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Devwudfw1 Wklv duwlfoh suhvhqwv wkh frqfhswxdo vwxg| ri gl�huhqw ghvljqv ri vpdoo suhvvxuh0

ihg oltxlg urfnhw hqjlqhv zklfk xvh vwrudeoh/ qrqwr{lf surshoodqwv1 Wkh ghvfulehg frq�jxudwlrqv

frxog vhuyh iru pdlq sursxovlrq ri xsshu0vwdjhv ru dwwlwxgh frqwuro v|vwhpv ri urfnhwv dqg odxqfk

yhklfohv1 Wkh dqdo|vlv lqwhqgv wr eh d suholplqdu| glvfxvvlrq ri dowhuqdwlyh ghvljqv ri xsshu0

vwdjh sursxovlrq v|vwhpv dqg uhdfwlrq frqwuro v|vwhpv ri Eud}loldq urfnhwv dqg odxqfk yhklfohv1

Wkh| frxog eh wdnhq dv lqlwldo srlqwv iru fdsdflwdwlrq lq wkh �hog ri oltxlg sursxovlrq1 Wkh

vwxg| lqlwldwhv zlwk prqrsurshoodqw v|vwhpv edvhg rq wkh fdwdo|wlf ghfrpsrvlwlrq ri k|gurjhq

shur{lgh dtxhrxv vroxwlrq/ zklfk frxog eh vshfldoo| dghtxdwh wr xvh dv uroo frqwuro v|vwhp ri YOV04

yhklfoh1 Doo rwkhu dqdo|}hg frqfhswlrqv duh elsurshoodqw v|vwhpv zkrvh r{lgl}hu lv k|gurjhq

shur{lgh vroxwlrq/ dqg wkh ixho lv hlwkhu nhurvhqh/ hwkdqro/ ru oltxh�hg sursdqh1 Wkh dffrpsolvkhg

frpsdulvrqv duh edvlfdoo| ri txdolwdwlyh qdwxuh/ dowkrxjk d vlpsoh txdqwlwdwlyh dqdo|vlv ri wkh

sulqflsdo lq xhqfhv ri surshoodqw vhohfwlrq rq wkh v|vwhp shuirupdqfh kdg ehhq grqh1

Nh|zrugv= Suhvvxuh0ihg sursxovlrq v|vwhp/ Urfnhw hqjlqh ghvljq/ Uhdfwlrq frqwuro v|vwhp/

Frqfhswxdo vwxg|/ Suholplqdu| ghvljq1
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Vpdoo suhvvxuh0ihg v|vwhpv kdyh odujh xvh lq urfnhwv/ odxqfk yhklfohv/ dqg vdwhoolwhv/ hlwkhu dv

pdlq sursxovlrq v|vwhpv lq xsshu0vwdjhv/ ru dv dx{loldu| sursxovlrq v|vwhpv ri odxqfk yhklfohv

dqg vsdfhfudiwv1 Dv uhdfwlrq frqwuro v|vwhpv +UFV,/ lq sduwlfxodu/ wkh| fdq eh xvhg lq vrolg/

oltxlg/ ru k|eulg odxqfk yhklfohv1

Wudglwlrqdoo|/ wkhvh vpdoo hqjlqh v|vwhpv duh edvhg rq vwrudeoh/ wr{lf prqr0 dqg elsurshoodqw

v|vwhpv1 Wkhvh suhihuhqfhv durvh pdlqo| iurp frqfhuqv uhodwhg wr wkh ghvljqlqj iru pd{lpxp

shuirupdqfh dqg plqlpxp zhljkw/ lqvwhdg ri ghvljqlqj iru plqlpxp frvw1 Krzhyhu/ wkh xvh ri

yhu| wr{lf dqg kd}dugrxv +iru erwk/ hqylurqphqw dqg shuvrqqho, surshoodqwv pxvw eh dyrlghg dv

pxfk dv srvvleoh dqg/ lq dgglwlrq/ fxuuhqwo| frvw lv ehfrplqj rqh ri wkh pdlq frqfhuqv1

Udwlrqdo ghvljq ri d suhvvxuh0ihg/ sursxovlrq v|vwhp vkrxog xvh suhihuhqwldoo| qrqwr{lf/

vwrudeoh surshoodqwv1 Wkh v|vwhp vkrxog eh vlpsoh/ uholdeoh/ vdih wr rshudwh/ dqg fkhds +wkh

ghyhorsphqw dqg ideulfdwlrq frvwv vkrxog eh orz,1 Wkh xvh ri frpphufldoo| dydlodeoh/ r�0wkh0

vkhoi frpsrqhqwv vkrxog eh urxwlqh1 Odxqfk dqg whvwv vkrxog xvh dydlodeoh idflolwlhv/ ru uhtxluh

orz lqyhvwphqw wr frqvwuxfw qhz rqhv1



Wklv duwlfoh rxwolqhv vrph frqfhswxdo dowhuqdwlyhv ri vpdoo sursxovlrq v|vwhpv xvlqj qrqwr{lf/

vwrudeoh surshoodqwv/ frqfhlyhg lq dffrugdqfh zlwk wkh sklorvrsk| ri plqlpxp frvw ghvljq/ iru

ixuwkhu glvfxvvlrq dqg dqdo|vlv1 Frqfhqwudwhg k|gurjhq shur{lgh/ frpprqo| uhihuuhg dv kljk

whvw shur{lgh ru KWS/ zdv vhohfwhg wr eh xvhg lq doo wkh frqfhswlrqv= hlwkhu dv wkh xqltxh

surshoodqw lq prqrsurshoodqw frqfhswv/ ru dv r{lgl}hu lq wkh elsurshoodqw frqfhswv1

Wkh �uvw dowhuqdwlyh lv d prqrsurshoodqw v|vwhp edvhg rq wkh fdwdo|wlf ghfrpsrvlwlrq ri

d k|gurjhq shur{lgh vroxwlrq1 Doo wkh rwkhu dowhuqdwlyhv duh elsurshoodqw v|vwhpv zlwk k|gur0

jhq shur{lgh vroxwlrq dv r{lgl}hu/ dqg oltxh�hg sursdqh/ nhurvhqh/ ru hwkdqro dv ixho1 Vrph

txdolwdwlyh fkdudfwhulvwlfv ri hdfk ghvljq rswlrq duh jlyhq1 Wkh sursrvhg frq�jxudwlrqv pxvw

eh vxemhfw wr ghwdlohg dqdo|vlv/ d srvwhulrul/ lq rughu wr hydoxdwh wkhlu ihdvlelolwlhv dqg uhodwlyh

dgydqwdjhv2glvdgydqwdjhv1
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Wkh jurxqg uxohv iru wkh vwxg| zhuh vwdwhg zlwklq wkh ghvljq0wr0frvw phwkrgrorj|/ wdnlqj lqwr

frqvlghudwlrq vdihw| dqg hqylurqphqwdo frqvwudlqwv1 Dprqj rwkhu orz frvw ghyhorsphqw ds0

surdfkhv/ wkh iroorzlqj gluhfwlrqv pxvw eh frqvlghuhg=

� Suhvvxuh0ihg v|vwhpv iru UFV dqg xsshu0vwdjh v|vwhpv1

� Frpprq/ vwrudeoh/ qrqwr{lf surshoodqwv1

� H{shqgdeoh v|vwhpv1

� Uhvwduwlqj fdsdelolw|1

� Sxovhg uhjlph ri zrun iru UFV frq�jxudwlrqv1

� Frqvhuydwlyh ghvljq dvvxpswlrqv1

� Uhgxflqj frpsrqhqw frvwv wkurxjk dgdswlqj frpphufldo pdqxidfwxulqj sudfwlfhv1

� Xwlol}lqj frpphufldo r�0wkh0vkhoi kdugzduh1

� Pd{lpl}h xvh ri h{lvwlqj idflolwlhv dqg vxssruw htxlsphqw1

� Hyroylqj orz frvw rshudwlrqv1

� Orz frvw wkuxvw yhfwrulqj phfkdqlvpv ru vhfrqgdu| lqmhfwlrq wkuxvw yhfwru frqwuro +VLWYF,

iru xsshu0vwdjh v|vwhpv1

� Frrolqj v|vwhp= vlqfh uhjhqhudwlyh frrolqj lv dvvrfldwhg zlwk d odujh suhvvxuh gurs lq wkh

frrolqj mdfnhw/ wklv w|sh ri wkhupdo surwhfwlrq zdv glvuhjdughg1 Wkh uhpdlqlqj rswlrqv duh

udgldwlyh frrolqj/ deodwlyh frrolqj/ �op frrolqj/ dqg frpelqdwlrqv ri wkhvh phwkrgv1
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Wkh qdwxuh dqg wkh sursruwlrq ri wkh surshoodqw frpsrqhqwv ri d sursxovlrq v|vwhp lq xhqfh

lwv frq�jxudwlrq dqg vrph ri lwv pdlq vxev|vwhpv +Rolyhlud/ 5333e,1 Wkhuhiruh wkh fkrlfh ri

surshoodqw frpelqdwlrq lv d yhu| lpsruwdqw wdvn lq wkh gh�qlwlrq ri wkh v|vwhp1 Lw pxvw eh grqh

dv hduo| dv srvvleoh/ lq rughu wr dffrxqw iru lwv lpsdfwv rq wkh v|vwhp shuirupdqfh dqg frvw1

