQR Q S U L
DGHTXDF\ LV QRW DIIHFWHG E\ RDQ N HWK BRXYULUQJIFKMQQIW V LLHV

7KH RSHUDWLRQDO SURILWD E LPDLVQ\OR IGAZI WY B\RRBOUSSOP\BHYHORS P H
PRUH IHDVLEOH LQ WKH (20 VFH QLR MAK D ©HLQD WIKRH ®50VBKH (20 VFH
KLIKHU ZKROHVDOH SULFHV +RZHY RU KXGWRSRZBILL QWODFRPRVW (85
LQFUHDVH LQ HOHFWULFLW)\ ZK@OH\(®®DH:RUILFHY WRG EUHRWE LQ ERW
LRV LW LV YHU\ OLNHO\ WKDUM\WURXUW PEDMYWHPVHOWWY BORIWKBEOH |
&50 SROLFLHV LQ WKH QHLJKERXUHQY R XIGU WH\H )REWWKKDW JHQH
HQVXUHG LQ WKH LQYHVWLJDWWE&HVEHIQDUPRVNB VFKDHIH ®ILYV FXUUHC

7DNLQJ LQWR DFFRXQW WKH VX5($RLUWG WFKH FLH) RUNDIMLQORWPDUNHW SU
WKH VXSSRUW YROXPH FDQ EH RERBEMYHG LLQ@ WHKHH FOLRQW MUHRUP DQ LQF
VXEVLG\ YROXPH FDQ EH H[SHFWHGHGXH WIR5\WKADWBWERWIHW LQ SDU
SRZHU

$ SRVVLEOH UHGXFWLRQ Rl IHHGFKOQHSHBPEXPVOPRXQJG) LEZH ®XH WR ID
FRVWV 7KHUHIRUH WKH )L7 IRG @HZOLQWWM DB OB WIKRHQ & HFFR)XH DWKLH) J F R
LQWURGXFWLRQ RI 5(6 DXFWLRQ\HUPWD QO UG RG\GUHHDW R VRIEBWID L) PRUH
UHTXHVWHG IHHG LQ SUHPLXP EWVHR B LSOO DWW HR® FRDQJIHV Z
OLPLW WKH RYHUDOO 5(6 IXQORQEHYRBDXRHY HIGQWE&DW MWK H IXQGLQJ YI
ORZHU LQ WKH (20 VFHQDULR GBS IWR WK® WKH HAD MFHIQWDWLR FRPSD
3ROLFLHV VFHQDULR



PALL S(HERRER INSTITUT
\ —]

Karlsruhe Institute of Technology

SURILWDELOLW\ RI K\GURSRZHW LQ

2YHUYLHZ DQG VFRSH RI SURILWDELOLW\ DVVHV\

&RPSOHPHQWDU\ WR WKH DJHQW EDYHGHPRGRI@OLYK D SIIRRDWBRELOL\
SRZHU LV HYDOXDWHG ZLWK DQUR®GGE KWENRQD Q@ P RV&EHOHDQ QB WILSEEF L W\ S 1
DJHQW EDVHG PRGHOOLQJ 7KHNVVPBPREIDRLWKH DYVRIRGOEREZ® L

X

(YDOXDWLRQ RI FRPSHWLWLYHQHWRRRHAIHLY WHRBRW RU LAZIMWK\GWYV V
SDELOLW\ XQGHU WKH GLIIHUHQWH DAHN HQW H M WLRIIDWH WKH &50 3
(20 VFHQDULRY DV GHILQHG LQ 6HRINLRRU WEKKHSWRUWLMABVELOL W\
\HDUV DQG WR EH LQ OL®H WKWKSWHKHLBRD OANWEWLRQ

ORGHOOLQJ RI GLVSDWFK GHFLVLRR XKQIALHW VG DIQKU KM Q &@HIUQ VAV R
SULFHW DSSO\ DQ H[SHULPHQWDO L QEREFKWEDN PR RIQOVOW R B KIDS/S
WKHRU\ ,QGHHG WKLV PRGHODQ M PCBLISALRD ¥V R MOWIRZY RRG LV SD!
SURGXFWLRQ DQG IRU SXPSLQJI BAVRRKBEBUWGFBENA I LIQOORYALY LW\

,QYHVWLJDWLRQ RI VHYHUDO SRZI50GIODQMM RBELDWIULRYDR®WRI
NHW UHYHQXH LQ WKH &50 3ROLERHMODWQIGHWKEBEUY0 VFBEQOU DU
DWHG IRU GLIITHUHQW W\SHV RQW\GURSRZHU FRQILJXUDWLR

O9DOXDWLRQ RI HILVWLQJ SODQWWHRD SHRIRDW RLQODKWXPSXHG VW
RU VHYHUDO LQWHUFRQQHFWHG RIHWVWHILLF®IOU K\GH R$RZEB0 88WQW
WLRQV SRVVLELOLW\ RI UH S DJUHIPMH WO DPW ERQ HRXY BMW BHRVGVW K
IROORZLQJ FRQILIJXUDWLRQV

o $JIJUHIDWHG GDP K\GURSRZHU 6ZLW]JHUODQGVZ3OMKQWMORZ
o 3XPSHG VWRUDJH SODQW 7\SRORJRSBHYWWVRE® " VKRUW WH
o $JJUHIJDWHG SXPSHG VWRUDJH (REIMUJBWORQG VKRUW WHUF
o 3XPSHG VWRUDJH SODQW 7\SRORO\ YDULWWQRQWVHH" \HD

o 6\WWHP RI UHVHUYRLUV :[JLWDOHUBWRBHHQXNSHADMWRUDJIH

7KH UDQJH RI FRQILIXUDWLRQ FRIUWQUHVERRGW V. QV R/ PHUPRGHCOR!| P
LQ WKH VFHQDULRYV IRU WKH IXWXKHFKHDOOWRZVY DGEQWLI\LQJ WI
NH\ IDFWRUV IRU WKH FKDQJHKER IDFHMLROUIWLR@PMX & BHRWMKWM &FHYHO
WKH HOHFWULFLW\ SULFH LQ W®&SXW HODRIER¥ WEBRYLGHG DV

6HFRQGDU\ DQFLOODU\ VHUYLFH FRQWURO UHVRQDWL BR HDW Q HY
'KLOH WKH DJHQW EDVHG DQDO\SURYWRRO HEHFUNL RQ O\ FBQHF W |
GRHV QRW FRYHU DQFLOODU\ PDUNHW SULFHW IRQWOW KIHQFRO R P \|
NHW SULFHV IRU UHVHUYH SRZRSSRWAV & & MWHUPRQW EEQRWHEHLQJ
IXOO\ IRU WKH HQHUJ\ RQO\ PP WNKHHVVBIQGLWR IRRFW KB T62W ,Q W
HYDOXDWH WKLV UHODWLRQ D@GIRH WHRYVGHYDFORIVUFHERXQ D
FDVH RI D VIVWHP RI UHVHUYRLVW LZA-D 9WRR QGHGBQWR ROQD @ H[S}
LQFUHDVH WDNLQJ LQWR DFFRX®WJIW RID Q\HBXEMWH R Q LRQGMISH Q G
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HQW UHLPEXUVHPHQWY IRU WKHs VM HU DIOFFH ODRDWHN SVKLIFW W BBRQQ R
O\WHG LQ WKH UHVHDUFK FRPPKQUWVO DYJRW MURGDFHODRKL RV UH V)
GHJUHH RI XQFHUWDLQW\

7KH VFRSH RI WKH SURMHFW GREGNZQRW IHMYPRPASDVV WKH IRO

X

7KH VLIH RI WKH IXWXUH DQFHYDOXD \® B GNGXH FDR) /KW BHPLWHG
EDVHG PRGHO 7KH VL]H GHWHUFLG@HY W 8 H LVHNVU RUVD\QWRQ@XOHD U\ \
VRQV ZKHUH DJJUHJDWHG K\GURSRHEARBHO WDXFRKD EHONW\ HV STHF L D ¢
ORQJ WHUP VFHQDULRY FDQQRW BWHKHY POXEW H® \M HOUA WON GENU R P
SURSRUWLRQDOO\

7KH SXUSRVH RI WKH K\GURSRZH\WRIRBXWVYMGE JDQDHO POLWNIHW G\ QD
GHSHQGHQFLHV LQ UHYHQXHV RIJKNGFURGRHEH U5 B 0DIORD MV X RIXR) H
WLRQV 7KH PRGHO DSSOLHG W KMHIRUIB W RERWV SRR UD\G HR SIRIZ H
DFWXDO K\GURSRZHU SODQW FRQZLWUDRELARLFD WILRQV RIQYW B WO
DQG SURILWDELOLW\ )RU LQVWDQFH ZDWHU IORZ GXHHWR HQYL
HUDOO\ WKH UHVHDUFK PRGHOWHVZQR\W ERQWMHHUEFH® OVR IFRPISHD G
ZDUH +HQFH DOO SUHVHQWH® G RAXEONAV VD WHR LIRSG. F O WDLLYPH. VD D W
QXPEHUV RI UHDO ZRUOG SURRZWDEL@MDR@W R IVEBDO ERIUGIBUSYHG
DQG WKH PDLQ IRFXV Rl WKH DQKHOBM QW R VFS UL MUHWRWR R UHOD
PDUNHW UHYHQXHV RYHU WLPH DQG RYHU VFHQDULRYV
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6WDWLVWLFV RI 6ZLVV VWRUHG K\GURSRZHU

5HOLDEOH SXEOLFDOO\ DYDLODEIOWHWWRDWGE RIGURI RSHUDQY L6ZFQW]HUC
PROQWKO\ VWDWLVWLFV I[URP WKH \HDUO\ 6ZLMWMH(RHFWRUEEWO GWBW® XK
WHUQ RI VWRUHG K\GURSRZHU QQLIXIWMHIHUODQG LV VKRZQ L

Stored Hydropower Production & Electricity Price, Switzerland

=
=

60 5 ~s—Production
2 ——Price (mean)

GWh/month

- = Price {Q85)

JLIXUH nk +LVWRULFDO PRQWKOG BRISRZHUNILR @ RIWWRBOBGG  BHMR GXFRGRRWAIRQK SKRYWV V X
WUDFWHG 'D\ DKHDG 6ZLVV HOHFWLQFiH WD SHUW B BHHRSI RYHU PRQW QW 6@\ HOXIBDRWALIOAH. W1 BELFF
6RXUFH 6ZLVV (OHFWULFLW\ 6M/DMW)HVGWILAYVO R KIKERE (@HUJ\ \WB GIKWBWRMGFDO PDUNH

JLIXUH VKRZV DOVR WKH PRQW&KILVRHDQHRMWW KFHLMRXSUQAFH DQG WKF
SHUFHQWLOH RI WKH SULFH RYHU WKHQPR@WKNH\ HBBRVWRQPHQW W
VWRUHG K\GURSRZHU LV PDLQQ\SW UE BLYH WHKD BA K\ J & ILFEXWOU G LKQI K S+
WR )LIXUH VXFK SULFH SHDNMG RRIWH® DSWH. ZHW KVEFKUDKDW WKH P
FLHQW WR EH FRQVLGHUHG 7KISRWWHU DQRKD@JEURGHFWKRQ@BPDUV V
UHDVRQV IRU H[DPSOH FKDQJLQJ LQIORZ DG BBUNUBWREULEBYLRQ G
LQ HOHFWULFLW)\ VXSSO\ GRPHMMIF@IH®BE & X FIDEHWRID SO BIQW RBWDJIHV
LPSDFW RQ SULFHV $ GLVWLQBUN LWV FBWQ MUKH ROCHUXWERE LHIORZ FL
LQFUHDVHYV LQ VSULQJ UHODW I$8HQ O G UDQ/GV MAKOHOUCH | ROUDHU KK HHD Y DL O
LQFUHDVHVY GRPHVWLFDOO\ DRI DIEURDZG WK KD FWKWLVFWWG S ULFH L
FUHDVLQJ 6WRUHG K\GURSRZHUJEURGXXRRIRD DYXLZKQWBUKZKHUHDYV
DXWXPQ KDYH VOLJKWO\ ORZH KIS IPRREQXWK\O\RQRITGEDOAWRU7ZRIREKH W XU
W QHYHU VXUSDVVHV LQ HDIFKHWIDDWRQRR U D /& XD\GIOWUY 7DEOH
DOVR WKDW WKH LQIORZ YD UK IVEIDO/IRA)\ FEDXQV BHKKIL SK U @ GIQBP ORI LDE|
+HQFH WKH YDULDELOLW)\ RI WHH QOWRIUDLQPKQREZ RRAVLWWN IMMDVRQ
FDQ EH WDPHG E\ VWRUHG K\GUR SIRZWR DZ¥XOE KKK\DOA IORZHHGY DULD WL |
DQQXDOO\ WKDQ PRQWKO\
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7TDEOH It OHDQ DQG VWDQGDUGUGHWWRWULRQ@ RIGQURB®R 2B BWR RV ¥ LSNUKRFRGHF W X B §/ UDUFRVGIQRWSDRRS

DQG RI QDWXUDO ZDWHU LQIORZnSHIJ wiHDR \VGROQVDQ G& 58D AHWUD WWRXP SW hR @ : | RBX PRIDE IHDIFLF L H C
IRU WKH QDWXUDO LQIORZ FDOFXODWLRQ Kk rrp

6HDVRQ /RDG IDFWRU 9DU 1DWXUDO LQIORZ >7:K@ 9DUL
-DQ )HE 0DU nn |“Is [ klm “ or
$SU 0D\ -XQ mm |“ |k ron *“Is
-X0O $XJ 6HS mt |[“ t s on “ t
2FW 1RY 'HF mq |“ s miok “ Iq
$QQXDO mg “ q It mr “| g

Storage, Inflow, Production & Pumping, Switzerland

———Storage

Inflow

=~ Production (net)

—— Capacity

g
Pumping (GWh/month)

===Pumps

Jan 2010
Apr 2012 4
Jul 2012 4
Oct 2012 1
Jan 2013 4
Apr 2013 q
Jul 2013 4
Oct 2013 1
Jan2014 1
Apr 2014 4
Jul 2014 4
Dct 2014
Jan 2015
Jan 2016
Jul 2016 1
Oct 2016 4
Jan 2017 1
Apr2017 4
Jul 2017 4

JLIXUH nl +LVWRULFDO PRQWRQ\ VMR SR PISLQH R | SWWRREXHF® IK\G URSR 2 H B AXQF WVAIRQ] HUOIRYY S
GXFWLRQ ZLWK SXPSLQJ GHPDQGQAUVRYEYWVWRWIBDGH FDOSDAFLWA  6FRAL VM k(®HR MW U LE)2W\ 6 WDWLVWL

7KH KLVWRULFDO VWRUDJH SURG®FWLRDVXPE BXIPSICQUEPMWWUH nl 7
PD[LPDO ILOOLQJ UDWHV RYHU WEKMWKHDUBDQJHtRI DUH IRU WKH PLQ]

IRU WKH PD[LPDO ILOOLQJHYVHWUHD W HY FHRIWEHWSR\Q GKVR D QHW VW

RI JURVV VWRUDJH ZKHUH WKH JURVV VWRUDFARRSDDEYBR[LBDRWY
6ZLVV HOHFWULFLW\ GHPDQG LQKH DQQXDO7LRI®RA LW URXJKO\ PRUHI
VWRUDJH YROXPH 7DEOH ) L IXKHBIDW IWKHRZW KR OK BB XWKSH. QJ LQ VXPPH
VLIJQLILFDQWO\ PRUH SXPSLQJ HHDSDHALWD XD \) RQFHWVD OFWMGLFHYV +RQJ

LQ DQG OXWWVHH $[SR $* LQUDQFH LIDQW GEXW QRW DOOVRI WKL
RSHUDWLRQDO LQ
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6WRFKDVWLF PRGHO

7TKH SXUSRVH RI WKH PRGHO ZHWWIL® DMWKH W BH RRVEGFEHFUD WY R O SURIL\
6ZLVV VWRUHG K\GURSRZHU XQGWWKHM KX &FHIPWILRM V P-)EDOXDWLRC
HOQKDQFHVY WKH SURMHFW{V PBLQFDQBODVHQ W ERVHEKHRGBOJ ZKLFK L
SURGXFWLRQ WHFKQRORJLHV SXWXWRWRWWKHDPRGWCOEDVHRXWRGHO
RXU FDVH RI WKH KRXUO\ HOWKWUGEUWUVY I3QWF M FHWUH\R R D QFRR@ OD U
XPHV DUH QRW SURYLGHG E\ WKH DIJHQW EDVHG PRGHO

7KH K\GURSRZHU PRGHO LV D VVORERGN®/ LFKRHSRREBPO WRMWKXRHYV OLQH
WKHRU\ WR ILQG H[SOLFLW SURII L2%DRDI[EMLY1Q W VRO XWKLIRVY VOV Q W K U H \
LH SURGXFWLRQ DQG IRU SXPRIL@ FKDKHHHRW KUHW KRID GXH WR WLP
ZDWHU LQIORZV DQG WLPH Y DWWIUQ.E X\ HFE@W LALLM UB UL VK RBZVH WKH H
SHULRG PRGHO ZLWK SXPSLQJ D@ BWHORZHYWHBR X\XH FOF WXBIOO\ DSSO
SHULRG H[WHQVLRQ DQG XVHV DZDAMRHXISOHYHERXQGV RQ WKH

