
VWXG\ RI SURSHOODQWV IRU SUHVVXUH0IHG SURSXOVLRQ V\VWHPV

Xolvvhv F÷uwhv Rolyhlud � H0pdlo= xolvvhvCldh1fwd1eu

Lqvwlwxwr gh Dhurqäxwlfd h Hvsdêr � DVH0H2LDH2FWD

4555;0<37 � Vær Mrvì grv Fdpsrv�VS/ Eud}lo

Devwudfw1 Wklv sdshu suhvhqwv d glvfxvvlrq derxw wkh dghtxdwh surshoodqw vhohfwlrq iru suhvvxuh0

ihg sursxovlrq v|vwhpv iru xvh lq odxqfk yhklfohv1 Wkh w|sh dqg wkh sursruwlrq ri wkh frpsrqhqwv

lq d elsurshoodqw frpelqdwlrq d�hfwv wkh pdlq vxev|vwhpv ri wkh yhklfoh1 Wkhuhiruh/ lwv fkrlfh

ghshqgv rq wkh sduwlfxodu dssolfdwlrq ri wkh sursxovlrq v|vwhp/ dqg pxvw eh pdgh hduo| gxulqj

wkh v|vwhp uhtxluhphqw skdvh1 Wkh vwxg| dssurdfkhv wkh pruh uhohydqw dvshfwv ri wkh sureohp/

dqg wkh uhvxowlqj lqirupdwlrq vhuyhv dv d �uvw vfuhhqlqj ri fdqglgdwh surshoodqwv wr eh xvhg lq

ghwdlohg wudgh0r� vwxglhv1 Wkh pdlq frqfoxvlrq lv wkdw wkh surshu fkrlfh ri qrqwr{lf/ vwrudeoh/

dqg kljk ghqvlw|0lpsxovh surshoodqwv frxog surgxfh uholdeoh yhklfohv dqg kdupohvv rshudwlrqv wr

shuvrqqho dqg hqylurqphqw/ lq dgglwlrq wr orzhu suh0rshudwlrqdo dqg uhfxuuhqw frvwv1

Nh|zrugv= Urfnhw surshoodqwv/ Sursxovlrq v|vwhpv/ Suhvvxuh0ihg hqjlqh/ Urfnhw hqjlqhv/ Odxqfk

yhklfoh ghvljq1
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Wkh suhvhqw sdshu uhvxphv sduw ri d vwxg| wr dqdo|}h dowhuqdwlyh frqfhswlrqv ri suhvvxuh0ihg

odxqfk yhklfohv ri plfur dqg vpdoo odxqfk fdsdflwlhv1 Wkh dssurdfk lv wr ghyhors orz0frvw yhklfohv

xvlqj uhvwulfwhg whfkqlfdo fdsdflwlhv dqg dydlodeoh whfkqrorjlhv/ orrnlqj iru wdnlqj dgydqwdjh ri

suhylrxv h{shulhqfh lq vrolg urfnhw sursxovlrq/ dqg pd{lpl}lqj wkh xvh ri wkh h{lvwlqj jurxqg

lqvwdoodwlrqv iru whvw dqg odxqfklqj1 Wklv sklorvrsk| ri Plqlpxp Frvw Ghvljq ohdg wr suhvvxuh0

ihg sursxovlrq v|vwhpv lq zklfk duh plqlpl}hg wkh v|vwhp ghyhorsphqw dqg uhfxuulqj frvwv1

Rqfh wkdw wkh surshoodqw ihhg v|vwhp kdg ehhq vhohfwhg wr eh ri suhvvxuh0ihg w|sh/ wkh qh{w

prvw lpsruwdqw fkrlfh lv wkh surshoodqw frpelqdwlrq1 Wkh w|sh dqg pl{wxuh udwlr ri surshoodqw

frpsrqhqwv zloo ghwhuplqh wkh vkdshv dqg uhodwlyh srvlwlrqv ri wdqnv/ wkh suhvvxul}dwlrq dqg

wkh frrolqj v|vwhpv/ dqg zloo d�hfw wkh dwwlwxgh frqwuro v|vwhp dqg rwkhu plqru vxev|vwhpv ri

wkh yhklfoh1 Wkh surshoodqw w|sh lq xhqfhv dovr wkh frq�jxudwlrqv ri jurxqg idflolwlhv iru whvwlqj

dqg odxqfklqj +Vxwwrq/ 4<<5/ Fkdswhu 8,1

D ydulhw| ri idfwruv kdyh uhvxowhg lq lqfuhdvlqj lqwhuhvw lq wkh h{sorudwlrq ri dowhuqdwlyhv wr

wkh zlgho| hpsor|hg fu|rjhqlf dqg k|shujrolf surshoodqw frpelqdwlrqv1 Wkhvh idfwruv lqfoxgh

khljkwhqhg vhqvlwlylw| wr frvw/ hqylurqphqwdo frqfhuqv/ dqg wkh shuvrqqho kd}dugv dvvrfldwhg

zlwk wr{lf surshoodqwv1 Ixuwkhu gulylqj wkh pryh wrzdug rwkhu surshoodqwv lv wkh uhdol}dwlrq

wkdw devroxwh shuirupdqfh lq whupv ri vshfl�f lpsxovh lv qrw/ iru pdq| dssolfdwlrqv/ wkh prvw

dssursuldwh phwulf iru vhohfwlqj d sursxovlrq v|vwhp1 Uhfhqw dgydqfhv lq pdwhuldo/ vwuxfwxudo/



dqg pdqxidfwxulqj whfkqrorjlhv doorz wkh v|vwhp ghvljqhu wkh  h{lelolw| wr hpsor| qrqwudglwlrqdo

surshoodqw frpelqdwlrqv wr ghyhors dq uhdoo| orz frvw/ frpphufldoo| ihdvleoh v|vwhp +Dqghuvrq

hw do1/ 4<<;,1

Vhyhudo vwxglhv +Nhqgulfn dqg Ghujdudehgldq/ 4<9<> Kxgvrq dqg Kxqwhu/ 4<;:> Dqghuvrq hw

do1/ 4<<;, kdyh lqglfdwhg wkdw lq rughu wr dfklhyh vljql�fdqw uhgxfwlrqv lq frvw/ ixwxuh odxqfk

dqg vsdfh v|vwhpv uhtxluh vshfl�f dqg vljql�fdqw lpsuryhphqwv lq whfkqrorj| dqg ghvljq0wr0

frvw phwkrgrorjlhv1 Vrph ri wkh v|vwhp vwxglhv kdyh vkrzq wkdw lq rughu wr dfklhyh frpphufldo

yldelolw|/ h{shqgdeoh ru uhxvdeoh odxqfk yhklfoh frqfhswv uhtxluh orz frvw pdlq dqg dx{loldu|

sursxovlrq v|vwhpv1 Wkhvh v|vwhpv pxvw eh qrqwr{lf/ vwrudeoh/ wkurwwohdeoh/ dqg pxvw kdyh d

kljk ghqvlw|0lpsxovh +Dqguhzv/ 4<<3> Iud}lhu dqg Prvhu/ 4<<8> Fodss dqg Kxqwhu/ 4<<6,1 Lq

dgglwlrq/ vlpsoh dqg uholdeoh uhvwduwdelolw| lv hvvhqwldo iru xsshu0vwdjh dqg dx{loldu| sursxovlrq

v|vwhpv +Kxuoehuw hw do1/ 4<<;> Iud}lhu dqg Prvhu/ 4<<7,1

Wklv sdshu lv vshfl�fdoo| frqfhuqhg zlwk wkh dghtxdwh surshoodqw vhohfwlrq ri suhvvxuh0ihg

sursxovlrq v|vwhpv iru xvh lq odxqfk yhklfohv1 Wkh pruh uhohydqw dvshfwv ri wkh sureohp duh

glvfxvvhg/ dqg wkh vwxg| uhvxowv vhuyh dv d �uvw vfuhhqlqj ri fdqglgdwh surshoodqwv/ ehlqj xvhixo

gxulqj wkh frqfhswlrq dqg wudgh0r� vwxglhv dqg wkh hduo| ghvljq gh�qlwlrqv1 Wkhuhiruh/ �qdo

fkrlfhv ri surshoodqw frpelqdwlrq pxvw eh dffrpsolvkhg zlwk wkh khos ri pruh ghwdlohg wrrov/

dw pruh dgydqfhg vwhsv ri wkh ghvljq surfhvv1
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Wkhuh kdyh ehhq pdq| h{whqvlyh lqyhvwphqwv lq uhvhdufk ri surshoodqwv ryhu wkh odvw vl{ ghfdghv