Wkh pdlq gulyhuv ri surshoodqw vhohfwlrq iru wkh v|vwhpv lq vwxg| zhuh vwdwhg lq wkh suhylrxv

vhfwlrq1 Wkh sklorvrsk| lv wr xvh wkh vlpsohvw surshoodqw frpelqdwlrq wkdw zloo surylgh wkh

qhfhvvdu| shuirupdqfh/ vdwlvi|lqj whfkqlfdo/ hfrqrplf dqg hfrorjlfdo uhtxluhphqwv1

Wkhuh duh rqo| d ihz qrq0fu|rjhqlf/ qrq0h{rwlf oltxlg r{lgl}huv dydlodeoh +Rolyhlud/ 5333e,=

qlwulf dflg +QD, ghulydwlyhv +ZIQD/ LZIQD/ UIQD/ LUIQD,/ qlwurjhq whwur{lgh +QWR,/

qlwurxv r{lgh +Q2R,/ dqg k|gurjhq shur{lgh dtxhrxv vroxwlrq duh wkh reylrxv fkrlfhv1 Ri wkhvh/

rqo| k|gurjhq shur{lgh lv qrqwr{lf41 Lw kdv rwkhu dgydqwdjhv dv zhoo +Dqguhzv/ 4<<3,1 Lw lv

yhu| ghqvh dqg kdv d yhu| orz ydsru suhvvxuh1 Lw lv uhodwlyho| lqh{shqvlyh ehfdxvh lw lv dq

ruglqdu| lqgxvwuldo fkhplfdo udwkhu wkdq d ghglfdwhg urfnhw surshoodqw +Mh�/ 4<<;,1 Lw lv d jrrg

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

yhfwru frqwuro1 Dowkrxjk vrph vshfldo suhfdxwlrqv pxvw eh wdnhq wr suhyhqw lw iurp ghfrpsrvlqj

4Uljrurxvo|/ Q2R lv wr{lf rqo| deryh <7( frqfhqwudwlrqv1 Lq dgglwlrq/ Q2R kdv vhoi0suhvvxul}dwlrq fdsdflw|/

dq lqwhuhvwlqj dgydqwdjh iru xvh lq suhvvxuh0ihg v|vwhpv1



lq wkh suhvhqfh ri lpsxulwlhv/ lw lv d vwdeoh vxevwdqfh/ dqg rqfh wkrvh suhfdxwlrqv kdyh ehhq wdnhq

lw hvvhqwldoo| kdqgohv olnh zdwhu +Mh�/ 4<<;,1

Vlqfh KWS fdq eh xvhg dv erwk dq r{lgl}hu dqg d prqrsurshoodqw/ d qxpehu ri ehqh�fldo

ghvljq vlpsol�fdwlrqv dqg yduldeoh rshudwlrqdo vfhqdulrv duh srvvleoh1 Wkh ghfrpsrvlwlrq surg0

xfwv fdq eh xvhg dv wkh r{lgl}hu lq d elsurshoodqw v|vwhp/ iru wkuxvw lq prqrsurshoodqw prgh/

dqg dv wkh zrunlqj  xlg iru suhvvxul}dwlrq dqg wxuelqh gulyh1 Wkh gxdo prgh rshudwlrq +prqr0

ru elsurshoodqw, hqdeohv zlgh wkuxvw yduldelolw|1

Jlyhq wkdw wkh r{lgl}hu zdv fkrvhq/ wkh qh{w vwhs lv wkh ixho vhohfwlrq1 K|gud}lqh dqg

lwv ghulydwlyhv +XGPK/ PPK/ hwf1, irup k|shujrolf pl{wxuhv zlwk KWS/ exw duh yhu| wr{lf1

Wkhuhiruh/ wkh k|gud}lqh idplo| lv glvfdughg1 Dprqj wkh dofrkrov/ phwkdqro lv yhu| wr{lf/ dqg

wkh reylrxv fkrlfh lv wkh hwkdqro1 Wkh k|gurfduerqv wkdw ehwwhu phhw wkh uhtxluhphqwv duh

nhurvhqh/ oltxh�hg sursdqh/ dqg oltxh�hg shwurohxp jdv +OSJ,1 Dprqj wkh nhurvhqh w|shv/ wkh

ehwwhu rswlrqv duh MS07/ MS08 dqg US041

US04 lv d vshfl�fdoo| uh�qhg shwurohxp surgxfw sduwlfxoduo| vxlwdeoh dv d urfnhw ixho1 Lw lv

edvlfdoo| d pl{wxuh ri vdwxudwhg dqg xqvdwxudwhg k|gurfduerqv zlwk d vrphzkdw qduurz udqjh

ri ghqvlwlhv dqg ydsru suhvvxuh1 US04 lv orz lq roh�qv dqg durpdwlfv/ ehfdxvh wkh| fdq fdxvh

fduerqdfhrxv ghsrvlwv lqvlgh ixho frrolqj sdvvdjhv1

MS07 lv wkh sulph ixho qrz xvhg iru mhw dlufudiw1 Lw kdv d orz ydsru suhvvxuh dqg d orz iuhh}lqj

srlqw/ dqg lv ghvljqhg zlwk vshfl�fdwlrqv zklfk frxog eh phw e| ixhov dydlodeoh wkurxjkrxw wkh

zruog1 MS08 lv d qduurz0udqjh orz0yrodwlolw| ixho yhu| vlplodu wr wkh vwdqgdug urfnhw ixho/ US041

Hqjlqhv zlwk uhjhqhudwlyh frrolqj qrupdoo| xvh wkh ixho dv frrodqw1 Wkhq/ iru vxfk hqjlqhv/

US04 lv wkh nhurvhqh0olnh ixho qrupdoo| fkrvhq/ vlqfh lwv ghsrvlwlrq rq frrodqw fkdqqhov lv orzhu1

Krzhyhu/ li KWS � d yhu| jrrg frrodqw � zhuh fkrvhq dv r{lgl}hu/ hyhq lq d uhjhqhudwlyho|

frrohg hqjlqh/ ruglqdu| MS08 udwkhu wkdq h{shqvlyh US04 fdq eh xvhg dv wkh ixho/ ehfdxvh/ lq

wklv fdvh/ wkh KWS zrxog eh xvhg dv frrodqw1

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

lv wkh pdlq frpsrqhqw ri Oltxh�hg Shwurohxp Jdv/ ru OSJ/ zklfk lv d oltxlg pl{wxuh +dw ohdvw

<3( sursdqh/ 518( exwdqh dqg kljkhu k|gurfduerqv/ dqg wkh edodqfh hwkdqh dqg surs|ohqh,1 Lw

lv d e|0surgxfw ri qdwxudo jdv surfhvvlqj ru shwurohxp uh�qlqj1 OSJ/ olnh qdwxudo jdv dqg xqolnh

jdvrolqh/ lv d vlpsoh pl{wxuh ri k|gurfduerqv1 Frpsduhg wr shwurohxp uh�qlqj k|gurfduerqv lw

kdv kljko| uhsurgxfleoh wkhuprfkhplfdo surshuwlhv1 Wkh jhqhudo surshuwlhv ri OSJ dqg sursdqh

duh yhu| vlplodu1 Krzhyhu/ vlqfh sursdqh suhvhqwv kljkhu ydsru suhvvxuh/ lw zloo eh suhihuuhg iru

wkh dssolfdwlrqv lq vwxg|1

Qrwh wkdw dw urrp whpshudwxuh sursdqh frxog eh qrw dghtxdwh wr sxps ihg hqjlqhv/ dv lwv

ydsru suhvvxuh lv wrr kljk iru oljkw zhljkw wdqnv1 Iru vxfk w|sh dssolfdwlrqv/ lw frxog eh xvhg dw

lwv qrupdo erlolqj srlqw ru dw vxe0frrohg vwdwh/ iruplqj d jrrg fu|rjhqlf sdlu zlwk oltxlg r{|jhq

+OR[,1

Vrph frqvlghudwlrq derxw kdqgolqj sursdqh1 D wdqn uxswxuh zkloh d sursdqh wdqn lv ehlqj

suhvvxul}hg zrxog uhohdvh odujh txdqwlw| ri sursdqh1 Li qrw ljqlwhg e| wkh uxswxuh/ wklv zrxog

udslgo| ydsrul}h dqg irup d jurxqg kxjjlqj  dppdeoh forxg/ vlqfh jdvhrxv sursdqh lv ghqvhu

wkdq dlu1 Lq prvw fdvhv/ rqh eholhyhv krzhyhu wkdw wkh sursdqh zrxog eh glvshuvhg wr qrq0

 dppdeoh olplwv ehiruh ohdylqj wkh sdg vhfxulw| duhd1 Lw lv h{shfwhg wkdw wklv vruw ri sureohp

lv zhoo vwxglhg dqg fdq eh ghdow zlwk1 Fhuwdlqo|/ odujh txdqwlwlhv ri sursdqh duh urxwlqho|

wudqvsruwhg e| urdg dqg udlo wkurxjk flwlhv dqg li wklv sudfwlfh li qrw wrwdoo| vdih dw ohdvw dsshduv

wr eh uhdvrqdeo| dffhswhg1

Eulh |/ wkh vhohfwhg r{lgl}hu zdv KWS/ dqg wkh ixhov vhohfwhg iru ixuwkhu dqdo|vlv zhuh

nhurvhqh/ hwkdqro dqg oltxh�hg sursdqh1 Wkh dyhudjh pdvv ghqvlw| +exon ghqvlw|, �s dqg wkh

frpexvwlrq fkdpehu whpshudwxuh Wf +dw fkdpehu suhvvxuh sf @ 9edu, iru elsurshoodqw frpel0

qdwlrqv ri wkhvh frpsrqhqwv duh vkrzq lq Ilj1 4 +Np ghqrwhv wkh pdvv pl{wxuh udwlr,1 Wkh

fruuhvsrqglqj sdudphwhuv iru wkh vwdqgdug frpelqdwlrq XGPK2QWR duh dovr jlyhq lq Ilj1 4/

iru sxusrvh ri frpsdulvrq1



Wkh frpexvwlrq surfhvv lqfoxglqj k|gurjhq shur{lgh jlyhv d uhodwlyho| orz dgldedwlf frp0

exvwlrq whpshudwxuh1 Wklv phdqv uhgxfhg uhtxluhphqw iru frrolqj wkh wkuxvw fkdpehu +vpdoo

fkdpehuv duh xvxdoo| udgldwlrq0frrohg,1

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

U D M H  / N T O

R P -1

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

P ro p a n e  R T

P ro p a n e  R T

E th a n o l 9 2 .5

E th a n o l 1 0 0

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

pl{wxuh udwlrv dqg surshoodqw frpelqdwlrqv ri KWS0<3( dqg vwrudeoh/ qrqwr{lf ixhov1