Single-period (steady-state) pumped-storage plant model

o Constraint on water-level in expectation

S € L} electricity spot price (EUR/MWh), continuous df

o u:Ry—Ry ctrl-funct, u(S): turbined pu mpccl water (MWh)
Max. capacity, initial, minimal water level: u. > lo— lnin > 0
¢ € (0, 1) efficiency of pumping

n:?:xIE[Su"‘(S) * 5 (5)]

s.t.
0 < u*(S) < Umax
Optimal solution:
n—{—(s) 1{53‘6}: a {S) rnul 5<c§}» agi\"e" by

umaxlp[s Z a] ullmx. : [S ‘:Q] — "'0 - -'(min

J)LIXUH ([DPSOH RI VLQJOH SHUWOL RE& QW RFE PRWGHRORSWRQJIJH FRORXU 7HUPV IRU SXPSLQJ

7R DOORZ IRU H[SOLFLW VROXWLRQV VRPH DVVXPSWLR QW KIDW HN WIR
ZDWHU OHYHO HQWHUV WKH PR &MXPKDW KIDW H % RFW B'GWWLIFOXMI ORZ YDU
\HDUV DUH QRW WDNHQ LQWR DRFRKXKQYI GIRG RYHRRWMOPLQHVWLF ZLW
RI LQIORZ SDWWHUQV FDQ EH DDQ@IOOWHG ED\D H/[HIE X MWIGY LYMIWKHU EH
YLIXUH WKH HOHFWSU LWL DA WXSFRIG SWR.FEHH D QRQ QHJD® IWRI KDY RP
ILQLWH H[SHFWDWLRQ PHDQ YLOQO WHK D W KMLK/H LVSIRMS IBHMVFHIGLW B Q LQW
UDQGRP YDULDEOH GHQRWHX®HE\DOVR WKDW WKH VSRW GLWIWHILERW L
IXQFWLRQ IRU GLVWULEXWLRQEDQUFRDRD ¥ HKDWK R XMH KV WKKLVRO X W |
FDWHG EXW VWLOO UHWULHYQEOH IEQ ISRUL GHIMSIIHO W HRAK @R QWRIRO |
WLRQDQG SXRSL®HISHQGY RQ WKH VSRW SULFH ERKKHQBRGRO SRDRSEDIC
SURGXFWLRQ 7KH H[DPSOH RI HUXERXQXRQ RWKM DDGRA OHNGIOU LW L
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DOVR DQ XSSHU ERXQG ZKLFK LVZ2DMW PMHIOW DK@HGEWEREB BDRHLWDELOL
SURMHFW 7KH HIILFLHQF\ RI $XFE&HQBFRQWEBROKWMEB ERUPDOO\ XQLW
LH SRZHU ZKHUHDV WKH KRREWVOAQH®H F8BULKLW\ HSUH@HU J\ KHQFH
RXWSXW LV SRVW SURFHVVHGI WKH PDKHPRBEDW.IPRD@ SIDROEXGHHR ENUP X O W L
Rl KRXUV SHU WLPH VWHS

7KH RSWLPL]DWLRQ SUREOHP POJEWIL]RIY WKHFREMHWWHYWHXPXRI H[SHF'
GXFWLRQ DQG RI WKH ORVV IURFEXPEDWN RQGHUWNWKHOAREO DQG

FRQVWUDLQWY RI SURGXFWLRQ DRGXILRIL GDQ7EH BSRYRQONR EH R
VHH '"HQVLQJ D ZKLFK LV QRBRWDWLRYWDK O\ WMEKIRKVIKHDQ LI FDWRI
E\s 7KH IXQFWLRQ HTXRUWHDOHYHRWQG RWKHUZBSURGXFWHRAQW W
WKH VSRW SULF H8I5VODKV ZHKBIMW WKH /DJUDQJH PXOWLSOLHBIL@KMKH F
PD[LPL]DWLRQ SUREOHP 7KH HYWIQMW R 8 §RIXIODHSKXPISQ®J EXW BGGLWL]
HIILFLHQF\ RI SXPSLQJ )LJXUHDQJH KK B®®WSODKWU/DIKLFK FDQ EH FRP
DV D 3ZDWHU YDOXH Rl WKH PRGTHXDILIQRIQ IL\Q YRONQQE\ WRH TXDQWLC
GLVWULEXWLRQ 4XDQWLOHV DUGLM[SGHVWHGEE\WLREX-RUREQHE VIB\RW S
WKH FRPSOHPH®@[&E¢]\ BNHRQYLY WKH SUREDEA OD@GLRI WMKH QRBWLPDO
JUDQJH PXOWLS®ISH]) IERVEBD XWHKIDXH DVVXPH WKDW WRE KBRW S WMWHISG
ZKLFK IDFLOLWDWHY DV DOUHDRBUY P HRQ WLKRQ R SW WKIHO FORYX\BLR Q FRQ
WKDW QR DVVXPSWLRQ DERXW WKH GLVWULEXWLRQ RI WKH VSRW SULI

7KH PXOWL SHULRG H[WHQVLRQ RILW KUHD W[DHPIS YW UQLUKIWLRUZDUG )R
WKH VXP RI WKH VLQJOH SHULRG RYSHFWHBHSUWR IRIMLPQBEHGRDQG WKH
VWUDLQWY KROG LQ HYHU\ WLP¥OBSHRDLW & HPHDIDLLADWHIR\U FPXGIDW LR Q V
VFLHQWLILF SXEOLFDWLRQ 'H@VWLRHULRI FDYE RIKRQXNOORZMHERXQC
LV SUHVHQWHG LQ 'HQVLQJ D E

7DEOH VXPPDUL]JHV VRPH RI WKHW&EH IRSWQFBY ERQYWHWRQ DSSURDF
WUDGLWLRQDO PXOWL VWDJH VWREKDVWLF SERUDD XA YWREKRDWK
WURO LQVWHDG RI PXOWLVW D JHWRDRW¥F K/DWRNFIKID 8 WR FUDRPPW QRR @ ISUR Y L
WKH RSWLPDO VROXWLRQ LQ WWMKPNVKIRPBYJ ERQRIKFRQMVUROHUQHG E
WZHHQ WKH VKDGRZ SULFH Rl WEE WKGVWIRON GW LEQ ZPMQFH DWKH D
DFFHVVLEOH DQG DOORZV IRUI WEHWRE MU LAV MBS ¥ WWRQ/ DR®B RVKH R S
ZLWK VWRFKDVWLF G\QDPLF RU KHK QWP N WIDRIMHOS URODB RPER[J W R OXWLF
PHUHO\ E\ QXPHULFDO VHQVLWLYLW\ DQDO\VLV 7KH RSWLPDODERPW |
RQ ZDWHU OHYHO KDYH WR EH IKORQ@ ONG WMIH[S B X MO IVQ QI HWIHIG Q J |
DV D YDOLG DVVXPSWLRQ IRU PEBWYK PSMLORIDPWWRQ P ZKIHI HRY GLVW
RI WKH ERXQGV RI UHVHUYRLU XOHY W®& HWHDIF\F HSYRIXER HVEAARDWR FRUU
VRPH VSHFLILF VFHQDULRYV ZKHUHDWKIRW PLKRUDAS IKQ REHWDWLRQV W
EH UHVSHFWHG VWULFWO\ LQ RIYHHKH QMR BWGMIOUR! WRKHQDUHRMD UFK ¢
LQWHQGHG WR VXEVWLWXWH H[DEWRGW ERP]PMUR® ¥ RGDIMKH ZKHU]
VWULFW EXW WKH PRGHO PD\ EBUNSSRGHDE @HWK/ \DX EWQERM H[WHQ V|
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7TDEOH&RIPSDULVRQ EHWZHHQ VWRFKD\WOWDLE R &WQ WDLOV WIDQ HDWWRRFEKWUYWLF SURJUDPPLQJ

7RSLF 6WRFKDVWLF RSWLPDO| OXOWL VWDJH VWREKDVWLI
JUDPPLQJ

5HOHYDQFH> 'HYHORSPHQW RI DQ DFFHWVLARY  WR PO WR VFDOH QXI
HYDOXDWH SURILW GLVSDWFKR RGMQA MLYBWRRBRRKX QRHWL J
XQFHUWDLQW\ FDQW VFLHQWLILFIDGYDQI
Xx &DQ EH XVHG WR FKHFN SURIHVSBIEMOHGV\ IRU D
ODUJH YDULHW\ RI SODQW|Vx 6FHQDULR WUHH QHHGHG
X 3RVVLELOLW\ WR 3SOXJ LQ " LRQULRHRWRBUWRPRQHIRZWRH
LPSURYH WKHLU GLVSDWFK KHXULVWLF

IXPHULFDOO\ PWELWUDULO\ PDQ\ WLPH VXSV I RV \GLEROH V)IRRIQD O L W
ORZHG WLPH H[DPSOH XS WR lkkk VWHYVFHADBLRWRAIWWHGIURZV H[SF
VWHSV X 1XPHULFDO VROXWLRQV DUMLROWD EQ WK E\QPHXRFHU RI W
PLILQJ D UHDO YDOXHG IXQ¥WHRY RWSRHBNVN®IM EUDQFI
DQG SURGXFWLRQ WKUHVKR&®GW DUH QHHGHG |PXOWLS
E\'m SHU VWDJH
'HWDLO RI|PRGKA FRQVWUDLQWY RQ ZDWH 0 RUHY H & VIUPRRRH N U L
oLQJ ODWHG LQ H[SHFWDWLRQ RY HILE GAH MKXPHQWF D POHRWRE O H
LRV ZKLFK LV D UHOD[DW|LRQEHFDXVH RI VFHQDPULR W|
X 3RVVLELOLW\ WR HYDOXDWH ORZH WERXQEVHARQVWUDL
VHFRQGDU\ UHVHUYH DQFLOOTRMWHOHLAHIJL@DFRQV WL
VLPSOLILHG VHWWLQJ VHH 'HRQOYDRQELMRILELVN %XW %F
ILQDQFLDO ULVN LV GHSH
LGLRV\QFUDWLF ULVN SUR
HDFK FRP&DRW XVHIXO
LI WKH HQWLUH 6ZLVV SHL
WLYH LV FRQVLGHUHG
(IWHQVLRQV 3RVVLELOLW\ WRLEDWWBXVY RYBILRHFRHPP BDESIOD O O
HJ ZLWK VOLGHUV IRU FKDQHD@GH LRESXW IS|DWVLRH VRIW
WHUV DQG VLPLODU W\SHV RIHUHW3OWY DV LQ WKLV
ZRUN SDFNDJH

7TKH RSWLPDO FRQWURO SUREO®PRVKWY QRPWDDBEBOMWKRHPYCHGLED IRU W
GURSRZHU PRGHOV PRQWKO\ VWH®XH YRUWY DPRHBIU*$DQ & ZIAB87 IRU WK
SXPSHG K\GURSRZHU SODQW PRGWHOOAHHN KRXUO\ VWHSV RYH

$V D WHFKQLFDO UHPDUN ZH GB ©RM PDRO YSHUREKGHPR ERIORKHLY WKH
RSHUDWLRQDO SURILW DV RXWGSRQKE QIERYHD E X W REKGHPR WWKH FK \LH
MHFWLYH YDOXH *HQHUDOO\ LPDRLSURKORIPRIP\L VFRMM BUQLPL]DWL
+ SURILW UHSUHVHQWLQ alleca@od D ¥ WHERIDW WHWRX X B@udtivnh IS URE R KB F H

VXFK WKDW YDOXH Rl WKH UHVRXUVHWRBMH PD[IZHL]JREXVQRQ QALK RS H
VXFK WKDW GXDO YDOXDWLR@HKRZDSSHASUQDWHD,W FEQ WKDW LQ WK
ODWLRQ WKH WttiiRXIUF MK BIREMHFWLYH IXQFWLRQSEZRB YR WLKRH UFHD\ED}
SXPSLQJ FDSDFLW\ LQLWLDO @D0\@HWRA@ HSYHHD WZHWHKU WKIHUZ DWHH DY DL O D

KHDGURRP SHU UHVHUYRLU DQUGPDIRBSWERQGOD WHN@RKXIUGFGDWMH VHUY L

7KH PDLQ SUREDELOLVWLF SDUDRHWMKN RHIDWXID ¥GRVKISULWFBQGDUG
WLPH VWHSY ,Q WKLV SURMHFW.VZHUDEXWRPRQ ZBXWKLDWQ GHWHUPLQ!
VWDQGDUG GHYLDWLRQ *DXVVQBRO®WMMILEXWLR@OWQDWQORY ED D FRP
ZHOO NQRZQ HUURU IXQFWLRQKRWHQWDISHI®& HTKU & L RS WW. R B OF VW R FK |
SULQFLSOH QRW OLPLWHG E\ GLVWULEXWLRQDO DVVXPSWLRQV
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$Q LPSOLFLW DVVXPSWLRQ RI WKMW RIRGH Y B UIRIDFF KN QR AWKW IRH SURE
WKH VSRW SULFH RYHU WKH WWKBDWRVKHRQLVEDWHK SOLBINFRUGLQJ \
IRUHFDVW RYHU WKH WLPH KRUMR® VI8 WKEW VYVREHDWMHEOM ,Q FF
GLVSDWFK PRGHOV DUH UXQ LQLQXRUBRWUIRQHRYFHEWDW IHFGH PDRINHW D QG
DV TXLENO\ DV SRVVLEOH 6 X FKGUWHHDXOS GRWHS LIMWGLU DLW X DRV PMOROUGR S O L F
EHFDXVH LQ DGGLWLRQ WR XVH MMKWHHIOR P B/KHKMRGZHOIH RRCGEXDYH WR

VLYH VLPXODWLRQ PRGH E\ WDNL®U URW\R DFE ROSETVD WRIWVH BDRL UVW VW
WKH ZRUN RI .IPSIHU DQG :LQQLQJWRQ
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5HVXOWYV RQ SURILWDELOLW\ RI K\GURSRZHU SO

441 7\SRORJ\ 36ZLVV VWRUHG K\GURGWXHU"~ DJJUHJDWHG SOD

BWRUHG K\GURSRZHU SODQWYV LDQUBZ LY WHICAR®® ABW HEG RH\SHUYRLU V
HUDO WXUELQH VWDWLRQV DQRSHBV HCR GUVILPX AW WHMHBDFK TXH
DJJUHJDWLRQ FDQ UHSUHVHQW DRQ WHWIRVY FRIQIQWME \R B'W VAN & HREBH U D W L
KLJK GHJUHH RI DFFXUDF\ $FRRBG kQFURB RZKH GWDWWMLE 6 HLW]HUO
DUH SODQWV LQ VHUYLFH R$HOGWMRUDH AR RDWASKP K1 WEWDLQHG
PRGHOOLQJ DSSURDFK LQGLFDW H DX DY GHM ® JUK SO DMHVEHYKHZWR UL F
ORUHRYHU LQ D VHSDUDWH QXPHUHIDW HES BULPH QW R WKHIDFDSDFLW
FDSDFLW\ DQG DOVR WKH QD W X3DDUOW L @/ILORRYH BH UGIWRD Q16 RIPODD SOD Q!
DJH SURGXFWLRQ FDSDFLW\ DBQEKRVIBOQVEXUBOHQWIRZ TRIQ SRIRSRUW
WKH H[SHULPHQW ZDV WKDW HYHG\EXD S/SIDQWVLQWRHREDDEN QRUUHJIDV
GLIIHUHQFHV WR WKH VLQJOH SBDRRHQW GRIDWQR®Y FKRYH[JIJHQHUDO
OHDGV WR D VDWLVI\LQJ UHS WHNH3URBWEZRQ R GBG WK HV DR QBIRVIL FOH [ L E
WR EH PLQRU EXW DW OHDVWVWHK LAR BMK O M URDGURSROLGV. ] IRVARR) PRGF
MHFW

$JJUHJDWLRQ LV PRUH DQ LVVXH DRW I X\PKSHH GL V W/ ROWDJIHH VEMH SXPSLQJ S
PHUQ 1DQW GH 'UDQFH *ULPVHO DO#/HDIG\JDISE URRLYMHW H O\ RI 6Z1
FDSDFLW\ 7KHVH GHGLFDWHG SXK® ®®\RQRWHXYGIBQWY VHBWRQDO VV
SULFH GLIITHUHQFHV EHWZHHQ ZHINHQEXHPQGQZHKWGDQAG ®MI\ GXULQJ
DFFRUGLQJ WR WKH SULYDWH ARPFYWQGBUWILRQ ¥ RPYSDL@\DEDHH G +HQF
XPHV PXVW DFFRPPRGDWH LQ DQ HIWWHRH FRIQMIL @CRPRV WXPSLQJ RY
HQGV DQG WKHQ VXEVHTXHQWIQLQJFIRWEGOD\DMQR GRASELROUE Q WKH Q|
GD\V %HFDXVH WKH ODUJH SXP SH G RWKFPWDD K H5 @ DIVE VW RKI DWK H\ FD Q
VXFK D VKRUW WHUP SURILW KRBOFRLWLQG $ERBXFOH RWKHD SDALW\ 6Z
RI (QHUJ\ J FDQ EH FRQVLGHWHG JDND PVKRIUP DR FDLLPNNHW UHYHQXH V
PDWHO\ *: SXPSV DQG *: WXUBLDR® \S XPSIHGLQWWRDDIDHSODQWYV WK
ROGHU ILIJXUHV XVHG LQ WKH SUHYLRXV DJHQW EDVHG PRGHOOLQJ

ORWLYDWHG E\ WKH IRUHJRLQZL®UVHARVWRRB W\G RKRHI VRO @WRPHILHID W H C
ODQRG ZH PRGHO DJJUHJIJDWHG VWREXBSK\ GWHSTRIIHWH QL WKRPX S XPSHG
E\ UHSHDWLQJ RQ RI WKH PDLQ BHDMVR/QRD IEQMRUMHG\RURBRDVRQDO \
SXPSHG VWRUDJH SODQW SURILYH@DEAQIO\IBRFFROAMHNO\ RU H

