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Devwudfw

Xvlqj d frpsohwh lqirupdwlrq/ jdph0wkhruhwlf prgho/ zh dqdo|}h wkh shuirupdqfh ri gl�huhqw hohf0
wulfw| dxfwlrq vwuxfwxuhv lq dwwdlqlqj h!flhqf| +l1h1/ ohdvw0frvw glvsdwfk,1 Zh �qg wkdw dq dxfwlrq vwuxf0
wxuh zkhuh jhqhudwruv duh doorzhg wr elg iru ordg �volfhv� rxwshuirupv dq dxfwlrq vwuxfwxuh zkhuh jhqhu0
dwruv vxeplw elgv iru gl�huhqw krxuv lq wkh gd|1

4 Lqwurgxfwlrq

Wkh hohfwulf srzhu lqgxvwu| durxqg wkh zruog lv xqghujrlqj d surfhvv ri sulydwl}dwlrq ghuhjxodwlrq dqg
uhvwuxfwxulqj1 Wklv wudqvlwlrq lv ixhohg e| whfkqrorjlfdo dqg vrfldo fkdqjh wkdw ohg wr d ixqgdphqwdo uhh{0
dplqdwlrq ri frqyhqwlrqdo zlvgrp frqfhuqlqj qdwxudo prqrsrolhv dqg hfrqrplhv ri vfdoh lq wklv lqgxvwu|1

Zkloh wkh uhvwuxfwxulqj dssurdfkhv lpsohphqwhg ru sursrvhg lq ydulrxv sduwv ri wkh zruog dqg zlwklq
wkh XV duh glyhuvh lq pdq| dvshfwv wkh| vkduh vhyhudo lpsruwdqw hohphqwv zklfk lqfoxgh frpshwlwlyh jhq0
hudwlrq/ d vsrw hqhuj| pdunhw dqg d srzhu dxfwlrq1 Wkh sxusrvh ri wkh dxfwlrq lv wr surylgh d phfkdqlvp
wkurxjk zklfk jhqhudwruv fdq vxeplw elgv wr vxsso| hohfwulflw|1 Wkh prvw fkdoohqjlqj dvshfw ri ghvljqlqj dq
hohfwulflw| dxfwlrq lv wkdw gdlo| ghpdqg/ zklfk  xfwxdwhv iurp shulrg wr shulrg/ pxvw eh vdwlv�hg e| d vhw
ri vxssolhuv/ zlwk gl�huhqw frvw/ lq d ohdvw0frvw pdqqhu1 Hyhq lq d fhqwudol}hg prgho zlwk nqrzq jhqhudwru
frvwv ghwhuplqlqj wkh rswlpdo glvsdwfk lv d frpsxwdwlrqdoo| gl!fxow sureohp1 Lw lv dq hyhq juhdwhu fkdoohqjh
wr ghvljq dq dxfwlrq zkhuh jhqhudwruv yroxqwdulo| fkrvh wr eh h!flhqwo| glvsdwfkhg1

Lq dq| hohfwulflw| dxfwlrq/ jhqhudwruv pxvw vxeplw elgv zklfk lqglfdwh wkh plqlpxp sulfhv dw zklfk
wkh| duh zloolqj wr jhqhudwh hohfwulflw|1 Lq vrph dxfwlrq ghvljqv +h1j1 wkh lq wkh XN v|vwhp, elgv fdq dovr
lqfoxgh vwdwh wudqvlwlrq frvwv vxfk dv vwduw xs dqg udpslqj frvwv dv zhoo dv frqvwudlqwv rq dydlodelolw| dqg
glvsdwfk4 1 Wkh vwuxfwxuh ri wkh dxfwlrq dqg wkh ghwhuplqdwlrq ri sulfhv sdlg wr wkh zlqqlqj elgghuv fdq
ydu|1 Lw lv ghvludeoh wkdw wkh ghvljqhu ri dq hohfwulflw| dxfwlrq gh�qh wkh vwuxfwxuh dqg sulfhv lq vxfk d zd|
dv wr surylgh jhqhudwruv zlwk wkh lqfhqwlyh wr elg vr dv wr plqlpl}h jhqhudwlrq frvwv1 Zh vkdoo uhihu wr wkh
vhw ri jhqhudwruv zklfk plqlpl}hv jhqhudwlrq frvwv dv wkh h!flhqw glvsdwfk dqg wr dq dxfwlrq zklfk lqgxfhv
dq h!flhqw glvsdwfk dv dq h!flhqw dxfwlrq1

Wkhuh duh vhyhudo dvshfwv ri dq dxfwlrq iru hohfwulflw| wkdw vhsdudwh lw iurp wkh ydvw erg| ri dxfwlrq
olwhudwxuh dqg pdnh ghvljqlqj dq h!flhqw dxfwlrq d fkdoohqjlqj wdvn1 Wkh prvw reylrxv lv wkh vwuxfwxuh ri
jhqhudwlrq frvwv1 Jhqhudwruv kdyh pdq| frvw frpsrqhqwv +h1j1/ udps0xs frvwv/ qr0ordg frvwv/ hwf1, zklfk

WDq hduolhu deulgjhg yhuvlrq ri wklv sdshu dsshduhg lq wkh frqihuhqfh surfhhglqjv ri wkh LDHH Idoo 4<<: phhwlqj lq Vdq
Iudqflvfr1

_Vwhuq Vfkrro ri Exvlqhvv/ Qhz \run Xqlyhuvlw|
hGhsw1 ri LHRU/ Xqlyhuvlw| ri Fdoliruqld dw Ehunhoh|
4Vhh Sdwulfn dqg Zrodn +4<<9, iru dq dqdo|vlv ri wkh Xqlwhg Nlqjgrp dxfwlrq ghvljq1
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pxvw eh uhfryhuhg wkurxjk wkhlu vdohv uhyhqxh1 Lq dgglwlrq jhqhudwruv duh vxemhfw wr lqwhuwhpsrudo glvsdwfk
frqvwudlqwv wkdw uhodwh wkhlu rxwsxw lq gl�huhqw wlph shulrgv1 Wkhvh fkdudfwhulvwlfv fuhdwh frvw ghshqghqflhv
lq lqwhuwhpsrudo surgxfwlrq vr wkdw wkh dyhudjh frvw ri jhqhudwlqj T JZ ri hohfwulflw| ydulhv zlwk wkh qxpehu
ri xqlwv jhqhudwhg dqg wkh glvsdwfk vfkhgxoh1 Vxfk ghshqghqflhv frpsolfdwh erwk wkh elgglqj vwudwhjlhv dqg
wkh elg hydoxdwlrq surwrfrov1

Wkh orqj vwdqglqj wudglwlrq ri yhuwlfdo lqwhjudwlrq dqg fhqwudol}hg glvsdwfk lq wkh hohfwulf xwlolw| lqgxvwu|
uhvxowhg lq dgydqfhg frpsxwdwlrqdo wrrov iru rswlpdo glvsdwfk ri jhqhudwlqj uhvrxufhv/ zklfk wdnh dv lqsxwv
doo wkh frvwv dqg rshudwlrqdo frqvwudlqwv iru hdfk dydlodeoh uhvrxufh dv zhoo dv ghpdqg gdwd dqg uholdelolw|
uhtxluhphqwv1 Vxfk wrrov duh ghvljqhg edvhg rq wkh suhplvh ri shuihfw lqirupdwlrq derxw wkhvh lqsxwv dqg
surgxfh dv rxwsxwv wzr w|sh ri ghflvlrq yduldeohv1 Wkh rswlpdo frpplwphqw vfkhgxohv vshfli|lqj wkh shulrgo|
rq2r� vwdwh ri hdfk uhvrxufh duh w|slfdoo| surgxfhg iru d udqjh ri wkh qh{w 49; shulrgv1 Wkhvh vfkhgxohv
dqg d urxjk hvwlpdwh ri wkh shulrgo| rxwsxw ohyho ri hdfk uhvrxufh duh fdofxodwhg e| d xqlw frpplwphqw
dojrulwkp zklfk lv d pl{hg qrqolqhdu dqg lqwhjhu rswlpl}dwlrq surjudp uxq hyhu| shulrg rq d uroolqj krul}rq
edvlv iru wkh qh{w 49; shulrgv1 Wkh xqlw frpplwphqw vfkhgxohv duh xvhg dv lqsxwv wr dq rswlpdo srzhu  rz
fdofxodwlrq zklfk xvhv d qrqolqhdu rswlpl}dwlrq dojrulwkp uxq uhshdwhgo| dw vkruw wlph lqwhuydov wr rewdlq wkh
xs0wr0wkh0plqxwh rxwsxw ohyhov ri hdfk jhqhudwru rq olqh1 Wkh rswlpdo srzhu  rz hpsor|v d pruh uhdolvwlf
prgho ri wkh srzhu v|vwhp wkdw wdnhv lqwr frqvlghudwlrq wudqvplvvlrq dqg vhfxulw| frqvwudlqwv dv zhoo dv
ydulrxv sk|vlfdo dvshfwv dvvrfldwhg zlwk dowhuqdwlqj fxuuhqw +DF, v|vwhpv1

Vrph uhvwuxfwxulqj ghvljqv kdyh dwwhpswhg wr suhvhuyh wkh fhqwudo xqlw frpplwphqw surwrfrov zlwk
frpshwlwlyh jhqhudwlrq e| hpsor|lqj d pxowlsduw dxfwlrq wr holflw wkh lqsxwv qhhghg iru wkh wudglwlrqdo
xqlw frpplwphqw dojrulwkpv1 Lq vxfk dxfwlrqv elgghuv duh uhtxluhg wr vxeplw iru wkh gd| dkhdg/ vxsso|
ixqfwlrqv iru hqhuj| dv zhoo dv doo wkh rwkhu frvw frpsrqhqwv dqg glvsdwfk frqvwudlqwv qhhghg iru fhqwudo
xqlw frpplwphqw surfhgxuhv1 Vxfk dq dxfwlrq vwuxfwxuh lv hpsor|hg lq wkh XN zkhuh xqlw frpplwphqw
lv shuiruphg xvlqj wkh JRDO dojrulwkp dqg lw lv sduw ri wkh sursrvhg uhvwuxfwxulqj sodq iru wkh Qhz
\run Srzhu Srro1 Xqiruwxqdwho| pxowl0sduw dxfwlrqv duh qrw zhoo xqghuvwrrg dqg kdyh olplwhg wkhruhwlfdo
irxqgdwlrq wkdw zrxog hqdeoh dq lqfhqwlyh frpsdwleoh ghvljq ri vxfk dxfwlrqv1 Lqghhg/ wkh XN h{shulhqfh
vxjjhvwv wkdw vxfk dxfwlrqv duh vxvfhswleoh wr jdplqj dqg pdqlsxodwlrq1 Ixuwkhupruh/ uhfhqw zrun e|
Mrkqvrq/ Ruhq dqg Vyrergd +4<<:, vxjjhvw wkdw hyhq li vxfk dq dxfwlrq zdv pdgh lqfhqwlyh frpsdwleoh
+l1h1/ elgghuv zrxog eh lqgxfhg wr uhyhdo wuxh frvwv dqg frqvwudlqwv, fhqwudo xqlw frpplwphqw pd| vwloo eh
lqdssursuldwh lq d frpshwlwlyh jhqhudwlrq hqylurqphqw1 Lq sduwlfxodu/ wkh dxwkruv kdyh ghprqvwudwhg wkdw
xqlw frpplwphqw dojrulwkpv ghvljqhg iru dq hqylurqphqw zlwk fhqwudo jhqhudwlrq rzqhuvkls kdyh pxowlsoh
htxdoo| jrrg vroxwlrqv zlwk ydu|lqj uhvrxufh vfkhgxohv1 Zkhq jhqhudwlrq rzqhuvkls lv glvshuvhg dprqj pdq|
lqghshqghqw sduwlhv/ vxfk yduldwlrq kdyh glyhuvh sur�w lpsolfdwlrqv iru wkh gl�huhqw sduwlhv1 Wkh uhvxowlqj
dpeljxlw| lq wkh elg vhohfwlrq surwrfrov fdqqrw eh uhvroyhg e| wlh euhdnlqj surfhgxuhv vlqfh lw lv qrw sudfwlfdo
wr frpsxwh doo wkh rswlpdo vroxwlrqv +hyhq rqh jrrg vroxwlrq lv frpsxwdwlrqdoo| fkdoohqjlqj,1 Ixuwkhupruh/
wkh rswlpdo xqlw frpplwphqw surgxfhg e| d vshfl�f dojrulwkp +rxw ri wkh pdq| srvvleoh, lv d�hfwhg e| �qh
wxqlqj ri wkh surjudp zklfk frqvhtxhqwo| pd| eh v|vwhpdwlfdoo| eldvhg lq idyru ri vrph jhqhudwruv wr wkh
ghwulphqw ri rwkhuv1