Wkh ghvljq lpsdfwv rq wkh yhklfoh dqg jurxqg vxssruw vxev|vwhpv zkhq wkh sursrvhg sur0

shoodqw frpelqdwlrqv duh xvhg pxvw eh ehwwhu h{dplqhg1 Dw �uvw/ wkhuh duh qr vljql�fdqw frvw

gl�huhqfh ehwzhhq idflolwlhv wr kdqgoh wkhvh vhyhudo surshoodqw frpsrqhqwv1 Wkhuh duh qr odujh

surshoodqw frvw gl�huhqfhv1 Wkhuhiruh/ yhklfoh frvw gl�huhqfhv dovr duh fhuwdlqo| qhjoljleoh1 Qr

vljql�fdqw whfkqlfdo fkdoohqjh h{lvwv iru surshuo| frqglwlrqlqj wkh yhklfoh surshoodqw rq wkh

jurxqg dqg lq  ljkw zkhq khdwhg sursdqh lv xvhg dv ixho1
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Wkh vwdwhg uhtxluhphqwv lqfoxgh uhvwduwdelolw| iru xsshu0vwdjh sursxovlrq v|vwhp dqg sxovhg

uhjlph ri zrun iru UFV1 Wr phhw wkhvh uhtxluhphqwv pruh hdvlo|/ wkh vhohfwhg surshoodqw frp0

elqdwlrq pxvw eh uhqghuhg k|shujrolf1 Wklv fdq eh grqh lq wzr zd|v1

Wkh �uvw phwkrg frqvlvwv rq fdwdo|wlfdoo| ghfrpsrvlqj wkh k|gurjhq shur{lgh wr vwhdp dqg

r{|jhq ehiruh lqmhfwlrq lqwr wkh wkuxvw fkdpehu1 Wkhq/ wkh ixho fdq eh lqmhfwhg dv d oltxlg lqwr

d kljk0whpshudwxuh jdv  rz1 Lw zloo ljqlwh dqg exuq vsrqwdqhrxvo| zlwk wkh iuhh r{|jhq ri wkh

ghfrpsrvhg k|gurjhq shur{lgh1 Wklv zrxog |lhog vxshulru frpexvwlrq vwdelolw| dqg shuplw hdv|

wkurwwolqj ri wkh hqjlqh e| dgmxvwlqj wkh dprxqw ri ixho lq wkh pl{wxuh1 Wkh h�hfwlyh olih ri wkh

vrolg fdwdo|vw ehg lv dqrwkhu frqfhuq1 Wklv phwkrg lv ihdvleoh iru erwk wkh sursxovlrq v|vwhpv

+pdlq ru dx{loldu|, xvlqj frpelqdwlrqv ri wkh vhohfwhg surshoodqwv/ dv zloo eh h{sodlqhg ixuwkhu1

Wkh vhfrqg phwkrg lv wr pl{ dq dgglwlyh lqwr wkh ixho wr pdnh lw vhoi0ljqlwdeoh zlwk KWS1

Wklv pdnhv lw srvvleoh wr dgrsw d xql�hg v|vwhp zlwk lpsuryhg pdvv dqg yroxph fkdudfwhulvwlfv1

Wkh sureohp zlwk vrolg fdwdo|vw0ehg olih fdq dovr eh dyrlghg1 Wkxv/ wkh ghyhorsphqw ri d vhoi0

ljqlwlrq v|vwhp iru KWS2ixho ehfrphv hqdeolqj iru lwv xwlol}dwlrq iru wkh vwxglhg sursxovlrq

v|vwhpv1 Wkh edvlf lvvxhv iru wkh ixho eohqg duh wkdw lw pxvw eh krprjhqhrxv dqg qrqwr{lf1

Hduo| lq wkh Zruog Zdu LL shulrg/ wkh Jhupdqv ghyhorshg ixhov fdsdeoh ri vhoi0ljqlwlrq

zlwk KWS1 Wkh ixhov xvhg dw wkdw wlph zhuh dofrkrov/ vxfk dv Hujro 89 +9518( phwkdqro/ 63(

fdwhfkro/ dqg :18( ihuurxv gldon|o qdskwk|o vxoirqdwh, dqg F0Vwr� +:3( phwkdqro dqg 63(

k|gudwhg k|gud}lqh, +Dqguhzv dqg Vxqoh|/ 4<<3,1 Lq dgglwlrq wr phwkdqro/ wkh fdwdo|vw dqg

surprwhu dffrxqwhg iru derxw 73( ri wkh pl{wxuh/ zklfk frqvlghudeo| d�hfwhg wkh rshudwlrq

dqg hqhuj| fkdudfwhulvwlfv ri wkh surshoodqw +Kxuoehuw hw do1/ 4<<;, dqg/ pxvw eh uhphpehuhg/



phwkdqro lv udwkhu wr{lf1

Lq Uxvvld/ vlplodu uhvhdufk rq qrqwr{lf/ k|shujrolf surshoodqwv lv ehlqj sxuvxhg1 Lq 4<<6/ d

uhvhdufk surjudp rq dgglwlyhv wr nhurvhqh wkdw fdq vhoi0ljqlwh zlwk KWS zdv lqlwldwhg dqg whvw0

�ulqjv rq d orz0wkuxvw whvw wkuxvw fkdpehu zhuh vxffhvvixoo| frqgxfwhg lq Fklqd1 Wklv surjudp

lv glvfxvvhg e| Kxuoehuw hw do1 +4<<;,1

Lq wkh XVD lq wkh odwh 4<73v/ h{sorudwlrq ri vhoi0ljqlwlqj ixhov zlwk KWS zdv dovr frqgxfwhg/

lqfoxglqj nhurvhqh gurs0 rz whvwlqj/ dqg ixho dgglwlyh vhohfwlrq +fdqglgdwh fdwdo|vwv lqfoxghg

pdqjdqhvh vxoidwh/ frsshu vxoidwh/ vrglxp qlwur0suxvvlgh/ dqg srwdvvlxp fxsurf|dqlgh pl{hg

zlwk k|gudwhg k|gud}lqh, +Nhooh|/ 4<7:,1 Vdwlvidfwru| uhvxowv zhuh qrw dfklhyhg dw wkdw wlph/ exw

wklv h{sorudwlrq kdv ehhq frqwlqxlqj/ dqg uhfhqwo| jdyh vrph jrrg uhvxowv/ dv zloo eh ghvfulehg

qh{w1

Qrqwr{lf Krprjhqhrxv Plvfleoh Ixho

Dluiudph/ Rugqdqfh dqg Sursxovlrq Glylvlrq dw wkh Qdy|*v uhvhdufk idflolw| lq Fklqd Odnh dq0

qrxqfhg lq Dxjxvw 4<<; wkdw lwv uhvhdufkhuv kdyh ghyhorshg d qrqsrooxwlqj urfnhw ixho wkdw uholhv

rq dofrkro iru xvh zlwk KWS1 Wkh Qdy|*v �qrqwr{lf krprjhqhrxv plvfleoh ixho/� ru QKPI/ vxv0

shqgv wkh fdwdo|vw lq dofrkro/ zklfk lv wkhq pl{hg zlwk wkh k|gurjhq shur{lgh/ ljqlwlqj wkh

uhdfwlrq1 Wkh ljqlwlrq wdnhv ohvv wkdq 48 ploolvhfrqgv1 Wkh Qdy| zrxog qrw glvforvh wkh frpsr0

vlwlrq ri wkh fdwdo|vw1

Vr idu/ Fklqd Odnh uhvhdufkhuv kdyh xvhg wkh oltxlg ixho lq surwrw|sh plvvloh wkuxvwhuv exlow

rq d vpdoo vfdoh1 Wkh zrunv kdg frqwlqxhg lq rughu wr vfdoh wkhp xs wr  ljkw0zhljkw vl}h wr

ghprqvwudwh wkhlu dssolfdelolw|1 Douhdg|/ pdmru XVD dhurvsdfh frpsdqlhv duh wdonlqj wr wkh

Qdy| derxw wkh qhz ixho1

Dffruglqj wr wkh dydlodeoh lqirupdwlrq/ wkh Qdy|*v QKPI lv jrlqj wr eh d olwwoh elw orzhu0

shuiruplqj wkdq wkh edvh ixho1 Dgydqfhg irupxodwlrqv duh ehlqj vwxglhg e| Surihvvru Uxvhn dw