JRU WKH VHDVRQDO VWRUDJH \HID DQHRISHMNBDWHWRWYBG SQRNVKW PDUNHYV
PDO GLVSDWFK GHFLVLRQ 6WXGUURSRZHIHPDWHG VMW RONVR SRVVLEO!
SXEOLFDOO\ DYDLODEOH PRQWKO\ VWDWLVWLFV RI 6ZLW DXMBUBBRQH
RQ D PRQWKO\ RU VKRUWHU WELPH VFDOH IRU VLQJOH SODQW
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6WRFKDVWLF FRQWUR® PR RH & IMAVROMW RY W MFRR GrikM &V ULFEXVOL RRQMkQoG CQUEERZ 6V

DQG SURGXFWLRQ FDSDFLW\ RI &ZD RQHUODREGDD BJ U Sirdk W HKGA VOWRUPDBO\ DOORZHG

JRU WKH DJJUHJDWHG 6ZLVV GDRWVWKKLRSMIUURIFIDOV SRIQFHIGLYWULEX
IORZV RYHU WZR \HDUV LV VKREZEXOQULIWHKH SULKHS®IUWWULBXWLRQ -
LV VKRZQ LQ WKH XSSHU OHIWL.WXEVYLWXHHPRIQWBEOVH SRW SUHBH GLVW

$SULO XQWLO \HDU

ODUFK

7KH FKRVHQ VWHS VL]H LV DGDSWHG WHR WRGUHIDSXOVLHDWHI \HDUO\ VW
PRQWKO\ VWHS VL]H ZDV IRXQGHGR WKHDBRGROUZ DWKI Z HHANHD\ VWHS V
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WRULFDO LQIORZ DQG SULFHEP GRWHID W A K DAUK D WV XDW Bl G DLSQVR QUQW R H I
FUDWLF ZHHN ZKLFK FDQ EH LQWHUSUHWHG VK iR YRIO OLRZWQ @ F DAH VRK
VWRUDJH SODQWV ZLWK WK HLROW®QS L O KKXIUG\ RVL B H HVNOHN S LDDAVHI R X C

,Q JLIXUH WKH PHDQ RI WKHRYIBSWWHIUZEWK WKKRROYWKO\ XS DQG (
GHYLDWLRQ 7KH XVDEOH VWRURVYN VWRVMUBIRHBQG VRKHWWRUDJH LV I
WR EH HPSWLHG GRZQ WR 6 SRKW LY LEFHYWHWH KHOQKHUWKH PRGHO
PRUH GXULQJ ZLQWHU ,Q IDFWILDKW RKEZQLUI KWWK NV K B SGLLWV S DWVREXK WK U
3ZDWHU YDOXH”™ RI WKH PRGH®OEZQDRQWIHW L QHFW HDK/H QUKEXIWIKROG PRYH
WLOHV PRUH WR WKH PHDQ RIRWKH SR GKHF WLIRWOXIOWEZDRQWRUR BXKK YDU
ROGYV DUH GLIILFXOW WR SURGQGLFRGHIOW K RXWW WV RS WLKH |[DMILWLFDO D
ZKLFK LV HTXLYDOHQW WR (85 OLKLWN DM \FH WK HK RDOHEW I KH ORZHU
JLIXUH VKRZV WKH KLVWRULHFGCH[BWHWHR ITRDRDDEHARKRDOFK LV D P
KLVWRULFDO VWRUDJH OHYHX ODQW HWEKE\ WKRHUPRB FOH bHE FBBEQ

1RWH WKDW QR RWKHU DGGLWWRQRY R QMWUWKE W R G H® $OR H\EY W R U
PLIDWLRQ WULHV WR VSHQG W KWGXDWHKHN HPRG HR T YWKFHN OHARZG \HDU W
SDWWHUQ $ UHDVRQ IRU WKDW FRXOG EH DQ HQG RI KR ULKRWQ VIXIEHEM
LQ )LIXUH LV PRUH YR O DWSLDOMWMHAKIIQ MKKN KVVARBHERHG EHHIED XV H V
WLRQ Rl VWRUHG K\GURSRZHU R EFR BRI BIDIDFMR BV R VPKDQUH[W H Q
FDSDFLW\ IDFWRUV FRXOG EH LPZARXMB |RURW KWK W XUHELIMW QYHO\ ODU
GXFWLRQ FDSDFLW\ )RU RXUKDRDDNQWHIGQSWRMHEWVHABUFEWNDLQ L
EHFDXVH ZH GR QRW ZDQW WR IRFIGRBYRAH DHYWSWYV E\ DG K

7DEOH ml VXPPDUL]JHV WKH PDLQRUHGXIOWE IRRSWEHU6 ZWKDY W WY WKH |
PDUNHW UHYHQXHV RI DJJUHJDWGGL WWRIUHIE K\ G Q RIORZAHRKX R VHW WL Q
SURILW LV WKH UHYHQXH |URPKWH® O VQW KWK E HWW 1S B\R LLWF LWNREWDLQD
VXEWUDFWLQJ IL[HG 2 0 DQG FDSLMDONFRYWY UNDDMDEYHHO\2 ORZ  ZK
HYDOXDWHG DW XWLOLW)\ OHYH®WHW K @G M KHU PiRGH D ORRXE® OR HEGIH F \
VROG DW WKH HOHFWULFLW)\ P\DW R HMF D)® W @W H LBHR/Z WK IHWIKYWIR DH S P D |
K\GURSRZHU LV WDNHQ IURP WKKN HAHEIH®A \SW RHIGMDBIOO2WLPH R1 (QHU
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7DEOH ml <HDUO\ PDUNHW UHY HQYXHWWR UB 6J KHIDRSRZ HEZ SUR G XFPWLRRS WQ 8 BV WK M VPR (G IHRIDAD
6RXUFHV 6ZLVV (OHFWULFLW\\6OWPWIFDWLEYRIkKWYmkdgL¥V )HGHUDO 2I1ILFH RI (QHUJ\

ORGH(6FHQL <HD BULF|$YDLO| <HDU(9ROX| *URV *URVV2SHUDWLRQDO
+LVWR DQG | 6WRU|3URILW| >*:K(9ROX|*HQHUD SURILW
IORZ ( > &+) KL >*: K >*:K@| >5S N:K
JURV| WRULH +LVWRUWULFDO @
YROXI| >PLR ( >SFHQW [N:K
PRGH ORGHO @
+LVWR +
2FW 6
+LVWR +
2FW 6
+LVWR +
2FW 6
ORGHO + KLVWRULFDQ
$SU ODBPRQWKO\
ORGHO + KLVWRULFDQ
$SU ODBPRQWKO\
ORGHO + KLVWRULFDQ
$SU ODBPRQWKO\
ORGHO + KLVWRULFDQ
$SU ODBPRQWKO\
ORGHO|(20 (20 LQ
IORZ DYJ
+
ORGHO|(20 (20 LQ
IORZ DYJ
+
ORGHOl&50 3RO &50 LQ
LFLHV IORZ DYJ
i
ORGHOl&50 3RO &50 LIQ
LFLHV IORZ DYJ
+

,Q 7TDEOH m| WKH RSHUDWLRYXOWVRNWDIDRORXROBDWRG HQ GHYIHZLQJ \H
HUDWHG HQHUJ\ 7DEOH ml| VKREVVMRRWKMHDQ WHV XUREZV MKWHK WKH KLV
RYHU WKH \HDUYV * 7TKHQ WRHUPIRER®W VHNMX AW VKWRZQ UHSHDWE
VWRUDJH YROXPH $V DOUHDG\ PKQDQIHRDQME RWRBHHHYIRHGXWP RIZLWKLQ FF

RQ WKH RSHUDWLRQDO SURU WVRVXWSRIUMGOK\@W\UREIRZO &RPSDUL
LFDO YDOXHVY VKRZV DOVR WKDSW RILKH RREMIPIDH 8 SHUWKH. RPREBGI O LV |
VXUYH\ UHVXOWYVY 6ZLVV )HGHUBO IRULAHDRISGHHUWKH UHSRUWHG KLVW
ZDV 5S N:K ZKHUHDV WKH FRW KHWSRIHOL QUHAH®W LQ&HQWYV N:K 7K
LV DQ RSWLPLVWLF UHVXOW RBRK/HW KDJIR W X b WSKHIWH WPHDVUMWMBMWF\WRBEWLPL]D
FRXQW 7KH UHPDLQLQJ URZV LQ VHEDH DR VKIRZOWVR @ KMKH \HDUYV
WKH (20 DQG &50 3ROLFLHV VFHQUDWIRVFXEWOKR KEKKHUWPDUNHW UHY
WKH LQFUHDVHG SULFH OHYHOV
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7\SRORJ\ 36zZLVV 'DPV DJJUHJDWHG knl6FHQDULR (2

BULFHV >(85 0:K@ 'LVSDWFK WKUHVKROGYV >(85 0:KG@
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,QIORZ KLVWRULFDO VWRUDJH FIDWD X$WWH IDDQJE KILVWRUILFDO SHDUV mkim+mklq

JLIXUH DQG )LJXUH VKRZ WKH Q2¢ DHQGVWKR RBORZRQ WKH \HMDU
HDUO\ WDUJHW \HDU WKH VFBQ DGLRSD W[KH BJIHW ¥GIWV VERL BR LDWHIO
RSHUDWLRQDO SURILW 7DEOH ml ZKLFK LR/ID/S S$PR [D PEHFH O L DMZ LFFRH. |
WKH VWRUDJH SDWWHUQ LQ WKHQRU ILRY/G P&5/0 FXKRMYL WIKHHY KWW RULFD O
YROXPHV YHU\ FORVHO\ RYHU WKH PRQWKO\ WLPH VWHSV
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,QIORZ KLVWRULFDO VWRUDJIR®BEWHR QD @ GHKIDVUW RUMDRUEFDO \HDUV mkim+mklq

J)LIXUH DQG )LIXUH VKRZ WKHHMN O/ PIQGD&JI R ¥R WMKH WDUJHW \HD
\HDU WKH VFHQDULRV H[KLELWHQDKLRUKEWY IWKHH[R®S/AH VHYHUDO
(85 0:K ,Q WKH (20 VFHQDULR WKH K\GURSRAHWKEDWN BV UKD G KX
GXULQJ -DQXDU\ VXFK WKDW WRIQVBKWRGMAWHRDP 5Q HRWHKHPEHU LV
SUR] **K DFFRUGLQJ WR RXB WPIRF®H® \U VRGNV WHIRQVFDQ DOVR ID
**K LQ YHEUXDU\ I1RWH WKHRWQ WHKRIOVWRE WDVW DN VRFLDWHG DQI
GULYHQ ZKHUHDV LQ D K\SRWKHWIDRUEBRKXNOV\VWHE@DHILRFW) PD\ GULY



FHPEHU SULFHV XSZDUGYV

,QGHHG MWMXKH PRBEHHOWHG IBQWHREK KO\ GHWH

VXPSWLRQ RI WKH DJHQW EDVHG PIRFGMHROW LY JIRUKHLDH POH WKH ORDG
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YJLIXUH

ORGHO UHVXOW ZLWKpKUREHVE HRQW U LRX WWRQ RIH D QORI $URW XHFWARQGF D $DIFHIWD\W H G
KLVWRULFDO VWRUDJH YDOXHY ®©YH® BLN WRVWRIQ FIUR RKEMDRBRY mkimzmklq

7KH &50 3ROLFLHV VFHQDULR LV(Z0HVNHQDMIUHRP HOWMWKB QPWKRHI SULFHV |
SURILW RQO\ WULSOHV FRPSDUYHRIZMWWK WRGD\fV PRGHOOHG



7\SRORJ\ 36ZLVV 'DPV DJJUHJIJDWHGkpPpk&50 3ROLFLH
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JLIXUH ORGHO UHVXOW ZLWKp&WFHIRIOLW UHEZ XWFHR® RLR 6MCRSDIFINWD QG 6ZURGHBWDRG DJJL
,QIORZ KLVWRULFDO VWRUDUR ®HFWHICRQ DEYG KDYMW RUVAIRQISFDO \HDUV mkim+mklq

6HQVLWLYLW\ ZLWK UHVSHFW WR ZDWHU LQIORZ

':DWHU LQIORZ LQWR K\GUR VWR YDJIH H\D RY HQ WXIHIW\HDWD QCGHH )LJIXU
LQIOXHQFH RI ZDWHU LQIORZ RQ WIFGHIWD WIKRH UHRXOWYV ZHDR G z
UHODWLYHO\ YHU\ GLVWLQFWLYHIRBOWKOVKBIOBRREGSTFWWRQQYKLFK F
SUR[LPDWHO\ WR WKH LQIORZ LQ 7:K BSHUIDIW EZQV LW ZDV
7:K 7KH FRUUHVSRQGLQJ LPREDOF WQRTDDE ORI oMhV TXH/EURILWYV YDU\ |
IRU WKH &50 3ROLFLHV VFHQDULRSHEQVLYHOQG/'KH RSHUDWLRQDO SU
HQHUJ\ YDULHV FRQVLGHUDEO\ SHRVLBHFIOXYHHPIRW WDRVW&HE\ & KH FKI
LQIORZ YROXPH DQG WR D FRQVLGHUDEO\ OH V\KH UWH.[QIHRIGL B G\RKZH R



PROQWKY EHWZHHQ WKH FRQVLGHRIK® \$FHDW W Q,pUID FGL PWE HVERIX VOLJK
ZKLFK LQGLFDWHY WKH DGGLWDEQBOLQMHDRZ SWLERW HQPSARL

7DEOH mm 6HQVLWLYLW\ DQMHMWQW ZI1QN & RZHVHIDHFAWI RMR VBKH &50 3ROLFLHYV VFHQL

RQDO
PDUNHW
H

N:K@

I+

DYHUPDJHG

I+

DYHUDJHG

3XPSHG VWRUDJH SODQWYV

‘H FRQVLGHU WKUHH W\SRORJLHWRI| ZXHASHOG W WR WDKIH BXOBMHTXHQW
DQFLOODU\ VHUYLFH ZH ZLOM 8 HHMHQIR LD NVECGEWQR® FMWKHGFUHVHU Y F

7\SRORJ\ 30 XWWVHH" VKRDM WHUP SXPSHG VWRU

'H FRQVLGHU D W\SRORJLFDO H[DRBGBIRIW VBKP ®HIGDWWRLIPLODULWLE
OXWWVHH ZKLFK LV SDUW RI WO QMQ W\K/ WLHPFP H,lQQWSREZ HUD® SOH ZH FR
RI RSHUDWLRQ ZLWK *: SURGXFWLRQ DQG GXWSLRU HFOISPWUWF L WK HS |
KRXUO\ 6ZLVV GD\ DKHDG SULFH QIMVRH\(BRU¥SRW: ([FKDKH PHDQ DQG \
GHYLDWLRQ LV FDOFXODWHG IRWKBFRAKERHW RHSDWXWIBO\MRRQ WKH \}
WKH VDPH ZD\ WKH PHDQ DQG VWPXGDWBGGHRWL BWQRBQ\VVDRIE IRU WHK
UHVXOWLQJ KRXUO\ SULFH GLYWAHULE %W IWKQ &Y\ VIKRE G XQG)RJ KDYH OR
ZRUNGD\V IRU VLPSOLFLW\ WARUNDBPMVGIWWHSBERPWHBQIRYH WLPHV
VXPHG HPSW\ LQ WKH ILUVW KRXU Rl 6DWXUGD\ DQG ZH DXVXBH WKI
7KH VWRUDJH YROXPH LV DVVXPHGWVRVESRVVLEOKHQRHSXPS RU SURG
VLQJOH GD\ OXWWVHH DSSUR[YRLK LVKI'V@REZHG WRVEH VXIIIEFHLHQWO
UHVWULFWLYH IRU WKH SXPSLQN KDQYG QRK® DXSSHLUO UHMBRYZR/7KLV L\
OXWWVHH ZKHUH WKH ORZHU /LRPK O@WHHUW V]I HHRDLWLYRDLY IDVYDOLG
FDVH RI D KLJK DOWLWXGH ODBHHDLWKQ ® VKRG V¥ B WF RBHQWWIOR Q D F
FRPPXQLFDWLRQ IURP WKH FRUUHUSRQGIORUISRYHU SOHDPRQXWGHU D
WLPH KRUL]JRQ RI D ZHHN EHFDKWH MEKIHLSURK RW WR UL XIFXWV\W & BIVE L Q10 R
3XPSLQJ HIILFLHQF\ LV DVVXPHG WR EH 7KH RSWLPL]HGFR®HED WL
DQQXDOO\ LV VKRZQ LQ 7DEOH mn

JLIXUH VKRZV WKH FRUUHYV SR QIXIR3BYN RRSSMUADWMHGE X SDQWIFW KH ZHHNH
GXULQJ WKH QLJKWYV RI WKH ZRUMGRFXFWHRZD @HIUVHWUD/OMWHRP QWKH ZDW
E\ WKH IDFWRU RI SXPSLQJ HIILFLHQF\ $ SHFXOLDULWR SR HWKH WIRDW
WKH\ VWD\ FRQVWDQW RYHU WKN WOFR KRWMWRE I XWXHRKHK\RFRQDULR U
I1RWH WKDW WKH XSSHU ERXQBGFRILMMRUO LR H \Z IQRKYV RRELV\H UZYRCDVF L RVQ W K
LV PRVW UHOHYDQW DQG WKH NV RIRSHLDRVGORH HO XKWWEGONR DFFRPF