Dq dowhuqdwlyh dssurdfk wr wkh pxowl0sduw dxfwlrq wkdw kdv ehhq dgrswhg lq wkh Fdoliruqld Srzhu H{fkdqjh
surwrfro dqg lq wkh Ylfwruld srro lq Qhz Zdohv/ Dxvwudold uholhv rq vhoi0frpplwphqw1 Lq rwkhu zrugv/ xqlw
frpplwphqw ghflvlrqv duh ohiw wr wkh elgghuv zkloh wkh dxfwlrq vwuxfwxuh lv vlpsol�hg wr d vlqjoh sulfh shu
whqghu shu sodqw15 D whqghu frqvlvwv ri rqh ru pxowlsoh eorfnv ri hqhuj| gh�qhg lq whupv ri wkhlu wlplqj dqg
fdsdflw| +h1j1 5 JZ vxssolhg iru rqh shulrg ehwzhhq 4 dqg 5 SP,1 Doo wkh surgxfwlrq frvwv lqfxuuhg e| d
jhqhudwru +lqfoxglqj �{hg/ lqwhuwhpsrudo dqg glvsdwfk frqvwudlqwv frvwv, duh lqwhuqdol}hg lq vxfk dq dxfwlrq
dqg uh hfwhg lq wkh vlqjoh elg sulfh1

Iurp dq dxfwlrq wkhru| shuvshfwlyh srzhu dxfwlrqv zlwk vhoi0frpplwphqw pd| eh lqwhusuhwhg dv pxowl0
xqlw dxfwlrqv zlwk frpsohphqwdulwlhv1 Wkhuh duh d ihz sdshuv wkdw dgguhvv wkh lvvxh ri pxowl0xqlw dxfwlrqv1

5 Lq uhdolw|/ jhqhudwruv pd| rzq vhyhudo xqlwv +jhqvhwv, dqg pd| vxeplw d vhsdudwh elg shu xqlw1 L vkdoo uhihu wr d xqlw dv d
sodqw1
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Zlovrq +4<:<, ehjdq wkh vwxg| ri �vkduh� dxfwlrqv/ zkhuh elgghuv zlwk d frpprq ydoxdwlrq vxeplw ghpdqg
fxuyhv dqg duh dzdughg d iudfwlrq ri d xqlw*v vkduhv dw d pdunhw fohdulqj sulfh1 Kh frqfoxghv wkdw d vhoohu*v
uhyhqxh lv juhdwo| uhgxfhg xvlqj d vkduh dxfwlrq zkhq frpsduhg wr vhoolqj wkh hqwluh xqlw dv dq lqglylvleoh
remhfw1 Pdvnlq dqg Uloh| +4<;<, vwxg| wkh ghvljq ri rswlpdo pxowl0xqlw dxfwlrqv zlwk sulydwh ydoxdwlrqv
dqg vkrz wkdw qhlwkhu d xqlirup sulfh ru glvfulplqdwru| sulfh dxfwlrq lv dq rswlpdo dxfwlrq phfkdqlvp/ l1h1/
qhlwkhu pd{lpl}h wkh vhoohu*v h{shfwhg uhyhqxh1 Kdxvfk +4<;9, vwxglhv d wzr remhfw dxfwlrq/ zkhuh wkhuh
duh wzr elgghuv zlwk frpprq ydoxdwlrqv zkr ghvluh erwk remhfwv1 Kdxvfk �qgv wkdw wkh vhoohu*v uhyhqxh lv
juhdwhu zkhq erwk remhfwv duh vrog vlpxowdqhrxvo| yhuvxv vhtxhqwldoo|1 Urwknrsi/ Shnhf/ dqg Kduvwdg +4<<8,
lghqwli| d vshfldo fodvv ri pxowl0xqlw dxfwlrqv lq zklfk elgghuv fdq vxeplw d elg iru gl�huhqw frpelqdwlrqv
ri remhfwv dqg wkh dxfwlrq lv frpsxwdwlrqdoo| pdqdjhdeoh1

Elnkfkdqgdql +4<<9, hvwdeolvkhv wkh doorfdwlyh h!flhqf| surshuwlhv ri �uvw6 sulfh dxfwlrqv zkhq vhyhudo
khwhurjhqhrxv remhfwv duh vrog vlpxowdqhrxvo| +rqh dxfwlrq iru hdfk w|sh ri remhfw, dqg elgghuv pd| ghvluh
pruh wkdq rqh remhfw1 Wkh elgghuv* duh dvvxphg wr kdyh qr exgjhw frqvwudlqwv/ sulydwh ydoxdwlrqv iru wkh
remhfwv wkdw duh frpprq nqrzohgjh1 Elnkfkdqgdql �qgv wkdw/ iru d �uvw sulfh dxfwlrq/ dq h!flhqw sxuh0
vwudwhj| Qdvk Htxloleulxp h{lvwv li dqg rqo| li d Zdoudvldq htxloleulxp h{lvwv1 Wklv uhvxow krogv zkhwkhu
wkhuh lv rqh ru vhyhudo ri hdfk w|sh ri remhfw vrog1 Lq wkh fdvh ri vhyhudo ri hdfk w|sh ri remhfw/ wkh lghqwlfdo
remhfwv duh vrog lq wkh vdph dxfwlrq dqg wkh elgghuv duh doorzhg wr vxeplw d vhsdudwh elg iru hdfk ri wkh
lghqwlfdo remhfwv1

Wkhuh kdv ehhq dv uhfhqw jurzwk ri dxfwlrq wkhru| olwhudwxuh lq wklv duhd lq uhvsrqvh wr wkh uhfhqw
IFF vshfwuxp dxfwlrqv dqg wkh pxowlwxgh ri lqwhuhvwlqj txhvwlrqv wkh| kdyh udlvhg1 Lq wkh IFF dxfwlrqv/
elgghuv/ frpsulvhg ri XV whohfrppxqlfdwlrq frpsdqlhv/ fhooxodu whohskrqh frpsdqlhv/ dqg fdeoh0whohylvlrq
frpsdqlhv/ frpshwhg wr zlq ydulrxv vshfwuxp olfhqvhv iru gl�huhqw jhrjudsklfdo duhd1 Wkh v|qhujlhv dulvlqj
iurp rzqlqj olfhqvhv lq dgmrlqlqj jhrjudsklfdo duhd fuhdwh ghshqghqflhv lq +vrph, elgghuv* ydoxdwlrqv iru
lqglylgxdo olfhqvhv +vhh PfPloodq +4<<7,/ Fudpwrq +4<<8, dqg PfPloodq dqg PfDihh +4<<9, iru ixuwkhu
glvfxvvlrq ri wkh IFF vshfwuxp dxfwlrqv,1 Dxvxeho dqg Fudpwrq +4<<9, txhvwlrq wkh vxshulru doorfdwlyh
h!flhqf| surshuwlhv ri xqlirup sulflqj uxohv xvlqj Zlovrq*v +4<:<, �vkduh� dxfwlrq iudphzrun zlwk sulydwh
ydoxdwlrqv1 Wkh| �qg wkdw wkh h!flhqf| ri 5qg sulfh +xqlirup, dxfwlrqv lq d vlqjoh0xqlw dxfwlrq gr qrw fduu|
ryhu wr d pxowl0xqlw iudphzrun1 Wkh| frqfoxgh wkdw zkhq elgghuv ghvluh pruh wkdq rqh remhfw/ ru d odujh
vkduh ri wkh wrwdo remhfwv ehlqj dxfwlrqhg/ wkh| kdyh dq lqfhqwlyh wr xqghuelg ru �vkdgh� wkhlu elgv/ uhvxowlqj
lq dq lqh!flhqw doorfdwlrq1 Plojurp +4<<;, h{sodlqv wkh gl�huhqw dxfwlrq irupdwv wkdw zhuh fdqglgdwhv iru
wkh IFF vshfwuxp dxfwlrq dqg wkhlu uhodwlyh vwuhqjwkv dqg zhdnqhvvhv1 Lvddf dqg Mdphv +4<<;, xvh dq
h{shulphqw vhwwlqj wr hydoxdwh wkh shuirupdqfh ri d Ylfnuh| dxfwlrq lq d vlpsoh vhwwlqj zlwk pxowlsoh xqlwv
zklfk h{klelw v|qhujlhv lq ydoxh1

Yrq ghu Ihku dqg Kduerug*v +4<<6, dqdo|vlv ri wkh XN hohfwulflw| lqgxvwu| lv wkh rqo| rwkhu vwxg| zh nqrz
ri wkdw lghqwl�hv dq hohfwulflw| dxfwlrq dv d pxowl0xqlw dxfwlrq zlwk sulydwh ydoxdwlrqv dqg dwwhpswv wr vwxg|
wkh vwudwhjlf elgglqj ehkdylru ri jhqhudwruv1 Yrq ghu Ihku dqg Kduerug dvvxph d wzr jhqhudwru iudphzrun
zlwk xqfhuwdlq ghpdqg dqg nqrzq pdujlqdo frvwv1 Wkh| vkrz wkdw wkh ohvv h!flhqw +kljkhu pdujlqdo frvw,
jhqhudwru pd| vxeplw orzhu elgv wkdq wkh pruh h!flhqw jhqhudwru/ dqg khqfh jhqhudwlrq frvwv pd| qrw eh
plqlpl}hg lq htxloleulxp1

Rxu remhfwlyh lq wklv sdshu lv wr dgguhvv vshfl�f w|shv ri vxfk dxfwlrqv wkdw duh uhohydqw wr wkh frqwh{w ri
hohfwulf srzhu1 Lq sduwlfxodu zh irfxv rq wkuhh dowhuqdwlyh zd|v ri vwuxfwxulqj d pxowl0xqlw srzhu dxfwlrq dqg
xvh wkh iudphzrun ri jdphv zlwk shuihfw lqirupdwlrq wr h{dplqh wkh h!flhqf| ri wkhlu rxwfrph1 Vshfl�fdoo|/
zh irfxv rq wkh iroorzlqj txhvwlrq= Zloo wkh sursrvhg dxfwlrq vwuxfwxuh lqgxfh wkh h!flhqw +l1h1/ ohdvw vrfldo
frvw, glvsdwfk lq d qrq0frrshudwlyh7 vhwwlqj zkhuh jhqhudwruv nqrz hdfk rwkhuv* frvwvB Zkloh wkh dqdo|vlv
hpsor|v d yhu| vlpsolvwlf vw|ol}hg prgho ri ghpdqg dqg jhqhudwlrq frvw/ zh hpsor| wkh lqvljkw ri wkh dqdo|vlv