Sxugxh Xqlyhuvlw| zklfk dfwxdoo| h{fhhg wkh shuirupdqfh ri wkh lqgxvwu| vwdqgdug QWR2PPK

frpelqdwlrq1 Surihvvru Uxvhn zdv wkh sulqflsdo glvfryhuhu ri QKPI/ zkloh zlwk wkh Xqlwhg

Vwdwhv Qdy|1 Fxuuhqwo|/ klv uhvhdufk zrunv dw Vfkrro ri Dhurqdxwlfdo dqg Dvwurqdxwlfdo Hqjl0

qhhulqj +DDH, ri Sxugxh Xqlyhuvlw| lv dlphg dw vwxg|lqj wkh nlqhwlfv ri ljqlwlrq ghod| iru wklv

xqltxh elsurshoodqw frpelqdwlrq/ pd{lpl}lqj wkh hqhuj| ghqvlw| zlwklq wklv fodvv ri ixhov/ dqg

lq ghyhorslqj urexvw lqmhfwru ghvljqv iru xvdjh lq OUHv1 Uhfhqw k|shujrolflw| whvwlqj dw Sxgxh

Xqlyhuvlw| uhyhdov ljqlwlrq ghod|v ohvv wkdq 43 pv xvlqj wkh edvholqh QKPI irupxodwlrq1

Frpshwlwlyh Lpsxovh/ Qrq0Fduflqrjhqlf K|shujro

Wkh Uhgvwrqh Dup| Ode dqqrxqfhg lq Iheuxdu| 5333 wkh ghyhorsphqw ri d orz0wr{lflw| ixho

wkdw ljqlwhv rq frqwdfw +k|shujrolf, zlwk qlwurjhq whwur{lgh ru lqklelwhg uhg ixplqj qlwulf dflg

+LUIQD,1 Nqrzq dv Frpshwlwlyh Lpsxovh/ Qrq0Fduflqrjhqlf K|shujro ru FLQFK/ wkh qhz ixho

kdv ehhq lq ghyhorsphqw vlqfh 4<<7/ dqg lv d vdihu doo0sxusrvh uhsodfhphqw iru d zlgh ydulhw| ri

k|gud}lqh dqg k|gud}lqh0edvhg ixhov1

D uhfhqw whvw vxffhvvixoo| ghprqvwudwhg wkdw wkh h{shulphqwdo ixho frxog eh xvhg lq vdwhoolwh

odxqfkhuv wkdw xvh Dhur}lqh083/ d fduflqrjhqlf k|shujrolf ixho1 Lq 4<<; FLQFK zdv vxffhvvixoo|

whvwhg lq d prqrsurshoodqw wkuxvwhu1 Dffruglqj wr Uhgvwrqh Ode/ wkhruhwlfdo fdofxodwlrqv dovr

lqglfdwh wkdw FLQFK shuirupv ehwwhu wkdq US04 zlwk k|gurjhq shur{lgh ru oltxlg r{|jhq1

Pduvkdoo Vsdfh Ioljkw Fhqwhu +PVIF, kdv frqgxfwhg d suholplqdu| hydoxdwlrq ri wkh ixho1

Ghprqvwudwlrq surmhfwv xvlqj k|gurjhq shur{lgh dqg oltxlg r{|jhq zlwk FLQFK duh sodqqhg

zlwk Hgzdugv Dlu Irufh Edvh dqg wkh PVIF1 QDVD sodqv wr sxuvxh wkh frqfhsw ri xvlqj FLQFK

zlwk vhyhudo gl�huhqw r{lgl}huv/ dqg dv d prqrsurshoodqw lq d vdwhoolwh odxqfk yhklfoh1

Xqolnh pdq| ghyhorsphqwdo ixhov/ FLQFK lv frpphufldoo| dydlodeoh1 Iru h{dpsoh/ 6P kdv d

slorw sodqw surgxflqj FLQFK wr phhw qxphurxv uhtxhvwv iurp oltxlg sursxovlrq ghyhorshuv1
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Prqrsurshoodqwv surylgh lqkhuhqwo| vlpsoh v|vwhpv dqg duh prvw vxlwhg wr orz wrwdo lpsxovh

v|vwhpv/ vxfk dv uhdfwlrq frqwuro v|vwhpv1 K|gur{|o dpprqlxp qlwudwh0 +KDQ0, edvhg sursho0

odqwv/ jdvhrxv qlwurjhq pl{hg zlwk orz frqfhqwudwlrqv ri r{|jhq dqg k|gurjhq/ dqg k|gurjhq

shur{lgh +K2R2, doo surylgh yldeoh vroxwlrqv iru qrqwr{lf prqrsurshoodqw sursxovlrq v|vwhpv1

Wkh fxuuhqw vwdwxv ri wkhvh surshoodqwv lv glvfxvvhg lq +Kxuoehuw hw do1/ 4<<;,1

Wkh prqrsurshoodqw v|vwhpv/ lq wkh vdph zd| dv wkh elsurshoodqw rqhv/ fdq eh hlwkhu

suhvvxuh0uhjxodwhg ru eorzgrzq w|shv1 Uhodwlyh frpsdulvrqv ri wkhvh wzr edvlf w|shv dsshdu lq

vhyhudo sxeolfdwlrqv/ h1j1/ lq vrph zrunv ri Khduq +4<;3/4<;5/ 4<<8,1 Wkuhh KWS0prqrsurshoodqw

v|vwhpv zloo eh dqdo|}hg lq wkh iroorzlqj1

Frq�jxudwlrq P04= KWS0Prqrsurshoodqw Suhvvxuh0Uhjxodwhg V|vwhp

Wkh �uvw ghvljq frqfhswlrq lv wkh KWS0prqrsurshoodqw v|vwhp vkrzq vfkhpdwlfdoo| lq Ilj1 51

Lw lv d wudglwlrqdo frq�jxudwlrq ri d vwruhg0jdv/ suhvvxuh uhjxodwhg v|vwhp zlwkrxw khdwlqj1 Lw

frqvlvwv ri kljk0suhvvxuh vwrudjh wdqn +suhvvxudqw yhvvho,/ vwduw dqg vkxwgrzq ydoyh/ suhvvxuh

uhjxodwru/ KWS wdqn/ surshoodqw ydoyh/ fdwdo|vw ehg/ dqg wkuxvw fkdpehu1

Kljk suhvvxuh jdv rxw rzv iurp suhvvxudqw wdqn/ diwhu vwduw2vkxwgrzq ydoyh lv rshqhg/ wkurw0

wohv lq suhvvxuh uhjxodwru grzq wr wkh ihhglqj suhvvxuh/ dqg hqwhuv wkh prqrsurshoodqw wdqn1 Wkh

KWS lv h{shoohg iurp lwv wdqn/ sdvvhv e| wkh surshoodqw ydoyh/ dqg wkhq lv ghfrpsrvhg e| wkh

fdwdo|vw ehg lqvlgh wkh ghfrpsrvlwlrq fkdpehu/ dv vkrzq lq Ilj1 51 Wkh ghfrpsrvlwlrq surgxfwv

+vwhdp dqg jdvhrxv r{|jhq, duh h{sdqghg lq wkh qr}}oh/ surgxflqj wkuxvw1 Wkh prvw frpsoh{

frpsrqhqw ri wklv v|vwhp lv wkh fdwdo|vw ehg1

Configuration M-1 Configuration M-2

pressurant tank

start and shutoff valve

pressure regulator

HTP tank

propellant valve

catalyst bed

thrust chamber

HTP tank

propellant valve

catalyst bed

thrust chamber

pressurant (inert gas)
pressurant 

Configuration M-3

thrust chamber

propellant valve

catalyst bed

HTP tank

(propane vapor)

liquid propane

Iljxuh 5= Prqrsurshoodqw frq�jxudwlrqv1

Frq�jxudwlrq P05= KWS0Prqrsurshoodqw Eorzgrzq V|vwhp

D vlpsoh dowhuqdwlyh wr wkh suhvvxuh0uhjxodwhg v|vwhp uhsuhvhqwhg e| frq�jxudwlrq P04 lv wkh

eorzgrzq v|vwhp ghvljqhg e| frq�jxudwlrq P05/ dqg looxvwudwhg dovr rq Ilj1 51 Khuh/ wkh

suhvvxudqw lv vwruhg gluhfwo| lqvlgh wkh surshoodqw wdqn/ wrjhwkhu zlwk wkh KWS1 Djdlq/ lqhuw



jdvhv vxfk dv qlwurjhq ru kholxp duh xvhg iru suhvvxul}dwlrq1 Dv wkh surshoodqw lv h{shoohg/ wkh

suhvvxudqw h{sdqgv dqg/ frqvhtxhqwo|/ wkh xoodjh dqg wkh ihhglqj suhvvxuhv ghfuhdvh1

Wkh wdqndjh lv frqvlghudeo| vlpsohu wkdq lq frq�jxudwlrq P04/ gxh wr wkh devhqfh ri d vhsd0

udwh suhvvxudqw yhvvho/ suhvvxuh uhjxodwru/ suhvvxul}dwlrq ydoyh/ dqg fruuhvsrqglqj jdv ihhgolqhv1

Doo rwkhu frpsrqhqwv ri wklv v|vwhp duh hvvhqwldoo| wkh vdph dv lq wkh P04 frq�jxudwlrq1