7\SRORJ\ 30XWWVHH" SXPSHG VWRUDJH

'LVSDWFK WKUHVKROGYVY >(85 0:K@

BURGXFWLRQ DQG 3XPSLQJ >0:@ 6WRUDJH >0: K@

)LIXUH 2SWLPDO FRQWURO RRSHK® DHBHWWNM RALMIK KSLODNRN L SRO RS L3O VB WW\M H L E XUMLARHQ @ L W |
\HDUV mkliptmklq

7KH GLVSDWFK SDWWHUQV IRU @ KHK N FOHSESHWOLAR DUKHVERE @ HUQV VKF
RI SURGXFWLRQ DQG SXPSLQJ FRPSDUSIBWAM WKQMRG PLIXURSW 7KH KLJ
WR LQFUHDVHG WXUELQH ZHDU GRZ@FB QR VQYFIUHDPKHG PDSQWHK VKR >
H[WUHPH RSWLPDO VFKHGXOH

7TKH RSHUDWLRQDO SURILW RI VKHDSXIROHOR YW RUDEIGIHSOD QWQ FRQWL
VWRUHG K\GURSRZHU 7DEOH nW LY RKHDRISHUDWLRRWOHWRQRRRHDVHG
SDUHG ZLWK WRGD\YV SURILWRIBMKBD XSVWH MHWVHLYDQR WEV OIQWI LW R B W O\
(20 DbQG WKH &50 3ROLFLHV VFHQD83 RYKKIMDH O\ ¥@Q®QGDUG GHYLDW
UHVSHFWLYHO\ VWDQGDUG GHMLEDWKRRU WKH 6ZDWG (3(; GD\ DKHDG
\HDUV DQG UHVSHFWIHH®D Q &Q VDKW KRHV\H D U WKH RSH
LQFUHDVH PRUH GUDVWLFDOOG WMRGYGIHY IKDLWK ROQHRHGSV L FMAD QV DQG
(20 DQG &50 3BROLFLHV UHVSHFWLYHO\



7DEOH mn 2SWLPDO VWRFKDVSXFSHBQWWRWD BRH X\\VGWWRSRABU SODQW WISRORJ\ 20X

O\ RSHU
ILW PDUNHW
R (85@

I+

(20

(20

&50 BROLFLHY

&50 3ROLFLH

&RUUHVSRQGLQJ WR WKH GLVSDWHFXOSDRMMWHAHKIK \P DERIEL PR UHVXOW
SURGXFWLRQ VFKHGXOH IRU WIQH\BIP® 3ROLV¥ LVHWRY QHIQD YILIKUKHY DGGI
DUH SURYLGHG LQ $SSHQGL] DW7/ WHK HLVXUWY¥ KHKREHWKZHHQ =+ DQ
RXWSXW DUH PRUH IUHTXHQW LQ IR KHH VIFHSXDH LWYK HVEDEX WRGHEHQDULF
VLGHUHG H[DPSOH KDV VZLWFKHVKRYWRUIAOHUJSDWWHKUQ KDV RQO'
HIWUHPH RSHUDWLRQ SDWWHUQWMIXGEWKR DR L QEUWBKHE WMDX\UEBLQH ZH|
WXUELQH WHFKQRORJ\ LV VWLOO DSSOLHG

YLIXUH (IDPSOH Rl GLVSDWFKRAREWGBROHFERPXVWED® E\ WKH VWHRF IODAZWHN FRERXNBD P RGHG
LV WKEQ®GD\



7\SRORJ\ 3: | JLWDOHUVHH ZI6\M R WRP@D® \SW{RE8 B JH

,Q WKLV WA\SRORJLFDO H[DPSOH WARU BRI VUWHHHU DREXNPWKEOW LV XVHG

WHUP VWRUDJH :H FKRRVH WKHWWKIIRORWFOWWUNHHP SOKLRK LV D UHO
HUYRLU DQG ZKHUH WKH WXUEIQ®GLYXKHD®SREZIHW\ BXPSQLQD FDSDFLW\

WLYHO\ VPDOO FRPSDUHG WR WKRIVHIQVHWDYRSIOHYVDIWHMDWKMHID\ PRGH
ODNH LV XVDEOH EHFDXVH RI DV\PHRHG/ HRQ WLKIRWQ RPHQW WO YHROQ KLJKO
ODNH DQG ZH LQWURGXFH D VARXVXKWK RMKWDWQVRKH WHVHUYRLU LV HQ
WLHG LQ VRPH H{IWUHPH VFHQDU SRNR[KPHRWHOYH PUYURXFNHELS PHWHUV

WKH PLR IXOO\ XVDEOH YROXPH RI WKH :IJLWDOHUVHHEDWHRI RMR G
'"HQVLQJ 7KH :1IJLWDOHUVHXOWLWREBWWGCFBEWRBRW WKHAIQVRR Z L\
WKH VQRZPHOW LQ VSULQJ ,Q WKMXPKRWHKQOWWRORSHZBWLRQ RI W
SXPS FDSDFLW\ LV QRW UHVWULHWHGELWD OLPLWLQJ ORZHU

$ UHVXOWLQJ RSHUDWLRQ SDWWHR® FRR GWIOH DWWRIF WIRGWL L ¥ RMKRZQ
FRUUHVSRQGLQJ RSHUDWLRQD O CBWHR ILLQV VD PO K NritbW AKHY ROMHPWLR QD
RQ WKH HOHFWULFLW\ SULFHWL@® QVR% D\ O 5D MWHIOY @ RESHAMYSQ GQJ D
ZLWK JHQHUDOO\ DEXQGDQW K\GURISRZGIO\ DURG OEWRRPG GRPHK FRQ
SULFHV VXFK WKDW IRU H[DPSOH PROHLXWKHQUL B WSKDVI KIHWKH \H
SULFHV LQ WKH &50 3ROLFLHV VFii GDODRMWFHG RYHIUWWHBR VSDQ

3XPSHG VWRUDJH W\SRORJ\ 3:|JLWDOHUVHH"

6WRUDJH ,QIORZ mklp Iqg SULFHYV¥LPXB®@WHG VWRUDJH YROXPH >0:

2016-2017

Water (MWh)

. . . . . . . . . L e time
May Jun Jul Aug Sep Oct Nov Dec Jan Feb

JLIXUH/HIWVSWLPDO VWRFKDVWLF FRQWURO RIRODRKISHAINWROBIIH ISB'D QRQW RO MEULFH KGLW W L
WRULFDO LQIORIKGMWYGH RI DQ KRXUO\ VLPXODWILRD VRKH/ \RRWDIHK HOGH YWHOIKXKVKREB®GV IURP V
RSWLPL]DWLRQ SUREOHP LGH@WWLFDO SULFH DQG LQIORZ GD

JLIXUH VKRZV RQ WKH ULJKW \D®L W SIDRBRKH SFOIMDVQHKIRXD®SOLHG WR KL
SULFHV LQIORZ LV FRQVWDQW)\®K U |\ F VA HE K R/ HUH\Q RV KOD WRW:KH VHF X U
HQVXUHV IHDVLEOH ZDWHU OHSWIORAD U\RDWHP DRI DW R HWAKRGH Y& HOQR ULV W R
WKH 3DYHUDJH  XQFHUWDLQ PHNVGUHWH EXW/RKRMNVQW IRHBBK VOBQDUL
GLVSDWFK RSWLPL]DWLRQ VRIW ZDZLHN X SGHIVHYI RDFBEWLIRQ® KHQFH D
WLRQ RI DQ XSIURQW RSWLPLDWR G QKRINUHHUHDY ©® @RI ML FDH ZKKRR BilG \H D U
DV WROHUDEOH WR VRPH H[WHQW



7TDEOH mo VKRZVY DOVR WKDW WKHUUAHAGDKW\IHCHOO\CGF-D BOH W HD@GHS BIRDNL W |
DOUHDG\ LQ WKH \HDU DQGWLR QQ RWI KX®WNFEHBHQPIAHML RQW ZKLFK
IDFWRU PRVWO\ LQ WKH ODWH?3\3MUH " SXRIYHGKRWRUD\FDIFODQWY DQ(
2Q WKH RWKHU KDQG WKH LQVRAMAMRGDLQVS KRIKWUWH@ DMOYPMSHCGRU VKR
VWRUDJH SODQWYV EHFDXVH RILWKHDIMBU\ KLIJK YDULDELOLW\

7DEOH mo 2SHUDWLRQDO SURIMAPPDUNMRFKEYWQKRH RDWIRBRO RZIDUSXEB R ® VW \BRDRD K4 UIR/SG
VHH" +LVWRULFDO LQIORZ SDWWHUQ

(85@
7TRGD\ SULFHV
(20
(20
&50 3ROLFLHV
&50 3ROLFLHV

7TDEOH mo VKRZVY DOVR WKH EHQSHUWWURQHOHD SXARSYW7KQIFRRHDDAH RI1 Wi
LQ ERWK VFHQDULRY DQG DKHZIHQW B W RE WWRBEPW LMOWDQJH RI 2
WKH RSHUDWLRQDO SURIKWIKHRUHDYH LVLQHWIOAVVFHQD ULRNR 7KL\
WKH DOUHDG\ PHQWLRQHG REVHUYDWLRQ WKDWRWIOHHORDS B HQU/R RQWO|
ORQJ WHUP LQ RWKHU ZRUGV D/GKHED @QWDDWRY B XBRFHE DMHRUPJIH YHU'
UHDOL]JHG RQO\ ODWHU

7TDEOH 5HODWLYH LQFUHD VRDUQ HRV8 HIUHDW IORXGID @ (5 WRAIH W F H IDWIWRLVY HOW R WERIBD\V PRGHOO|

&50 3ROILFLHV + WRGD\
(20 + WRGD\

&50 3ROLFLHV +

(20 +

7TDEOH FRPSDUHV WKH UHODWQDI® ISQURUHWD VR MWK R SWMISIRWRRILHYV 3:
SOXWWVHH ,Q WKH LQWHUPHGYBEWRRHEDVH LQURBUWNHODWHYHBXH LV
WKDQ IRU 3:[JLWDOHUVHH" EHBDXHGLEOWMMGEGHSHXASHDG MVORUDJH SODC
FDOQW QDWXUDO LQIORZ DQG SVYWHHI @ FRIFDBWIUDEWY B WR LW RRGIRHY YD U I
LRV %\ FRQWUDVW WKH W\SRORUJQLIWWADODOH QMK UPRDVLR IGRZ VXFI
SURILW XQWLO I[URP LQF KHDS/HHWBLBRGLFH ©®HY HOWK H G DWW WAHW\QHIHY U H
FDQ SURILW PRUH IURP WKH LQFUHDVHO®&VYBDHLEBENVODRL WRZHKWHGEHDPS WK
FDSDFLW\ VXFK WKDW KLJKHU B BLORILB/HGHOHQ¥HY FDQ EH



6ZLVV SXPSHG VWRUDJH SODQWYVY DJJUHJDWHG

7KH WKLUG JURXS Rl SXPSHG VWRUDWH RO DQW VS XV S\HGH \DVNRUDJH SOD
7KH LQVWDOOHG SXPSLQJ FDSDFIL\Q\6ZWWJ KH IMEGRIMHPU 0: DQG WKI
LQJ WXUELQH FDSDFLW\ RI WEKKNW SWDQWVOLV7KELDEWMHIRWHG UHVF
YROXPH LV DVVXPHG WR EH *: KQ Z K DFSID MWW IDH IBXP SHG UHVHUYRLU
UHQWO\ ILYH FDSDFLW\ ODUJHWX\W S\O/BIGIW ¥ DLGOW6 & HW HU@HY G:2 *ULP\
0DJJLD 1DUHW &DYDJQROL WKRIPURHPXPSRU DIQHE \RIJAVKH ORZHU U
6ZLVV )HGHUDO 2IILFH RI (QHUJ\LV FRP IBUDEOMEBUWK WKH ¥ KOHN
(XUHOHFWULF ZKLFK GRHV QRIOLERXQRWHSWRBO WWFXQMOHBW ULF

7DEOH mg 2SWLPDO VWRFKDVWGFVAVRROWDURIO DRI JWHINWSICP S H

TRGP\ (3(; SULFHV IXlOO FDSDFLW\
RI 1DQW GH 'UDQFH OXWWVHH LY DYDLO
DEOH

&50 3ROLFLHV

(20

&50 3ROLFLHV

(20

7KH FDSDFLW\ Rl WKH QHZ SXPSH® MURDMG! SORYWOIHLQYBZFH O0XWW
DFFRXQW LQ WKH PRGHOOLQJ RVSRDHMW DUH WRWVH\WHXOOQ RSHUD
ZLOO DSSUR[LPDWHO\ GRXEOH W KD SIDIFVWL QD GG LWKHS RMILYODQWYV D
VKRUW F\FOLQJ LV WHFKQLFDOO\ SRVVLEOH

7TDEOH mq VKRZV DJDLQ KLJK SQUARAMHUPFVABYHBEV LRY W RQHWXR \HDU |
LV KLJKHU WKDQ IRU SXUH VWRKRGWKAG WRH WK HQHADNDWIKIHLQOWKH \H
ORZHU +HQFH ZH KDYH DJDLQPHBKIE VMVRAUIDWM SEDQ@WRWENK SULFH Y
PLQLQJ IDFWRU IRU SURILWWELYULVYWAUDRIGIKVRODOWYDBROEWABUP LQ

7KH SXPSLQJ FDSDFLW\ LQ WKHOXBWXOMKHRQ HD BOW WV QFHVFDOHG E
RI WKH UHVXOWV DUH FRPSDQDDPRX\RVWRGD\TV 78 K PLQ 2Q V
KDQG WKHUH DUH VHYHUDO UHDRXW VR UL K Z KKHRIRFBRAG®HD\O\HWGE HV W K D
SXPSLQJ WR SURGXFWLRQ FDQ BMHLION /P QWD Q FGRAQ WRG RREWLGHU E\
LQJ LL WKH PRGHO RSWLPLWVWKHOE DQBKIKID® \PD UNHW DQE WDNH)
HQYLURQPHQWDO FRQFHUQV QRW LQWR DFF PYVYWP HE&®W DM UBDQ M WRIDE
D FDSDFLW\ ZHLJKWHG DYHUDJH ZKLFKKRADUEBONVRRUGDELWSDWFK RI W
EH RSWLPDO



$QFLOODUN VHUYLFHV IRU FRQWURO UHVHUYH

&XUUHQWO\ LQ 6ZLW]HUODQG DQG DOVR LQ PDQ\ (XURBE O DR URDWNH F
IRU DFWLYH FRQWURO UHVHUYWHBSYWLPDW\ 2KHLFRQIBLDH FDWE JRUL]JHG E
JRQV IRU UDPSLQJ XS UHTXLUHPHRMW VP DENNWYUIR® WKHVH VHUYLFHV I
DUDWHO\ I[URP WKH HQHUJ\ RQRQPDW NEH QR FKDQ W H)SOODWULYHQ E\

VIVWHP UHTXLUHPHQWYV EXW E\ PHK@ KRR QDU HHHWP IDQ\B VS EBWEHFDO V X
(XURSHDQ PDUNHWYVY IRU H[DPSOSQLPDHG HW DWHDYVH. Q@ WHH RU 1HZ

GLIIHUHQW VFKHPHV ZKLFK DUHQPRM H RQWIGIHIWDMEH &/ D EE PRUH HIILF
DOVR E\ WKH UHFHQW FKDQJH RNWKKNRFNHUH\ERQOORZUQYHWRISH VKRU
WR PLQXWHY QRWLFH SHULPO® GVEADWK B JFERQVHERIOWWHHMQEVDWLR
PRUH UHQHZDEOHY DQG DV ZHOPDBS\DWIKM\ LRDAUNRIGNF WRROQRIXUH V\V
FRPSOHPHQWDU\ ZD\ WKH UXOHVHRBYLFUHRYRGHQULNEPLONR BKQQJH L
6ZLW]HUODQG &KDQJHG UXOHVWHU® G LZIL B OHKQDAY i XOSE OF SDAMM. @ Q WK H
ODU\ VHUYLFHV )XWXUH SULFMWWQ B E B VKUROWKHWHLUFDHK P JWWER BV SU|
RODWH WRGD\TV SULFHV IRUOIRQRLWABDP\\MNBUYLFH DROWG WKHLQQWKH &5
(20 VFHQDULR

,Q RXU DQDO\WVLV ZH FRQVLGHUIRFHX*R R@DVUN ARHYGENYHUHNHUYH DOVR
UHDVRQV 6WRUHG K\GURSRZHUNHWXQXCHIRIVWKHIF XX UWOQOWORDWIR SURYL
IRU WKH IROORZLQJ UHDVRQV RYLWHF@ Q®DEXLVWHHYIOH SULY QRW \F
GRPHVWLF DQFLOODU\ PDUNHWWRRPKFK LW KHERP S HWHIUWLRWY RQOQEBHFRQG
FXUUHQWO\ SURYLGHG LQ V\PPWNWLDWFLED®XRS VDRI ZBCGOFMMWGRZQZDUG L
SURYLGHG LQ WHUPV RI SRZHU TMRZIQAHNUSOD QIO DM DRVWQ FERPH@ RW VWR |
UHFW 3IXHO" HJ ZDWHU IRU ODWHU XVH IRU H[DPSOH @LBGWSRIZFR
RITHUV WR WKH 6ZLVV 762 LQ VWHDWALW ROFDSDBHWI!'DWH WG ROWHN EH °
ZHHN VXFK WKDW PLG WR ODUJHV VDR UHHGVEK\GNKRE®E HWR SOV IWFL SD W H
SODQW RIIHUV VHFRQGDU\ VHUYLFH LW FDQ DOVR SURYEL®H \S DICRD L
JHQHUDWRUY DUH DEOH WR UHDHOWF VY EWBQQHWH AMRXFEWWMW R WUWKH SULP
WRPDWLFDOO\ FRYHUHG E\ RQPISHOFDSDFLW\ 5HLFKOHW