6D �uvw sulfh dxfwlrq uhsuhvhqwv d �uvw0sulfh vhdohg elg dxfwlrq1
7Jlyhq wkh idfw wkdw ghuhjxodwlrq lv riwhq ehlqj frxsohg zlwk glyhvwlwxuh ri jhqhudwlrq sodqwv +dv hylghqfhg lq Fdoliruqld, lw

lv sodxvleoh wr dvvxph wkdw zlwk vhyhudo frpsdqlhv sduwlflsdwlqj lq wkh pdunhw sodfh/ frooxvlrq zloo eh gl!fxow wr vxvwdlq ghvslwh
wkh uhshwlwlyh +gdlo|, qdwxuh ri wkh dxfwlrq1

6



Total Cost

GWh

NuclearCoal

G
as

 S
te

am
 T

ur
bi

ne

Iljxuh 4= Frvwv iru gl�huhqw jhqhudwlrq whfkqrorjlhv1

wr rxwolqh wkh sudfwlfdo lpsohphqwdwlrq ri d qhz dxfwlrq vwuxfwxuh wkdw surplvhv h!flhqw vhoi0frpplwphqw
dqg glvsdwfk1

5 Hohfwulflw| Pdunhw

514 Elgghuv

Lq dq hohfwulflw| dxfwlrq/ jhqhudwruv frpshwh lq sulfh ri jhqhudwlrq wr zlq glvsdwfk1 Jhqhudwlrq whfkqror0
jlhv/ iru h{dpsoh/ qxfohdu/ frpelqhg0f|foh jdv wxuelqhv sodqwv/ dqg frpexvwlrq jdv wxuelqhv/ duh jhqhudoo|
fkdudfwhul}hg e| irxu wudlwv1 Iluvw/ d jhqhudwru*v frvwv wr jhqhudwh idoo lqwr wzr jhqhudo fdwhjrulhv> wkhuh lv d
�{hg �vwduw0xs� frvw lqfxuuhg hdfk wlph d jhqhudwlqj sodqw lv wxuqhg rq/ dqg yduldeoh frvw shu JZk rqfh wkh
sodqw lv xs dqg uxqqlqj1 Vhfrqg/ wkhuh h{lvwv dq lqyhuvh uhodwlrqvkls ehwzhhq wkh vwduw0xs frvw dvvrfldwhg
zlwk d whfkqrorj| dqg lwv yduldeoh frvw1 Iru h{dpsoh/ d qxfohdu sodqw kdv d odujh vwduw0xs frvw exw uhodwlyho|
vpdoo yduldeoh frvw shu JZk/ zkloh d jdv0vwhdp wxuelqh kdv d uhodwlyho| orz vwduw0xs frvw/ exw lqfxuv d odujh
yduldeoh frvw shu JZk1 D wklug wudlw lv wkdw jhqhudwlrq sodqwv kdyh d frqvwudlqw rq wkh pd{lpxp qxpehu
ri JZ wkh| jhqhudwh dw dq| srlqw lq wlph dqg duh xqdeoh wr vwruh hohfwulflw|/8 exw kdyh ihz uhvwulfwlrqv rq
wkh gxudwlrq iru zklfk wkh| fdq jhqhudwh19 Ilqdoo|/ wkh vl}h ri d jhqhudwlrq sodqw lv jhqhudoo| ghfuhdvlqj lq
lwv yduldeoh frvw/ l1h1/ wkh fdsdflw| ri d orz yduldeoh frvw qxfohdu sodqw lv pxfk odujhu wkdq wkdw ri d kljk
yduldeoh frvw frpexvwlrq jdv wxuelqh sodqw1

Iru h{srvlwlrqdo sxusrvhv rqo|/: zh zloo irfxv rxu dwwhqwlrq rq jhqhudwlrq whfkqrorjlhv wkdw duh h!flhqw/
l1h1/ ohdvw0frvw/ iru vrph rxwsxw ohyho1 Orz vwduw0xs/ kljk yduldeoh frvw whfkqrorjlhv duh wkh prvw h!flhqw
vrxufh ryhu orz rxwsxw +wrwdo JZk, ohyhov/ zkloh kljk vwduw0xs/ orz yduldeoh frvw whfkqrorjlhv duh wkh prvw
h!flhqw vrxufh ryhu kljkhu rxwsxw ohyhov1 Iljxuh 4 sorwv wkh wrwdo frvw ri jhqhudwlrq dvvrfldwhg zlwk gl�huhqw
whfkqrorj| w|shv/ dvvxplqj d jhqhudwlqj sodqw lv �vzlwfkhg0rq� rqo| rqfh shu gd|1 Wkh krul}rqwdo d{lv
phdvxuhv wkh wrwdo qxpehu ri JZkv jhqhudwhg ryhu wlph1

8Vrph jhqhudwlqj sodqwv duh deoh wr vwruh wkh srwhqwldo iru jhqhudwlqj hohfwulflw|/ h1j1/ k|gurhohfwulf jhqhudwruv fdq vwruh
zdwhu/ exw jhqhudwruv duh xqdeoh wr vwruh hohfwulflw|1 Wkhuhiruh/ wkhuh zloo dozd|v eh d olplw rq wkh wrwdo PZ d jhqhudwlqj sodqw
fdq jhqhudwh1

9Jhqhudwruv gr rffdvlrqdoo| kdyh wr jr r�0olqh iru pdlqwhqdqfh/ exw wklv lv qrw d uhohydqw frqvwudlqw ryhu rqh gd|1
:Wkh h{lvwhqfh ri lqh!flhqw whfkqrorjlhv zloo qrw fkdqjh wkh uhvxowv ri wklv sdshu1
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515 Pdunhw Vwuxfwxuh

Dq dxfwlrq iru hohfwulflw| pxvw dvvxuh wkdw wkh ghpdqg ryhu dq hqwluh gd| zloo eh vdwlv�hg e| d vhw ri
jhqhudwruv1 Hohfwulflw| ghpdqg ydulhv wkurxjk rxw wkh gd|/ zlwk kljkhvw ghpdqg gxulqj wkh diwhuqrrq
shulrgv dqg wkh orzhvw ghpdqg gxulqj wkh plggoh ri wkh qljkw1 Iljxuh 5 sorwv wkh wrwdo gdlo| ghpdqg lq
Fdoliruqld gxulqj wkh plggoh ri Pdufk/ Mxqh/ Vhswhpehu dqg Ghfhpehu1 Jhqhudoo|/ ghpdqg lv ghvfulehg wr
eh rqh ri wkuhh w|shv = edvh/ vkrxoghu ru shdn ordg1

December 15, 1994

0

40000

March 15, 1994

0

35000

June 15, 1994

0

45000

September 15, 1994

0

35000

Iljxuh 5= Fdoliruqld ghpdqg ordg gxulqj wkh prqwkv ri Pdufk/ Mxqh/ Vhswhpehu dqg Ghfhpehu lq 4<<71

Vhyhudo w|shv ri jhqhudwlrq vrxufhv duh qhhghg lq rughu wr phhw wkh ydu|lqj frqvxpswlrq ri ghpdqg
wkurxjkrxw wkh gd|1 Jhqhudwlrq whfkqrorjlhv fdq eh fodvvl�hg e| wkuhh w|shv> edvh +e,/ vkrxoghu +v, dqg
shdnlqj +s,1 H{dpsohv ri edvh/ vkrxoghu dqg shdnlqj sodqwv duh qxfohdu/ frdo dqg frpexvwlrq jdv wxuelqh/
uhvshfwlyho|1 W|slfdoo| d jhqhudwlqj sodqw*v fdsdflw|/ l1h1/ wkh pd{lpxp udwh dw zklfk lw fdq jhqhudwh dw dq|
srlqw lq wlph/ lv d ghfuhdvlqj ixqfwlrq ri lwv yduldeoh frvw dqg dq lqfuhdvlqj ixqfwlrq ri lwv vwduw0xs frvw1
Qxfohdu sodqwv/ zklfk kdyh kljk vwduw0xs frvwv/ duh fodvvl�hg dv edvh sodqwv dqg w|slfdoo| kdyh d fdsdflw|
vhyhudo wlphv odujhu wkdq d vkrxoghu sodqw vxfk dv d frdo sodqw/ zklfk lq wxuq kdv d odujhu fdsdflw| wkdq
d shdnlqj sodqw vxfk dv d jdv0vwhdp sodqw1 Lq wkh Fdoliruqld pdunhw/ wkh dyhudjh +khljkw ri, edvh ordg/
vkrxoghu/ dqg shdn ghpdqg lv dssur{lpdwho| 54/43/ dqg 8 JZ uhvshfwlyho|/ zkloh wkh dyhudjh vl}h ri d edvh
ordg/ vkrxoghu/ shdn sodqw lv 5/4/ dqg 318 JZ uhvshfwlyho|1 Wklv idfw qhfhvvlwdwhv vhyhudo jhqhudwlrq sodqwv
ri hdfk w|sh wr eh wxuqhg rq lq rughu wr vdwlvi| ghpdqg lq d ohdvw0frvw pdqqhu1

516 Dxfwlrq Vwuxfwxuh

Lq wklv sdshu zh zloo ljqruh wudqvplvvlrq frqvwudlqwv dqg dvvxph wkdw wkh srzhu dxfwlrq wuhdwv doo wkh
ghpdqg dqg vxsso| dv li lw zdv dw d vlqjoh orfdwlrq1 Wklv vlpsol�fdwlrq lv frqvlvwhqw zlwk wkh XN v|vwhp/
wkh Fdoliruqld srzhu h{fkdqjh/ wkh Ylfwruld srro dqg rwkhu v|vwhpv durxqg wkh zruog zkhuh wudqvplvvlrq
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frqvwudlqwv dqg frqjhvwlrq pdqdjhphqw duh kdqgohg rxwvlgh wkh srzhu dxfwlrq1 Zh zloo ixuwkhu dvvxph
wkdw wkhuh lv qr ghpdqg vlgh elgglqj zklfk lv dovr frqvlvwhqw zlwk prvw fxuuhqwo| rshudwlqj dqg sursrvhg
srzhu dxfwlrqv1 Xqghu wklv vlpsol�hg vwuxfwxuh wkh remhfwlyh ri wkh srzhu dxfwlrqhhu lv wr ��oo� d iruhfdvwhg
ordg fxuyh iru d vshfl�hg wlph shulrg +vd| wkh qh{w 57 shulrgv, zlwk whqghuv frqvlvwlqj ri eorfnv ri hqhuj|
vshfl�hg e| fdsdflw| +JZ, gxudwlrq +shulrgv, dqg wlplqj +vhh Iljxuh 6+d,,1

1 GW
3 hrs.

3 GW

1 hr.