Frq�jxudwlrq P06= Sursdqh0Suhvvxul}hg V|vwhp

Lq frq�jxudwlrq P06 +vhh Ilj1 5,/ wkh suhvvxudqw lv wkh vdwxudwhg ydsru ri oltxh�hg sursdqh

ru ri dqrwkhu oljkw k|gurfduerq/ vwruhg lqvlgh wkh KWS wdqn +lq wkh xsshu sduw/ vlqfh KWS lv

ghqvhu wkdq oltxh�hg sursdqh,1

Gxulqj wkh KWS h{sxovlrq surfhvv/ wkh hydsrudwlrq ri oltxlg sursdqh ghfuhdvhv wkh whpshu0

dwxuh dw wkh lqwhuidfh jdv0oltxlg dqg/ fruuhvsrqglqjo|/ ghfuhdvhv wkh ydsru suhvvxuh ri sursdqh1

Wkhuhiruh/ wkhuh lv d ghfolqh lq wkh ihhglqj suhvvxuh/ exw lw lv frpsdudwlyho| orzhu wkdq lq

wkh sxuh eorzgrzq v|vwhp +Frq�jxudwlrq P05,1 Lq wklv zd|/ wkh frq�jxudwlrq P06 frpelqhv

uhjxodwhg0suhvvxuh fkdudfwhulvwlfv zlwk wkh vlpsolflw| ri sxuh eorzgrzq v|vwhpv1

Wkh lqfrpsdwlelolw| ehwzhhq sursdqh dqg KWS lv d srlqw ri frqfhuq/ dqg pxvw eh fduhixoo|

lqyhvwljdwhg1 Phdqzkloh/ lw lv nqrzq wkdw ixho0ulfk jdvhv fdq eh vdiho| xvhg iru suhvvxul}dwlrq

ri r{lgl}hu wdqnv +Kx}ho dqg Kxdqj/ Fkdswhu 8/ 4<<5,1 Vrph v|vwhpv xvh srvlwlyh0h{sxovlrq

ghylfhv vxfk dv phwdoolf ru hodvwrphulf gldskudjpv/ dqg lq dwdeoh hodvwrphulf eodgghuv +Kx}ho

dqg Kxdqj/ Fkdswhu ;/ 4<<5,1 Lq wkhvh fdvhv/ srvvleoh sureohpv gxh wr lqfrpsdwlelolw| ri

sursdqh2KWS duh holplqdwhg/ jlyhq wkdw wkh gluhfw frqwdfw wkhvh vxevwdqfhv lv dyrlghg1
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Frq�jxudwlrq E04= KWS0Nhurvhqh ru KWS0Hwkdqro

Wklv frq�jxudwlrq lv d elsurshoodqw jdv0oltxlg +J0O, v|vwhp/ dv vkrzq lv Ilj1 61 Wkh r{lgl}hu lv

KWS/ zklfk lv ghfrpsrvhg lq d fdwdo|vw ehg ehiruh lwv lqmhfwlrq lqwr wkh frpexvwlrq fkdpehu1

Wkh ixho lv nhurvhqh ru hwkdqro1 Wkh jdvhrxv surgxfwv ri KWS ghfrpsrvlwlrq +jdvhrxv r{|jhq

dqg zdwhu ydsru, kdyh hqrxjk kljk whpshudwxuh wr irup d vhoi0ljqlwlqj pl{wxuh zlwk nhurvhqh

ru hwkdqro1 Wkxv/ wkh v|vwhp suhvhqwv wkh pxowlsoh0vwduwlqj fkdudfwhulvwlfv1

Wkh KWS lv ihg wkurxjk d vrolg fdwdo|vw ehg frqvlvwlqj ri lpsuhjqdwhg zluh vfuhhqv1 Vlqfh wkh

vshfl�f lpsxovh ri ghfrpsrvhg KWS dorqh lv orz +ehorz 5333 p2v/ ghshqglqj rq frqfhqwudwlrq

dqg ghvljq sdudphwhuv,/ wkh ixho lv lqmhfwhg ehorz wkh ghfrpsrvlwlrq fkdpehu1 Ehfdxvh ri wkh

kljk whpshudwxuh ri wkh ghfrpsrvlwlrq jdvhv/ wkh ixho ljqlwhv dqg exuqv vsrqwdqhrxvo| zlwk wkh

iuhh r{|jhq ri wkh ghfrpsrvhg KWS1 Lq wklv pdqqhu/ wkh vrolg fdwdo|vw lqgluhfwo| vhuyhv dv dq

ljqlwlrq v|vwhp1 Zkloh wkh vshfl�f lpsxovh zlwk wkh ixho diwhuexuqhu lv vwloo prghudwh/ vxfk d

v|vwhp r�huv yhuvdwlolw|/ vwrudelolw| dqg vlpsolflw|/ lqfoxglqj wkh fdsdelolw| ri wkurwwolqj wr orz

ohyhov dqg uhvwduwdelolw|1

Lw*v qhfhvvdu| wr lqyhvwljdwh li lw fdq eh xvhg lq sxovhg uhjlph ri rshudwlrq/ vlqfh wkh wlph0odj

ehwzhhq vxffhvvlyh sxovhv frxog eh odujhu wkdq wkh ghvluhg rqhv1 Wklv frxog eh d glvdgydqwdjh

lq frpsdulvrq zlwk wudglwlrqdo k|shujrolf v|vwhpv1

Wkh fdwdo|vw ehg lv wkh prvw frpsoh{ ghylfh ri doo ghylfhv ri wkh v|vwhp1 Krzhyhu/ lw lv

udwkhu hdv| wr frqvwuxfw1 Qrzdgd|v wkhuh duh vhyhudo gl�huhqw rswlrqv wkdw frxog eh xvhg +Gdylv

dqg PfFruplfn/ 4<93> Uxvhn/ 4<<;,1

Frq�jxudwlrq E05= KWS0Sursdqh

Frq�jxudwlrq E05 lv dq lqqrydwlyh v|vwhp dovr vkrzq rq Ilj1 61 Lw*v d jdv0oltxlg +J0O, ru d

jdv0jdv +J0J, v|vwhp/ ghshqglqj rq wkh fkdpehu suhvvxuh dqg li wkh sursdqh lv khdwhg ru qrw/

ehiruh lwv lqmhfwlrq lqwr wkh frpexvwlrq fkdpehu1



pressurant tank pressurant tank pressurant tank

start and shutoff valve start and shutoff valve start and shutoff valve

pressure regulator pressure regulator pressure regulator

decomposition chamber

fuel tank

oxidizer tank

thrust chamber

catalyst bed
fuel injectors

fuel tank

oxidizer tank

decomposition chamber

catalyst bed
fuel injectors

thrust chamber

fuel tank

oxidizer tank

injector plate

thrust chamber

main fuel valve

Configuration B-1 Configuration B-2 Configuration B-3

check valvepropane vapor

Iljxuh 6= Elsurshoodqw frq�jxudwlrqv1

Wkh r{lgl}hu wdqn lv suhvvxul}hg e| jdvhrxv kholxp +Kh, ru qlwurjhq +Q2,1 Wkh ixho wdqn lv

vhoi0suhvvxul}hg gxh wr wkh vshfldo fkdudfwhulvwlfv ri sursdqh dw lwv xvh whpshudwxuh1 Iru xvh lq

d UFV/ lq sduwlfxodu/ wklv frq�jxudwlrq frxog xvh qlwurjhq +lqvwhdg ri kholxp, dv suhvvxudqw iru

wkh KWS wdqn1 Wklv fkrlfh phdqv kljkhu suhvvxudqw pdvv/ exw orzhu uhtxluhphqwv lq whupv ri

wljkwqhvv dqg frvw ri htxlsphqwv dqg pdqxidfwxuh +ydoyhv/ uhjxodwruv/ zhoglqjv/ hwf1,1 Pruhryhu/

qlwurjhq lv fkhdshu dqg dydlodeoh hyhu|zkhuh1

Wkh KWS lv ghfrpsrvhg lq d fdwdo|vw ehg/ dqg wkh ghfrpsrvlwlrq surgxfwv +jdvhrxv r{|jhq

dqg vwhdp, duh exuqhg zlwk wkh oltxlg ru jdvhrxv sursdqh lqvlgh wkh frpexvwlrq fkdpehu1 Lw*v

krshg wkdw wkh r{lgl}hu0ixho pl{wxuh eh vhoi0ljqlwlqj1 Wkhuhiruh/ wkh v|vwhp frxog zrun zlwk

pxowlsoh ljqlwlrqv dv/ iru h{dpsoh/ lq d sxovhg uhjlph ri rshudwlrq1

Wklv frq�jxudwlrq uhsuhvhqwv d yhu| vlpsoh dqg uholdeoh v|vwhp1 Wkh xvh ri vwrudeoh +qrq0

fu|rjhqlf,/ qrqwr{lf/ qrq0fruurvlyh surshoodqwv shuplwv wkh xvh ri fkhdshu r�0wkh0vkhoi frpsr0

qhqwv +ydoyhv/ uhjxodwruv/ ihhg0olqhv/ hwf1,1 Wkh hfrorjlfdoo| fohdq qdwxuh ri wkh surshoodqwv dqg

lwv exuqlqj surgxfwv/ dqg wkh doprvw kdupohvv h�hfwv ri dfflghqwdo vsloov ru ohdndjh/ lqfuhdvh wkh