+Sdodv}hzvnl/ 4<<:,1 Prvw ri wkhvh lghdv uhodwhg wr surshoodqwv zhuh dedqgrqhg/ gxh wr gl�huhqw

uhdvrqv1 Lqdvpxfk/ rqo| d ihz surshoodqwv � frpsrvhg e| fduerq/ k|gurjhq/ r{|jhq dqg

qlwurjhq +F/ K/ R/ Q, � frqwlqxh wr eh xvhg qrzdgd|v1

Lq wkh rwkhu kdqg/ zkloh rshudwlrqdo xvdjh kdv qrw |hw frph wr iuxlwlrq/ dw ohdvw �yh pdmru

duhdv kdyh ehhq lghqwl�hg iru survshurxv uhvhdufk= prqrsurshoodqwv/ dowhuqdwlyh k|gurfduerqv/

jhoohg k|gurjhq/ phwdool}hg jhoohg surshoodqwv/ dqg kljk hqhuj| ghqvlw| surshoodqwv +Sdodv}hzvnl/

4<<:,1 Qxphurxv vwxglhv kdyh vkrzq wkh srwhqwldo ehqh�wv ri wklv qhz jhqhudwlrq ri ixhov dqg

r{lgl}huv +Sdodv}hzvnl/ 4<<:,1

Glvfxvvlrqv ri wkh fkdudfwhulvwlfv ri vhyhudo frpprq oltxlg surshoodqw frpsrqhqwv dqg wkhlu

vdihw| frqfhuqv duh suhvhqwhg lq +Vxwwrq/ 4<<5,/ +Kx}ho dqg Kxdqj/ 4<<5, dqg +Eduuëuh hw1 do1/

4<93,1 Sk|vlfdo surshuwlhv dqg d pruh frpsohwh glvfxvvlrq ri wkh vxemhfw lv jlyhq e| Vduqhu

+4<99,1 Wkh wr{lflw| ri vrph surshoodqwv d�hfwv wkh suh0rshudwlrqdo dqg rshudwlrqdo frvwv/ lv

kdupixo wr shuvrqqho/ dqg fdxvhv gdpdjhv wr wkh hqylurqphqw1 Wkhuhiruh/ wkh xvh ri vxfk

surshoodqwv lq flufxpvwdqfhv zkhuh wkh| frxog eh hdv| vxevwlwxwhg e| rwkhuv ohvv djjuhvvlyh lv

udwkhu luudwlrqdo/ dqg pxvw eh dyrlghg dv pxfk dv srvvleoh +Rolyhlud/ 5333d,1

Wkh iroorzlqj wdeohv suhvhqw vrph frpprq ixhov dqg r{lgl}huv ri lqwhuhvw iru wklv dqdo|vlv/

diwhu d suholplqdu| dqdo|vlv glvfxvvhg e| Rolyhlud +5333d,1 Qrqwr{lf surshoodqwv/ ehvlghv rwkhu

lpsruwdqw surshuwlhv/ zrxog eh pxfk vdihu lq wkh ylflqlw| ri kxpdq rshudwlrqv1 Vr/ lw zdv rqo|

lqfoxghg qrqwr{lf surshoodqwv/ dqg zhuh ljqruhg h{rwlfv olnh erudqhv1 K|gud}lqh idplo| dqg

qlwurjhq r{lghv duh yhu| wr{lf dqg/ dw �uvw/ ghvhuyh ri ixuwkhu dqdo|vlv1 Krzhyhu/ XGPK dqg

QWR zhuh lqfoxghg iru sxusrvh ri frpsdulvrq1 Qlwurxv r{lgh +Q2R,/ dowkrxjk qrw lqfoxghg

lq wkh suhvhqw glvfxvvlrq gxh wr odfn ri vsdfh/ kdv vrph lqwhuhvwlqj surshuwlhv iru wkh lqwhqghg

dssolfdwlrqv/ lq vslwh ri lwv uhodwlyho| orz r{|jhq frqwhqw +Rolyhlud/ 5333d,1 Lw lv uhodwlyho|

xquhdfwlyh/ prghudwho| fruurvlyh dqg wr{lf
4
/ vhoi0suhvvxul}lqj +ydsru suhvvxuh kljkhu wkdq 83

edu dw urrp whpshudwxuh,/ hwf1 Wkh gdwd zhuh froohfwhg iurp Vxwwrq +4<<5,/ Kx}ho dqg Kxdqj

+4<<5,/ Eduuëuh hw do1 +4<93,/ Frqvwdqwlqh dqg Fdlq +4<9:,/ dqg vhyhudo rwkhu vrxufhv olvwhg lq

+Rolyhlud/ 5333d,1

Wkh surshuwlhv vkrzq lq Wde1 4 duh= P/ produ pdvv> �/ pdvv ghqvlw|> W / whpshudwxuh>

4 Lw lv wr{lf rqo| deryh <7( frqfhqwudwlrqv1



Wdeoh 4= Jhqhudo gdwd ri vrph oltxlg surshoodqw frpsrqhqwv1

Surshoodqw } IS QES 4 EA � My SR EA � > EA � R� EA �
frpsrqhqw nj2npro N N nj2p� +N, nM2nj fdo2j0N +N, fhqwlsrlvh edu +N,

OK2 51349 461<7 5316< :4 +QES, 779 5164 +QES, 313464 +QES, 51359 +56,

Phwkdqh 49136 <318 44419 778 +<614, 843 31;68 +QES, 513 +<614, 3166 +433,

Sursdqh0UW 7713<7 ;817: 564143 8:3 +5<;, 6:3 31949 +5<6, 31448 +5<6, 43 +633,

Sursdqh0ES 7713<7 ;817: 564143 8;5 +QES, 759 31868 +QES, 3153< +QES, 4134 +QES,

Sursdqh0VF 7713<7 ;817: 564143 :;5 +433, � 3179; +456, 41674 +456, �

US04 4:8 558 793�873 ;3: +5;<, 579 3178 +5<;, 31:8 +5;<, 3135 +677,

MS07 45;13 546 738�849 :7: +5<8, � 3183 +5<;, 31:55 +5<;, 3183 +677,

Hwkdqro0<518 74158 48317 6831< ;43 +5<8, 31<3 +5;<,

Hwkdqro0433 79139 48;198 684178 :;8 +5<8, ;6; 3195 +5<6, 4158 +5<6, 3138< +5<6,

XGPK 9313; 549 669 :;< +5<8, 8;7 3197< +5<;, 317< +633, 31463 +5;<,

Zdwhu 4;135 5:6148 6:6148 4333 +5<6, 5886 4133; +5:6, 41333 +5::, 3139;< +645,

OR[ 65133 8717 <313 4475 +<317, 546 317 +98, 314< +<317, 31385 +;;1:,

KWS0<3( 6415;9 594198 747158 46;: +5<;, 495< 31996 +5<;, 4148; +5<;, 313377 +5<;,

KWS0<8( 6518:4 59:187 74<148 4747 +5<;, 48:7 31978 +5<;, 41493 +5<;, 313368 +5<;,

KWS0<;( 661757 5:3198 754188 4764 +5<;, 4874 31966 +5<;, 4148; +5<;, 313364 +5<;,

KWS0433( 671349 5:6183 7561: 4775 +5<;, 4856 31959 +5<;, 41486 +5<;, 31335; +5<;,

LUIQD 881<3 5471;4 646148 4897 +5<6, 31747 +5<;, 416: +5<;, 31574 +5<;,

ZIQD 8<1<3 56419 6881: 4793 +5<8, 7;3 3174; +5<;, 31::< +5<;, 31938 +676,

QWR <51349 5941<8 5<7163 477: +5<6, 746 3169: +5<3, 31756 +5<6, 31<8; +5<6,

Ky/ khdw ri ydsrul}dwlrq> fR/ vshfl�f khdw dw frqvwdqw suhvvxuh> �/ g|qdplf ylvfrvlw|> sy/ ydsru

suhvvxuh1 IS dqg QES ghqrwh iuhh}lqj dqg qrupdo erlolqj whpshudwxuhv/ uhvshfwlyho|1 UW phdqv

urrp whpshudwxuh/ dqg VF phdqv vxefrrohg vwdwh1 Wkh wdeohg ydoxhv ri Ky duh phdvxuhg dw wkh

QES whpshudwxuh/ h{fhsw iru Sursdqh0UW/ Sursdqh0VF/ XGPK dqg KWS0433( +5<; N,1

Wdeohv 4 dqg 5 lqfoxgh= oltxlg k|gurjhq/ OK2> phwkdqh/ FKe> sursdqh/ F�KH/ dw urrp whp0

shudwxuh +UW,/ qrupdo erlolqj srlqw +QES,/ dqg vxefrrohg +VF,> US04/ FK��b2�> ruglqdu| mhw

ixho MS07/ Fb�SSK�b> <518( dqg dqk|gurxv hwkdqro/ FK�FK2RK> xqv|pphwulfdo glphwk|ok|0

gud}lqh +XGPK,/ +FK�,2QQK2> zdwhu/ K2R> oltxlg r{|jhq +OR[,/ R2> frqfhqwudwhg k|gurjhq

shur{lgh +K2R2,/ frpprqo| fdoohg kljk whvw shur{lgh ru KWS> lqklelwhg uhg ixplqj qlwulf dflg