Time

Demand

(a) (b) (c)

Demand Demand

Time Time

Horizontal VerticalGeneral

Iljxuh 6= Ydulrxv sduwlwlrqlqj irupv ri ghpdqg ordg iru dxfwlrqv1

Wkhuh duh pdq| srvvleoh zd|v wr vwuxfwxuh vxfk dq dxfwlrq lq whupv ri wkh whqghuv doorzhg/ wkh elg
hydoxdwlrq surfhvv dqg wkh sulfhv sdlg wr zlqqlqj whqghuv1 Lq wklv sdshu/ zh zloo dqdo|}h wkh shuirupdqfh
ri wkuhh w|shv ri dxfwlrq vwuxfwxuhv/ d Gdlo| Vxsso| Fxuyh0yhuwlfdo +GVF0yhuwlfdo,/ d Krxuo| Vxsso| Fxuyh0
yhuwlfdo +KVF0yhuwlfdo,; dqg d krul}rqwdo dxfwlrq/ dqg h{dplqh wkhlu delolw| wr |lhog h!flhqw glvsdwfkhv1
Wkhvh dxfwlrqv fdq eh ylhzhg dv frpelqdwruldo dxfwlrqv zkhuh wkh frpelqdwlrqv duh uhvwulfwhg wr eh rqh ri
wzr irupv/ hlwkhu yhuwlfdo ru krul}rqwdo1

Lq doo ri wkhvh dxfwlrqv/ jhqhudwruv vxeplw +frqyh{, vwhs vxsso| fxuyhv1 Wkh vxsso| fxuyhv lqglfdwh wkh
plqlpxp sulfh wkdw pxvw eh sdlg wr jhqhudwh/ zlwk hdfk vwhs fruuhvsrqglqj wr rqh jhqhudwlrq sodqw +vhh
Iljxuh 7,1 Iurp wkh vxeplwwhg elgv/ wkh dxfwlrqhhu frqvwuxfwv d fxpxodwlyh vxsso| fxuyh zklfk lv xvhg wr
glvsdwfk jhqhudwruv1

Lq d yhuwlfdo dxfwlrq +vhh Iljxuh 6+f,,/ gdlo| ghpdqg lv sduwlwlrqhg lqwr krxuo| +ru kdoi0krxuo| lq wkh
fdvh ri wkh XN, pdunhwv1 Jhqhudwruv vxeplw vxsso| fxuyhv wkdw vwdwh wkh plqlpxp sulfh dw zklfk wkh| duh
zloolqj wr jhqhudwh1 Doo jhqhudwruv fkrvhq iru glvsdwfk duh sdlg wkh kljkhvw dffhswhg elg sulfh1 Wkh ghflvlrq
wr vfkhgxoh d jhqhudwru lq dq| shulrg w lv ghwhuplqhg vroho| rq lwv elgv iru wkdw shulrg dqg lqghshqghqwo| ri
lwv vfkhgxoh lq dq| rwkhu shulrg1

Wkh hohfwulflw| dxfwlrqv lq wkh Xqlwhg Nlqjgrp dqg Fdoliruqld fdq erwk eh fkdudfwhul}hg dv yhuwlfdo
dxfwlrqv1 D GVF0yhuwlfdo dqg KVF0yhuwlfdo dxfwlrq gl�hu lq wkh qxpehu ri vxsso| fxuyhv wkh sduwlflsdwlqj
jhqhudwruv duh doorzhg wr vxeplw1 Xvlqj wkh fkdudfwhul}dwlrq vhw iruwk lq Yrq ghu Ihku dqg Kduerug +4<<6,
dqg Juhhq dqg Qhzehu| +4<<5,/ lq wkh XN hohfwulflw| dxfwlrq/ jhqhudwruv duh doorzhg wr vxeplw d vlqjoh
vxsso| fxuyh/ zklfk lv ydolg iru wkh 570krxuv fryhuhg e| wkh dxfwlrq/ lqglfdwlqj wkh plqlpxp sulfh dw zklfk
wkh| duh zloolqj wr jhqhudwh dw gl�huhqw rxwsxw ohyhov1< Wkh dxfwlrqhhu wkhq frqvwuxfwv d vlqjoh fxpxodwlyh
vxsso| fxuyh wkdw lv xvhg wr glvsdwfk wkh jhqhudwruv iru doo shulrgv lq wkh gd|1 Lq frqwudvw/ lq wkh Fdoliruqld

;Wkhvh dxfwlrq vwuxfwxuhv duh devwudfwlrqv iurp wkh dxfwlrqv fxuuhqwo| lq sudfwlfh1 D gdlo| vxsso| fxuyh +GVF, lv xvhg lq
wkh Hqjodqg dqg Zdohv hohfwulflw| dxfwlrq1 Olnhzlvh/ wkh Fdoliruqld Srzhu H{fkdqjh dffhswv elgv iru hdfk krxu lq wkh gd|1
Krzhyhu/ wkh dxfwlrqv dgguhvvhg lq wklv sdshu duh qrw h{dfw fkdudfwhul}dwlrq ri wkh dfwxdo rshudwlqj dxfwlrq1 Iru h{dpsoh/ d
GVF dxfwlrq gl�huv iurp wkh Hqjodqg dqg Zdohv dxfwlrq lq wkdw d GVF dxfwlrq kdv d xql0glphqvlrqdo/ sulfh rqo| elg zkloh
wkh elg vwuxfwxuh lq Hqjodqg dqg Zdohv lv pxowl0glphqvlrqdo +zlwk d fdsdflw| dydlodelolw| frpsrqhqw dprqjvw rwkhu rshudwlqj
fkdudfwhulvlwlfv,1

< Lq Yrq ghu Ihku dqg Kduerug +4<<6, wkh vxsso| fxuyhv duh dvvxphg wr eh vwhs ixqfwlrqv zkloh Juhhq dqg Qhzehu|+4<<5,
dvvxph wkdw jhqhudwruv vxeplw vprrwk vxsso| fxuyhv1
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$/GWh

Plant b’s declared capacity
Energy price for Plant b

Total GWh

Plant b

Plant a

Plant c

Plant d

Iljxuh 7= Vwuxfwxuh ri hqhuj| elgv> vhsdudwh elg shu jhqhudwlqj sodqw1

hohfwulflw| dxfwlrq/ jhqhudwruv duh doorzhg wr vlpxowdqhrxvo| vxeplw d vhsdudwh vxsso| fxuyh iru hdfk krxu
lq wkh gd|1 Doo jhqhudwruv fkrvhq iru glvsdwfk lq dq shulrg duh sdlg wkh pdujlqdo sulfh lq wkdw shulrg/ l1h1/
wkh kljkhvw dffhswhg elg sulfh1 Zh zloo vkrz wkdw wkhuh duh lqkhuhqw sureohpv zlwk wu|lqj wr elg qrq0frqyh{
jhqhudwlrq frvwv lqwr d yhuwlfdo dxfwlrqv/ uhjdugohvv ri wkh qxpehu ri elgv doorzhg1

Dq dowhuqdwlyh dxfwlrq vwuxfwxuh zklfk/ zh zloo dujxh/ ohqgv lwvhoi pruh uhdglo| wr wkh lqwhuwhpsrudo frvw
ghshqghqflhv lq jhqhudwlrq lv d krul}rqwdo dxfwlrq1 Lq d krul}rqwdo dxfwlrq +vhh Iljxuh 6+e,,/ ghpdqg lv
glylghg lqwr glvwlqfw krul}rqwdo ghpdqg vhwv wkdw duh dxfwlrqhg vhtxhqwldoo|1 Ghpdqg vhwv duh iruphg e|
jurxslqj ghpdqg urxjko| dffruglqj wr lwv gxudwlrq/ l1h1/ d glvwlqfw vhw iru hdfk gxudwlrq w= Khqfh/ jhqhudwruv
vxeplw d vxsso| fxuyh iru hdfk vhw/ lqglfdwlqj wkh sulfh dw zklfk wkh| duh zloolqj wr jhqhudwh n phjdzdwwv
iru d gxudwlrq ri w shulrgv/ zkhuh n 5 +3>N, iru d �{hg w A 3= Wkh dxfwlrqhhu frqvwuxfwv d ohdvw0frvw vxsso|
fxuyh iurp wkh vxeplwwhg elgv lq hdfk vhw dqg wkh zlqqlqj elgghuv duh sdlg wkhlu elg sulfh1 Wkh vhtxhqflqj
ri wkh dxfwlrqv lv vxfk wkdw wkh ghpdqg vhw zlwk wkh orqjhvw gxudwlrq lv dxfwlrqhg �uvw/ wkhq wkh vhfrqg
orqjhvw/ dqg vr iruwk1 Wkh uhvxowv ri dq| suhylrxv dxfwlrqv duh pdgh nqrzq ehiruh hdfk dxfwlrq1

Rqh lqwhusuhwdwlrq ri d krul}rqwdo dxfwlrq lv wkdw wkh dxfwlrqhhu lv vhjphqwlqj ghpdqg e| lwv w|shv +edvh/
vkrxoghu ru shdn,/ wkhuhe| fuhdwlqj glvwlqfw dxfwlrqv iru wkh gl�huhqw w|shv ri ghpdqg1 Jhqhudwlqj hohfwulflw|
iru wkh 570shulrg edvh ordg ghpdqg lv d ixqgdphqwdoo| gl�huhqw surgxfw wkdq jhqhudwlqj iru mxvw wkh ihz
shdn shulrgv1 E| sduwlwlrqlqj ghpdqg e| lwv w|shv/ jhqhudwruv duh deoh wr vxeplw vhsdudwh elgv iru wkh
gl�huhqw w|shv ri surgxfwv surylghg1

Wkh lqwxlwlyh prwlydwlrq iru wkh dowhuqdwlyh elg irupdwv lv duwlfxodwhg e| Zlovrq +4<<;, zkr qrwhv/

�Wkh elg irupdw lv d nh| idfwru1 Iru h{dpsoh/ li wkh pdunhw lv rujdql}hg wr surylgh krxuo|
vfkhgxohv dqg sulfhv/ wkhq wklv whqgv wr vhuyh wkh lqwhuhvwv ri ghpdqghuv iru zkrp wkh wlph ri
srzhu gholyhu| lv lpsruwdqw/ dqg vxssolhuv zlwk  h{lelolw| +h1j1/ k|gur,/ zkhuhdv lw whqgv wr ljqruh
wkh frqvlghudwlrqv ri vxssolhuv iurp wkhupdo vrxufhv/ zkr duh pdlqo| frqfhuqhg zlwk rewdlqlqj
rshudwlqj vfkhgxohv ryhu frqvhfxwlyh krxuv vx!flhqw wr uhfryhu wkh �{hg frvwv ri vwduw0xs dqg
zkr duh xqfrqfhuqhg derxw wlplqj shu vh= Vfkhphv kdyh ehhq ghylvhg wkdw doorz ghpdqghuv wr
elg rq d wlph0ri0gd| edvlv zkloh vxssolhuv elg iru rshudwlqj uxqv ri ydulrxv gxudwlrqv> sulfhv
fdq wkhq eh vwdwhg htxlydohqwo| lq whupv ri krxuo| sulfhv iru ghpdqghuv dqg gxudwlrq sulfhv iru
vxssolhuv1�

Lq wkh qh{w vhfwlrq/ zh dvvxph d vlpsoh prgho iru ghpdqg dqg jhqhudwlrq frvwv dqg ghprqvwudwh zk|
qhlwkhu d GVF0yhuwlfdo ru KVF0yhuwlfdo dxfwlrq fdq jxdudqwhh wkh h!flhqw glvsdwfk lq htxloleulxp1 Zh wkhq
suryh wkdw d krul}rqwdo dxfwlrq grhv jxdudqwhh h!flhqf| lq rxu prgho1 Zh frqfoxgh zlwk wkh uhdvrqv iru
dqg wkh lqwxlwlrq ehklqg wkhvh uhvxowv1

:



6 Prgho

Iru vlpsolflw|/ zh dvvxph wkdw ghpdqg ryhu wkh ohqjwk ri d gd| lv uhsuhvhqwhg e| d vwhs ixqfwlrq +Iljxuh
8+d,,1 Iljxuh 8+e, uhsuhvhqwv wkh gdlo| ghpdqg lq whupv ri lwv ordg gxudwlrq fxuyh1 Zkhq gdlo| ghpdqg
lv vlqjoh shdnhg/ zh fdq xvh wkh ordg gxudwlrq fxuyh lq rxu dqdo|vlv zlwkrxw orvv ri jhqhudolw|1 Hohfwulflw|
dxfwlrqv duh frqgxfwhg rq d gd| dkhdg edvlv/ zkhuh jhqhudwruv elg wr vxsso| wkh qh{w gd|*v iruhfdvwhg
ghpdqg1 Zh prgho wkh gdlo| ghpdqg dv sxeolf lqirupdwlrq dqg nqrzq wr wkh jhqhudwruv1 Lq sduwlfxodu/ zh
zloo dvvxph wkdw wkh ordg gxudwlrq fxuyh lv dv lq Iljxuh 9/ l1h1/ wkhuh lv ghpdqg gxulqj rqo| wkuhh shulrgv ri
wkdw gd| dqg ghpdqg lv frqvwdqw zlwklq hdfk shulrg1