vdihw| ri wkh v|vwhp1

Dw hqg ri rshudwlrq/ uhpdlqv vrph uhvlgxdo ixho lq irup ri ydsru +dqg/ hyhqwxdoo|/ lq irup ri

oltxlg, lq wkh ixho wdqn1 Wklv uhvlgxdo pdvv ri ixho pxvw eh wdnhq lqwr dffrxqw gxulqj wkh ghvljq

fdofxodwlrqv1

Wkh ixho wdqn lv juhdwhu wkdq wkdw rqh ri suhylrxv frq�jxudwlrq/ vlqfh erwk nhurvhqh ru

hwkdqro duh ghqvhu wkdq oltxh�hg sursdqh/ dqg wkh uhvlgxdo pdvv lq wkh wdqn dw hqg ri rshudwlrq/

lq wklv fdvh/ frxog eh kljkhu wkdq lq frq�jxudwlrq E041 Lq wkh rwkhu kdqg/ wkh suhvvxudqw yhvvho

vkrxog eh vkruwhu wkdq wkdw lq frq�jxudwlrq E04 +Ilj1 6,/ vlqfh wkhuh erwk surshoodqw wdqnv

pxvw eh suhvvxul}hg e| wklv h{whuqdo jdv1

Djdlq/ wkh prvw frpsolfdwhg ghylfh lv wkh fdwdo|vw ehg1 Qrwh wkdw wkh whpshudwxuh ri

frpexvwlrq surgxfwv lq frpexvwlrq fkdpehu lv dssur{lpdwho| wkh vdph iru frq�jxudwlrqv xvlqj

nhurvhqh dqg sursdqh/ zklfk/ lq wxuq/ duh juhdwhu wkdq wkrvh xvlqj hwkdqro +vhh Ilj1 4,1

Frq�jxudwlrq E06= KWS0Nhurvhqh0P ru KWS0Hwkdqro0P

Wklv frq�jxudwlrq lv d oltxlg0oltxlg +O0O, v|vwhp1 Lw lv dovr looxvwudwhg lq Ilj1 61 Wkh r{lgl}hu

lv djdlq KWS/ zklfk lv lqmhfwhg lq oltxlg skdvh +zlwkrxw ghfrpsrvlwlrq, lqvlgh wkh frpexvwlrq



fkdpehu1 Wkh ixho lv d krprjhqhrxv eohqg ri nhurvhqh ru hwkdqro zlwk vrph dgglwlyh1 Wklv

eohqg irupv d k|shujrolf pl{wxuh zlwk KWS1 Wklv zd|/ wkh v|vwhp kdv wkh pxowlsoh0ljqlwlrq

fkdudfwhulvwlfv/ dqg frxog eh xvhg dv sxovhg v|vwhp/ olnh lq d uhdfwlrq frqwuro v|vwhp1

Wkh sureohp zlwk fdwdo|vw ehg grhvq*w h{lvw dq| pruh/ vlqfh lw lv devhqw1 Wkh pdlq frqfhuq

zlwk wklv frqfhswlrq lv wkh fkrlfh ri wkh surshu dgglwlyh wr irup wkh ixho eohqg zlwk ghvluhg

surshuwlhv1 Lq rughu wr �qg jrrg eohqgv wkhuh duh d orw ri uhvhdufk pdlqo| lq XVD dqg Fklqd1

Lq XVD/ sduwlfxoduo|/ wzr lqwhuhvwlqj eohqgv +QKPI dqg FLQFK, duh dydlodeoh/ dv glvfxvvhg

gxulqj wkh surshoodqw vhohfwlrq1

Wklv v|vwhp lv frpsdudwlyho| vlpsohu wkdq wkh frq�jxudwlrqv E04 dqg E05/ dowkrxjk ghpdqgv

vrph fdxwlrq gxh wr wkh k|shujrolf fkdudfwhulvwlfv ri wkh surshoodqw frpelqdwlrq1 Dq| zd|/ lw

lv yhu| uholdeoh dqg vdih/ jlyhq wkdw eh irxqg d surshu ixho eohqg1

"�� ��&��&)'�+� �� *�%&�%���'�� �(���)�

Iru frpsdudwlyh dqdo|vlv iru wkh lq xhqfh ri gl�huhqw surshoodqw frpelqdwlrqv rq wkh pdvv0

shuirupdqfh ri d pdlq sursxovlrq v|vwhp lw lv frqyhqlhqw wr euhdn0grzq wkh wrwdo pdvv ri wkh

v|vwhp +pv, dv iroorzv +Rolyhlud/ 5333f,=

pv @pso .psh .psu .pwnj =

Khuh/ pwnj ghqrwhv wkh wdqndjh pdvv/ zklfk frpsulvhv wkh suhvvxudqw pdvv pj/ wkh suhvvxuh

yhvvho pdvv psy/ dqg wkh pdvvhv ri wkh ixho pwi dqg r{lgl}hu pwr wdqnv1 Wkh whupv psh dqg psu

vwdqg iru wkh h{shoohg +xvhixo, dqg uhvlgxdo surshoodqw pdvvhv/ uhvshfwlyho|1

Doo wkh rwkhu pdvvhv ri wkh v|vwhp duh lqfoxghg rq jurvv sd|ordg pdvv pso= lqfoxghv doo

hohphqwv ri urfnhw yhklfoh pdvv qrw sulpdulo| ghwhuplqhg e| wkh surshoodqw vhohfwlrq/ l1h1/ qhw

sd|ordg/ jxlgdqfh v|vwhp/ frqwuro v|vwhp/ vwdjh vwuxfwxuh/ dqg urfnhw hqjlqh pdvv1

Wkh pdlq lq xhqfh ri gl�huhqw surshoodqw frpelqdwlrqv fdq eh hydoxdwhg e| frpsdulqj

wkh sd|ordg fdsdelolwlhv rq wkh �frpprq ghqrplqdwru� ri htxdo lqlwldo yhklfoh pdvv/ yhorflw|

lqfuhphqw/ dqg surshoodqw vwrudjh dqg h{sxovlrq vxev|vwhp ghvljq fulwhuld1

Wkh pdvv0shuirupdqfh fulwhulrq fkrvhq iru d pdlq sursxovlrq v|vwhp lv d surshoodqw sd|ordg

iudfwlrq sdudphwhu +Rolyhlud/ 5333f,/

P �pso@pv @ +pv �psh �psu �pwnj, @pv =

Wkh pdvv0shuirupdqfh ri dx{loldu| sursxovlrq v|vwhpv lv jlyhq lq whupv ri wkh udwlr ri wrwdo

lpsxovh wr v|vwhp pdvv +Rolyhlud/ 5333f,1 Iru wkh surshoodqw frpelqdwlrqv lq vwxg|/ wkh uhvxowv

vkrz txdolwdwlyho| wkh vdph ehkdylru dv wkh pdvv0shuirupdqfh ri pdlq sursxovlrq v|vwhpv1 Wkh

yroxph0shuirupdqfh ri dq dx{loldu| sursxovlrq v|vwhp fdq eh hydoxdwhg e| wkh ghqvlw|0lpsxovh

+Lg, rewdlqhg zlwk wkh surshoodqw frpelqdwlrq +Rolyhlud/ 5333f,1

Iljxuh 7 suhvhqwv wkh pdvv dqg yroxph shuirupdqfhv iru pdlq dqg dx{loldu| elsurshoodqw

sursxovlrq v|vwhpv/ uhvshfwlyho| P dqg Lg1 Wkhvh gdwd zhuh rewdlqhg xvlqj wkh surfhgxuh dqg

surjudp ghvfulehg lq +Rolyhlud/ 5333f,1 Wkh frq�jxudwlrq E04 zdv xvhg iru doo wkh surshoodqw

frpelqdwlrqv1 Wkh vkrzq uhvxowv lqglfdwh wkdw doo wkh sursrvhg surshoodqw frpelqdwlrqv kdyh

doprvw htxlydohqw pdvv0shuirupdqfhv1 Iru olplwhg0yroxph dssolfdwlrqv/ krzhyhu/ sursdqh vkrzv

d udwkhu zruvh shuirupdqfh wkdq nhurvhqh1

Wkhvh fxuyhv vkrz rqo| wkh pdlq whqghqflhv/ vlqfh vhfrqgdu| h�hfwv ri surshoodqw vhohfwlrq

rq wkh v|vwhp shuirupdqfh zhuh qrw frqvlghuhg1 Wkhuhiruh/ wkh lqfoxvlrq ri wkhvh vhfrqgdu|

h�hfwv frxog fkdqjh wkh uhodwlyh shuirupdqfhv1 Iru h{dpsoh/ lw zdv glvuhjdughg wkh suhvvxuh

ydsru ri sursdqh gxulqj wkh hvwlpdwlrq ri wkh wrwdo suhvvxudqw uhtxluhphqw ri wkh frpelqd0

wlrq sursdqh2KWS1 Li wkh vhoi0suhvvxul}dwlrq fkdudfwhulvwlfv ri sursdqh zhuh frqvlghuhg lq wkh

pdvv0shuirupdqfh hydoxdwlrq/ wkh frpelqdwlrq sursdqh2KWS frxog jlyh ehwwhu uhvxow wkdq wkh

nhurvhqh2KWS frpelqdwlrq1
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Iljxuh 7= Pdvv0 dqg yroxph0shuirupdqfh dw gl�huhqw pdvv pl{wxuh udwlrv iru pdlq dqg dx{loldu|

elsurshoodqw sursxovlrq v|vwhpv1

Lq frpsdulvrq zlwk wkh XGPK2QWR frpelqdwlrq/ wkh qrqwr{lf frpelqdwlrqv vkrz orzhu

pdvv0shuirupdqfh +vhh Ilj1 7,1 Exw/ li wkh vhfrqgdu| h�hfwv ri surshoodqw rq wkh wrwdo v|vwhp

zhuh lqfoxghg/ wkh yhul�hg gl�huhqfhv whqg wr uhgxfh1 Dv h{dpsoh/ fdq eh srlqwhg rxw wkh

frqvhtxhqfhv ri lwv vljql�fdqwo| kljkhu frpexvwlrq whpshudwxuhv rq wkh wkuxvw fkdpehu frrolqj