+LUIQD,> zklwh ixplqj qlwulf dflg +ZIQD,> dqg qlwurjhq whwur{lgh +QWR,/ Q2Re1 Zdwhu zdv

lqfoxghg rqo| iru frpsdulvrq1

Wdeoh 5= Kdqgolqj/ vdihw| dqg frvw ri vrph oltxlg surshoodqw frpsrqhqwv1

Surshoodqw Vwdelolw| Kdqgolqj Vwrudelolw| Fruurvlrq XVD Frvw

frpsrqhqw kd}dug XV'2nj

OK2 Jrrg Iodppdeoh Kljko| fu|rjhqlf � 47133

Phwkdqh Jrrg Iodppdeoh fu|rjhqlf Qrqh 3148

Sursdqh0UW Jrrg Iodppdeoh vwrudeoh Qrqh 3153

Sursdqh0ES Jrrg Iodppdeoh fu|rjhqlf Qrqh 3157

Sursdqh0VF Jrrg Iodppdeoh fu|rjhqlf Qrqh 3157

US04 D1L1 576�F Iodppdeoh Jrrg Qrqh 3159

MS07 Jrrg Ydsru h{s Jrrg Qrqh 3153

Hwkdqro0<518 Jrrg Iodppdeoh Jrrg ehorz 88�F Qrqh 3163

Hwkdqro Jrrg Iodppdeoh lghp Qrqh 3173

XGPK Jrrg Wr{lf Jrrg Voljkwo| fru1 4133�7133

Zdwhu Jrrg Jrrg Jrrg Qrqh 3133

OR[ Jrrg Jrrg fu|rjhqlf Qrqh 313;�3143

KWS0<3( Ghf1 473�F Iodppdeoh Jrrg Fruurvlyh 31;3

KWS0<8( lghp Iodppdeoh Jrrg +4(|hdu, Fruurvlyh 4133

KWS0<;( lghp Iodppdeoh lghp Fruurvlyh 5133

KWS0433( lghp Iodppdeoh lghp Fruurvlyh �

LUIQD Jrrg Wr{lf Jrrg Fruurvlyh 3149�3153

ZIQD Ghf1 6;�F Wr{lf Idlu Yhu| fru1 3163

QWR Ixqf1 Whp Yhu| Wr{lf Jrrg +gu|, Fruurvlyh 3148



Wkh frvw ri d surshoodqw frpsrqhqw ghshqgv rq wkh dydlodelolw|/ txdqwlw| dqg vhyhudo rwkhu

idfwruv1 Vr/ wkh jlyhq ydoxhv pxvw eh vhhq rqo| dv urxjk hvwlpdwhv1 Qrwh wkdw wkh frvw ri vrolg

surshoodqwv uxqv derxw XV'472nj yhuvxv dq dyhudjh ri derxw XV'31582nj iru oltxlgv1
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Lq d elsurshoodqw sursxovlrq v|vwhp/ wkh ixho dqg r{lgl}hu frpsrqhqwv fdq eh frpelqhg lq

gl�huhqw udwlrv wr phhw wkh vshfl�hg surshoodqw pl{wxuh surshuwlhv1

Wkh surshoodqw pdvv pl{wxuh udwlr +N6, lv wkh udwlr dw zklfk wkh r{lgl}hu dqg ixho duh pl{hg

dqg uhdfw wr jlyh krw jdvhv/ l1h1/ wkh udwlr ri wkh r{lgl}hu pdvv  rz udwh wr wkh ixho pdvv  rz udwh1

Lw gh�qhv wkh frpsrvlwlrq ri wkh uhdfwlrq surgxfwv dqg lw lv xvxdoo| fkrvhq vr wkdw lw shuplwv

wkh dwwdlqphqw ri pd{lpxp ydoxh ri Wf@P/ zkhuh Wf lv wkh frpexvwlrq whpshudwxuh dqgP lv

wkh dyhudjh produ pdvv ri wkh uhdfwlrq jdvhv/ vlqfh wkh h�hfwlyh h{kdxvw yhorflw| f �
s
Wf@P

+Vxwwrq/ 4<<5,1 Jlyhq wkh wkuxvw I dqg kdylqj wkh h{kdxvw yhorflw| f/ wkh wrwdo surshoodqw pdvv

 rz udwh bps lv rewdlqhg iurp wkh htxdwlrq uhodwlqj wkhvh wzr sdudphwhuv/ qdpho|/ bps @ I@f1

Iru dq| jlyhq pl{wxuh udwlr N6/ wkh dyhudjh pdvv ghqvlw|
5
ri d surshoodqw frpelqdwlrq �s

fdq eh ghwhuplqhg iurp wkh pdvv ghqvlw| ri wkh ixho �i dqg ri wkh r{lgl}hu �r1 Lw lv gh�qhg dv

wkh pdvv ri wkh ixho dqg r{lgl}hu/ glylghg e| wkh vxp ri wkhlu yroxphv +Vxwwrq/ 4<<5/ sdj1 57:,=

�s @ +N6 . 4,
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Wkh vhohfwlrq ri wkh surshoodqw frpelqdwlrq lv d frpsurplvh ri pdq| sdudphwhuv/ vrph ri

zklfk duh olvwhg ehorz +Eduuëuh hw do1/ 4<93,=

� Hfrqrplf= dydlodelolw| lq odujh txdqwlwlhv/ orz frvw/ orjlvwlfv ri surgxfwlrq/ vlpsolflw| ri

surgxfwlrq surfhvv1

� Shuirupdqfh= vshfl�f lpsxovh +ru/ htxlydohqwo|/ h�hfwlyh h{kdxvw yhorflw|,/ vshfl�f sursho0

odqw frqvxpswlrq/ kljk hqhuj| frqwhqw/ orz produ pdvv/ pdvv ghqvlw|/ ghqvlw|0lpsxovh1

� Frpprq sk|vlfdo kd}dugv= fruurvlyh h�hfwv/ h{sorvlyh kd}dugv/ �uh kd}dugv/ wr{lflw|1

� Ghvludeoh sk|vlfdo surshuwlhv= orz iuhh}lqj srlqw/ kljk pdvv ghqvlw|/ fkhplfdo vwdelolw|/

kljk vshfl�f khdw/ kljk wkhupdo frqgxfwlylw|/ kljk erlolqj srlqw/ orz ylvfrvlw|/ orz ydsru

suhvvxuh1

Frqfhuqv derxw iuhh}lqj srlqw dqg suhvvxuh exlogxs lq vwrudjh duh edvlfdoo| wkrvh ri d plvvloh

hqjlqhhu/ qrw d odxqfkhu hqjlqhhu1 D plvvloh hqjlqhhu zdqwv vrphwklqj kh fdq vhdo lqwr wkh wdqnv

ri d plvvloh wkdw zloo eh ohiw rq wkh vkhoi iru |hduv/ erowhg wr wkh rxwvlgh ri dq dlufudiw/  rzq iru

wzr krxuv lq vxe}hur vwudwrvskhulf frqglwlrqv/ dqg wkhq �uhg1 D odxqfkhu hqjlqhhu fdq pdnh

ohvv gudvwlf dvvxpswlrqv1 Lq sduwlfxodu/ lw*v qr elj ghdo wr surylgh yhqwlqj iru wdqnv1

Iru kljk shuirupdqfh/ d kljk frqwhqw ri fkhplfdo hqhuj| shu xqlw ri surshoodqw pl{wxuh lv

ghvludeoh ehfdxvh lw shuplwv d kljk fkdpehu whpshudwxuh1 D orz produ pdvv ri wkh surgxfw

jdvhv ri wkh surshoodqw frpelqdwlrq lv dovr ghvludeoh1 Lw fdq eh dffrpsolvkhg e| xvlqj ixhov ulfk

lq frpelqhg k|gurjhq/ zklfk lv olehudwhg gxulqj wkh uhdfwlrq1 D orz produ pdvv lv rewdlqhg li d

odujh sruwlrq ri wkh k|gurjhq jdv surgxfhg grhv qrw frpelqh zlwk r{|jhq1 Lq jhqhudo/ wkhuhiruh/

wkh ehvw pl{wxuh udwlr iru pdq| elsurshoodqwv lv qrw qhfhvvdulo| wkh vwrlfklrphwulf rqh +zklfk

uhvxowv lq frpsohwh r{lgdwlrq dqg |lhogv d kljk  dph whpshudwxuh, exw xvxdoo| d ulfk pl{wxuh

frqwdlqlqj d odujh sruwlrq ri orz0produ0pdvv uhdfwlrq surgxfwv1 Wkh deryh vwdwhphqwv uh hfw

wkh wudglwlrqdo dssurdfk zklfk frqvlvwv rq sxuvxlqj d kljk shuirupdqfh lq whupv ri vshfl�f

lpsxovh/ zlwkrxw frqfhuqv derxw frvw dqg ghyhorsphqw wlph1

5Wklv whup lv suhihudeoh wr wkh qrupdoo| xvhg exon ghqvlw|/ dowkrxjk wkh ehwwhu ghvljqdwlrq zrxog eh dyhudjh

yroxplf pdvv/ lq dffrugdqfh zlwk wkh prvw uhfhqw uhfrpphqgdwlrqv +Wd|oru/ 4<<8,1



Wkh shuirupdqfh ri surshoodqwv fdq eh frpsduhg rq wkh edvlv ri wkh h�hfwlyh h{kdxvw yhorflw|