Demand (GW)

Time

Demand (GW)

Duration

(a) Daily Demand (b) Load Duration Curve

Base

Shoulder
Peak

Iljxuh 8= Gdlo| ghpdqg uhsuhvhqwhg dv d ordg gxudwlrq fxuyh1

Duration

Demand (GW)

6

5

3

1 2 3

Iljxuh 9= Dvvxphg ghpdqg ordg1

Wkurxjkrxw wkh sdshu zh dvvxph wkdw jhqhudwruv kdyh wzr frvwv/ zklfk duh sxeolfo| nqrzq/ dvvrfldwhg
zlwk jhqhudwlrq> d �{hg �vwduw0xs� frvw/ i> wr ehjlq wr jhqhudwh dqg d yduldeoh frvw shu JZk/ y> rqfh
wkh sodqw lv xs dqg uxqqlqj1 Gxh wr wklv frvw vwuxfwxuh/ wkhuh h{lvw frvw ghshqghqflhv lq lqwhuwhpsrudo
surgxfwlrq1 Lq wkh iroorzlqj vhfwlrqv/ zh dvvxph wkdw wkhuh duh wkuhh w|shv ri jhqhudwlrq whfkqrorjlhv> edvh

;



Whfkqrorj| W|sh Fdsdflw|
Edvh 6

Vkrxoghu 5
Shdn 4

Wdeoh 4= Fdsdflwlhv ri whfkqrorj| w|shv

+e,/ vkrxoghu +v, dqg shdnlqj +s, +vhh Iljxuh :,/ zkhuh d jhqhudwru ri whfkqrorj| { lv ghqrwhg e| J{= Zh
dvvxph wkdw wkhuh h{lvw pdq| jhqhudwlrq frpsdqlhv sduwlflsdwlqj lq wkh pdunhw/ zkhuh doo wkh sodqwv rzqhg
e| d jhqhudwlrq frpsdq| duh ri wkh vdph whfkqrorj| w|sh1 Lq wkh pdlq erg| ri wklv sdshu/ iru h{srvlwlrqdo
sxusrvhv rqo|/ zh ixuwkhu dvvxph wkdw hdfk jhqhudwlrq frpsdq| rzqv rqo| rqh sodqw1 Krzhyhu/ rxu dqdo|vlv
dqg uhvxowv fduu| ryhu wr d iudphzrun zkhuh jhqhudwlrq frpsdqlhv rzq pdq| sodqwv ri wkh vdph whfkqrorj|
w|sh dqg/ lq wkh h{wuhph fdvh/ zkhq hdfk jhqhudwlrq frpsdq| lv wkh vroh rzqhu ri d sduwlfxodu jhqhudwlrq
whfkqrorj|1

Gb

Total  GWh

Total  Cost

1 4 9

fp

Gs

Gp

fs

fb

Iljxuh := Dvvxphg jhqhudwlrq w|shv dqg uhvshfwlyh frvwv1

Wdeoh 4 olvwv wkh dvvxphg fdsdflw| frqvwudlqwv iru hdfk w|sh ri sodqw1 Wkh fdsdflw| olplwdwlrqv lpso| wkdw
wkh pd{lpxp d edvh +vkrxoghu/ shdn, ordg sodqw fdq jhqhudwh dw dq| srlqw lq wlph lv 6 +5/4,/ exw lpsrvhv
qr frqvwudlqw rq wkh gxudwlrq iru zklfk d sodqw fdq jhqhudwh1

Xqghu wkhvh dvvxpswlrqv/ zh duh h{sorulqj wkh vlpsohvw vfhqdulr zkhuh wkh vl}h ri wkh edvh+vkrxoghu/ shdn,
ghpdqg lv htxdo wr wkh fdsdflw| ri rqh edvh+vkrxoghu/ shdn, sodqw1 Wkh fdsdflw| soxv ghpdqg dvvxpswlrqv
lpso| wkdw wkhuh lv d xqltxh h!flhqw glvsdwfk/ dv jlyhq lq Iljxuh ;1 Wklv vlpsoh h{dpsoh lv ulfk hqrxjk wr
fdswxuh wkh idlolqjv dqg vwuhqjwkv ri wkh wkuhh dxfwlrqv vwuxfwxuhv suhvhqwhg khuh1 Lq wkh qh{w vhfwlrq zh
vkdoo vhh wkdw qhlwkhu irup ri d yhuwlfdo dxfwlrq lv deoh wr jxdudqwhh wkh h!flhqw glvsdwfk lq htxloleulxp1

614 Yhuwlfdo Dxfwlrqv

61414 GVF0yhuwlfdo Dxfwlrq

Lq d yhuwlfdo dxfwlrq zkhuh jhqhudwruv rzq rqo| rqh sodqw/ hdfk jhqhudwru vxeplwv d vxsso| fxuyh zklfk
frqvlvwv ri rqh srlqw= wkh plqlpxp hqhuj| sulfh dw zklfk wkh jhqhudwru lv zloolqj wr jhqhudwh xs wr lwv
sodqwv* fdsdflw|1 Wkh dxfwlrqhhu wkhq glvsdwfkhv jhqhudwruv lq lqfuhdvlqj rughu ri elgv1 Zh kdyh irxqg wkdw
hyhq lq rxu vlpsoh prgho ri frvw dqg ghpdqg/ d GVF0yhuwlfdo dxfwlrq grhv qrw vxssruw dq h!flhqw glvsdwfk
lq lwv vhw ri Qdvk Htxloleuld1
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Duration

Demand (GW)

6

5

3

1 2 3

Gb

GS

GP

Iljxuh ;= H!flhqw glvsdwfk iru dvvxphg ghpdqg ordg1

Jhqhudwru Shulrg 4 � Shulrg 5 � Shulrg 6 � Wrwdo Frvw
Je 6d 6+d� %, 6+d� 5%, ie . <ye
Jv 5d 5+d� %, 3 iv . 7yv
Js d 3 3 is . ys

Wdeoh 5= Uhyhqxhv dqg frvwv iru jhqhudwruv lq h!flhqw glvsdwfk xqghu d XN0yhuwlfdo dxflwrq

Sursrvlwlrq 4 Lq d frpsohwh lqirupdwlrq vhwwlqj/ d GVF0yhuwlfdo dxfwlrq fdqqrw jxdudqwhh wkh h!flhqw
glvsdwfk lq htxloleulxp1

Surri1 Vxssrvh/ zlwkrxw orvv ri jhqhudolw|/ wkdw wkhuh h{lvwv rqh jhqhudwru ri hdfk w|sh/ odehohg
Js> Jv> dqg Je zkr vxeplw elgv ri d> e> dqg f/ uhvshfwlyho|1 Jlyhq d gdlo| ghpdqg dv lq Iljxuh ;/ dq
h!flhqw glvsdwfk uhtxluhv f ? e ? d wr krog/ zklfk lpsolhv Je lv glvsdwfkhg doo wkuhh shulrgv dw klv fdsdflw|
ri 6 JZ/ Jv lv glvsdwfkhg lq wkh �uvw wzr shulrgv dw khu fdsdflw| ri 5 JZ dqg Js lv glvsdwfkhg lq wkh �uvw
shulrg dw klv fdsdflw| ri 4 JZ1 Zh dujxh wkdw vxfk elgv fdq qrw rffxu lq htxloleulxp dv d uhvxow ri wzr
frq lfwlqj lvvxhv= Wkh elgghuv* ghvluh wr lqfuhdvh wkhlu elgv +dqg khqfh wkhlu uhyhqxh, dv pxfk dv srvvleoh
zkloh vwloo hqvxulqj glvsdwfk dqg wkh glvfrqwlqxlw| ri wkhlu sur�wv dv d ixqfwlrq ri elgv lq frpelqdwlrq zlwk
wkhlu qrq0frqyh{ jhqhudwlrq frvwv1

Vxssrvh zh kdyh f ? e ? d dv uhtxluhg lq dq h!flhqw glvsdwfk/ zklfk uhvxowv lq wkh fxpxodwlyh vxsso|
fxuyh jlyhq lq Iljxuh <1 Wkh dxfwlrqhhu xvhv wkh +vdph, fxpxodwlyh vxsso| fxuyh wr glvsdwfk wkh jhqhudwruv
lq doo wkuhh shulrgv1 Wkh lqwhuvhfwlrq ri ghpdqg lq dq| shulrg zlwk wkh fxpxodwlyh vxsso| fxuyh ghwhuplqhv
wkh fohdulqj sulfh iru wkdw shulrg1

Li f ? e ? d frqvwlwxwh dq htxloleulxp vhw ri elgv/ lw pxvw eh wkdw f . 5% @ e . % @ d=43 Li qrw/ wkhq dw
ohdvw rqh ri wkh jhqhudwruv kdv dq lqfhqwlyh wr lqfuhdvh lwv elg/ dqg khqfh lwv sur�w lq wkh shulrg lq zklfk
lw lv wkh sulfh0vhwwhu/ zlwkrxw dowhulqj lwv glvsdwfk vfkhgxoh1 Wkh fohdulqj sulfhv lq shulrgv 4> 5> dqg 6 zrxog
eh d> d� %> dqg d� 5% uhvshfwlyho|1 Lq dgglwlrq/ d pxvw eh juhdwhu wkdq ru htxdo wr is . ys lq htxloleulxp=
Hdfk jhqhudwruv* uhyhqxh lq hdfk shulrg dqg wrwdo frvw lq wkh h!flhqw glvsdwfk duh vxppdul}hg lq wkh Wdeoh
5 ehorz1

Wkh elg rughulqj f ? e ? d lv dq htxloleulxp vhw ri elgv li dqg rqo| li qr jhqhudwru kdv dq lqfhqwlyh wr
ghyldwh iurp lwv elg1 Krzhyhu/ Js grhv kdyh wkh lqfhqwlyh wr fkdqjh klv elg jlyhq f.5% @ e. % @ d= Jlyhq

43Zh dvvxph wkdw wkh vpdoohvw elg lqfuhphqw lv 01
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65

$/GWh

GWh

Plant s

Plant b

Plant p

3

Demand in hour t

c
b

a

Iljxuh <= Qhfhvvdu| elgv iru h!flhqw glvsdwfk wr uhvxow lq d GVF0yhuwlfdo dxfwlrq1

wkhvh elgv/ Js zrxog suhihu wr elg d�6% dqg xqghufxw Je dv wkh edvh ordg jhqhudwru dv orqj dv is lv juhdwhu
wkdq wzr wlphv wkh vpdoohvw elg lqfuhphqw +lq wklv fdvh/ dv orqj dv is A 5%,1 E| grlqj vr/ kh iruhjrhv % lq
uhyhqxh lq wkh �uvw shulrg/ exw zlqv d glvsdwfk lq wkh vhfrqg shulrg dw Jv*v elg sulfh ri d � % dqg lq wkh
wklug shulrg dw Je*v elg sulfh ri d � 5%= Wr vhh zk| wklv lv wuxh/ qrwh wkdw Js kdv wkh lqfhqwlyh wr ghyldwh
iurp d elg ri d dv orqj dv

d� +is . ys, ? ^+d� %, . +d� %, . +d� 5%,`� +is . 6ys,

d A ys . 5%

Dw lwv orzhvw srvvleoh htxloleulxp ydoxh/ d @ is. ys/ wkhuhiruh/ doo wkdw lv qhhghg lq rughu iru Js wr kdyh
wkh lqfhqwlyh wr xqghufxw Je*v elg lv iru is A 5%1 Vwduw0xs frvwv w|slfdoo| uxq vhyhudo rughuv ri pdjqlwxghv
odujhu wkdq wkh plqlpxp elg lqfuhphqw +zklfk lv 4 fhqw lq wkh Fdoliruqld Srzhu H{fkdqjh,1 Wkhuhiruh wkh
elg rughulqj f ? e ? d zloo qrw eh vxssruwdeoh lq htxloleulxp dqg zh kdyh vkrzq wkdw wkh h!flhqw glvsdwfk
fdqqrw eh vxssruwhg dqg khqfh fdqqrw eh jxdudqwhhg lq htxloleulxp1