+vhh Ilj1 4,1 Wkxv/ lq dq deodwlyho| surwhfwhg fkdpehu/ wkh pdvv ri wkh deodwlyh olqhu zloo

eh orzhu iru wkh uhodwlyho| dphqdeoh wkhupdo hqylurqphqw uhvxowlqj iru wkh dqdo|}hg qrqwr{lf

surshoodqw frpelqdwlrqv1

"�" #���&'� 
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Lq frq�jxudwlrqv zkhuh wkh KWS lv fdwdo|wlfdoo| ghfrpsrvhg/ wkh prvw frpsoh{ frpsrqhqw

ri wkh v|vwhpv lv wkh fdwdo|vw ehg1 Wudglwlrqdoo|/ pdfurvfrslf phwdoolf vfuhhqv dqg frdwhg fh0

udplf shoohwv kdyh ehhq xvhg dv fdwdo|vwv iru wkh ghfrpsrvlwlrq ri k|gurjhq shur{lgh dv dssolhg

wr prqrsurshoodqw wkuxvwhuv/ oltxlg urfnhw hqjlqhv/ dqg k|eulg urfnhw v|vwhpv +Gdylv dqg Pf0

Fruplfn/ 4<93,1 Fdwdo|vw dfwlylw| ghshqgv rq dydlodeoh fdwdo|wlf vxuidfh duhd> hohphqwdo fdwd0

o|vwv fdq eh vhyhuho| ghjudghg e| r{lgdwlrq xqghu xvh frqglwlrqv1 Qhz dssurdfkhv wr iruplqj

urexvw/ kljko| dfwlyh dqg vwdeoh ghfrpsrvlwlrq fdwdo|vw v|vwhpv iru  ljkwzhljkw dssolfdwlrqv

zhuh glvfxvvhg e| Uxvhn +4<<9,1 Pruh uhfhqwo|/ Uxvhn +4<<;, glvfxvvhg wkh v|qwkhvlv/ fkdudfwhu0

l}dwlrq/ dqg hydoxdwlrq ri kljk vxuidfh duhd fdwdo|vw ehgv/ dqg pdgh frpsdulvrqv zlwk wudglwlrqdo

sursxovlrq fdwdo|vwv1

Wkh prqrsurshoodqw frq�jxudwlrqv duh pruh dghtxdwh wr dx{loldu| v|vwhpv1 Lq wkh rwkhu

kdqg/ wkh elsurshoodqw frq�jxudwlrqv fdq eh xvhg hlwkhu iru dx{loldu| ru iru pdlq sursxovlrq

v|vwhpv1 Errvwhu dqg �uvw0vwdjh ri odxqfk yhklfohv duh qrupdoo| vlqjoh0vwduwlqj/ dqg xvh h{whuqdo

ljqlwlrq v|vwhp1 Wkhuhiruh wkh| frxog eh frqvlghudeo| vlpsohu wkdq pxowlsoh0ljqlwlrq v|vwhpv1

Wkhuh duh vrph rwkhu yduldqwv ri wkh suhvhqwhg v|vwhpv wr eh dqdo|}hg1 Iru h{dpsoh/ wkh

suhvvxul}dwlrq xvlqj wkh ghfrpsrvlwlrq surgxfwv ri KWS surgxfhg e| KWS0prqrsurshoodqw jdv

jhqhudwru frxog eh dgydqwdjhrxv iru vhfrqg vwdjhv ri odxqfk yhklfohv/ dqg vkrxog eh frqvlghuhg

lq wudgh0r� vwxglhv +Rolyhlud/ 5333d,1

Wkh vhoi0suhvvxul}dwlrq fdsdelolw| ri sursdqh lv udwkhu yhuvdwloh1 Lw frxog eh khdwhg xs wr

surshu whpshudwxuh lq rughu wr dwwdlq wkh ghvluhg suhvvxuh1 Iru h{dpsoh/ dw urrp whpshudwxuh

+5:�F, wkh ydsru suhvvxuh lv dssur{lpdwho| 43 edu/ dqg dw 6;�F wkh ydsru suhvvxuh lv derxw 4:

edu1

Lq doo wkh glvfxvvhg dowhuqdwlyhv frxog eh lqyhvwljdwhg wkh srvvlelolw| ri xvh oltxh�hg sursdqh



dv wkh suhvvxudqw iru doo wkh vhohfwhg surshoodqwv1 Wkh sursdqh vkrxog eh vwruhg gluhfwo| lqvlgh

wkh surshoodqw wdqnv/ lq wkh vdph zd| dv lq wkh ixho wdqn ri frq�jxudwlrq E051 Wklv w|sh

ri suhvvxul}dwlrq lqwurgxfhv vrph dgydqwdjhv ri eorzgrzq v|vwhpv lq wkh suhvvxuh0uhjxodwhg

v|vwhpv1 Srvvleoh sureohpv gxh wr lqfrpsdwlelolw| ri sursdqh2KWS frxog eh holplqdwhg lq

gl�huhqw zd|v1 Iluvw/ dyrlglqj wkh gluhfw frqwdfw ehwzhhq wkhvhv vxevwdqfhv e| xvlqj dq lq dwdeoh

edj1 Lw frxog eh xvhg lq pdlq ru dx{loldu| sursxovlrq v|vwhpv1 Qrwh wkdw lq v|vwhpv xvlqj

d srvlwlyh0h{sxovlrq ghylfh +eodgghu ru gldskudjp, wkh sk|vlfdo lvrodwlrq lv douhdg| hqvxuhg1

Vhfrqg/ dgglqj vrph lqhuw jdv lq rughu wr irup lq xoodjh d pl{wxuh rxw ri  dppdelolw| olplwv1

Wkh prqrsurshoodqw eorzgrzq v|vwhpv +frq�jxudwlrqv P05 dqg P06, duh wkh vlpsohvw ri doo

wkh suhvhqwhg frq�jxudwlrqv1 Wkh| duh sduwlfxoduo| lqwhuhvwlqj iru jdlq h{shulhqfh lq wkh �hog ri

oltxlg sursxovlrq1 Wkhuhiruh/ ehvlghv wkhlu xvhixoqhvv dv sudfwlfdo v|vwhpv/ wkh| frxog eh xvhg

dv vwduwlqj v|vwhpv iru vwxg| dqg ghyhorsphqw ri pruh frpsoh{ prqr0 dqg elsurshoodqw rqhv1

Lw*v qhhghg uhvhdufkhv iru wkh surshu ghvljq ri J0J/ J0O dqg O0O lqmhfwruv iru wkh fdqglgdwh

surshoodqw frpelqdwlrqv xvhg lq frqfhswlrqv E04/ E05 dqg E061

Lw*v vxjjhvwhg ehjlqv wkh ghyhorsphqw ri fdwdo|vw ehgv iru xvh lq prqrsurshoodqw v|vwhpv dv

lq frq�jxudwlrqv P04/ P05 dqg P06/ dqg elsurshoodqw v|vwhpv olnh frq�jxudwlrqv E04 dqg E051

Dqrwkhu iurqw ri uhvhdufk lv wr �qg wkh dgglwlyh iru wkh ixho eohqg wkdw zloo irup d jrrg k|shu0

jrolf frpelqdwlrq zlwk KWS1 Wkh rewdlqhg ixho eohqg vkrxog suhvhqw vrph lpsruwdqw surshuwlhv=

qrqwr{lf/ vwrudelolw|/ qrq0fruurvlyh/ jrrg vwdelolw|/ krprjhqhrxv pl{wxuh/ orz vhqvlwlylw| wr lp0

sdfw dqg vkrfn/ dqg orz0frvw1 Lq dgglwlrq/ wkh dgglwlyh vkrxog suhihuhqwldoo| dydlodeoh lq Eud}lo1
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Wklv vwxg| rxwolqhv vrph frqfhswxdo ghvljq rswlrqv ri vpdoo hqjlqh v|vwhpv wr eh vxeplwwhg wr

glvfxvvlrq dqg ixuwkhu hydoxdwlrqv1 Doo frqfhswv duh qrqwr{lf/ vwrudeoh surshoodqwv/ suhvvxuh0ihg

v|vwhpv1 Wkh| frxog eh dgrswhg lq UFV*v ru lq xsshu0vwdjhv ri urfnhwv dqg odxqfk yhklfohv1