+vshfl�f lpsxovh,/ wkh fkdudfwhulvwlf h{kdxvw yhorflw|/ wkh vshfl�f surshoodqw frqvxpswlrq/ ru

rwkhu hqjlqh sdudphwhuv/ dv glvfxvvhg lq +Vxwwrq/ 4<<5, dqg +Rolyhlud/ 5333d,1 Wkh h�hfwlyh h{0

kdxvw yhorflw| lv ixqfwlrq ri suhvvxuh udwlr/ vshfl�f khdw udwlr/ frpexvwlrq whpshudwxuh/ pl{wxuh

udwlr/ produ pdvv ri frpexvwlrq surgxfwv/ dqg hqjlqh frq�jxudwlrq1

Lw lv lpsruwdqw/ lq surshoodqw vhohfwlrq/ wr nhhs lq plqg wkdw wkh xvxdo devroxwh shuirupdqfh

lq whupv ri vshfl�f lpsxovh +Lvs, lv qrw/ iru pdq| dssolfdwlrqv/ wkh prvw dssursuldwh phwulf iru

vhohfwlqj d sursxovlrq v|vwhp1 Wkh vshfl�f lpsxovh lv d surshuw| ri wkh surshoodqw pl{wxuh dqg

ri wkh hqjlqh frq�jxudwlrq1 Lw uhsuhvhqwv edvlfdoo| d hqhujhwlf ihdwxuh ri wkh surshoodqw/ zlwkrxw

dvvrfldwlqj dq| yroxphwulf vhqvh ri d sduwlfxodu pl{wxuh1

Lq rughu wr dffrpprgdwh d odujh pdvv ri surshoodqwv lq d jlyhq yhklfoh wdqn vsdfh/ d ghqvh

surshoodqw lv uhtxluhg1 Lw shuplwv d vpdoo yhklfoh frqvwuxfwlrq dqg/ frqvhtxhqwo|/ d uhodwlyho|

orz vwuxfwxudo yhklfoh pdvv dqg orz dhurg|qdplf gudj1 Surshoodqw pdvv ghqvlw|/ wkhuhiruh/ kdv

dq lpsruwdqw h�hfw rq wkh pd{lpxp  ljkw yhorflw| dqg udqjh ri dq| urfnhw0srzhuhg yhklfoh

ru plvvloh  |lqj zlwklq wkh hduwk*v dwprvskhuh/ dv h{sodlqhg lq Ioljkw G|qdplfv ruglqdu| wh{w

errnv +vhh dovr +Rolyhlud/ 5333d,,1

Wdnlqj lqwr dffrxqw wkh deryh idfwv/ lw lv frqfoxghg wkdw wkh surgxfw ri wkh dyhudjh pdvv

ghqvlw| �
s
dqg wkh h�hfwlyh h{kdxvw yhorflw| f ri wkh surshoodqw frpelqdwlrq/ wkh vr fdoohg

ghqvlw|0lpsxovh +Lg � �
s
f,/ lv suredeo|/ iru pdq| dssolfdwlrqv/ d pruh xvhixo sdudphwhu1

Ghqrwlqj wkh surshoodqw yroxph e| Ys/ dqg wkh v|vwhp exuqrxw pdvv e| Ph/ iru vpdoo

�
s
Ys@Ph vxfk dv wkdw rewdlqhg lq wkh �uvw vwdjh ri d odxqfk yhklfoh/ dv vkrzq lq +Rolyhlud/

5333d,/ wkh urfnhw htxdwlrq fdq eh dssur{lpdwhg e|

�y @ Lg Ys@Ph >

zkhuh �y lv wkh yhklfoh yhorflw| lqfuhphqw1 Wklv lqglfdwhv wkdw/ iru d �uvw vwdjh zkhuh wkh

surshoodqw yroxph wr �qdo pdvv udwlr lv �{hg/ wkh vwdjh*v shuirupdqfh lv pdlqo| ghwhuplqhg e|

Lg/ dqg qrw mxvw e| f dorqh1 Lq idfw/ wklv dssur{lpdwlrq lv ydolg iru d qxpehu ri surshoodqw

frpelqdwlrqv dqg Ys@Ph udwlrv +Rolyhlud/ 5333d,1 Wkdw lv/ d surshoodqw*v ghqvlw| lv mxvw dv

lpsruwdqw dv lwv h{kdxvw yhorflw| lq wkh errvwhu ru lq wkh �uvw vwdjh ri d urfnhw1 Iru wkh vhfrqg

dqg kljkhu vwdjhv/ wkh h{kdxvw yhorflw| lv pxfk pruh lpsruwdqw/ vlqfh lw vljql�fdqwo| d�hfwv Ph1

Dv vkrzq e| Rolyhlud +5333d,/ wkh ghqvlw|0lpsxovh fdq eh lqwhusuhwhg dv d phdvxuh ri wkh

wrwdo lpsxovh gholyhuhg shu xqlw yroxph ri wkh surshoodqw1 Wkxv/ iru Lg @ frqvw/ Lw @ Lg Ys1 Wklv

phdqv wkdw/ iru d �{hg surshoodqw yroxph Ys/ wkh surshoodqw pl{wxuh zlwk kljkhu Lg gholyhuv

kljkhu h{kdxvw yhorflw| dqg wkxv/ pdnhv lw dwwudfwlyh iru dssolfdwlrqv zkhuh vl}h lv d hvvhqwldo

idfwru1

Fdofxodwhg shuirupdqfh ydoxhv lq whupv ri h�hfwlyh h{kdxvw yhorflw| dqg ghqvlw|0lpsxovh/

iru d qxpehu ri gl�huhqw surshoodqw frpelqdwlrqv dqg dw fkrvhq pl{wxuh udwlrv dqg frpexvwlrq

fkdpehu suhvvxuh sf @ 53 edu/ duh jlyhq lq Wde1 61 Wkh wkhuprfkhplfdo dqdo|vlv zdv shuiruphg

e| xvlqj wkh FHWSF surjudp +4<<7,/ dvvxplqj vkliwlqj htxloleulxp h{sdqvlrq1 Wkh jlyhq

pl{wxuh udwlrv duh wkh rswlpxp iru pd{lpdo h�hfwlyh h{kdxvw yhorflw| f/ h{fhsw iru OK2 zklfk

lv fdofxodwhg dw wkh pl{wxuh udwlrv ri 7133 dqg 8188 +wkh �uvw ydoxh jlyhv d kljkhu f/ exw lw lv

dvvrfldwhg wr d pxfk srruhu dyhudjh pdvv ghqvlw|,1 Khuh/ f@ dqg L@
g
duh iru Dh@Dw @ 7=8387/

sf@sh @ 58=333/ sh @ 3=;333 edu> dqg fK dqg LK
g
/ iru Dh@Dw @ 433=33/ sf@sh @ 4943=<:/ sh @

3=34574 edu1 Wkhvh frqglwlrqv frxog eh uhsuhvhqwdwlyh ri pdlq sursxovlrq v|vwhpv +sduwlfxoduo|/

ri d �uvw vwdjh ru errvwhu,1

Wkh pruh lpsruwdqw uhvxow lq Wde1 6 lv wkh ehkdylru ri wkh surshoodqw OK22OR[ uhodwlyh wr

wkh rwkhu surshoodqw frpelqdwlrqv1 Lw suhvhqwv wkh kljkhvw f ri doo wkh surshoodqw frpelqdwlrqv/

pdlqo| gxh wr orzhvw dyhudjh produ pdvv ri lwv frpexvwlrq surgxfwv1 Exw/ dw vdph wlph/ lw

vkrzv wkh orzhvw �
s
dqg Lg ydoxhv1

Iljxuh 4 vkrzv wkh yduldwlrqv ri wkh dyhudjh pdvv ghqvlw| dqg frpexvwlrq whpshudwxuh ri

surshoodqwv dw gl�huhqw pl{wxuh udwlrv1 Lq wklv fdvh/ wkh frpexvwlrq whpshudwxuh zdv fdofxodwhg