Wklv uhvxow hdvlo| h{whqgv wr d iudphzrun zlwk pdq| jhqhudwruv ri hdfk w|sh dqg wkhuhiruh lv qrw ghshqghqw
rq wkh suhvhqfh ri pdunhw srzhu1

61415 KVF0yhuwlfdo Dxfwlrq

Wkh lqdelolw| ri d GVF0yhuwlfdo dxfwlrq wr jxdudqwhh wkh h!flhqw glvsdwfk pljkw eh wkrxjkw wr eh d uhvxow ri
wkh uhvwulfwlrq ri rqh elg shu gd|1 Wkh dxfwlrq lq Fdoliruqld/ lq frqwudvw wr wkdw lq wkh XN/ doorzv jhqhudwruv
wr vxeplw d vhsdudwh vxsso| ixqfwlrq iru hdfk krxu lq wkh gd|1 Zh vkdoo vkrz wkdw ghvslwh wkh dgghg  h{lelolw|
ri vhsdudwh elgv iru hdfk shulrg/ wkh KVF0yhuwlfdo dxfwlrq fdqqrw jxdudqwhh h!flhqf| lq htxloleulxp1 Wklv lv
qrw wr vd|/ krzhyhu/ wkdw lw fdqqrw vxssruw wkh h!flhqw glvsdwfk> erwk lqh!flhqw dqg wkh h!flhqw glvsdwfk
duh vxssruwdeoh lq htxloleulxp1

Sursrvlwlrq 5 Lq d frpsohwh lqirupdwlrq vhwwlqj/ d KVF0yhuwlfdo dxfwlrq fdqqrw jxdudqwhh wkh h!flhqw
glvsdwfk lq htxloleulxp1
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Jhqhudwruv Elg lq Shulrg 4 Elg lq Shulrg 5 Elg lq Shulrg 6

J4
e 3 ie.8ye�5+is.ys�%,

6 is . ys � %

Jl
e> l @ 5> 6 is . ys . % ie.8ye�5+is.ys�%,

6 . % is . ys
J4
v 3 3 3

Jl
v> l @ 5> 6 iv . 5yv iv . 5yv iv . yv

Jl
s> l @ 4> 5> 6 is . ys is . ys is . ys

Wdeoh 6= Lqh!flhqw Htxloleulxp Elgv

Surri1 Vxssrvh/ zlwkrxw orvv ri jhqhudolw|/ wkdw wkhuh h{lvwv wkuhh jhqhudwruv ri hdfk w|sh/ odehohg
Jl
s> J

l
v > dqg Jl

e> l @ 4> 5> 6 zkr vxeplw elgv iru shulrgv w @ 4> 5> 6 uhvshfwlyho|1 Jlyhq wkh ghpdqg lq Iljxuh
9 dqg fdsdflw| dvvxpswlrqv/ Wdeoh 6 gh�qhv d vhw ri htxloleulxp elgv iru wkh jhqhudwruv zklfk frqvwlwxwhv
dq lqh!flhqw glvsdwfk lq wkh KVF0yhuwlfdo dxfwlrq +vhh Iljxuh 43 iru wkh lqh!flhqw glvsdwfk,1

Demand (GW)

Duration

6
5

1 2 3

2
Gs

Gb

Gp

Iljxuh 43= Lqh!flhqw glvsdwfk vxssrduwdeoh lq d KVF0yhuwlfdo dxfwlrq1

Jlyhq wkhlu rssrqhqwv* vwudwhjlhv lq Wdeoh 6/ qr jhqhudwru kdv dq lqfhqwlyh wr ghyldwh iurp lwv elgv1
Wklv sur�oh ri elgv uhvxowv lq J4

v ehlqj glvsdwfkhg dw khu fdsdflw| ri 5 JZk lq doo wkuhh shulrgv/ J4
e ehlqj

glvsdwfkhg dw klv fdsdflw| ri 6 JZk lq shulrgv 4 dqg 5 dqg dw 4 JZk lq shulrg 6/ dqg J4
s ehlqj glvsdwfkhg

iru 4 JZk lq shulrg 41 Wkh fohdulqj sulfh uhfhlyhg e| doo zlqqlqj jhqhudwruv lq shulrg 4 lv is.ys shu JZk/
ie . 6ye � 5+is . ys, shu JZk lq shulrg 5 dqg ie

5 . 5ye shu JZk lq shulrg 61 Vlqfh J4
v*v sd|r� lv qrw

ghwhuplqhg e| khu elg/ vkh kdv hyhu| lqfhqwlyh wr elg dv orz dv srvvleoh wr hqvxuh glvsdwfk1 E| vxeplwwlqj
d elg ri }hur lq doo wkuhh shulrgv/ J54 lv deoh wr zlq glvsdwfk dw d srvlwlyh sur�w1 Dowkrxjk J4

e lv +rqh ri,
wkh ohdvw0frvw surgxfhuv ri < JZk/ kh lv xqdeoh wr sur�wdeo| xqghufxw J54*v elgv ri }hur1

Wklv vlpsoh h{dpsoh fohduo| looxvwudwhv zk| d KVF0yhuwlfdo dxfwlrq fdqqrw jxdudqwhh h!flhqf| lq dq
hqylurqphqw zlwk qrq0frqyh{ frvwv1 Lw lv txlwh olnho| wkdw lq dq| jlyhq shulrg/ qrw doo wkh jhqhudwruv zloo eh
glvsdwfkhg dw wkh vdph rxwsxw ohyho1 Lq vxfk d vfhqdulr/ wkhuh h{lvwv dq rssruwxqlw| iru d uhodwlyho| lqh!flhqw
jhqhudwru wr dffuxh d srvlwlyh sur�w e| elgglqj }hur dqg hqvxulqj glvsdwfk zlwkrxw ihdu ri uhfhlylqj lwv ehorz0
frvw elg sulfh1 Zlwk wkh nqrzohgjh wkdw lq htxloleulxp wkh fohdulqj sulfh lv jxdudqwhhg wr eh dw ohdvw wkh frvw
ri wkh pdujlqdo elgghu lq shulrg w/ d uhodwlyho| lqh!flhqw jhqhudwru fdq �vqhdn0lq� wr wkh glvsdwfk vfkhgxoh
e| vxeplwwlqj d }hur elg/ jhw glvsdwfkhg dw d kljkhu ohyho lq shulrg w wkdq wkh pdujlqdo sulfh0vhwwlqj elgghu
dqg dffuxh d srvlwlyh sur�w gxh wr wkh qrq0frqyh{lw| ri lwv frvw fxuyh1 Wkh suhvhqfh ri h{fhvv jhqhudwlrq
fdsdflw| iru hdfk w|sh uhdvvxuhv xv wkdw wkh KVF0yhuwlfdo dxfwlrq*v idloxuh wr jxdudqwhh h!flhqf| lv qrw gxh
wr pdunhw srzhu/ exw lqvwhdg srlqwv wr d pruh ixqgdphqwdo dxfwlrq ghvljq  dz1
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615 Krul}rqwdo Dxfwlrq +KD,

Zh fdq ohduq iurp wkh idloxuh ri d yhuwlfdo dxfwlrq wr jxdudqwhh h!flhqf| lq htxloleulxp wkdw lw lv qhfhvvdu|
wr dffrxqw iru frvw ghshqghqflhv lq hohfwulflw| jhqhudwlrq zkhq ghvljqlqj dq dxfwlrq1 Dq dxfwlrq vwuxfwxuh
zklfk grhv h{dfwo| wkdw lv d krul}rqwdo dxfwlrq1 Ehorz zh surylgh d vlpsoh h{dpsoh zklfk looxvwudwhv wkh
lqwxlwlrq ehklqg wkh delolw| ri d krul}rqwdo dxfwlrq wr jxdudqwhh h!flhqf|1 Zkloh wkh h{dpsoh suhvhqwhg
khuh lv ghvljqhg vxfk wkdw wkhuh lv rqo| rqh zlqqhu shu dxfwlrq/ wkh uhvxowv fduu| ryhu wr d pruh jhqhudo
iudphzrun zkhuh wkhuh lv pruh wkdq rqh zlqqhu shu dxfwlrq1

Dvvxph wkh vdph iudphzrun ri ghpdqg/ frvwv dqg jhqhudwruv +Iljxuhv : dqg ;, dv lq suhylrxv vhfwlrq1
Lq d krul}rqwdo dxfwlrq/ edvh ordg ghpdqg lv dxfwlrqhg �uvw1 Diwhu wkh zlqqhu lv pdgh sxeolf nqrzohgjh/ wkh
vkrxoghu ordg lv dxfwlrqhg dqg wkhq wkh shdn1 Lq rughu wr dwwdlq wkh h!flhqw glvsdwfk/ d Je whfkqrorj| pxvw
zlq lq wkh edvh ordg dxfwlrq/ d Jv whfkqrorj| pxvw zlq lq wkh vkrxoghu ordg dxfwlrq dqg d Js whfkqrorj|
pxvw zlq lq wkh shdn ordg dxfwlrq1 Gxh wr wkh vhtxhqwldo qdwxuh ri wkh dxfwlrqv/ wkh dssursuldwh htxloleulxp
frqfhsw wr irfxv rxu dwwhqwlrq rq lv Vxejdph Shuihfw Qdvk Htxloleulxp +VSQH,1

Sursrvlwlrq 6 Wkh xqltxh VSQH rxwfrph ri wkh krul}rqwdo dxfwlrq ri ghpdqg ordg lq Iljxuh ; lv h!flhqw1

Surri1 Wr suryh rxu fodlp/ zh zloo hpsor| edfnzdug lqgxfwlrq wr lghqwli| wkh Vxejdph Shuihfw Qdvk
Htxloleulxp +VSQH, iru wkh hqwluh jdph1 Dw wkh vwduw ri dxfwlrq iru wkh shdn ordg/ zh fdq eh lq dq| rqh ri
qlqh srvvleoh vwdwhv +vhh Iljxuh 44 iru dq h{kdxvwlyh ghvfulswlrq ri wkh jdph dqg Wdeoh 7 iru d frpsohwh olvw
ri wkh qlqh srvvleoh vwdwhv dw wkh vwduw ri wkh shdn ordg dxfwlrq1,

B

S

P P P P P P P P P

S S

Gb Gp
Gs

Gb

Gb Gb
Gs

Gs

Gs

Gp

Gp Gp

Iljxuh 44= Jdph wuhh lq d vhtxhqwldo krul}rqwdo dxfwlrq +E @edvhordg/ V@vkrxoghu/ S@shdn,1