Ehvlghv hqylurqphqw iulhqgo|/ wkh surshoodqwv duh fkhds dqg dydlodeoh lq Eud}lo1

Wkh prqrsurshoodqw frq�jxudwlrqv edvhg rq fdwdo|wlf ghfrpsrvlwlrq ri KWS duh vlpsoh dqg

uholdeoh/ exw kdyh orz vshfl�f lpsxovhv1 Wkhuhiruh/ wkh| vkrxog eh ghvwlqhg wr xvh lq dx{loldu|

sursxovlrq1 Wkh rwkhu frq�jxudwlrqv dqdo|}hg duh elsurshoodqw v|vwhpv zlwk KWS dv r{lgl}hu/

dqg sursdqh/ nhurvhqh ru hwkdqro dv ixhov1 Vlqfh uhvwduwlqj fdsdelolw| lv d hvvhqwldo uhtxluhphqw

iru wkh lqwhqghg dssolfdwlrqv/ wzr elsurshoodqw frq�jxudwlrqv xvh ghfrpsrvlwlrq ri KWS ehiruh

lqmhfwlrq lqwr frpexvwlrq fkdpehu +J0O v|vwhpv,/ dqg rqh frq�jxudwlrq xvhv d ixho eohqg wkdw

irupv d vhoi0ljqlwlqj pl{wxuh zlwk wkh qrq0ghfrpsrvhg KWS +O0O v|vwhp,1

Wkh pruh lqqrydwlyh frqfhswlrq xvhv oltxh�hg sursdqh +vwruhg dw dpelhqw whpshudwxuh,

dqg KWS ghfrpsrvhg fdwdo|wlfdoo|/ iruplqj vlqjxodu O0J ru J0J v|vwhpv/ ghshqglqj rq li wkh

sursdqh lv ydsrul}hg ehiruh lwv lqmhfwlrq lqwr wkh frpexvwlrq fkdpehu1 Gl�huhqwo| ri doo rwkhu

frq�jxudwlrqv zklfk xvh vwruhg0jdv suhvvxul}dwlrq v|vwhpv iru doo wkh surshoodqw wdqnv/ wklv fdvh

xvhv wkdw w|sh ri suhvvxul}dwlrq rqo| iru wkh r{lgl}hu wdqn= wkh ixho wdqn lv vhoi0suhvvxul}hg e|

jdvhrxv sursdqh +dw urrp0whpshudwxuh,1 Lq d yduldqw ri wklv frqfhswlrq/ sursdqh frxog eh xvhg

dv suhvvxudqw iru erwk wkh ixho dqg r{lgl}hu wdqnv1

Doo wkh dqdo|}hg frq�jxudwlrqv duh srwhqwldoo| ihdvleoh iru wkh suhvhqw whfkqlfdo dqg whfk0

qrorjlfdo fdsdflwlhv ri wkh Lqvwlwxwh ri Dhurqdxwlfv dqg Vsdfh +LDH,1 Pruhryhu/ wkh| duh vdih/

lqh{shqvlyh/ hqylurqphqw ehqljq/ phhw wkh uhtxluhphqwv wr eh xvhg lq orz0frvw yhklfohv/ dqg

frxog eh ghyhorshg dqg surgxfhg lq vkruw0uxq zlwk wkh dydlodeoh uhvrxufhv ri LDH1 Krzhyhu/

ghwdlohg txdqwlwdwlyh dqdo|vlv pxvw eh fduulhg rxw ehiruh glvfdugv ru dq| dgglwlrqdo frpsdulvrqv

dqg fkrlfhv1 Wkxv/ xqwlo ehwwhu lqirupdwlrq eh dydlodeoh/ doo wkhvh ghvljq frqfhswlrqv vkrxog eh

frqvlghuhg e| LDH/ hlwkhu dv lqlwldo srlqw ri oltxlg sursxovlrq ghyhorsphqw/ ru dv dowhuqdwlyhv wr

wkh uroo frqwuro v|vwhp fxuuhqwo| xvhg lq wkh YOV04 odxqfk yhklfoh1
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Dqguhzv/ G1/ 4<<3/ �Dgydqwdjhv ri K|gurjhq Shur{lgh dv d Urfnhw R{lgdqw/� Mrxuqdo ri wkh

Eulwlvk Lqwhusodqhwdu| Vrflhw|/ Yro1 76/ Mxo| ss1 64<�65;1

Dqguhzv/ G1/ dqg Vxqoh|/ K1/ 4<<3/ �Wkh Jdppd Urfnhw Hqjlqh iru Eodfn Nqljkw/� Mrxuqdo

ri wkh Eulwlvk Lqwhusodqhwdu| Vrflhw|/ Yro1 76/ ss1 634�6431

Gdylv/ Qrdk V1 Mu1> dqg PfFruplfn/ Mdphv F1/ 4<93/ Ghvljq ri Fdwdo|vw Sdfnv iru wkh Ghfrp0

srvlwlrq ri K|gurjhq Shur{lgh1 Suhvhqwhg dw wkh DUV Surshoodqwv/ Frpexvwlrq dqg Oltxlg

Urfnhwv Frqihuhqfh/ Wkh Rklr Vwdwh Xqlyhuvlw|/ Froxpexv 43/ Rklr/ Mxo| 4;�4<1

Khduq/ K1 F1/ 4<;3/ �Ihdvlelolw| ri Vlpsoh Elsurshoodqw Eorzgrzq V|vwhpv/� Mrxuqdo ri Vsdfh0

fudiw dqg Urfnhwv/ Yro1 4:/ Pdufk/ ss1 48:�48;1

Khduq/ K1 F1/ 4<;5/ �Hydoxdwlrq ri Elsurshoodqw Suhvvxul}dwlrq Frqfhswv iru Vsdfhfudiw/� Mrxu0

qdo ri Vsdfhfudiw dqg Urfnhwv/ Yro1 4</ Mxo|/ ss1 653�6581

Khduq/ K1 F1/ 4<<8/ �Ghvljq dqg Ghyhorsphqw ri d Odujh Elsurshoodqw Eorzgrzq Sursxovlrq

V|vwhp/� Mrxuqdo ri Sursxovlrq dqg Srzhu/ Yro1 44/ Qr1 8/ Vhswhpehu0Rfwrehu/ ss1

<;9�<<41

Kxuoehuw/ H1> Dssohzklwh/ M1> Qjx|hq/ W1> Uhhg/ E1> Edrmlrqj/ ]1> dqg \xh/ Z1/ 4<<;/ �Qrqwr{lf

Ruelwdo Pdqhxyhulqj dqg Uhdfwlrq Frqwuro V|vwhpv iru Uhxvdeoh Vsdfhfudiw�1 Mrxuqdo ri

Sursxovlrq dqg Srzhu/ Yro1 47/ Qr1 8/ Vhswhpehu0Rfwrehu1

Kx}ho/ Glhwhu N1> dqg Kxdqj/ Gdylg K1/ 4<<5/ Prghuq Hqjlqhhulqj iru Ghvljq ri Oltxlg Sur0

shoodqw Urfnhw Hqjlqhv1 DLDD/ Zdvklqjwrq1

Mh�/ Pduwlq/ 4<<;/ �K|gurjhq Shur{lgh � Wkh Vdih Vxsso| dqg Kdqgolqj ri KWS1� 4vw Lq0

whuqdwlrqdo K|gurjhq Shur{lgh Sursxovlrq Frqihuhqfh/ Mxo| 5<�64/ Xqlyhuvlw| ri Vxuuh|/

Hqjodqg1

Nhooh|/ W1 S1/ 4<7:/ �Vhoi0Ljqlwlrq Ixhov/ H{sorudwru| Zrun zlwk K2R2 dv dq R{lgdqw/� DG;<0

934:/ Rfw11

Rolyhlud/ X1 F1/ 5333d/ Frpsrvlwlrq dqg Wkhuprg|qdplf Surshuwlhv ri Kljk Whvw Shur{lgh

Ghfrpsrvlwlrq1 LDH Lqwhuqdo Uhsruw/ Lqvwlwxwr gh Dhurqäxwlfd h Hvsdêr/ V1 M1 Fdpsrv/

Eud}lo1 +Vhh sdshu wr dsshdu dw FRQHP 53331,

Rolyhlud/ X1 F1/ 5333e/ Vwxg| ri Surshoodqwv iru Suhvvxuh0Ihg Sursxovlrq V|vwhpv1 LDH Lqwhuqdo

Uhsruw/ Lqvwlwxwr gh Dhurqäxwlfd h Hvsdêr/ V1 M1 Fdpsrv/ Eud}lo1 +Vhh sdshu wr dsshdu dw

HQFLW 53331,

Rolyhlud/ X1 F1/ 5333f/ Frpsxwhu Surjudp wr Hydoxdwh wkh Pdvv0Shuirupdqfh ri Vwrudeoh Sur0

shoodqw/ Suhvvxuh0Ihg V|vwhpv1 LDH Lqwhuqdo Uhsruw/ Lqvwlwxwr gh Dhurqäxwlfd h Hvsdêr/

V1 M1 Fdpsrv/ Eud}lo1

Uxvhn/ M1 M1/ 4<<9/ �Qhz Ghfrpsrvlwlrq Fdwdo|vwv dqg Fkdudfwhul}dwlrq Whfkqltxhv iru Urfnhw

Judgh K|gurjhq Shur{lgh/� Mrxuqdo ri Sursxovlrq dqg Srzhu/ Yro1 45/ Qr1 6/ ss1 8:7�8:</

Pd|0Mxqh1

Uxvhn/ M1 M1> Dqghuvrq/ Q1 P1/ 4<<;/ �Khwhurjhqhrxv Ghfrpsrvlwlrq ri Urfnhw Judgh K|gur0

jhq Shur{lgh1� 4vw Lqwhuqdwlrqdo K|gurjhq Shur{lgh Sursxovlrq Frqihuhqfh/ Mxo| 5<�64/

Xqlyhuvlw| ri Vxuuh|/ Hqjodqg1