1RWH WKDW WKH HOHFWULFLW\PRBGHFHYWRH WKH DQISRW EDW NRKH SUR
K\GURSRZHU %\ FRQWUDVW WKH QRWQSWEPBVEB PAGRAAGRAMUJI\ PDL
H[DPSOH IRU DQFLOODU\ VHUYBEHRW HFHWSURXILKGHLPOLWKLNRU VXFK SR
ZKLFK GHSHQG RQ WKH HQHUJ\ REDOAHSSUP RIBW ®O MKIH DRWEW OVR WKD\
WLRQ IRU DQFLOODU\ VHUYLFHVY OUHG S X BN BWIK® WQWKHWH LI QR VLG
SULFH



6HFRQGDU\ DQFLOODU\ VHUYLFH

%HFDXVH PDUNHW UXOHV IRU VEBF R@GHEKD QJHHU YLKkKH DQBQVNWRRM NHSW
UHVXOWY FDQ EH YHULILHG HPSLULFDOO\

J)LIXUH ([DPSOH RI VWRFKDVWRRRSWERQ®MNINRWHSHREFES RYHU D VLQJOH SHULRG

7KH VWRFKDVWLF RSWLPL]DWLE Q@ SALREOHPSHUL R G OV @ WRRZQHIOM )L J X U
SHULRG PRGHO ZH DVVXPH WKMHWQHHWGERHGEHD VHFIXUBHQWKO\ LK) 6ZL W]
VRPH RI RXU WXUELQH FDSDFLWWHWRLVFHFRQGD VU\PPYIFLOICFDXS DQG GR?Z
7KH DPRXQW RI WXUELQH FDSRFD®YF LVOKOMDW \L VHW WA E X WRHHGH W B D DIDE
WKH VHW SRLQW DQG WKH DPRIXWWS RR GWFHEL § W IFDS D OL &M BWHIDKG HQF F
HOHFWULFLW\ SULFH IRU WKH XVXDO HQHUJ\HR®OY K& B K [BKHSHE GPD R @ F
DFWXDO KRXUG) 2SLFW BVULFRIGHOOHG DV D UDQGRE HWD WIXDJEQ Q) H8BS Sl
OLPLWV KDYH WR EH IXOILOO MG PEHHNFDIXA HWHKRV ¥ RQY/R\EBQUAY RSHUDWLT
WKH WLPH SHULRG KDV WR EH R\W B XFIWHG WYEGH FORD MLKH WO WRKH P |
D ORZHU ERXQG RQ ZDWHU LQUIBBRY MK P BMKH KXHIEYQFHRR WHP 1D SUR
LV WKDW HQRXJK ZDWHU IXHQ DOFS0ODHOQW H %Y LFHR WLIGH G\DHW W P X\
SRLQW DQG D SRVVLEO\ UHPDW®HQUUHABSEIUWKNWWHEG KEWY DOVR W
DVVXPH WKDW WKH ORZHU ERXQMRREHWXE I ZO /ME O HHIDHKBADWLRQ k
EH LQWHUSUHWHG WR EH XVHGSIRUQPHGUXE\ WRQWRIDIVWHUERXHDO LW\
GLVSDWFK LV XVXDOO\ LW H UPRWLPYHHLOR LID®DG MWVS® & BK OARZMWZ IO WHH Z KL F |
LQ WKLV UHVHDUFK SURMHFWV ITUKRP SURHLMW HRH W R GXFDVQ\W QHI)AVG | UR
IURP WKH ORFN LQ LQWR DQFRO®\D UW K H IBOLEFFPMUNGH BREHNWW WKH PDU
WKLV DPRXQW FDQQRW EH FKDQURIGD ®BERILQV LKHORSHYMDMDVR WKH |
DQFLOODU\ VHUYPEH KEARQRWHAGXB\HV LQ RXU FDVHHDE&ERHYBI\WPHQ WV I DR
WKH QHW HQHUJ\ SD\PHQWYV LQ DAVKRII FDR/GIDR | DAZH. \B WM OBIDY® D@ RUGH L
WKDQ WKH YROXPH ZHLJKWHG FDI FPIQVNRFXVFRQ WKEK WHIDRE X UV HP H (
FDSDFLW\ ORUHRYHU WKH UHLPHEXHYHPEIQS\H ORIV @HOARY RQHEBKH DPR X
WKH 762 GXULQJ WKH WLPH SHUURGR @ KALKK BWBHRGMVIRWWKH VXSS
QRW LQ VFRSH WR EH HYDO X DRV HGWIXQ W K EY GRIMRWFWH@HUBR O\ XL
PRGHOOLQJ DUH SUHVHQWHG LQ 'HQVLQJ D

W FDQ EH VKRZQ WKDW D QHFNWFRQ\GPRO ®QFLRQ@ DRY WHUH LFH WR E
SRZHU SURGXFHU LV WKD Y4 RWKWVHNVUEH REXKWHPWRIQ WKH PHDQKBEVRO
PHGLDQ RI WKH VSRW SULFH 0$' ,§EBHHBQWKM YDODGLW\ Rl WKLV FR
SLULFDOO\ YHULILHG LQ )LIJYKH \HBV G\ 08KHVI IDX DS SURSUQEMH ORZ
DOVR VHHQ WKDW ZKHQ WKH ZB3WHQJLYQIE X RBEMOW WK K@ WH I/ Y RO X P
DSSURDFKHV WKH ORZHU ERXQG RU®%'0$I RW HX WXDMWOWKHIKHU WKDQ W
EHFDXVH HDFK ZHHNO\ 0$' KDV LWVWRRX¥GRAMHSMIORHPAKGLPKQ LY EHWWHU
ZHHNO\ YDULDWLRQV )LIJXUH HUDORZYSDAQ¥R WKWK HVWKHFRY GDU\ UH V]



VRPHWLPHY FRUUHODWHG ZLWK WRHK ZAWHKHN OL QLW HEX VP EDWMHQ G FKD
ELGGLQJ EHKDYLRXU RI UHD O HRWO & X V¥ DQLORIWA WV IRNH D WRBFOXVLYH

JLIXUH%OXBROXPH ZHLIJKWHG ZHHNO\ SULFHVHRIYVHEFR@GCOULWIHVBDQRK VHADOBBLWRIULKRXU
D *UHHQ 56886DQ DEVROXWH GHYLDWLRQ RHKHWDIGH6ZH@VDUME RWWIOHH BWUDFLW\ SULFH (3(; 6SF

6HFRQGDU\ DQFLOODU\ VHUDIQRGH S U IVAFHH\Q DRJW RWK H

%DVHG RQ WKH IRUHJRLQJ GLVR¥VSURYLIEGGDIQVNVRMDLYPHDDWHV R VHFRQC
YLFH SULFHV IRU WKH (20 DQG WIRY &50 WR B LI KMHVU Y FH@DW DQG
WKDW WKH HOHFWULFLW)\ SULFHANVHR| WKIQ DL P Q¥ SHRIRGHG E\ WKH
HOOLQJ DUH HQHUJ\ RQO\ SULFBQFDQGD®R DHRW ERNWU DQ\

JLJIXUH VKRZV RQ KRUL]JRQWDHHDMDO®XHW * L 7RGMKYY ORZHU ERXQG
RI WKH HOHFWULFLW\ SULFH V O85HWDXHG MHUWRBW\JULFH (85 0: K
WLPH DYHUDJHG RYHU WKH KLWMKR UAFO@ XFHVHR @ L FBIQSU LIAH. DFKLHY HC
RYHU WKH KLVWRULFDO SHULRG RQ WKH PRORPXQRVX®HW WKH \HDUYV

FRUUHVSRQGLQJ OLQ YDOXH FRUUHVERQDUWRVWRE D®GR&BSMK3IROLFLF
DYHUDJH YDOXH DQG WKH OD[ YDROQHODU HURPDWRG DS R SFOOXIH WR W
0$' $V D UHVXOW EHFDXVH SULFH QY ERMDKNVRBYDULIRIHDQE WKHUHII
DQFLOODU\ VHUYLFH DYHUDJHVSUEFHYV MDWQGH[SHEYHGKWR30LVFHQDUL
DQG UHVSHFWLYHO\ DQG LQ WKMHQ@O0 VFHQDULP ES& UHVSHFW



JLIXUH 9ROXPH ZHLJKWHG SUUWHY \RH WH.FFRIQ & FDOHBVW R K RIQGH&SMOL BR O LFU HVKWF (RQD U L |
DQG 9DOXHV LQ FROXPQ 3G WR WRN KHVSMR@LFDO VDPSOH RI )LIXUH

6HYHUDO UHVHUYRLUV ZLWK RSWLRQ RI VHFRQGDU\ DQFLOO|

$V D ODVW H[DPSOH RI K\GURSRHHARQQD®MU VD\SROWHPHR| DHVHUYRL
ZKROH :IJLWDOHUVHH .UDIWZHUNK FREBMLMWXURI WZRKLEVHUYRLUV
5HPSHQ DQG WZR SRZHU SODQWYV I5GIHS D@ EDVO0: SXMSXWEDQG 6LHEQ]
ERWWRP KDV 0: WXUELQHV 8VDEOWXPBWHURYRIXPHALRUMW QG Pl
PHWHUV IRU WKH XSSHU DQG OHRGH U\ DDHIHDREAUP HUGIW BREWGEG Y WKH :1J
ZHUNH KDYH UHODWLYHO\ ORRPOIMLAMK WH IDDSZDW]SODQ WE FKOFK WK
FRUUHODWHG ZLWK VQRZPHOW HHKE QG 8HB SR QUKD M HL AMFOROSDUMD EOH ZD
DUHDV LQ WHUPV RI VL]H ZK HWURZDHU WK S IQQOIRZ HRH QVBHVY DIIHFW E\
ORQWKO\ LQIORZV IURP D KLVWRUOPEOHNHDR Z BUIR PREH PYHBED® RU RI
RSHUDWLRQ SURILOH LV VKRZQ LQ WKH DSSHQGL]



J)LIXUH 7ZR UHVHUYRLUV | XIO\OH W\ VWDH W RH U N BIL WDLIOMK WK HR @&V V L BLQCHLVD\OW B\ VAW N U F\HH F

$V DQ H[WHQVLRQ ZH DOORZ VWK IVFZHW DRV WWRK I @FRZOHID UHVHU YR LU

XVXDOO\ HOHFWHG IRU DQFLOWRH\L\DHO R ZFIK P K36WHH BFROW K WEKGG WK
FDWFKPHQW DUHD RI WKH ORZHWUXEKWAK W LUHRDW EWHOXHRRUH ZDWH
ORZHU UHVHUYRLUV IRU SURY R®LQRUWKKHFRBYWIFGWRREHUD\WURORQ.
VWRFKDVWLF FRQWURO PRGHORQQIUREOXPHRW KIHI RSM LPLIDWIKH GXD
DSSOLHG WR WKH PXOWL SHU LYRIGR QHE VHIDQIO L, B G HW & H D5VX B BQHUEROEHO H P
LQ WKH GLIITHUHQW UHVRXUFHW )\ BRAWK LLRH FDH/QIVLRU DQPLMAG LQ FD
UHVHUYRLUV 'HQVLQJ E 7KHWSRQPHD®WYRQ FHRGHDLWK PRQWKO\
GLVWULEXWLRQV DQG ZDWHU OHYHOV



J)LIXUH 2SHUDWLRQDO SURIKMW &B D WNHWDUHYRWOX@ G LDV VR | W RVGKDH  ULHQ. RSEDSUHVCHEPHHQRAM IRIU- W K H
VHUYLFH 7KH RSHUDWLRQDO SHHWIZW H® QQIHMWN YV RQ WKRDVXKP WYSBRIUWLPE & UDVHALHOQOVD UT\B R O R
UHVHUYROQDVN &URVQHPXP UHLPEXUVHPHQW IRU WXKHVHUM FEHBERBHWFB QR WLIVWRD BADHD WNR HQ W H
'RWWYHUDJH H[SHFWHG UHLPEXUVHPHQWVQFQE DWKIHGC AVRRIW B @ SRREHIOD W K R (GKIRQ ISJIRRIW Y O VDK HV YLD

VFHQDULR LV WKH DYHUDJH "RIM/XRQ KRIQ. )RO@¥IRD BGPR\WDKHDG HOHFWULFLWG BQLWKM RY¥ORI W
VFHQDULR

7KH PRGHO UHVXOWYVY IRU WKH RSHUDWLRQDDLSWKRWR\EOER U LAWALBHHD V|
DQG ZLWK WKH SULFHV RI WKH &50 VFHQDULR ,V MWUWK¥L BH LLPVE K-HUU/R! PW K
SODQW RSHUDWHY REYLRXVO\ LQGWWKKH HROBSHUID VRIQFOQ PR G H R BL WV EIL O L W
SUHYLRXV W\SRORJLHV 7KH PDUNRKWH MYBIQKHY LIMFEHDVHEHFDXVH |
FUHDVHG SULFHV DQG YDULDELODUMR RSIVSRH G WY RQ@HW KHD VBPHEH) WK H
FRPHV RQO\ SURILWDEOH ZKHQOI$W \P B D QF BIEW)RWDSOWH W WIKDHW LRQ IURF
HOHFWULFLW\ SULFH ,Q )LIJXUWH L@®HFPR®\EKDW 0BKHERWWRP IRU
&50 SULFHV ,Q FDVH WK E HDRRFLHOW BUR MMDEGEH WKH WRWDO RS
SODQW ULVHV WRR 1RWH WKRW® WHKH RIS HU DR QRDOPOLSORILW HU Y LFH
DQG WDNHQ LQWR DFFRXQW WHRRH LIQHSWRRISM RY WKMLOQBURKRHU WKH
WRGD\ EHFDXVH WKH VORSH GHSWRIE W RQP BXWHYH@FHQMD VAKLBK LV DC
VFDOH +HQFH LQ WKH IXWXUH WKH RSHUDWLRQDO DG Y DQQRMD GH. IW R
IHUHQW XQGHU WKH VWURQJ X0OM\KPBW MRCH WKDW LFXUWWQWWKH VDP}



&RQFOXVLRQV DQG SROLF\ UHFRPP}

,Q WKLV VWXG\ ILUVW DQ HFRQ@RPMKHI GR DY\ VD FWRHIYD BRE W KHD B Z L V
EHHQ FRQGXFWHG $IWHUZDUGV PXDW W WRKQH PIRIGIHQOW BERXYHGSE[ WZR V.
ZLWK HQHUJ\ RQO\ PDUNHWV (20V HR@/GICREPB SDIP/W\LPSOMPHUDWLR
&50V LQ WKH QHLJKERXULQJ FRXQWHM LBHHH R | H[DLPIL HU® DAXE IRFXV RI
OLHV RQ WKH IXWXUH GHYHORSBMQRHRIDZXKR QBV WD ®IBE NHVE D F LW\
LQYHVWLIJDWLRQV DUH DOVR FOROMNMHHGY R RQHE B B OMHX SIQRWW\ VRXUF
WXDOO\ WKH VLPXODWHG ZKRG@VDUHGPRZUWKW G HH[SHWV ICPHQWDO PR
GURSRZHU ZKLFK XVHV WKH VWWRRKBVUW LFVRS W WKLY PRYWORESSURDF|
WULFLW\ PDUNHW UHYHQXHV RIDOWRLUGH E\KRBQRISREHUQDWHBPBUDO W\S

,Q RUGHU WR DQDO\VH WKH VALI@L BLZAD/YWH CCHRWRILF LL\@ | SXHUGHAY LR @ X O
PRGHO KDV EHHQ GHYHORSHG $W0D®&RZMW MKW FRUNRIOW WVIL REWLQJ W
RI QHLJKERXULQJ FRXQWULHV BPNG@W QIOW K B FBH MWK/HH®HFMAQRBLW\ SU
DQG WKH ODUJH WUDGLQJ FDSDWFISWDH W EFHWWEHBE Q WROHPDQ NBMAH/ UH J
WKDW LQ WLPHV ZLWK YHU\ KLOR D® D® G HDKH/ 6/Z K M V) BIHOGIFRVD EWL W\ S |
YXUWKHUPRUH VWURQJ FRUUHOB W LERHQWZ HO Q/ $IOIHFWDQ ELWXPPULFHV L
DQG 6ZLW]JHUODQG DUH REVHWRKME 0@ W WHL VY HDVOAMRNS/RW & Y\ GVIK\M L*RIQ P D
IURP ZLQG SRZHU DQG VRODU RV IV KH JEZILIN. ¥ DSQM FGIWL YZKWL OH H WV UR
DXWXPQ DQG ZLQWHU PRQWKV WY ZEIQWAHSIU WFKN 6 OD\R H OHKRHF [\WAMD O L D
SULFH ,Q DGGLWLRQ WKH ,\UD OWDE KU LFHS FXIUW K UHHUKYRH/G DRV HV KH €
Rl WKHVH SULFH GHSHQGHQF LZHW VLIVX MWK RRIS RUL\W B PR QLKADRVJ 8@ IKIH G H Y
VDOH HOHFWULFLW\ SULFHV VDKV FEQ SDGH WADFQ G QV WK H FQHUKER X U L
DEOH WR UHDFW DGHTXDWHO\ ZKMQ\ \WKB @IHUNB W WYKH) QHQHDDWLRQ
6ZLW]HUODQG LV DW ULVN

7KH DJHQW EDVHG VLPXODWLRQ PRGH® BRWHREER ORIV RDWOHIRSURYHP
ODU FDSDFLW\ H[SDQVLRQ SO B@®QAIVIRIKLFK[EDQHD®OR/RHW BINM Y QW R
IURP PDUNHW FRXSOLQJ KDV EHJE RQHK DD BHIG F HRIIR WHKRENVSV EDVHG R
WLRQ KDV EHHQ LQWHJUDWHG GQWR &ZK WV PHRIGOHDI G L WK H RRIGIHO KDV
LQFOXGH VHDVRQDO VWRUDJH K\CURIS8RE HEHUDGDRXNP\S HTK N VRIS UD W L
VWRUDJH K\GURSRZHU SODQWYV KOMEDHQUHIEBIXEHRBQXRRGHD® EDVHG |
3XPSHG VWRUDJH SRZHU SODQW\K X2\DH/ BGK R R UHLNSW ERV B S SRIRIDNFHW S UL
VFHQDULRY KDYH EHHQ GHYHORSHBHBGE GL@DS\DIU WD ¥ XEHHD WGHQWLIL