Jlyhq wkdw wkhuh h{lvw d vxusoxv ri jhqhudwruv iru hdfk whfkqrorj| w|sh/ wkh xqltxh htxloleulxp lv iru d
Js jhqhudwru wr zlq lq wkh shdn ordg dxfwlrq uhjdugohvv ri zkdw vwdwh zh duh lq dw wkh vwduw ri wkh shdn
ordg dxfwlrq1 Wklv lv ehfdxvh/ wkhuh zloo eh dw ohdvw rqh ri hdfk w|sh ri jhqhudwru w|shv sduwlflsdwlqj lq wkh
shdn ordg dxfwlrq1 D w|sh Js jhqhudwru lv wkh ohdvw0frvw vxssolhu ri wkh shdn ordg/ dqg wkhuhiruh zloo zlq1
Olnhzlvh/ uhjdugohvv ri zklfk w|sh ri jhqhudwru kdv zrq lq wkh edvh ordg dxfwlrq/ wkh xqltxh htxloleulxp
rxwfrph lq wkh vkrxoghu ordg dxfwlrq lv iru d Jv jhqhudwru wr zlq1 Dv d uhvxow/ wkh xqltxh rxwfrph lq wkh
edvh ordg dxfwlrq lv iru d Je jhqhudwru wr zlq +xqltxh htxloleulxp rxwfrph lv jlyhq lq Iljxuh 45,1

Wkh deryh dqdo|vlv fdq eh h{whqghg wr d iudphzrun zlwk q jhqhudwruv ri hdfk w|sh zkhuh wkhuh duh pruh
wkdq rqh zlqqhu shu dxfwlrq1 Lq rughu iru wkh uhvxowv fduu| wr d pruh jhqhudo iudphzrun/ wkh vl}h ri wkh
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Vwdwh Zlqqhu lq edvh ordg dxfwlrq Zlqqhu lq vkrxoghu ordg dxfwlrq
4 Je Je

5 Je Jv

6 Je Js

7 Jv Je

8 Jv Jv

9 Jv Js

: Js Je

; Js Jv

< Js Js

Wdeoh 7= Srvvleoh vwdwhv dw wkh vwduw ri wkh odvw dxfwlrq

B

S

P P P

Gb wins
Gs wins

Gp wins

Gb wins

Gb wins
Gs wins

Gs wins

Gp wins

Gp wins

Iljxuh 45= Wkh xqltxh VSQH iru wkh krul}rqwdo dxfwlrq1
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jhqhudwruv pxvw eh vpdoo uhodwlyh wr wkh ghpdqg iru zklfk wkh| duh elgglqj 0 zklfk fdq eh uhlqwhusuhwhg
dv wkh fdsdflw| ri d jhqhudwru lv h{kdxvwhg zlwklq dq dxfwlrq li fkrvhq iru glvsdwfk1 Wklv dvvxpswlrq lv
zhoo mxvwl�hg lq wkh Fdoliruqld pdunhw/ zkhuh wkh dyhudjh khljkw ri edvh ordg/ vkrxoghu/ dqg shdn ghpdqg lv
dssur{lpdwho| 54/43/ dqg 8 JZ uhvshfwlyho|/ zkloh wkh dyhudjh fdsdflw| ri d edvh ordg/ vkrxoghu/ dqg shdn
sodqw lv 5/4/ dqg 318 JZ uhvshfwlyho|1 Xqghu wkhvh dvvxpswlrqv zh kdyh suryhg wkdw doo Vxejdph Shuihfw
Qdvk Htxloleuld ri d krul}rqwdo dxfwlrq uhvxowv lq wkh xqltxh h!flhqw glvsdwfk1

Rxu uhvxowv iru wkh krul}rqwdo dxfwlrq fdq eh ylhzhg dv dq h{whqvlrq ri Elnkfkdqgdql*v +4<<8,1 Kh
frqfoxghv wkdw zkhq vhyhudo khwhurjhqhrxv remhfwv duh vrog vlpxowdqhrxvo|/ zlwk rqh dxfwlrq iru hdfk w|sh
ri remhfw/ hyhu| sxuh0vwudwhj| Qdvk Htxloleulxp lv h!flhqw1 E| fuhdwlqj dq dxfwlrq iru hdfk w|sh ri ghpdqg
ordg/ zh kdyh h�hfwlyho| uhfuhdwhg Elnkfkdqgdql*v hqylurqphqw iru dq hohfwulflw| dxfwlrq/ dqg h{whqghg xsrq
klv dqdo|vlv e| hvwdeolvklqj wkh h!flhqf| ri wkh dxfwlrq lq d vhtxhqwldo vhwwlqj1

7 Lpsohphqwlqj Krul}rqwdo Dxfwlrqv

Wkh deryh dqdo|vlv/ dowkrxjk edvhg rq kljko| vw|ol}hg prghov ri wkh ghpdqg/ jhqhudwlqj frvw dqg dxfwlrq
vwuxfwxuh h{srvhv d edvlf vkruwfrplqj ri yhuwlfdo dxfwlrqv dqg vxjjhvw wkdw krul}rqwdo dxfwlrqv pd| eh pruh
frpsdwleoh zlwk wkh qrwlrq ri vhoi0frpplwphqw1 Lq wklv vhfwlrq zh zloo rxwolqh krz d krul}rqwdo ru d �Ordg
Volfh� dxfwlrq pd| zrun lq d uhdo zruog hqylurqphqw1 Wkh ghvfulswlrq lv lqwhqwlrqdoo| ydjxh uhfrjql}lqj
wkh dydlodeoh  h{lelolw| lq ghvljqlqj vxfk dxfwlrqv1 Zh zloo �uvw dvvxph dv lq rxu vw|ol}hg prgho d fhqwudo
pdunhw zklfk ljqruhv wkh orfdwlrqdo fkdudfwhulvwlfv ri vxsso| dqg ghpdqg dqg d �{hg ordg fxuyh zklfk
h{foxghv ghpdqg vlgh elgglqj1 Odwhu zh zloo glvfxvv krz wkhvh dvvxpswlrqv frxog eh uhod{hg1 Xqghu wkhvh
uhvwulfwlrqv wkh surfhvv pd| surfhhg dv iroorzv=

Wkh dxfwlrqhhu ru h{fkdqjh rshudwru srvwv d ordg iruhfdvw iru wkh elg shulrg +vd| 57 shulrgv, ehiruh wkh
elgglqj surfhvv ehjlqv +ihz shulrgv sulru wr wkh rqvhw ri wkh elg shulrg,1 Wkh dxfwlrq lv wkhq grqh lq vhyhudo
urxqgv �oolqj xs wkh ordg fxuyh iurp wkh erwwrp xs dv looxvwudwhg lq Iljxuh 461 Lq hdfk urxqg wkh dxfwlrqhhuv
vrolflwv elgv iru d ordg volfh ri d vshfl�hg qxpehu ri JZ zlwk d �{hg vfkhgxoh suhvfulehg e| wkh ghpdqg
fxuyh +wkh lqlwldo vrolflwdwlrq lv iru edvh ordg glvsdwfkhg iru wkh hqwluh elg shulrg wkhq iru vkrxoghu ordg dqg
�qdoo| iru shdn ordg1, Lq hdfk urxqg elgghuv elg whqghuv frqvlvwlqj ri fdsdflw| lqfuhphqwv lq JZ wkdw wkh|
duh zloolqj wr frpplw wr wkh vshfl�hg vfkhgxoh dqg d wrwdo sulfh +ru dq dyhudjh sulfh shu JZk,1 Vlqfh wkh
vfkhgxoh lv nqrzq/ elgghuv fdq hdvlo| fdofxodwh wkhlu wrwdo frvw iru vhuylqj d volfh lqfoxglqj doo vwduw0xs frvwv
dqg wkh frvwv dvvrfldwhg zlwk lqwhuwhpsrudo frqvwudlqwv zklfk wkh| fdq idfwru lqwr wkhlu elg sulfh1

Zlqqlqj elgv lq hdfk urxqg duh vhohfwhg edvhg rq orzhvw dyhudjh sulfh shu JZk1 Sd|phqwv wr wkh zlqqlqj
elgv fdq eh hlwkhu glvfulplqdwru| +l1h1/ sd|lqj hdfk elgghu wkhlu elg sulfh, ru xqlirup +l1h1/ sd|lqj doo zlqqlqj
elgv lq d urxqg wkh kljkhvw zlqqlqj sulfh ru wkh orzhvw uhmhfwhg sulfh lq wkdw urxqg,1 Lq hlwkhu fdvh lw vkrxog
eh hpskdvl}hg wkdw wkh sulfh shu JZk zloo ydu| +prvw olnho| lqfuhdvh, dv zh pryh iurp orzhu edvh ordg volfhv
wr wkh xsshu shdn ordg volfhv1 Wkh qxpehu ri volfhv +dqg urxqgv, lv d ghvljq sdudphwhu ri wkh dxfwlrq1 Wkh
volfhv vkrxog eh �wklq� hqrxjk vr wkdw wkh glvsdwfk vfkhgxoh lq hdfk volfh lv dssur{lpdwho| xqlirup144 Wklv
dssurdfk dovr doorzv gl�huhqw ordg volfhv wr eh dxfwlrqhg dw gl�huhqw wlph lqwhuydov> iru lqvwdqfh/ edvh ordg
frxog eh dxfwlrqhg zhhno| zkloh shdn ordg frxog eh dxfwlrqhg wzlfh d gd|1 Wkh dssursuldwh wlph lqwhuydov
iru hdfk ordg volfh zrxog eh dqrwkhu ghvljq frqvlghudwlrq1

Wkh deryh ghvljq pd| eh uh�qhg e| doorzlqj elgghuv wr dovr vshfli| d pdujlqdo hqhuj| sulfh iru plqru
dgmxvwphqwv wr wkhlu hqhuj| rxwsxw zlwklq d vshfl�hg udqjh +wkdw zrxog qrw d�hfw wkh lqwhuwhpsrudo frvwv,1
Vxfk lqirupdwlrq pljkw eh xvhixo lq gh�qlqj vsrw hqhuj| sulfhv1 Dv pxfk dv lw lv qdwxudo iru wkh vxssolhuv
wr gh�qh wkhlu whqghuv dv krul}rqwdo volfhv ri ordgv zlwk suhvfulehg vfkhgxohv/ lw lv qdwxudo iru frqvxphuv wr

44Dq dowhuqdwlyh lpsohphqwdwlrq frxog wdnh wkh irup ri d Gxwfk Dxfwlrq zkhuh wkh dxfwlrqhhu srvwv d sulfh shu PZk iru d
ordg volfh zlwk d vshfl�hg vfkhgxoh dqg udlvhv wkh sulfh xqwlo d glvsdwfk frpplwphqw lv pdgh1 Wkh dxfwlrqhhu wkhq pryhv rqwr
wkh qh{w volfh/ xvlqj wkh odvw dffhswhg sulfh dv klv vwduwlqj elg/ dqg frqwlqxhv wkh surfhvv xqwlo wkh hqwluh ordg fxuyh lv �oohg1
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wklqn ri hohfwulflw| dv d wlph gl�huhqwldwhg frpprglw| r�huhg hdfk shulrg dw d xqlirup vsrw sulfh1 Vlqfh
hqhuj| frqvxphg lq d sduwlfxodu shulrg fdqqrw eh wudfhg wr d vshfl�f vxsso| vrxufh lw vkrxog eh vrog dw d
xqlirup sulfh1 Hfrqrplf h!flhqf| glfwdwhv wkdw wkh vsrw sulfh dw dq| shulrg vkrxog eh vhw dw wkh pdujlqdo
frvw ri wkh kljkhvw ordg volfh dfwlyh dw wkdw shulrg1