Wdeoh 6= Wkhruhwlfdo gdwd ri vrph lqwhuhvwlqj oltxlg surshoodqw frpelqdwlrqv1

surshoodqw g6 4
r

4
i

4
s

}s Af S@ U@g SK UKg
r{lgl}hu ixho nj2p

�
nj2p

�
nj2p

�
nj2npro +N, p2v Qv2O p2v Qv2O

OR[ OK2 7133 447< :4 5;7 <1<9 5<34 67:519 <;: 778:18 459:

OR[ OK2 8188 447< :4 679 45193 65<3 66;;1: 44:5 777:14 486;

OR[ Phwkdqh 6133 447< 757 ;38 5314< 6665 5:3<18 54;4 68:913 5;:;

OR[ Surs10ES 51:3 447< 8;4 <3< 54194 6764 599817 5755 686818 6546

OR[ US04 5193 447< ::6 4345 56144 6836 59441: 5977 67;<18 6865

OR[ Hwkdqro 4183 447< :;< <:5 5514; 64<7 58481< 5778 66331< 653;

KWS 433( Hwkdqro 7133 4775 :;< 456: 5418< 5;38 56<815 5<97 647918 6;<6

KWS 433( US04 :183 4775 ::6 463< 55154 5;;6 57481; 6495 653;15 74<<

KWS <;( US04 :183 475< ::6 45<< 55148 5;8: 57391< 645: 64<814 7484

KWS <8( US04 :183 4744 ::6 45;9 55137 5;49 56<415 63:8 649815 73:4

KWS <3( US04 :183 46;3 ::6 4596 541;6 5:67 567<13 5<9; 63;61: 6;<9

KWS ;8( US04 :183 4685 ::6 4576 54188 5954 55;91; 5;74 5<;91; 6:44

ZIQD US04 7133 485: ::6 45:; 57138 5<94 55<413 5<5: 5<:<17 6;3:

LUIQD US04 71;3 47;3 ::6 45:; 58173 6378 56461: 5<8; 637;14 6;<:

QWR US04 7163 4764 ::6 4566 581;9 6656 573:1; 5<9< 654919 6<99

QWR XGPK 5198 4764 :;6 449: 5617: 65<7 583719 5<55 664718 6;99

dw sf @ 9edu/ d ydoxh fkdudfwhulvwlf ri xsshu0vwdjh dqg dx{loldu| sursxovlrq v|vwhpv1 Wkh pdvv

ghqvlw| fxuyh pxvw eh dqdo|}hg zlwk fduh/ li qrw lw frxog lqgxfh wr zurqj frqfoxvlrqv1

0 4 8 1 2 1 6 2 0
m ix tu re  ra t io ,  K m

6 0 0

8 0 0

1 0 0 0

1 2 0 0

1 4 0 0

ρ p
  (

kg
/m

3 )

0 4 8 1 2 1 6 2 0
m ix tu re  ra t io ,  K m

5 0 0

1 0 0 0

1 5 0 0

2 0 0 0

2 5 0 0

3 0 0 0

3 5 0 0

T
c 

 (
K

)

U D M H  / N T O

p c =  6  b a r

R P -1 /H T P 9 0E th a n o l-9 2 .5 /H T P 9 0
E th a n o l-1 0 0 /H T P 9 0
R P -1 /H T P 9 0

P ro p a n e -R T /H T P 9 0

P ro p a n e -R T /H T P 9 0

E th a n o l-9 2 .5 /H T P 9 0

E th a n o l-1 0 0 /H T P 9 0

U D M H  / N T O

C H 4 /L O X
R P -1 /L O X

C H 4 /L O X

R P -1 /L O X

P ro p a n e -B P /L O X

P ro p a n e -B P /L O X

Iljxuh 4= Dyhudjh pdvv ghqvlw| dqg frpexvwlrq whpshudwxuh ri gl�huhqw surshoodqw frpelqd0

wlrqv1

Iurp Ilj1 4 dqg Wde1 6 ehfrph hylghqw wkh pruh d�rugdeoh wkhupdo hqylurqphqw ri wkh

surshoodqw frpelqdwlrqv zkrvh r{lgl}hu lv KWS1

�� ����	����� ��	�������� ��� ���������� ����
����

H{lvwv d ydulhw| ri sursxovlrq uhtxluhphqwv lq whupv ri dssolfdwlrq +errvwhu/ �uvw0vwdjh/ xsshu0

vwdjh/ dwwlwxgh frqwuro/ hwf1,/ wrwdo lpsxovh/ dqg wkuxvw ohyho1 Wkhvh duh wkh pdlq gulyhuv ri

surshoodqw vhohfwlrq iru pdlq dqg dx{loldu| elsurshoodqw sursxovlrq v|vwhpv1 Exw/ dv vhhq suh0

ylrxvo|/ wkh fkrlfh ri surshoodqwv iru d sursxovlrq v|vwhp pxvw wdnh lqwr dffrxqw/ ehvlghv wkh

sduwlfxodu w|sh ri dssolfdwlrq/ dydlodelolw|/ frvw/ suhylrxv h{shulhqfh lq xvh wkh surshoodqwv/ hq0

ylurqphqwdo uhvwulfwlrqv/ khdowk kd}dugv/ hwf1

Lq whupv ri pdlq sursxovlrq v|vwhp/ iru vshfl�hg sursxovlrq wkuxvw/ suhvvxuhv dw fkdpehu

dqg qr}}oh h{lw/ dqg ihhg v|vwhp vfkhph/ wkh lpsdfw ri h�hfwlyh h{kdxvw yhorflw| dqg pdvv



ghqvlw| ri d surshoodqw rq wkh yhklfoh fkdudfwhulvwlf yhorflw| ghshqgv rq surshoodqw w|sh1 Vr/ lwv

suhihudeoh wr xwlol}h d surshoodqw zlwk kljkhu pdvv ghqvlw| rq wkh orzhu vwdjh1 Rq wkh iroorzlqj

vwdjhv/ wkh lq xhqfh ri wkh pdvv ghqvlw| ghfuhdvhv/ exw wkh h�hfwlyh h{kdxvw yhorflw| ehfrph

pruh lpsruwdqw1

Lq wkh rwkhu kdqg/ dx{loldu| sursxovlrq v|vwhpv vxfk dv d Uhdfwlrq Frqwuro V|vwhp +UFV,

duh jhqhudoo| orz wkuxvw rqhv/ dqg wkh sulqflsdo frqfhuq lv wkh h�hfw ri surshoodqw rq wkhlu wrwdo

lpsxovh +Lw,/ zlwklq frqvwudlqwv ri pdvv ru yroxph1

Suhvvxuh0ihg v|vwhpv kdyh vrph shfxoldulwlhv zklfk h{huw lpsruwdqw lq xhqfhv lq wkh sur0

shoodqw fkrlfh1 Iluvw/ wkh wrwdo suhvvxuh gurs wkurxjk ihhgolqhv/ ydoyhv/ uhjxodwruv/ dqg frrodqw

sdvvdjh fkdqqhov lq d frrolqj mdfnhw pxvw eh dv orz dv srvvleoh lq rughu wr qrw eh qhfhvvdu|

yhu| kljk wdqn suhvvxuh/ vlqfh wklv frxog lqfuhdvh wkh lqhuw pdvv iudfwlrq ri v|vwhp1 Vhfrqg/

wkh qhfhvvlw| wr uhgxfh wkh suhvvxuh gl�huhqfh ehwzhhq wkh surshoodqw wdqnv dqg wkh frpexvwlrq

fkdpehu frxog h{foxgh wkh srvvlelolw| ri uhjhqhudwlyh frrolqj lq doo wkh wkuxvw fkdpehu/ ehlqj

qhfhvvdu| wr xvh dowhuqdwlyh khdw surwhfwlrq= udgldwlrq/ deodwlyh/ �op frrolqj/ ru frpelqdwlrqv ri

wkhvh dowhuqdwlyhv1 Wklv idfw lpsolhv lq wkh suhihuhqfh ri surshoodqw frpelqdwlrqv zklfk surgxfh

orzhu frpexvwlrq whpshudwxuhv1 Wklug/ li d kljk ydsru suhvvxuh lv edg iru sxps0ihg v|vwhpv/ lq

wkh suhvvxuh0ihg v|vwhpv wklv frxog eh dq dgydqwdjh/ jlyhq wkdw wkh ydsru suhvvxuh uhgxfhv dqg

hyhq vr glvshqvhv wkh pdvv uhtxluhphqw ri h{whuqdo suhvvxudqw +vhoi0suhvvxul}dwlrq srvvlelolw|,1