7KH 3RZHU$&( UHVXOWY DOVR VKRZRWIKHLWYHBRQD GGHOHBGHBWULFLW\
RQ QHLJKERXULQJ FRXQWULHV ¥ BWWPHYD W\H JW K 8 LIFWA K HW\GL W GB\Z L W] |
EHWZHHQ ERWK VFHQDULRV ,Q WKWHK50H3ROHFOHVWEBYBEVWPHQWYV L
LV SRVVLEOH WR UHO\ RQ LP SR U@FHG¥H YW RHBKH QB UDNIUL R IFPSDFLW
FRXQWULHV ,QGHSHQGHQWO\ INDRPVWKE QHAV]BVODQOHWKHDSZLVV K\
VXIILFLHQW HQHUJ\ LQ WLPHV RI VFDUFLW\ DQG FDQ HP/BH@® WRXIWV\ H
7KLV OHDGV WR D VXFFHVVIXO WDODE® [EQ HDW. YLAQQBIMMG KRXUV (
GHPDQG VLGH PDQDJHPHQW &RQVIOTRPQWIOW REKHDVXBBHWRDHWKH U
VWDOOHG FDSDFLW)\ RI K\GUR QRZHFD \8OP@ WNQHUD WMRRQRGHTXDF\ FD
ZLWKRXW D FDSDFLW\ UHPXQHUDWLRQ PHFKDQLVP

JRU WKH PRGHOOLQJ Rl VWRUHG BUG PRSRIZHD TS BRPER KRHQW WKH VW
WKHRU\ ZDV QHZO\ GHYHORSHG ZKHIRWR YDH® UCEEWRDFKQIMOPRGHO IR
REMHFWLYH IXQFWLRQ DQG FRQW WILEDXUVQIMRQ DIOQ GQX R H B DWKLHR \@ LFPIHW K H



VWHS WR GHULYH WKH RSWLPDO®ORR®HHDGHYYRF HR | TKMH HREMDINQHG UHV X
XQGHU WKH OLPLWDWLRQ DQG DVVXPSWLRQV RI WKH DSSOLHG PRGHC(

,Q WKH &50 3ROLFLHV DQG (20 VFHRPHJIORH YWRN DYHUDUWLEI XS WR W
IXUWKHU XS WR GXH WR WH BUQF HD UVIEXRH@ FHUUWHM FD®/G LQFUHDV
RWKHU IDFWRUV 7KH UHVXOWINVFNKREZYWRBW HRDEUWRVILQIHESIHFWHG |
UHYHQXHV RI VWRUHG K\GURSRXNWRBDDH) WU DI RUVWMBYWQCDO HW VLJIQ
LQIORZ WKH UHVXOWYV VKRZ DHODUHDG\OR R @QKIHGAU® B\OHHJPQFUHDVH R
EHFDXVH WKH DYHUDJH SULFH EPWRHQAQRUW BB UMKN ARHOMAQXE! IDQG WKR
DOUHDG\ PLG WHUP LQ ERWK VFHQDULRV ,Q IDFW WKH (20 DQG &50 -
GLVWULEXWLRQV XQWLO

&RPSDUHG WR GDP VWRUDJH SR ZIH) PSIODNHWW U WXHQLXHF U V'\PHD OO H U X
IRU GHGLFDWHG SXPSHG VWRUDJFWISOD EWFDXDN MVDKHVEBRW W RI WKH
RQ WKH YDULDELOLW\ Rl HOHAWVHFLW) WHKHFMFHQRUER \L XRNKLVOOW K H
DQG OHVV WKDQ DYHUDJH SULFHSONYWHOV ,QKHKBEXPBEOE WMWRUDJIH SC
VWURQJO\ IURP WKH ORQJ WHUMQEFWHD¥HWE\ YDULLHEL OMBHHRLDOO\ W
KLELWV LQ WKH \HDU H[WUKPHSSRILEW SEHDONW)\) BRRWMP L]BIWYRQ SHU
YDULDELOLW\ OHDGV WR PRUH JSRPSHWNXUEKQFKFPPOQHOHBREUWR FKDOO
PHQWLQJ VXFK KHDY\ F\FOLQJ RSHUDWLRQ WXUELQN @MD® GRZQ KH/
HOHFWULFLW\ SULFHV IXUW K HR WEFUMHDYBUERYV VX IF K DEODW Q/ WRUHG
RU UHODWLYHO\ VPDOO SXPSLPDUNDISWRLAMHOXEWL QFRRDEXW WR D OH
SXPSHG K\GURSRZHU *HQHUDOO\LPOHUNHQ WKN WGKIQW DIWRAH KKHUH 6ZL)
ERXUHG E\ (20V WKDQ LQ WKH &5 8 3\RRO WAHH K MIKHHQDSWRFEXOHYMOV DQ
WKH FDVH HVSHFLDOO\ LQ WKH DRIQIKWHUMXOWK RI WKR (20 \VRWWHQDUL
VXIILFLHQW FDSDFLW\ PDUNHWW BIYW DHH. GDEBDH SHRDRVW L JD

5HVXOWY RI WKH SURILWDELOLWH® QODPW\HW[DWE0R EHHYPGPOWH QJ WKF
LQ PDUNHW UHYHQXH LQ WKH VRHHGDWLRFORYHH VW KH H RMKVH. &N PP DU\
SHQGL] JRU H[DPSOH IRU VIWWUHBIBOKDWURIBABYBRZZSXPSLQ@QOFDSDF
SURILW DSSUR[LPDWHO\ GRXEOIBVFIRMWSRQWE X WKKI WRGDNHW R \HDU
DSSUR[LPDWHO\ DW OHDVW GRXEOH DJDLQ XS WR \HDU

7KH K\GURSRZHU IRFXVHG DQDO\&L¥DMOLRRY SRUR YIHIHNQ PIPVLRQG SULF
FRQWURO UHVHUYH ZKLFK DUHLRVWRBDWHG\HOWWKH WRHR DU 7KH L
RI WKH VHFRQGDU\ DQFLOODU\ W DUKN\R-Z\M GG YWKIDQN WKH SHRNMHFAHG UHLI
VHUYLFH L H WKH FDSDFLW)\ BXDBHEW&HR SOW KM SRAQHW BVIG @ QFLOO|
GHSHQGV RQ WKH YDULDWLRQV RIOWRW HFHWI\ ROFHRD UNHRWKHU ZR
FRVW RI QRW EHLQJ DEOH WR BING W E YW HVIRQEH) O\RFQ € 'G PLDD H @ DVRWN K
NH\ PHFKDQLVP DOVR LQ WKH IWIYWUWH FKRGEHH\QRQTEPRELOOBU\ SULF
H[SHFWHG XQGHU WKH DVVXPSWRRQHWHKB\D FLRW XILOQLEHFGBMIQGHG E
FDQ EH TXHVWLRQHG LQ YLHZ WX\DMD WKBGW \\WPHDUWMN HW M UFID R Y XEV W LW
FLOODU\ VHUYLFH PDUNHWYV

&RQFHUQLQJ WKH FKRVHQ PRGHOK\IGQURBBZHRED WK HRH[ ¥ MRUIPHR WD O V!
FRQWURO IUDPHZRUN LV DEOBWWMRHWUWKS/O FDWR RLNMAWMRNVDEQ GEIHUHH L
UDQJHV RI PDUNHW UHYHQXHWWWHIUV SDXAQNER WKV WD BEO W HBRBKLIKQ J EHF
WKUHVKROGY FDQ EH HYDO XDRMWHRQ O \S@RWLW/ION RZIK\LH K LW KRWKHU PRC

,Q VXPPDU\ ZLWK DQ DYHUDJHDMBH¥FR BREHVWRBDQFH (OFWHK LQ D Q
LQ ERWK VFHQDULRYV LW LV QMN\H O \LKVISER H LGUERERZMAHYOO\ IURP W
LQ WKH QHLJKERXULQJ FRXQW HIQDU KR ®HIG WP RIE WOXIGLH DY WP SW LR G



DQG GXH WR WKH IDFW WKDW JKQHGE DWW LW IQHDIGHYTEX\DW L LIYWHGY §FHQD U
RI WKH 6ZLVV PDUNHW GHVLJQXOWYFFRUGHQ W 0/\RQFRW WHIVXLUHG

5HIDUGLQJ WKH 5(6 VXSSRUW DL HHFEOMHJQHYHQG WE WRARPAGWWHUP EHFLC
ZKROHVDOH SULFHV ,Q WKH ORHDWH UR WRAHVRWDDQVXK@NLG\ FDQ E
E\ WKH WDUJHWYV IRU LQVWDO& WX BK6HRD-WIA LRDLKHNVHMWQ WEX KB ORWLFEFXOIL
WLRQDWH JURZWK RI VRODU SRZHUQ X @GGH U HVKH R/ RXPABKMHLRHHG LQ W

$V D UHFRPPHQGDWLRQ D UHGXFWRRIQ IRI ADQHEH 6S HRHQRKQFHG IURP |
WLPH LQ RUGHU WR WDNH L QMR O AFRXQBORIDWEK R Q DFARYIMWMI  DAURADK
RUD GLUHFW PDUNHWLQJ PHAK® @ HV)PVHIGNKVDIXG VDIORMU QDRVLY H  \
H[SHULHQFHV KDYH EHHQ PDGH L®HBRKQWU FRX@GHMMHYW HD JHQW X U
PDUNHW LQWHJUDWLRQ EDVHGVRIOWBM GRIQY AR HVHQWWR MAKWH V\VWFH
DEOH HQHUJ\ DXFWLRQV FDQ E HD DRL W MAKM L QH UPHHIWK-R GQWSR 6 IXQGLQJ

$ FULWLFDO UHIOHFWLRQ RI MKW VMW XGG URBREH B XDDUOW KRR SHBILWD
WDLQWLHV WKDW FDQQRW D O MK UE HQI X\CKO\ V. DAMHD WIDRWH G RUHLQ WK H
WKDW VFHQDULR UHVXOWY UDWKHU LOWXVY W GHW H O\RKSH KEQ@IVP D B\G R/I\ \
GHSHQGHQFLHV WKDQ DFWXDO H[I$HEWBH\SLRQWXUHQG\\BWRPLWRGLOLWIL
GHULYHG IURP WKH VFHQDULRY WKDW ZIGHQ RAFKEK U L2ZYLWAQK | D DKRLH K RSJAR E
RU FRPSDULVRQV FDQ EH PDGH EHR THHQI GR SIHHG\QW 2APAMIQ BW I THUHQ
RUGHU WR HYDOXDWH IRU LQVROUQNAHW GHVHUE RE VBRPOQ ¥\ R



SXEOLFDWLRQV >ZLWKLQ WKH SURM

%XEOLW] $QGUHDV )UDXQKRO] &®RUVIW®RSKHCH P P Hj@ipQaemu-
neration mechanisms in Europe 5()/(; 3ROLF\ %ULHI

'"HKOHU -RULV =LPPHUPDQQ )ORULDQ .HOHDérEiRlIgs@er Nadchkaw QHU RO
lander auf den Schweizer Strommarkt. Proceedings des 14. Symposium Energieinnovati-
onen, 10.02. - 12.02.2016, Graz, Osterreich

%XEOLW] $QGUHDV .HOHV (RQLDR)QAN ahdhKis\oQihedeclifeOfl electricity spot
prices in Europe : Who is to blame?. Energy policy

JUDXQKRO] &KULVWRSK =LPPHURDIW )LFRW@PHU PHBEbBged versus
load-smoothing pumped storage operation: Long-term impacts on generation adequacy.
14th International Conference on the European Energy Market (EEM), 6-9 June 2017,
Dresden, Germany

5LQJHU 3 KL OE&&igungssicherheit und Wohlfahrt in gekoppelten Elektrizitatsmarkten 'LV
VHUWDWLRQ .DUOVUXKH

=LPPHUPDQQ )ORULDQ .HOHV 'RJD Agenter&sibre@ WralyseRdérlAuswirkun-
gen des franzdsischen Kapazitatsmarkts. 10. Internationale Energiewirtschaftstagung
(IEWT), Wien, AT, 15.-17.02.2017

%XEOLW] $QGUHDV .HOHV 'RIJDQ)UDRRAKEPD QXK UOWRWROKR )AFKWQHU
survey on electricity market design: Insights from theory and real-world implementations
of capacity remuneration mechanism. :RUNLQJ 3DSHU 6HULHYVY LQ 3URGXFWLF
.DUOVUXKH

'"HQVLQJ 0D UWHxglicit solutions of stochastic energy storage problems WK (XURSHDQ &RQ
IHUHQFH RQ 2SHUDWLRQDO 5HVHIDURK (852 9DOHQFL

(QVVOHQ $[HO 5LQJOHU 3KLOALSEDWUWUFND¥VPIPHRPRI®Q )ORULDQ )L
Incentivizing smart charging: Modeling charging tariffs for electric vehicles in Ger-
man and French electricity markets. Energy research & social science

$QQXDO UHSRUWYV
=LPPHUPDQQ )ORULDQ 'HKOHU -RUAual FeQov P@6. KMMUMANQ ZZZ DUD

PLY DGPLQ FK '"HIDXOW DVS["'RFEXPHOQW,' /IRDG WUX
=LPPHUPDQQ )ORULDQ 'HKOHU -RUAMualFeoxt @3 KDVWUWWIS\NQ ZZZ DUD
PLVY DGPLQ FK 'HIDXOW DVS["'RFXPHQW,' /IRDG WUX

RUN LQ SURJUHVYV

=LPPHUPDQQ )ORULDQ %XEOLW] MFEG&WHDHW .HODbb% botded &ffects for
Switzerland
WR EH VXEPLWWHG LQ (QHUJ\ 3ROLF\

.HOHV 'RJDQ 'HKOHU -RULV 'HQYD®@J HCORMWV l+@ F 8IDOpid®sLof Swiss
electricity prices and interdependencies with neighboring markets
36, ., 7 MRLQW SXEOLFDWLRQ JWRFEGRPNHERLWWHG WR (QHU



'"HQVLQJ O0DUW IOk value &f flexibility: Lock-in of power generation with storage into ancillary
VHUYLFHYV
XQGHU UHYLVLRQ DW (XURSHDQHRXDQPBR IRU 2SHUDWLRQDO

'"HQVLQJ 0DUW Egensiongof optimal storage-dispatch solutions, ZRUNLQJ SDSHU



SHIHUHQFHV

%HOVOH\ 'DYLG $ *XLGH R L3W\L QD WG EieEDier@@din Econom-
ics and Management SS + '2, %)
%RLWHX[ O 3HDN /RIEQodhalLd B@ihessQ SS * $YDLODEOH

RQOLQH DW KWWS ZZZ MVWRU RUJ VWDEOH

%XEOLW] $QGUHDV .HOHV 'RIJDQS$QPLEBRWQWMLV:ROWKH GHFOLQH RI H
SULFHV LQ (XURSH :KR LV WR EODPH" SsS +

%XEOLW] $QGUHDV .HOHV 'RIJDQ)UDROKEPDQEXUYORVURBK )LFKWQHU
VXUYH\ RQ HOHFWULFLW\ PDUNHW GHVLJQ ,QVLJRWVRQRRWKHR
SDFLW\ UHPXQHUDWLRQ PHFKDQLVPV

%XQGHVQHW]DIJHQWXU %1HW]$ FKUH®BEXHQIHIH WH $XDNODEOH RQOL
KWWSV ZZZ EXQGHVQHW]DJHQW X\UNG M ] L(WSIDHF W XIESL*HDW HB QOWH U Q H K
WLRQHQ $XVVFKUHLEXQJHQ :LQGB2QVKRUH %HHQGH
WH$XVVFKUHLEXQJHQ $XVVFKUHLEX®IH®BQREMVNWIROHUEKY J
VLRQLG & )) & &) &' '% &

'HKOHU -RULV =LPPHUPDQQ )ORULDQ .HOHV (RODQXYVNF&W\)HD FKED
OIQGHU DXI GHQ 6FKZHL]HU 6 WURPBBIVNW 6\® S RBWIRFHHGHQILHLQQ
WLRQHQ *UD] gVWHUUHLFK

'"HQVLQJ ODUWLQ +\GUR HIOLW/BDWAK SRZPIQQSQD QWX OWL VWDJIH V
PLQJ ZLWK WLPH FRQVLVWHQW IPRQWWUDILFHWR/I B & WH. VN D CLOV K+ D Q \

'"HQVLQJ ODUWLQ D 'LVSDWEXYSHQIRLGIDXYISWREBHPY DQG RFFX
$SSOLFDWLRQ W R EKrogddiRIBIRMAaFOperational Research SS *
‘2, M HMRU

'"HQVLQJ ODUWLQ E 3ULFH 'VSDNMF K\EQURISR BFHIUWDLQW\ ,Q 5D
YDFHYLF *HRUJ &K 310XJ ODULD 7 HADHM®E RIRWSKRFBELVKNGO/D QDJIHPHC
HUJ\ BURGXFWLRQ DQG 7UDGLQBSSYRQJIJHU %R YQWRKU@BWLRQDO 6H
WLRQV 5HVHDUFK ODQDJHPHQW 6FLHQFH SS %

'"HU 6FKZHL]HULVFKH %XQGHVUDWU GLH 9HIRHU@NQGHEBURGXNWLRQ
DXV HUQHXHUEDUHQ (QHUJLHQ (QHUJLHI|JUGHUXQJVYHURUGQXQJ
EOH RQOLQH DW KWWSV ZZZ BGPRRSER RBER®H FODVVYQIEH[ KWPO