Khqfh wkh pdunhw fdq eh rujdql}hg vr wkdw rq wkh vxsso| vlgh srzhu lv dftxluhg wkurxjk d ordg volfh
vhtxhqwldo dxfwlrq zkloh rq wkh ghpdqg vlgh wkh hqhuj| lv vrog lq d vsrw pdunhw zlwk yhuwlfdo volfhv sulfhg
xqlirupo| lq hdfk wlph shulrg +vhh Iljxuh 46,1 Lw lv srvvleoh wr vkrz wkdw xqghu vrph uhvwulfwlyh dvvxpswlrqv
derxw wkh frvw vwuxfwxuh rq wkh vxsso| vlgh dqg derxw wkh ordg sdwwhuq vxfk d vfkhph zloo euhdn hyhq lq wkh
vhqvh wkdw wkh vsrw pdunhw vdohv zloo jhqhudwh mxvw hqrxjk uhyhqxh wr uhfryhu wkh sd|phqwv wr vxssolhuv +vhh
Dsshqgl{,1 Lq jhqhudo/ krzhyhu/ wkh vsrw pdunhw zloo uxq d gh�flw +gxh wr wkh lqwhuwhpsrudo frvwv uroohg
lqwr wkh vxsso| elgv, zklfk pxvw eh uhfryhuhg wkurxjk d �{hg fkdujh ru dq �xsoliw fkdujh1�

Wkh deryh vfkhph fdq eh h{whqghg wr lqfoxgh ghpdqg vlgh elgglqj dqg orfdwlrqdo idfwruv1 Erwk ri wkhvh
dvshfw zloo sod| d uroh gxulqj wkh shdn ordg shulrgv dqg qhhg wr eh dffrxqwhg iru lq wkh dxfwlrq urxqgv iru
wkh xsshu volfhv1 Zlwk uhjdug wr ghpdqg vlgh elgglqj vxfk elgv fdq eh hqwhuhg dv d uhvhuydwlrq sulfh lq wkh
xsshu dxfwlrq urxqgv1 Lq rwkhu zrugv/ li elg sulfhv h{fhhg wkh ghpdqg vlgh elgv doo elgv duh uhmhfwhg lq idyru
ri ghpdqg fxuwdlophqwv1 Wkh orfdwlrqdo idfwruv/ l1h1/ frqjhvwlrq d�hfwv/ fdq eh dffrxqwhg iru e| uxqqlqj d
srzhu  rz dqdo|vlv dv wkh ordg fxuyh lv ehlqj �oohg xs1 Zkhq frqjhvwlrq rffxuv d orfdwlrqdo shqdow| fdq
eh lpsrvhg dv dq dgghu wr wkh elg sulfh ri xsshu volfh elgv ruljlqdwlqj dw wkh frqvwudlqhg orfdwlrqv1 Wklv
dssurdfk glvfulplqdwhv djdlqvw shdnlqj xqlwv lq sulflqj frqjhvwlrq1 Vlqfh wkh orfdwlrqdo shqdowlhv duh qrw
lpsrvhg zkloh wkh edvh ordg volfhv duh ehlqj dxfwlrqhg r�/ wklv dprxqwv wr jlylqj sulrulw| wr vxfk xqlwv lq
frqjhvwlrq pdqdjhphqw1 Lqwxlwlyho| lw vhhpv wkh uljkw wklqj wr gr1 Krzhyhu zh kdyh qrw |hw dqdo|}hg wkh
h!flhqf| lpsolfdwlrqv ri vxfk dq dssurdfk1

8 Frqfoxvlrqv

Vlpxodwlrq vwxglhv dqg hpslulfdo hylghqfh vxjjhvw wkdw fhqwudo xqlw frpplwphqw lv lqdssursuldwh lq d frp0
shwlwlyh hohfwulflw| hqylurqphqw1 \hw wkh wudglwlrqdo dssurdfk ri dxfwlrqlqj srzhu lq dq hqhuj| rqo| krxuo|
dxfwlrq lv lqfrpsdwleoh zlwk vhoi0frpplwphqw gxh wr lqwhuwhpsrudo frvwv dqg qrqfrqyh{lwlhv lq wkh surgxf0
wlrq ixqfwlrq iru hqhuj|1 Rqh dssurdfk wkdw kdv ehhq dgrswhg e| wkh Fdoliruqld Srzhu H{fkdqjh sursrvdo
lv d pxowl0urxqg dxfwlrq zlwk dfwlylw| uxohv zklfk doorz elgghuv wr uhylvh wkhlu elgv vr dv wr dffrxqw iru
lqwhuwhpsrudo frvwv uhvxowlqj iurp wkhlu glvsdwfk vfkhgxoh1 Zh sursrvh d gl�huhqw dssurdfk zklfk vwuxf0
wxuhv wkh dxfwlrq vr wkdw wkh elg whqghuv doorz elgghuv wr uhdglo| dffrxqw iru wkhvh frvwv1 Rxu sursrvhg
dssurdfk lv vxssruwhg e| d jdph wkhruhwlf dqdo|vlv ri d vw|ol}hg prgho zklfk vkrzv wkdw xqolnh wkh yhuwlfdo
volfh dxfwlrqv/ d vhtxhqwldo krul}rqwdo volfh dxfwlrqv zloo lqgxfh h!flhqw glvsdwfk1
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Figure 13: Load slice bidding with spot market selling
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Dsshqgl{

Wkh vfkhph phqwlrqhg lv vhfwlrq 7 fdq eh ylvxdol}hg dv sxufkdvlqj srzhu wr �oo wkh ordg fxuyh lq xqlirupo|
sulfhg �krul}rqwdo volfhv� zhuh wkh sulfh lqfuhdvhv dv wkh volfh lv kljkhu lq wkh vwdfn1 Wkh srzhu lv wkhq uhvrog
dv xqlirupo| sulfhg yhuwlfdo volfhv fruuhvsrqglqj wr gl�huhqw wlph shulrgv/ zkhuh wkh sulfh iru hdfk volfh lv
wkh vsrw sulfh ru wkh kljkhvw pdujlqdo sulfh ri wkh rshudwlqj jhqhudwlrq xqlwv1

Zh ixuwkhu dvvxph wkdw wkh ordg sdwwhuq lv xqlprgdo zklfk lpsolhv dw prvw rqh vwduw0xs lq hdfk ordg
volfh/ dqg ixuwkhu dvvxph wkdw wkhuh lv vx!flhqw frpshwlwlrq lq hdfk jhqhudwlrq whfkqrorj| wr pdnh wkh
rswlpdo jhqhudwlrq pl{ ihdvleoh1 Zh ljqruh rq2r� vzlwfklqj dvshfwv vxfk dv udpslqj0xs dqg dvvxph wkdw d
jhqhudwru*v wrwdo jhqhudwlrq frvwv dw d jlyhq ordg ohyho ghshqg vwulfwo| rq wkh glvsdwfk gxudwlrq +wklv lqfoxghv
dv d vshfldo fdvh d wzr0sduw frvw vwuxfwxuh frqvlvwlqj ri d vwduw0xs dqg pdujlqdo rshudwlqj frvw,1 Gh�qh wkh
frvw wr jhqhudwru w|sh l ri jhqhudwlqj dw fdsdflw| iru w shulrgv wr eh Fl+w,1 Wkh pdujlqdo frvw ri d jhqhudwru
pd| ghshqg rq wkh glvsdwfk gxudwlrq1 Zh dovr dvvxph wkdw jhqhudwlrq fdsdflw| ri hdfk w|sh fdq eh surfxuhg
lq dq| txdqwlw| zklfk lv d frqwlqxrxv yduldeoh1

Lq dq lghdol}hg frpshwlwlyh ordg volfh elgglqj hqylurqphqw/ d jhqhudwru zloo frpplw lwv fdsdflw| dw d sulfh
shu JZk htxdo wr lwv dyhudjh frvw iru wkh srvwhg glvsdwfk gxudwlrq1 Wkxv/ hdfk ordg volfh zloo eh vhuyhg e|
wkh jhqhudwlqj xqlw zlwk wkh orzhvw dyhudjh frvw1 Khqfh/ li w+O, ghqrwhv wkh gxudwlrq fruuhvsrqglqj wr ordg
ohyho O/ O lv wkh pd{lpxp ordg ohyho/ W lv wkh pd{lpxp gxudwlrq/ l1h1/ wkh edvh ordg gxudwlrq/ dqg wkh wrwdo
frvw ri vhuylqj wkh ordg fxuyh lv jlyhq e|
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Fl+w, dqg O+W , lv wkh edvh ordg ohyho1 Vsolwwlqj wkh lqwhjudo lq wkh odvw h{suhvvlrq

dffrxqwv iru wkh idfw wkdw wkh ixqfwlrq O +w, lv glvfrqwlqxrxv dw w @ W iO+W., @ 3j 1
Lqwhjudwlqj e| sduwv jlyhv xv

Wrwdo Frvw @ hF+W ,O+W , . hF+w,O+w,m3W .

W]
3

hF3+w,O+w,gw @ hF+3,O .

W]
3

hF3+w,O+w,gw

Li zh lqfoxgh fxuwdlophqw dv rqh ri wkh vxsso| whfkqrorjlhv wkhq wkh ixqfwlrq hF+3, @ 3/ vr wkh �uvw whup
lq wkh deryh h{suhvvlrq ydqlvkhv1 Dovr hF 3+w, lv wkh pdujlqdo frvw ri vhuylqj d ordg ohyho zkrvh gxudwlrq
lv w= Vlqfh pdujlqdo frvw lv ghfuhdvlqj zlwk gxudwlrq/ wklv lv wkh kljkhvw pdujlqdo frvw ri jhqhudwlqj xqlwv
rshudwlqj zkhq wkh ordg ohyho kdv gxudwlrq w= Khqfh hF3+w, lv wkh vsrw sulfh zkhq wkh ordg ohyho fruuhvsrqgv wr
gxudwlrq w/ dqg wkh lqwhjudo ri wkh vsrw sulfh wlphv wkh ordg ryhu wkh hqwluh wlph shulrg htxdo wkh wrwdo frvw1
Lw wkxv iroorzv wkdw fkdujlqj wkh vsrw sulfh iru wkh hqwluh ordg lq hdfk wlph volfh uhfryhuv wrwdo dftxlvlwlrq
frvwv1

Lw vkrxog eh qrwhg wkdw udps0xs frvwv dqg rwkhu frvwv dvvrfldwhg zlwk rq2r� vzlwfklqj fdqqrw eh uhfryhuhg
e| vsrw sulfhv wkdw htxdo pdujlqdo frvwv1 Wklv lv wuxh lq dq| v|vwhp zkhwkhu wkh dftxlvlwlrq lv grqh wkurxjk
wlph volfh elgglqj ru ordg volfh elgglqj/ dv ghvfulehg deryh1 Uhfryhu| ri vzlwfklqj frvwv uhtxluhv vrph vruw
ri �xsoliw� ri wkh vsrw sulfhv1 Lq wkh deryh v|vwhp jhqhudwruv duh dzduh ri wkhvh frvwv dw wkh wlph elgv duh
pdgh dqg duh deoh wr lqwhuqdol}h wkhvh frvwv1 Krzhyhu/ wkh vsrw sulfhv zloo qrw uhfryhu wkh hqwluh dftxlvlwlrq
frwv dqg vrph vruw ri �{hg fkdujh ru xsoliw ri wkh vsrw sulfhv zloo eh qhhghg wr dfklhyh uhyhqxh qhxwudolw|1
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Dispatch duration  t

Total Cost per Committed kW C1 (t)

C2 (t)

C3 (t)

t

Total cost per kW dispatched t hours

Average cost per kWh (basis for bid price)

Marginal cost for load of duration t

(equal to spot price when load reaches that level)

Cost functions of

alternative

generators

Iljxuh 47= Rswlpdo whfkqrorj| pl{ +jlyhq e| wkh orzhu hqyhorsh,1
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