Wdeoh 7 vxjjhvwv elsurshoodqw frpelqdwlrqv iru odxqfk yhklfoh dssolfdwlrqv1 Wkh v|vwhpv

duh vxssrvhg suhvvxuh0ihg v|vwhpv/ dqg wkh sklorvrsk| lv wr xvh wkh vlpsohvw surshoodqw frpel0

qdwlrq wkdw zloo surylgh wkh qhfhvvdu| shuirupdqfh/ vdwlvi|lqj wkh whfkqlfdo vshfl�fdwlrqv/ dqg

hfrqrplfdo dqg hqylurqphqwdo uhvwulfwlrqv1 Qrwh wkdw prqrsurshoodqw dqg frog0jdv v|vwhpv/

sduwlfxoduo| dghtxdwh wr xvh lq dx{loldu| sursxovlrq/ zhuh qrw lqfoxghg lq Wde1 7 qhlwkhu lq wkh

suhvhqw dqdo|vlv1

Wdeoh 7= Vxjjhvwhg elsurshoodqwv iru gl�huhqw dssolfdwlrqv1

r{lgl}hu ixho errvwhu �uvw0vwdjh xsshu0vwdjh UFV

OR[ OK2 {

OR[ phwkdqh { { {

OR[ sursdqh { { {

OR[ nhurvhqh { { {

OR[ hwkdqro { { {

KWS nhurvhqh { { { {

KWS hwkdqro { { { {

KWS sursdqh { { { {

QD nhurvhqh { { {

QD sursdqh { { {

QWR nhurvhqh { { {

D qxpehu ri dowhuqdwh ixhov kdyh ehhq sursrvhg iru xvh zlwk oltxlg r{|jhq/ exw rqo| qrqwr{lf

fdqglgdwhv zhuh suholplqdulo| vhohfwhg= OK2/ phwkdqh +ru oltxh�hg qdwxudo jdv/ OQJ,/ sursdqh

+ru oltxh�hg shwurohxp jdv/ OSJ,/ nhurvhqh ru hwkdqro1

OK22OR[ r�huv wkh kljkhvw h�hfwlyh h{kdxvw yhorflw| ri dq| uhdolvwlf fkhplfdo surshoodqw

rswlrq1 Lw dovr r�huv d uhodwlyho| kljk r{lgl}hu2ixho pdvv udwlr/ dqg vhyhudo r� wkh vkhoi hqjlqhv duh

dydlodeoh1 Wkh sulpdu| glvdgydqwdjh ri OK22OR[ lv wkh yhu| orz ghqvlw| ri k|gurjhq/ zklfk

fuhdwhv wkh qhhg iru odujh yroxph wdqnv zklfk duh gl!fxow wr lqfrusrudwh lqwr d uhdvrqdeoh

dluiudph ghvljq/ dqg zklfk dovr fuhdwhv wdqndjh pdvv shqdowlhv wkdw frxqwhu pxfk ri wkh ehqh�w

ri OK22OR[*v kljk f1 Dq dgglwlrqdo glvdgydqwdjh lv wkh qhfhvvlw| wr kdqgoh wkh yhu| fu|rjhqlf

k|gurjhq/ zklfk vwruhv dw 53 N/ dqg lv qrw dydlodeoh wr vxssruw yhklfoh rshudwlrqv lq pdq| sduwv

ri wkh zruog/ lqfoxglqj Eud}lo1

FKe2OR[ r�huv wkh vhfrqg kljkhvw f/ zlwk wkh ehqh�w ri d juhdw lqfuhdvh lq surshoodqw

ghqvlw| ryhu OK22OR[ +FKe lv vl{ wlphv dv ghqvh dv OK2,/ doorzlqj wdqndjh vl}hv dqg pdvvhv wr

eh eurxjkw xqghu frqwuro1 Wkh FKe2OR[ pl{wxuh pdvv udwlr lv dssur{lpdwho| 618/ dqg zkloh



erwk FKe dqg OR[ duh prghudwho| fu|rjhqlf/ wkh| erwk vwruh dw wkh vdph whpshudwxuh +durxqg

<3 N, vr wkdw frpsdfw wdqndjh duudqjhphqwv duh srvvleoh1 Oltxlg phwkdqh lv dydlodeoh lq prvw

sodfhv durxqg wkh zruog1 Lq idfw/ FKe2OR[ lv e| idu wkh fkhdshvw urfnhw surshoodqw frpelqdwlrq

wkdw wkhuh lv> vr wkdw li wkh odxqfk yhklfoh rshudwlrqv zhuh wr h{sdqg wr wkh srlqw zkhuh ixho

frvwv zhuh dq lpsruwdqw idfwru/ wklv zrxog eh d uhdo soxv1

Nhurvhqh2OR[ r�huv d kljk h�hfwlyh h{kdxvw yhorflw| dqg d udwkhu ghqvh surshoodqw frpel0

qdwlrq/ rqo| rqh ri zkrvh frpsrqhqwv lv fu|rjhqlf1 Iurp wkh vhyhudo w|shv ri nhurvhqh/ US04/

MS07 dqg MS08 duh wkh pruh lqwhuhvwlqj iru wklv vwxg|1 Zkloh US04 +d urfnhw hqjlqh judgh

nhurvhqh, lv d uh�qhg/ h{shqvlyh dqg qrw vr frpprq nhurvhqh/ MS07 +ruglqdu| mhw ixho, lv fkhds

dqg dydlodeoh dw dlusruwv hyhu|zkhuh1 MS08 lv d qduurz0udqjh orz0yrodwlolw| ixho yhu| vlplodu wr

wkh US041 Lq frpsdulvrq zlwk MS07/ lw lv ghqvhu dqg dovr dydlodeoh hyhu|zkhuh1 Lq vslwh ri rwkhu

ehwwhu surshuwlhv ri US04/ MS07 dqg MS08 duh pruh frpprq dqg fkhdshu dowhuqdwlyhv1

Sursdqh +FK�FK2FK�, lv wkh prvw dffhvvleoh ri wkh oltxlg dqg jdvhrxv dowhuqdwlyh ixhov1

Lw lv wkh pdlq frpsrqhqw +dw ohdvw <3(, ri Oltxh�hg Shwurohxp Jdv/ ru OSJ1 Frpsduhg wr

shwurohxp uh�qlqj k|gurfduerqv lw kdv kljko| uhsurgxfleoh wkhuprfkhplfdo surshuwlhv1 Zlwk

OR[/ sursdqh frxog eh xvhg khdwhg/ dw urrp whpshudwxuh/ dw lwv qrupdo erlolqj srlqw/ ru |hw

dw vxefrrohg vwdwh1 Vxefrrohg sursdqh +dw OR[ whpshudwxuhv ru voljkwo| deryh, kdv d pdvv

ghqvlw| qhduo| wkh vdph dv wkdw ri nhurvhqh/ dqg d vxshulru f/ dqg lwv xvh zlwk OR[ frxog/ dw

�uvw/ jhqhudwh yhklfohv zlwk yhu| orz wrwdo gu| pdvv1 Fhuwdlqo|/ sursdqh dqg nhurvhqh ixhov uhvxow

lq orzhu yhklfoh gu| pdvv wkdq phwkdqh dqg OK21 Zkhq khdwhg ru dw urrp whpshudwxuh/ sursdqh

suhvhqw vhoi0suhvvxul}dwlrq fdsdelolw| dv d yhu| dwwudfwlyh ihdwxuh iru suhvvxuh0ihg hqjlqhv1

Hwkdqro2OR[ lv ohvv hqhujhwlf wkdq wkh k|gurfduerqv2OR[ frpelqdwlrqv1 Krzhyhu/ lw jlyhv

fohdqhu frpexvwlrq dqg uhodwlyho| dphqdeoh wkhupdo hqylurqphqw lq wkh wkuxvw fkdpehu1 Hwkdqro

lv fkhds dqg dydlodeoh lq Eud}lo lq odujh dprxqwv1

Frqfhqwudwhg k|gurjhq shur{lgh +KWS, dqg hwkdqro/ nhurvhqh ru oltxh�hg sursdqh pdnh

dq dwwudfwlyh Hduwk0vwrudeoh elsurshoodqw frpelqdwlrqv1 Wkh elj dgydqwdjh ri wkhvh surshoodqw

frpelqdwlrqv lv wkdw wkh| duh hqwluho| qrqfu|rjhqlf/ vr wkdw wkh uhtxluhg odqg idflolwlhv iru odxqfk

dqg whvw dqg doprvw doo wkh yhklfoh vxev|vwhpv zloo eh pxfk ohvv lqyroyhg wkdq iru wkh surshoodqw

frpelqdwlrqv zkrvh r{lgl}huv duh OR[1 KWS lq frqfhqwudwlrqv lq wkh udqjh ri ;8�<;( duh

prvw dssolfdeoh wr oltxlg0sursxovlrq v|vwhpv1 KWS lv vwrudeoh/ kdv d kljk ghqvlw|/ lv d jrrg

uhjhqhudwlyh frrodqw/ kdv h{fhoohqw fkdudfwhulvwlfv wr eh xvhg lq vhfrqgdu| lqmhfwlrq iru wkuxvw