'XQWHPDQ *HRUJH BULQFLSIVQV&RRPSREBOWY 5RDG\ 1HZEXU\ 3DL
QLD 8QLWHG 6WDWHV Rl $PHQVFDQBS$*( 3XEOLFDWLR

(LGJHQ|VVLVFKH 6WHXHUYHUZDOWXRUWWWADNXUVH-DBWWDLODEOH RQOL
KWWSV ZZZ HVWY DGPLQ FK HVWYVGH KRB H IBK U 8 NW HKBEAXXKDWBGY D W [
OHLVWXQJHQ MDKUHVPLWWHONXUVH KWPO

(1762 ( D 7HQ <HDU 1HWZRUN 'HHEMBRSPHQ®WLWODRE\ (XURSHDQ 1}
ZRUN RI 7UDQVPLVVLRQ 6\WWHP 2 SHODDERYVR QOL6RH( DB YKWWSV
WVRH HX 'REXPHQWYV 7<1'3 GRFXPHQWV 7<1'3 6FHQDULRV 'D\
SXW 'DWD [OV]

(1762 ( E 7UDQVSDUHQF\ 3SODMWURSPD@@GLWWBREAN(RI 7TUDQVPLVVLR
HUDWRUV (1762 ( $YDLODEOH KRMMWHQH BI\WWYVKKWRHSNX WUDQ



(3(; 6SRW ODUNHW GDWD &WDAS\DE QHAZRSH[WIS DW FRP

(XUHOHFWULF +\GUR LQ (XWRESHH \BRXHDWLQHSRQWZ 'pS{W OpJDO
' $YDLODEOH RQOLQ H DWW & WRWBWL F ZZZZJ PHGLD K\G
SRUWBILQDO H SGI

(XURSHDQ &RPPLVVLRQ 6WD\WHQLGQ &RPPUNVLRHRWLIDWLRQV |
WR UHPXQHUDWH HOHFWULFLW\DFD EDFLS/\ HX DR OD HXHURGO GQS U H

BHQ KWP

(XURSHDQ &RPPLVVLRQ (8 UHIHUHQFH VFHQDUA*RHPLVVQRQW WL

WUHQGV WR UHIHUHQFH VFHQDRID\WLRXQWRERXHJ 3XE

JUDXQKRIHU ,QVWLWXW l«U 6RODUH (QHFEMW UH ¥ LW HRK HBXDWLRQ LQ *H
$YDLODEOH RQOLQH DW KWWSRQWHRW\VEHDIRI DX KGRH HAR EXIPFHH QW YV S
WLRQV VWXGLHV GDWHQ ]X HUQHXNHXERQHE H QAU J LFKY BNHIR RIQ

JUDXQKRO] &KULVWRSK =LPPHURDIR® )LFRWDHU .HOHV 3ULFH ED
ORDG VPRRWKLQJ SXPSHG VWRULLFSBEWVYVDRL RIPQ HRIQWWRIQ D GH T
WK ,QWHUQDWLRQDO &RQIHUHIFH RMUWKW (XWRSHDQ WK ,QW
WLRQDO &RQIHUHQFH RQ WKH (XURSHDQ (QHUJ\ ODUNHW ((0 'UH

SS &

*HQRHVH ODVVLPR (QHUJLH@LWWIHNV BKNI W B XK WK/HF $I9Q@ 6 WURPPDUN)
EDVLHUWHU 6LPXODWLRQ =XJO .DUCHKURK o DESHQ % DL&/WQ 1RPR\
*HV $YDLODEOH RQOLQH DW KWWS ZBGUEY GH GPV JEZ

*HUKDUGW 1RUPDQ %|WWJHU KP®D $DUROW 3BREHDWD&ENVWHQ *HUOL
HW DO $QDO\WH HLQHV HXURS(LHWOKMVHBQDULRY *EHU PHKUHU
DMDKUH 7HLOEHULFKW LP 5DKPHG.6$0 (31 RN HSQNIR , /[ 705:
(QWZLFNOXQJVRSWLRQHQ GHV 6 WV %FHQA HIXNHKE N UX AR N N OGS DX
(QHUJLHYHUVRUJXQJVV\VWHPV LQ +LQEOLFN DXI| PLWWH@ VDG O
WXW l+U :LQGHQHUJLH XQG (QHUKRHNUV WP WHFK QW X WMMDXIQO . DV \
RQOLQH DW KWWSV ZZZ LHH |UDZQK RHMX HXH BB QNWH QWHEDVWH F K Q |
PHQWH -DKUHEHULFKWH $XVZHUW XXIQWB | LK)\ B JUMDIQKHRE HBU:RGHS G |

*0 ( *HVWRUH OHUFDWL (QHQOHWHFDWS$SKWIWSDEDHZRPHUFDWRHOHW
ORDG 'DWL6WRULFL DVS[ FKHFNHG RQ

($ ,WDO\ (QHUJ\ 6\VWHP QMHRIYQHQZH o'\ LKOMW SV ZZZ LHD RUJ
DO\ SGI FKHFNHG RQ

62 1HZ (QJODQG ,QWURGXFWLRQ WR FH VY @ DQUNIGH V$ YFOU DIDE® K
KWWSV ZZZ LVR QH FRP VWDWLF DMYRYW WG R RX\P HRPWS/G |

.DOODELVY 7KRPDV 3DSH &KULVWLDQ7KHESHUXE@KULOYWRILDQ HOHFW!
SULFHV = $QDO\VLYV XVLQJ D SD PRICGAHRENeBRPEIIdK QCGHRFPHQWDO
'2, M HQSRO

JAPSIHU ) :LQQLQJWRQ ( % H © Bl OLBWANR RQD WWKLHF 2SWLPL]DWLRQ I[R!
VHWV ,Q WK ,((( DQG &LJUp ,{ WHHIQIMVQLRQDO :RUNVKR

.HOHV 'RJDQ %XEOLW] $QGUHDV*HQRPNHPDQQVL)PRULDARXWQHU :ROI
$QDO\WLV RI GHVLJQ RSWLRQWWR W KK HH® B ByHENEHEM)QP D U N
Ss + "2, M DSHQHUJ\



.HOHV 'RJDQ 'HKOHU -RULV 'HQYD@JHIDRMV +@ F8ID QRVL[ "ULYH L
HOHFWULFLW\ SULFHV DQG LQWRUGGSRQGNBAWIVH\3ZHSKLQML JK

.HOHV 'RJDQ 5HQ] /HD %XEOLWQGSOQOGORHDBQ=FPARRBIFKB ODVVLPR )L

HW DO E =XNXQIWVIIKLJH HIQVE HEXRSAFKRQHEWIUEPP DUNW  HLC
(QHUJ\ RQO\ ODUNWHV PLW .DSD]JQWLWMWPBXEWHWDKL QW 6FLH

.UDIW (PLO $QDO\VLV D QUEH QFF® HEODCBLOFL W WHIFKD QLVP :LHVEDG!|
J)DFKPHGLHQ :LHVEDGHQ

3URJQRV $* '"LH (QHUJLHSHBRSHNWEYNQ [+U(GHMWJILHQDFKIUDJH »

JLWIWVDQJHERW LQ GHU 6FKZHLPDEQGH RQOLQH$FWLKWWS ZZZ EI
PLQ FK SKS PRGXOHV SXEOLNDWLRBOHQRDYPW UHIBP SKS"HIWOBQJ
GXQJ 'LH (QHUJLHSHUVSHNWLYHQ I H&Y BUWH 6FKZ

5HLFKOHW 'LHWHU .|SSHO *DX®H®W , /HFWXKUHULIRDMHY 3RZHU 6\VWH
(LGJHQ|VVLVFKH 7THFKQLVFKH +RFKVFKXOH =«ULFK =«ULFK

5pVHDX GH 7UDQVSRUW GYf(OHFWULFLWp RQHODW KO/MBNULZZXH W I
IUDQFH FRP VLWHYV GHIDXOW BOHWY®WHRBHENBQBRHOHFWULTXH

5pVHDX GH 7UDQVSRUW GYf(OHFSWDEEWVHODUNHWUHQHRRBRIDN DFFRPSDQ)
UXOHVY $YDLODEOH RQOLQH DPW RKRPANVSYO RDRRY FOH GLWM KHO@HBGRF
WHPH DQQXHOOHYV OHFDQLVPHBFDSBEDWHFLWBB®BD BNBMQE & |

5pVHDX GH 7TUDQVSRUW GY(OHMMUGKLEWLO D Q p OM A WWH Q XWH $YDLOD
KWwWS ELODQ HOHFWULTXH HQUWR®@ IUDQFH FRP FKHFEN
S5LQJOHU 3KLOLSS (UTHXJXRXI/NDIKRKW WKHIAMW RQ EHOWHQ (OHNWUI

5LSSHO .HUVWLQ ODULD :LHGH IZRKRAQVJ OHHIMANH ODWB]HQDULRUDK
GLH IHW]JHQWZLFNOXQJVSOIQH 6WURWZXU| HIWhEBUWUDJIXQJVQF
$YDLODEOH RQOLQH DW KWWSVQ GH2ZVQWWYH®RKM DIXFOND XIQUN 'S S U D
OHV & &1% (QWZXUIB6]J]HQDULRUDKPHQB B9 SGI

57( OpFDQLVPH GH &DSDFLWPW KXIVVODE O HRGQVOH UWH IUDQFH |
LWHXUV YLH PHFDBFDSD PHFDBFDSD MVS
6 3 * OREDO 30DWWYV "RUOGNMO'HDAMWDLEFVBIRZHU $®DQODEOH RQOLQ

KWWS ZZZ SODWWYV FRP SURGXFOD/QX\RW G B WHIEHFYWHU LF SRZHU

BFKU|GHU $QGUHDV .XQ] )ULHGUHOTHY IOMEK YV 5RPQ QOW@®Q +LUVFKKD X\

&XUUHQW DQG 3URVSHFWLYH &RVWYV R (HX\F WRKHV WQ V WQ W

'LUWVFKDIWVIRUVFKXQJ $YDLDDEQHE R GLRFK DMQ KWW VBXE OZNDW L
QHQ GLZB F GH GLZBGDWDGRFB SGI

6HQVIX% )JUDQN 5DJZLW] ODULR *HQ@QRHVRHWDWV\RIPRHU HIIHFW $ GH
VLV RI WKH SULFH HIIHFW RI QHOQMHZDEQ R @ OV SIRWUJ B BIUWHWH SUL FH\
Energy Policy SS * '2, M HQSRO

6SLVWR $PDQGD )XOOL *LDQQRADD+¥WHAOMPR 10NBWD 3R *HQHUDW
PHWKRGRORJLHV UHYLHZ /X[HPERXYI5 3BEOHGEWWILFQNQH IWHFKQL
VHULHV

6XVVDPV |/ /HDWRQ - ([SHFW KMK'HL \BUDHI BHFWHB&®R ZHU Rl /RZ FDUE
RJ\ $YDLODEOH RQOLQH DW KWWSESVYD ZR3HPISHW LFIR® OH IJXKNJUD QW |
WXWH SXEOLF SXEOLFDWLRQV (FRDFOMD BARUD 8Q N 5 I3 KW 6 GBIEW | BR @ 8 H



6ZLVV JHGHUDO 2I1ILFH RI (QHUJKH (O HBIMKWZIH L MAIMLWAFW DW LV W LN $
KWWS ZZZ EIH DGPLQ FK WKHPHQ LQGH[ KWPO"ODQJ GH GRYV
VLHUBLG

6ZLVV JHGHUDO 2I1ILFH RI (QHUJ\WNW)2HUPDUNWXQH )DNWHQEODWW $Y
KWWS ZZZ EIH DGPLQ FK SKS PRGXOHV SXEOLND
WLRQHQ VWUHDP SKS"H[WODQJ GH QIFGXQHBLUHNWYSHUPDUNWXQ.

6ZLVV )HGHUDO 21ILFH Rl (QHUJ\ P8y (UJHXIXOHWOQG $EJDEH HOHNWU
JLH LQ GHU BFKZHL] $YDLOIZOHI R QGIPQID BW KKMBNVBRGXOHV SX
WLRQHQ VWUHDP SKS"H[WODQJ GH QDPH GHB SGI HQ
GXQJ *HVDPWH (UJHXJXQJ XQG S$EJKEH HOQHMWULVF
JLH LQ GHU BFKZHL]

6ZLVV JHGHUDO 2I1ILFH RI (QHUJH B2QHU .(@ %HWWHU LP -DKU $YD
RQOLQH DW KWWS ZZZ EIH DGAD) FK SKS PRGXOHV SXEOL
WLRQHQ VWUHDP SKS"H[WODQJ GH QDPGHXGHBLVWH [DODPHU .(9
%H] )&JHU LP -DKU

6ZLVV )HGHUDO 21ILFH Rl (QHUJ\LVBWA(N GHG :D&WBWNUDIWDQODJHQ G}t
DEOH RQOLQH DW KWWS ZZZ EIH DGPQGHIKKWRI®PERQJ HQ GRYV
VLHUBLG FKHFNHG RQ

6ZLVV JHGHUDO 2IILFH RI (QHUJ\ PBYR( (UJHXDIXORIVQG $EJDEH HOHNWU
JLH LQ GHU 6FKZHL] $YDLOIZZOHI R QGIPQI) BW KKBNVBRGXOHV SX
WLRQHQ VWUHDP SKS"H[WODQJ GH QDPH GHB SGI HQ
GXQJ *HVDPWH (UJHXJXQJ XQG S$EJKEH HQHMWULVF
JLH LQ GHU 6FKZHL]

6ZLVV )HGHUDO 2I1ILFH RI (QHUJH P2OHU .(® %WH}WHU LP -DKU $YD
RQOLQH DW KWWS ZZZ EIH DGR FK SKS PRGXOHV SXEOL
WLRQHQ VWUHDP SKS"H[WODQJ GH GIRBKGHBLVWH [DOPHU .(9
%H] )&JHU LP -DKU

6ZLVV )HGHUDO 2IILFH RI (QHUJ\WSRHLYV JAPIUBWNW EELV $EV X C
$YDLODEOH RQOLQH DW KWWS XQHVESKBD®GIPND FK SKS PRG

WLRQHQ VWUHDP SKS"H[WODQJ GH QDPH GHB SGI HQ
GXQJ ODUNWSUHLVY JHP ( VV $UW $EV ELV XQG (
Q9
6ZLVV )HGHUDO 2I1ILFH Rl (QHUJ\UG6)@Y ODUNSW SEHHILVH JHPIVV $UW (

EOH RQOLQH DW KWWS ZZZ EIlXPGPMR FK SKS PRGXOHV S
WLRQHQ VWUHDP SKS"H[WODQJ GH QIFGXQHBHIHUHG|GI
ODUNWSUHLVH JHP ( VV $UW (Q)9

6ZLVV )HGHUDO 2IILFH RI (QHUJ\DE&E)GLWIWHGHIH@FMKZHL]HU :DVVHUNU
QHU 'DWHQXPIUDJH EHL %YHWUHLEUNQDYWQHUFXEZG L [IHUS$SXDIWUIDJI GH
$YDLODEOH RQOLQH DW KWWS XQHVESKBDGIPNLR FK SKS PRG
WLRQHQ VWUHDP SKS"H[WODQJ GH QDPH GHB 3)

6ZLVV JHGHUDO 2I1ILFH RI (QHUJ\G 63BU :DVVHBMWDIRIWQXW]XQJ LQ GHU
-DQXDU $YDLODEOH RQOLQH @ \WKKSKBSP RTZZ0 EINH IXEFO L N D
WLRQHQ VWUHDP SKS"H[WODQJ GH QIFGXQGHBWDQG SGHU :DV
VHUNUDIWQXW]XQJ LQ GHU 6FKZHL] DP -DQXDU



6ZLVV )HGHUDO 21ILFH Rl (QHUJ\LVBWA(N GHU :DAWWBWNUDIWDQODJHQ G}t
DEOH RQOLQH DW KWWS ZZZ EBKBPGPND FK SKS PRGXOHYV
WLRQHQ VWUHDP SKS"H[WODQJ GH QIDFEKGHBWDWLVMEN GHU :|I
VHUNUDIWDQODJHQ GHU BFKZHL]

6ZLVVIULG (QHUJLH*EHUVLFKW 6FKZHL] ZWNADOAIMO/DEOH RQOLQH
JULG FK GH KRPH RSHUDWLRQ JULG GDWD KWPO

6ZLVVJIULG D $QFLOODU\ \CHWH PMW K¥MWDIWDEF@HA ROLVVIULG FK H
HUV DQFLOODU\ VHUYLFHV KWPO

6ZLVVJIULG E 'DWD DQG IDRWW UERYXW. RVX HUWBLZG VWU I\ 6 WDWLVW|
$YDLODEOH RQOLQH DW KWWSVH REBAUVWVDWYRQULGL GKGHDQVRRPW PO F

7HUQD 7(51% + $QQXDO 5HSREQYWOLQHSDWLIOWHESH GRZQ
ORDG WHUQD LW WHUQD 3') FKHFNHG RQ

9R% $OIUHG 1XW]HQ XQG *IREHEBQHERQ HRAIWIHHP XQGVIW]OLFKF
'LWK DVVLVWDQFH RI 8QLYHUVLWIW 6WXWWJDUW

"KLWQH\ . 1HZH\ .HQQHWK ' :HVWBRVLWI$YGILEIS®H HILQLWH +HWHUR\

$XWRFRUUHODWLRQ &RQVLVWBd@Mhe&iBaY DULDOSH ORWULPR, ,Q

:LUWK +DUU\ SNWXHOOH LINNMWHHXXWBKRIWRERPUIWDWXQKRIHU ,QV\
(QHUJLHV\WVWHPH ,6( $YDLODEOHWQOULDXOQBERIKWWHVFRRZZ
WHQW GDP LVH GH GRFXPHQWYV 18& D& LIBINVWHR® YXVUWSXXKRWAR YIRNOWD LT
ODQG SGI