yhfwru frqwuro1 Wkhvh ihdwxuhv/ doolhg wr wkh srvvlelolw| ri wr eh xvhg dovr dv prqrsurshoodqw/

pdnh lw dq rswlrq iru gl�huhqw dssolfdwlrqv +Dqguhzv/ 4<<3,1 D udwkhu frpsohwh glvfxvvlrq ri

wkhvh frpelqdwlrqv ri vwrudeoh ixhov zlwk KWS lv jlyhq lq +Rolyhlud/ 5333d,1

Frpexvwlrq whpshudwxuh dqg pdvv0 dqg yroxph0shuirupdqfh ri vhyhudo surshoodqw frpel0

qdwlrqv iru frpexvwlrq fkdpehu suhvvxuh sf @ 9edu/ wdqn suhvvxuh sw @ 43edu dqg h{sdqvlrq

duhd udwlr % @ 83 duh vkrzq lq Ilj1 51 Wkh fkrvhq pdvv0shuirupdqfh fulwhulrq lv phdvxuhg lq

whupv ri +P,/ wkh udwlr ri wkh jurvv sd|ordg pdvv wr wkh v|vwhp pdvv +Rolyhlud/ 5333e,1 Lq wklv

fdvh/ wkh jurvv sd|ordg pdvv lqfoxghv doo wkh pdvvhv qrw sulpdulo| ghwhuplqhg e| wkh surshoodqw

vhohfwlrq/ l1h1/ qhw sd|ordg/ jxlgdqfh v|vwhp/ frqwuro v|vwhp/ vwdjh vwuxfwxuh/ dqg urfnhw hqjlqh

pdvv1 Wkh fkrvhq �jxuh ri phulw iru yroxph0shuirupdqfh frpsdulvrq lv wkh ghqvlw|0lpsxovh +L
g
,1

Wkh vkrzq ydoxhv fruuhvsrqg wr pdvv pl{wxuh udwlrv dw pd{lpxp ydoxhv ri P / iru hdfk elsur0

shoodqw frpelqdwlrq1 Ilj1 5 vkrzv wkdw wkh vwrudeoh frpelqdwlrqv surgxfh orzhu frpexvwlrq

whpshudwxuh/ dqg kdyh ehwwhu shuirupdqfh lq dssolfdwlrqv zlwk olplwhg surshoodqw yroxph1

Wkh fkdudfwhulvwlfv ri ydulrxv elsurshoodqwv duh vxppdul}hg lq Wde1 8 dv wkh| uhodwh wr fulwhuld

lpsruwdqw wr pdlq dqg dx{loldu| sursxovlrq v|vwhpv +Rolyhlud/ 5333d,1 Wkhvh duh doo uhodwlyh

frpsdulvrqv ri wkh surshoodqw frpelqdwlrqv iru hdfk jlyhq fulwhulrq1 D soxv v|pero lqglfdwhv

wkdw wkh v|vwhp lv ghvludeoh ru dgydqwdjhrxv iru wkdw fulwhulrq uhodwlyh wr wkh rwkhu v|vwhpv/

dqg d qhjdwlyh v|pero lqglfdwhv d glvdgydqwdjh ri wkh v|vwhp frpsduhg zlwk wkh rwkhuv/ zlwk

uhvshfw wr wkdw fulwhulrq1 Wkh �qdo vhohfwlrq ri d surshoodqw ghshqgv rq wkh uhodwlyh lpsruwdqfh

ri hdfk fulwhulrq wr d sduwlfxodu dssolfdwlrq1
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Iljxuh 5= Frpsdulvrq ri wkh shuirupdqfh ri vhyhudo surshoodqw frpelqdwlrqv +sf @ 9 edu/ % @ 83,1

Khuh dqg lq Wde1 8/ QD ghqrwhv jhqhulfdoo| qlwulf dflg +KQR�,1 Lw zdv rplwwhg lq Wde1 8

wkh frpelqdwlrq QWR2nhurvhqh/ zklfk suhvhqwv hvvhqwldoo| wkh vdph uhodwlyh fkdudfwhulvwlfv ri

QD2nhurvhqh/ dowkrxjk QWR lv pruh h{shqvlyh/ ohvv fruurvlyh/ pruh wr{lf dqg ohvv ghqvh wkdq

QD1

Lq d frpsdulvrq ri fdqglgdwh surshoodqw frpelqdwlrqv iru gl�huhqw sursxovlrq v|vwhpv/ idf0

wruv lq dgglwlrq wr pdvv dqg yroxph/ vxfk dv wr{lflw|/ pd| ehfrph lpsruwdqw dqg pxvw eh

wdnhq lqwr dffrxqw1 Wr{lflw| d�hfwv wkh frvw ri rshudwlrq dqg pdlqwhqdqfh1 Wkh pdlq dgydq0

wdjhv ri qrqwr{lf surshoodqwv/ ehvlghv wkh srwhqwldoo| orzhu suh0 dqg rshudwlrqdo frvwv/ duh wkhlu

hqylurqphqwdo iulhqgolqhvv dqg kdupohvvqhvv wr shuvrqqho1

D udqnlqj dprqj fdqglgdwh surshoodqw frpelqdwlrqv frxog eh pdgh xvlqj dq dqdo|wlfdo

klhudufk| surfhvv zlwk frqyhqlhqwo| fkrvhq uhodwlyh zhljkwv iru wr{lflw|/ frvw/ pdvv/ yroxph/ dqg

Wdeoh 8= Hydoxdwlrq ri elsurshoodqwv iru wkh sursrvhg dssolfdwlrqv +uhodwlyh hdfk rwkhu,1

r{lgl}hu 3< OR[ KWS QD

ixho 3< OK2 phwkdqh sursdqh Nhur hwkdqro Nhur hwkdqro sursdqh Nhur

Surshoodqw pdvv shuirupdqfh/ S . . � � � � � � �
Yroxph shuirupdqfh/ Ug � . . . . . . . .
Lqhuw +gu|, pdvv � � � . . . . . .
Qxpehu ri frpsrqhqwv � � � . . . . . .
Lqwhjudwlrq zlwk srzhu . . . . . � � � �
Wkhupdo pdqdjhphqw � . . � � . . . .
Uhvlgxhv dqg vrrw . . . � . . . . �
Pdwhuldov +fruurvlylw|/ whpshu1, � . . . . � � � �
Ohdndjh � . . . . . . � �
Qxpehu ri uhtxluhg lqvwuxphqwv � � � . . . . . .
Qxpehu ri  ljkw rshudwlrqv � � � . . . . . .
Wr{lflw| . . . . . � � � �
Surshoodqw frvw � . . . . � � � .
Iodppdelolw| � . . . . . . . .



rwkhu dwwulexwhv1 Vrph ri wkh frpelqdwlrqv zlwk dvvljqhg kljkhu vfruhv frxog eh xvhg lq ixuwkhu

ghwdlohg dqdo|vlv lq rughu wr dfklhyh wkh �qdo vhohfwlrq1 Lw vkrxog eh srlqwhg rxw wkdw wkh fkrlfh

ri wkh uhodwlyh zhljkwv lv vrphzkdw duelwudu| dqg vkrxog eh edvhg rq wkh qhhgv ri wkh sduwlfxodu

dssolfdwlrq1 Dq| zd|/ iru wkh suhvhqw sxusrvhv/ wkh vwrudeoh frpelqdwlrqv zlwk KWS dv wkh

r{lgl}hu whqg wr jlyh kljkhu vfruhv1

Ruglqdulo|/ surshoodqwv dqg suhvvxudqwv duh d uhodwlyho| lqvljql�fdqw sduw ri wkh frvw ri d

odxqfk yhklfoh1 Ehfdxvh ri wkh ryhudoo yhu| orz v|vwhp frvw/ wklv pd| eh qrw wkh fdvh iru

Plqlpxp Frvw Ghvljq suhvvxuh0ihg v|vwhpv1 Frqvhtxhqwo|/ wkh xvh ri nhurvhqh dqg OR[ dw

dssur{lpdwho| XV'31592nj dqg XV'313;2nj/ uhvshfwlyho|/ pxvw eh frqvlghuhg zlwk vshfldo fduh1

Pruhryhu/ wkhvh frpsrqhqwv duh uhdglo| dydlodeoh/ hqylurqphqwdoo| iulhqgo| dqg kdyh ehhq xvhg

vxffhvvixoo| iru vhyhudo |hduv1
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Iurp wkh vhyhudo urfnhw oltxlg surshoodqwv dqdo|}hg dqg whvwhg gxulqj wkh odvw ghfdghv/ prvw

qhyhu zhuh xvhg lq sudfwlfdo dssolfdwlrqv/ dqg rqo| d ihz surshoodqwv frqwlqxh wr eh xvhg qrzd0

gd|v1 Fxulrxvo|/ sursdqh dqg phwkdqh qhyhu zhuh frqvlghuhg dv wkh| vkrxog kdyh ehhq/ dqg

k|gurjhq shur{lgh kdv ehhq jhqhudoo| glvplvvhg zlwkrxw udwlrqdo frqvlghudwlrqv1

Wkh surshoodqw frpelqdwlrq d�hfwv doprvw doo vxev|vwhpv ri wkh odxqfk yhklfoh/ dqg dovr

wkh frq�jxudwlrqv ri jurxqg idflolwlhv iru whvwlqj dqg odxqfklqj1 Wkhuhiruh/ lw d�hfwv doo wkh

uhodwhg � ghyhorsphqw dqg rshudwlrqdo � frvwv/ dqg lwv fkrlfh lv pdgh hduo| gxulqj wkh v|vwhp

uhtxluhphqw skdvh1

Xvlqj dghtxdwh surshoodqwv fdq orzhu rshudwlrqv frvw/ vlpsoli| odxqfk yhklfoh surfhvvlqj/ dqg

pdnh vsdfh  ljkw pruh dffhvvleoh dqg d�rugdeoh1 Rwkhu fdsdelolwlhv wkdw duh hqdeohg zlwk wkhvh

dghtxdwh surshoodqwv doolhg wr surshu whfkqrorjlhv duh ehwwhu yhklfoh frrolqj/ uhgxfhg yhklfoh

vwuxfwxudo pdvv/ uhgxfhg wkhupdo surwhfwlrq uhtxluhphqwv/ lpsuryhg vdihw|/ dqg kljkhu uholdelolw|1

Fhuwdlqo| wkhuh lv qr rqh lghdo surshoodqw lq h{lvwhqfh zklfk frpelqhv doo wkh pdq| ghvludeoh

txdolwlhv1 Lqghhg/ vrph ri wkhp duh frqwudglfwru|/ vxfk dv kljk ghqvlw| dqg kljk h�hfwlyh h{kdxvw

yhorflw|1 Vr/ lq dq| frqfuhwh fdvh/ zkhuh wkh dssolfdwlrq ri d sursxovlrq v|vwhp lv vshfl�hg/ lw

ehfrphv qhfhvvdu|/ wkhuhiruh/ wr slfn rxw wklv ru wkdw txdolw| dv ehlqj suhgrplqdqw iru wkh

sduwlfxodu sxusrvh lq ylhz dqg wr fkrrvh wkh surshoodqw dffruglqjo|1

Orz0frvw suhvvxuh0ihg sursxovlrq v|vwhpv/ lq sduwlfxodu/ kdyh vrph lpsruwdqw shfxoldulwlhv

lq whupv ri frvw/ wdqn suhvvxul}dwlrq/ wkuxvw fkdpehu frrolqj/ hwf1/ zklfk gulyh wkh surshoodqw

vhohfwlrq1

Dprqj wkh srwhqwldo r{lgl}huv/ OR[ dqg KWS duh wkh pruh lqwhuhvwlqj iru wkh suhvhqw

dssolfdwlrqv1 Krzhyhu/ gxh wr lwv vwrudelolw|/ yhu| kljk ghqvlw|/ dqg yhu| orz frvw/ qlwulf dflg

+sduwlfxoduo|/ LZIQD, frxog eh frqvlghuhg lq vrph flufxpvwdqfhv/ jlyhq wkdw lwv wr{lflw| dqg

fruurvlyhqhvv fdq eh wrohudwhg1 Qlwurxv r{lgh zdv qrw lqfoxghg lq wkh suhvhqw glvfxvvlrq/ exw

lw lv vwrudeoh/ rqo| prghudwho| fruurvlyh dqg wr{lf/ dqg vhoi0suhvvxul}lqj1 Vr/ lw dovr vkrxog eh

frqvlghuhg d fdqglgdwh lq wkh dqdo|vlv ri d sudfwlfdo sursxovlrq v|vwhp1

Frqvlghulqj rqo| qrqwr{lf frpsrqhqwv/ wkh ehwwhu fdqglgdwh ixhov duh OK2/ phwkdqh/ sursdqh/

nhurvhqh dqg hwkdqro1 OK2/ lq vslwh ri lwv yhu| jrrg hqhujhwlf dqg hqylurqphqwdo fkdudfwhulvwlfv/

zdv glvuhjdughg gxh wr lwv kljko| fu|rjhqlf dqg orz ghqvlw| qdwxuh/ dv zhoo dv gxh wr lwv kljk

sulfh dqg uhvwulfwhg dydlodelolw|1 Lq frpelqdwlrqv zlwk OR[/ lw frxog eh vxevwlwxwhg/ zlwk vhyhudo

dgydqwdjhv/ e| phwkdqh ru sursdqh/ lq vrph fdvhv/ ru e| nhurvhqh ru hwkdqro/ lq rwkhu fdvhv1

Wkh xvh ri d fu|rjhqlf surshoodqw lpsolhv lq d vhulhv ri whfkqrorjlfdo gl!fxowlhv1 Wkh| duh

qrw orqj whup vwrudeoh/ qhhg vshfldo wkhupdo surwhfwlrqv/ dqg suhvhqw rwkhu glvdydqwdjhv wkdw

qrupdoo| duh wudgxfhg lq frvw1

Iru orzhvw ghyhorsphqw dqg rshudwlrqdo frvwv/ odxqfk0rq0ghpdqg dssolfdwlrqv/ d surshoodqw

frpelqdwlrq wkdw lv vwrudeoh dqg hqylurqphqwdoo| fohdq pxvw eh frqvlghuhg zlwk lqwhuhvw1 Frp0

elqdwlrqv ri nhurvhqh/ sursdqh/ ru hwkdqro zlwk k|gurjhq shur{lgh kdyh wkhvh nh| ihdwxuhv dv

zhoo dv rwkhuv zklfk pdnh wkhp lghdo fkrlfhv iru orz0frvw/ h{shqgdeoh ru uhxvdeoh/ sursxovlrq



v|vwhpv1 Wkhvh surshoodqw frpelqdwlrqv duh qrw wkh prvw hqhujhwlf dydlodeoh/ exw wkh| duh

h{wuhpho| lqh{shqvlyh dqg dprqj wkh hdvlhvw ri urfnhw surshoodqwv wr ghvljq iru dqg wr rshud0

wlrqdoo| kdqgoh1 Lq dgglwlrq/ wkhvh surshoodqw fkrlfhv idyru wkh xvh ri frpphufldo r�0wkh0vkhoi

frpsrqhqwv dqg ohdg wr ohvv frpsoh{ v|vwhpv1 Vlpsol�fdwlrq zloo dovr uhgxfh wkh wrwdo qxpehu

ri odxqfk yhklfoh sduwv/ zklfk zloo lq wxuq hqkdqfh wkh v|vwhp*v ryhudoo uholdelolw|1

Wkh prvw surplvlqj vwrudeoh frpelqdwlrq lv sursdqh2KWS/ gxh wr wkh vhoi0suhvvxul}dwlrq

ihdwxuh ri sursdqh/ zklfk fdq eh wdloruhg wr gl�huhqw suhvvxuh ohyhov/ e| khdwlqj1 Sursxovlrq

v|vwhpv xvlqj vxfk frpelqdwlrq/ li h{wuhpho| vlpsoh lq ghvljq/ fdq wdnh ehwwhu dgydqwdjh ri

pdqxidfwxulqj dqg rshudwlqj hfrqrplhv ri vfdoh gxh wr wkh hdvh ri lqvshfwlrq dqg wkh uhodwlyho|

orzhu frvw ri surshoodqw1

Wkh uhvxowv ri wklv sdshu vhuyh dv d �uvw vfuhhqlqj ri fdqglgdwh surshoodqwv wr eh xvhg lq

ghwdlohg wudgh0r� vwxglhv ri suhvvxuh0ihg sursxovlrq v|vwhpv/ lq wkh frqwh{w ri wkh ghvljq0wr0frvw

sklorvrsk|1 Vshfl�f dqdo|vhv ri wkh h�hfw ri d sduwlfxodu surshoodqw rq wkh frvw dqg shuirupdqfh

jdlqv iru ydulrxv plvvlrqv duh ghshqghqw rq wkh yhklfoh dqg plvvlrq ghvljq1 Xowlpdwho|/ ehiruh

ghvljqv duh �qdol}hg/ d frpsohwh sdudphwulf vwxg| ri wkh v|vwhp vkrxog eh pdgh uhvxowlqj lq

rswlpl}dwlrq zlwk uhihuhqfh wr wkh sduwlfxodu plvvlrq lqyroyhg1

�������� !"��#$

Wkh dxwkru zlvk wr h{suhvv klv judwlwxgh wr Pdxur Nrfkl \dpdprwr iru pdqxvfulsw uhylvlrq

dqg xvhixo glvfxvvlrq rq wkh vxemhfw1
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