=LPPHUPDQQ )ORULDQ %XEOLW] $QGUHDV .HOHV 'RJDQ )LFKWQHU
6ZLW]HUODQG 3UHSULQW

=LPPHUPDQQ )ORULDQ .HOHV 'RJDQ )LFKWQHU :ROI $IJHQWHQ
JHQ GHV IUDQ]J|VLVFKHQ .DSD]LWHWNYQBMLNRWYY O (QHUJLHZLUWVFK
,(:7 ,QWHUQDWLRQDOH (QHUJLHZOUWYBGRDBXVWDLOQJ | (
$YDLODEOH RQOLQH DW KWWSVNLWXEGXNDWLRQHQ ELEOLRWKH



$SSHQGL]

$SSHQGL][ SHIJUHVVLRQ YDORHYVRRUHGH KRSHBE
S

ODQWYV
7DEOH 5HJUHVVLRQ YDOXHV IRUHWKSODHWVRRGBOK GRS
6SULQJ 6XPPHU $XWXPQ :LQWHU

X H

JQWHUFHSW

/RDG'(1LRUPDO
LIHG

/RDG$71RUPDO
LIHG

/IRDG&+1RUPDO
LIHG

5HV,71RUPDO
LIHG

5HV)51RUPDO
LIHG

HHNGD\

+RXU21'D\B

+RXU21'D\B

+RXU2I1'D\B

+RXU21'D\B



+RXU21'D\B

+RXU21'D\B

+RXU21'D\B

+RXU21'D\B

+RXU21'D\B

+RXU21'D\B

+RXU2I1'D\B

6:,*(5

6:,57(



$SSHQGL[ +LVWRULFDO GULYZWQGEXWA RQ GRD WV XHH

7DEOH 'LVWULEXWLRQ Rl &+ RQL@BFRQG L3QJIWE H U DRL ( E JHQHUDUWGLBDLSVRH®HUR O 211L
RI (QHUJ\ E D UXQ RI ULYKAG BRIRGXFWLRQ IRU

+\GUR UXQ RIGUR UXQ RIGUR UXQ RI
JHULRG :LQG 6RODU ULYHU ULYHU ULYHU

YHE

$SU

_XQ

$XJ

2FW

"HF




$SSHQGL[ )HHG LQ SUHPLXP(GHYFREBROPHRW LQ

7DEOH JHHG LQ SUHPLXP VXEVLG\QOKWURYIRWQVKH \WD U IRU ®LQWW EQWHE(6ROREKH BOH
SULFH DFFRUGLQJ WR 7DEOH DQG WKH )L7V RI 7DEOH

_G

<HDUO\




7DEOH JHHG LQ SUHPLXP VXEVLG\QOKWURYIRWQVKH \WD U IRU ®LQWW EQWHE(6ROREKH BOH
SULFH DFFRUGLQJ WR 7DEOH DQG WKH )L7V RI 7DEOH

>&+) 0:K@

<HDUO\




7DEOH JHHG LQ SUHPLXP VXEVLG\QOKWURYIRWQVKH \WD U IRU ®LQWW EQWHE(6ROREKH BOH
SULFH DFFRUGLQJ WR 7DEOH DQG WKH )L7V RI 7DEOH

>&+) 0:K@

<HDUO\




$SSHQGL[ )HHG LQ SUHPLXP&GH BHRORSPHQ W AHX

7DEOH JHHG LQ SUHPLXP VXEVLOLBHL O:RKULW ke Q HBIRU IRU BQWN UEDOM G (B Q5 RVAHHUDSY®H U D J
DFFRUGLQJ WR 7DEOH DQG WKH )L7V Rl 7DEOH

>&+) 0:K@
G

<HDUO\




7TDEOH JHHG LQ SUHPLXP VXEVLGLBSHLUY O:KUL® K5 O HIRU IRU BQ WN UM G (B B RVAHHU DS U D J
DFFRUGLQJ WR 7DEOH DQG WKH )L7V RI 7DEOH

>&+) 0:K@

<HDUO\




7DEOH JHHG LQ SUHPLXP VXEVLOLBHL O:RKULW ke Q HBIRU IRU BQWN UEDOM G (B Q5 RVAHHUDSY®H U D J
DFFRUGLQJ WR 7DEOH DQG WKH )L7V Rl 7DEOH

>&+) 0:K@

<HDUO\




$SSHQGL[] ORQWKO\ PDUNHWNBPIOXPW DQG IHHG

7DEOH IXQGLQJ IRU 5(6 SKEDISD SIOMQW YV 0ZLWKHDB LQ SUHPLXPWIKOEDYHGDRI® B WIRM DFFR

6RODU 6PDOO K\GUR 'LQG %LRPDVV

ODUNHW 9DOXH
-DQ>&+) PLOOLRQV@

JHE BURGXFWLRQ >0:K@

YHHG LQ SUHPLXP
YHE >&+) PLOOLRQV @

ODUNHW 9DOXH
ODU>&+) PLOOLRQV@

$SUBURGXFWLRQ >0:K@

JHHG LQ SUHPLXP
$SU>&+) PLOOLRQV@

ODUNHW 9DOXH
OD\L>&+) PLOOLRQV@

-XQ 3URGXFWLRQ >0:K@

JHHG LQ SUHPLXP
-XQ>&+) PLOOLRQV@

ODUNHW 9DOXH
-XO>&+) PLOOLRQV@

'XH WR URXQGLQJ LQDFFXUDFQRW RKUHUWRSVWOPGC YW[OXMVOGWR WKH-OSHVDJJUHIJDWHG PRQWKO



$XJ3URGXFWLRQ >0:K@

YHHG LQ SUHPLXP
$XJ>&+) PLOOLRQV®@

ODUNHW 9DOXH
6HS>&+) PLOOLRQV@

2FW3URGXFWLRQ >0: K@

JHHG LQ SUHPLXP
2FW>&+) PLOOLRQV@

ODUNHW 9DOXH
1RY>&+) PLOOLRQV®@

'HF SBURGXFWLRQ >0:K@

JHHG LQ SUHPLXP
'"HF >&+) PLOOLRQV@

7RWDO IHHG LQ SUHPLXP
PRQWKO\
>&+) PLOOLRQV@




$SSHQGL[ $QQXDO DYHUDJH+N[EGDQJH UDWHYV |

7DEOH $QQXDO DYHUDJH H[F K DKH H WHRM ULYGIHZD| ® WLX\GF DQG RZQ DVVXPSWLRQV

<HDU 5DWH &+) (85

DQG IROORZLQJ \HDUV




$SSHQGL] $QDO\WLQJ WKH .(9 DQG WKH GLUHFW
$FFRUGLQJ WR WKH QHZ UXOHVXERUGLHWQ@GH DQDKHWHG IRU SODQWV

' N: VLQFH QHZ DQG UHPDLQLQJ SODQWV ! N: PXW~FWDZDW VRKIHH U
PDUNHW
7DEOH IXQGLQJ IRU 5(6 SREPSDFQWOWYV DLWKHIBG LQ SUHPLXP WO\ BDNAHHU® JRHQ SV L\HID R

&+) 0:K IURP 7DEOH

THFEFKQRORJ\ SBURGXFWXEQLG\$YHUDJH )ODUNHW YDDHKHHG LQ SUH
>*:K@>&+) PLOOLRQ&® 0:K@&+) PLOOLRQV@PLXP

>&+i PLOOLRQV@

6PDOO K\GUR

%LRPDVV



7TDEOH IXQGLQJ IRU 5(6 SRDISDPFOMDQWVOZLWHG LQ SUHPLXRWWED\VBGHRQ JH TSXDLFH DFF
WR 7DEOH

6RODU 6PDOO K\GUR LQG %LRPDVV

ODUNHW 9DOXH
>&+) PLOOLRQV®@

4 SBURGXFWLRQ >0:K@

JHHG LQ SUHPLXP
4 >&+) PLOOLRQV@

ODUNHW 9DOXH
4 >8&+) PLOOLRQV@

4 SBURGXFWLRQ >0:K@

JHHG LQ SUHPLXP
>8&+) PLOOLRQV@

7RWDO IHHG LQ SUH
PLXP TXDUWHUO\
>8&+) PLOOLRQV@

6LQFH LQ WKH PD[LPXP ZKROHVDOHBULAH RRROBREK3(; 6SRW
(85 0:K ([FKDQJH UDWH DFFRUGL GILWHFWDEDHNHWLQJ ZRXOG QR
YDQWDJHRXV DQG WKLV KLIJK SUWKEXURQO\ RFFXUUHG LQ RQH

7KH VXP RI WRWDO PDUNHW YDOQRH¥DWLURZBBEORQ D WXKDWOWRHQ DQ DQC
DQG LV ORZHU DJDLQ RQ D PROWWRQ\FE@WVLYXDD®W®HR O\ EDVLV 7KH
LQFUHDVHY DFFRUGLQJO\ 7KIRW LR/I GKHVWVRLWKWHG @RXINMHWMLFOHDULQ

'XH WR URXQGLQJ LOQDFFXUDFQRW RRUWHUW RSVDEG YWD[OXMANO GR R W\KHDOXHD/JIJUHIDWHG TXDUWH



7TDEOH IXQGLQJ IRU 5(6 SKDISD BSIOD\QWYV ZLWHKHDB LQ SUHPLXPNVIKWOEDYHGIR®I B WIRFH DFFR
WR 7DEOH

6RODU 6PDOO K\GUR LQG %LRPDVV

ODUNHW 9DOXH
-DQ >&+) PLOOLRQV®@

HE BURGXFWLRQ >0:K@

JHHG LQ SUHPLXP
HE >&+) PLOOLRQV@

ODUNHW 9DOXH
0ODU >&+) PLOOLRQV@

$SU SBURGXFWLRQ >0:K@

JHHG LQ SUHPLXP
$SU >&+) PLOOLRQV@

ODUNHW 9DOXH
0D\ >&+) PLOOLRQV@

-XQ 3URGXFWLRQ >0:K@

JHHG LQ SUHPLXP
-XQ >&+) PLOOLRQV®@

ODUNHW 9DOXH
-X0O >&+) PLOOLRQV@

$XJ 3URGXFWLRQ >0:K@

JHHG LQ SUHPLXP
$XJ >&+) PLOOLRQV®@

ODUNHW 9DOXH
6HS >&+) PLOOLRQV@

'XH WR URXQGLQJ LQDFFXUDFQRW RKUHUWRSVWOPGC YW[OXMVOGWR WKH-OSHVDJJUHIJDWHG PRQWKO



2FW 3URGXFWLRQ >0:K@

JHHG LQ SUHPLXP
2FW>&+i PLOOLRQV®@

ODUNHW 9DOXH
1RY >&+) PLOOLRQV@

'HF 3URGXFWLRQ >0:K@

JHHG LQ SUHPLXP
'HF >&+) PLOOLRQV@

7TRWDO IHHG LQ SUH
PLXP PRQWKO\
>&+) PLOOLRQV@




$SSHQGL] 6FHQDULR EDVHG IHHG LQ SUHPLXPYV

7TDEOH JHHG LQ SUHPLXP EDVH®VRGHVK R JVHHRWDAAL RWKHR)L7V RAON\DEIHH UHDQEE WHKHFARQW

\HDUO\

PRQWKO\

\HDUO\
PRQWKO\




$SSHQGL] (YROXWLRQ RI W KWK QWKHPHE KK HR IR K RS
UHVSRQVH RU ZLWK QRW PDUNHW FOHDULQJ
7DEOH +RXUV ZLWK WKH XVH WKEHADPXEG WDWMMSRQVHHLIQRUL]IRQOWRPIQDULR LQ WKH (2

<HDU >K@ &+ ' 5 7 $7




7TDEOH +RXUV ZLWK QR PDUNEWWHEH WU PRIKIRU W R VURR LRLQ WKH (20 VFHQDU

<HDU >K@ &+ ' 5 7 $7




7TDEOH +RXUV ZLWK WKH XVH WKEHAPXG DWMSRQPYVMHHLIQRUL]RQO BRPLFLHYV \LEHQ@BYL&KS/

<HDU >K@ &+ ' 5 7 $7




7TDEOH +RXUV ZLWK QR PDUNEWWHIEH WU PRIKIRU WMRIK VURR HV VRHQIBMW IS0 SROLFL

<HDU >K@ &+ ' 5 7 $7




$SSHQGL][ $JJUHIJDWHG 6ZLVOLBDWWYI G&DWR L
YROXPH

DYDLC

'LVSDWFK WKUHVKROGV >(8p 0:K@ 'LVSDWFK WKUHVKROGYV >(85 0:K®@
2015-2016 2015-2016
EUR/MW EURMW
60 60
v
50 50 \ "",» \\
- o8 G v T —e
40 40 . . 'l Ay ".'
A} et ‘\ .
% AN e . AN
30 20 YL R
v e
Y
20 ., 20
Lt e ime Cot time
Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar -
BURGXFWLRQ >0: @ BURGXFWLRQ >0: @
2015-2016 2015-2016
MW Mw
5000
3000 4000
V 3000
2000
2000
1000
1000
I I I I I I I I I I I L P time I | I I I I I I I I L e time
Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
6WRUDJH LQIORZ >0:K@ 6WRUDJH LQIORZ >0:K@
2015-2016 2015-2016
Water (MWh) Water (MWh)
=3\
6000 \\
\ 10000
8000
4000
6000
2000 4000
v 2000 \
e time L T
May Jun Jul Aug Sep Oct Nov Dec Jan Feb > time
May Jun Jul Aug Sep Oct Nov Dec Jan Feb

J)LIXUH 5HVXOWV RI WKH VWRIFWEVRLIVWRRQ WUR G PLRFGIHG L ¥ V$ S UE XOWH. @ | § @G WLEX O RRRQ WikkD
GLVWULHEKRWERDEOH VWRUDJH YROXPH 553dKRV:IKEO+k VWRUDJH YROXPH Infngk *:K srpk *:K



JLIXUH VKRZV DJDLQ WKH RSRWLPBIOLW VREDRN WEH WNSRWHG DURU WK

7KH VXEILIJXUHV LQ WKH OHHNVXRW XA K KRP WKHG VWRUDJH Y
FROXPQ UHVXOWV ZLWK DQ DV WXPGIGP HX Q+HLPALV HLG WW R UFDSIW L P L]D W L
K\GURSRZHU LQ 6ZLW]HUODQG RRIMNIE XRID ORHX QEHRL WHGRIVFEXUUHQW
ZRXOG EH XVHG &OHDUO\ ZLVEHOWEK KDLSSHE® W\WRUBJIJHKHXLBULFHV DU
GXULQJ ZLQWHU ,QWHUHVWL®YOIR WKHWKFHRPRGH GBS WDDRIAH®D O XH
WKH WLPH YDU\LQJ SULFH GLVAWRLEXQWLRQWHBIGHVUW R Y [LXH FDK/H ZDWH U
RYHU WLPH ,Q FRQWUDVW WRJMW K IR QXD W KDRO L \O BV 8IS V\FRAKWHX Q O L
VSRQGLQJ DGGLWLRQDO RSHUDWREQDODEORI MV L VKWLM CIDWQGHHNTVQ W H L
DJJUHJDWHG VWRUDJH YROXPH IQDWHID® \MERQREBR WVDRVGDVIH. QVWDOO
WLRQ FDSDFLW\



$SSHQGL][ 7\SRORJ\ 30XWWVHHJG WBHEHHQDRIIR
FLHV

JLIXUH DQG )LIXUH VKRZ WKMWIVRRERBS LMJIGS DAVQHUDQV RI WKH W'
IRU WKH VFHQDULRYV (20 DQG &50 3ROLFLHYV



EUR/MW

A

100

20

I W I I I I P time

7\SRORJ\ 30XWWVHH"

(20 VFHQDULR

EUR/MW

time

MW

800

600

-

P time

Water (MWh)

L L L L L L P time
Su Mo Tu We Th Fr

Water (MWh)

12000
10000
8000
6000
4000

2000

time

YJLIXUH
SOXWWVHH"

5HVXOWY RI VWRFKDXW$HG RQYWRUBOHPRGIHOWRRYSHU D ZHHRNHZGWKW(2DEXMH@®RDWL R7\S



7\SRORJ\ 30XWWVHH" &50 3ROLFLHV VFHIQDUL
EUR/MW EUR/MW
100
150
80
k" 100,
a0l s0f
20 - Sl r P
L Y L L L L L > time ~ L L L L L L > tlme
Su Mo Tu We Th Fr Su Mo Tu We Th Fr
MW MwW
800 - 800 -
600|- 600 -
400]- 400 ﬂ
| V\J\/ UV UV UV
r ) L L L L L L » time
time Sa Su Mo Tu We Th Fr
Water (MWh) Water (MWh)
15000
12000
10000
10000
8000
6000
5000
4000
2000
. . . . . . > time _
Su Mo Tu We Th Fr y - : ' : ' P time
Su Mo Tu We Th Fr
J)LIXUH 5HVXOWVY RI VWRFKDXMWIHGFRY RURIH PRCCHONVRRYSHU D ZBHNFAL &KV &5PI0EX WHRDWL R\

SOXWWVHH’



$GGLWLRQDO H[DPSOHV RI ZHHNWOK RAAQY $ QW E BXSIMHWWHKQVRSWH PDO FR
IRUP Badngbang FRQWURO ZLWK WKUHH VWDWHRKND QL AMXSDJF WR\ SW R SSTIRGKK
PD[LPDO FDSDFLW\ RU WR ZDLW
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