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ABSTRACT 

This research studies the impact of distributed generators to distribution power loss in 

two aspects i.e., the impact of firm contract capacity of distributed generators addressed in a 

power purchase agreement and the impact of the real time optimal power injected from biomass 

based distributed generator to distribution power loss. The research framework is formulated as 

optimization problems and solved by approximating relationship between distribution loss and the 

power supplied from distributed generator as a quadratic function with satisfied results. The data 

obtained from feeder No.8 of Ubonratchathani substation, consisted of 93 buses with 7.5 MW 

distributed generator connected with bus No. 42, is adopted as a tested system. The daily load 

profile of this feeder is manipulated under suggestions stated in a load research project, which is a 

research studied in the Provincial Electricity Authority of Thailand. 

The obtained results from the simulation revealed that the optimal firm contract capacity 

and the real time optimal dispatching power can reduce the distribution loss to 18.734 % and 

14.296 % of the based case respectively. 

Although there are no regulations to include incremental distribution loss impacted from 

distributed generator in electricity tariff. However in deregulated electric system, location and real 

time power dispatch of distributed generator is included in a spot pricing of electricity to reflect 

the truth cost of production of electricity under competitive environment. This requires for 

further research in Thailand. 
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. 	 '" 

11lflfl~1~~ lm~lui'J 'W.ff. 2550 '~ln~t1'J~lltll~:lJI~ll 1IfltJ'\IUllflfht1\lfll'Jr.I~fI 'vJ~1~~<fi~'J11l'\lV\l~ 
~ 	 ~ 

, "<V .... I 5ft 	 ~..:S ~ 0 It; I 'vQ.I QI 	 o.Q QI 

~'J'Utn'Ju'J ~lqJ~IU'lJ 4,400 l:IJflfl~1~fI 9f~'\IW~'lJfll~~Vg1.U 'J:::'I111\lfll'J~11U 'lJ fll'JflVff'J l~fllllff~~l 

. 	 '" '" 
iht1\l'vJ f11l1ffllJl'J t:l1ff'lJV'\IltJ1'lJ 1m\lfll'J ~r.I~fI'vJ~lVff'J~il 'il~11'\1Ul~<fi~I1~ 90 !llflfl~1f1~I~Ufl'lJ 

~ 

ill vi 11l1'11f111lJ~11~'lJflV~1~1t5V1'W~\l!;\l'Wlij'lfU i~1!ti illUlY'lJ !I,,~fi'l9f1i'J 'J lJ'lfl~ 1'lJ fll'J r.liifl ivJf11 

o lf1'j-1fl1·:l'r'IJ~tl''ri~11l1fl~r.ltiVl'yJjhnUlafl (Small Power Producers; SPP) fl1'J i'Vh~h~h(l 
r.I~fI!I11 \lll'J~I'V1ff'VW tn'J hlf11Um'l1~1~ Im~fl1'J ii'lrhthul1lJmfl i~tmfl'J :::I'UtJ'Ufl1'J l'U9fV ivJ-rh 

" 
'illfl~r.I~~' vJf11'JltJ1~fl ~1~'W t1~~lUlt5VI'W~\l'lJVflltlu'U'U loM'lJ fllfl 'I1jV1ft'hl1fffJl'H~Vl~fil~ '1 

'J1:IJ-rY\lfll'J r.I~~'vJf11!1"~fl111l!v'lJi1:IJnU (Cogeneration) 1~tJ111~Qtlnff~ri' 1~V11:1U fll'Jff ~Lff1lJ 
fll'J 1 ~'W t1\l~lumh\lll:IJ. fil lf1~l1 'J:::iY'YlnfIl'W1l1fl~~~'lJ 11 ":::V\llfj'lJ fll'JoM1tJUU~ I 'IJ1f1l'J:::fllnl ~'V1'lJ '\IV~. 
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1!'hJ~zuufl1mii91UllZh"thtlhJ,h lAtlfl11lJli1U'lff.)1J'IHHflWZ1!lJu911 W1U~ 30 iiU1fllJ 2535 

''''ih11UAi~fl1~1U46''t'Hhv1n~F-lii91',"~l~ltllgml,jll~1m~fl1~ ':Olnu 90 IlJnZ191~ lAtI~lfn1U.. 
~ ~. 

C//6',"~1~~U91n,jHnU911lJ'l.h~IfIf1fftyty1 IIl1Z'lfiiA'lJ6~1~61l'tii~ v1nF-lllfl1~')1Iiiu~lUfiN1UlJ1 

'ilUm~~~il~I~6UnlJfI1imr l't.fl'. 2553 fl1~ ',"Yh~lt1F-1ii91UM~ll~ZlfIfl" f1t11"'fi'il1~w111J'1i'61ffU61U• 
ci6i,"~lf11t1ilIm'lfl1~ ijF-lii91 ',"fh~ltllgn IIffA~'f1~iu911~1~~ 1.1 

. " 
9l1~1~fi 1.1 fff:l1UfI1l't'lJ6'1fl1~F-lii91Ull::::1UC//6',"fhiulflHm~ SPP W 1~6U QlJfI1iU'Il 2553 

N\J1U PPA II!. (1& COD) 'II11J"'Hh.~m:'IJ'lJII" 

l.i1::IIIY1I;i11l'l'li:i4/IY1fliUilllii 
ri11i'~Uiifl '1'10'1''',"' rilMRiiI'l 

IilU,)U 
ft~~ Ill'Uf)'II11l Ill'UD'II11l 

(''110) 
(MW) (MW) (MW) (MW) 

OlYiill 0 392.2 196.0 

01'1!IUIJ'lJlfl 16 1.773.85 1.334 21 2.615.81 1.523.0 

J'Uj'Ulfl1 0 lOA 4.5 

65.0 22 180A 84.0 9 245.4 100.0 

umt'U 0 57.3 46.8 573 46.8 

UOalJHa:'lI\Illl' 0 57.8 49.0 57.8 49.0 

'lJ11JS1lU)UiiVO lll'.1I0ftlJ 0 2 104.9 56.0 104.9 56.0 

mmJmlJ,Y1talrnht!lJull:;,tfhill 0 9.9 8.& 9.9 U 

IlnlllJ.mOSllU>lll'~ll1ihMII Q 0 0 

ltH;uo'Il',lfI\llll'.Juj'\IVH41 Q 750 50.0 75.0 50.0 

llnllll'VHWUl.IlI\IlIl' 4.8 4 23.0 20.2 278 24.2 

mml'llUJlIllllJ,';H,n Ilftdill'l 0 632 345 63.2 345 

Ihlilll"l.cillliill 0 45.0 108.0 45.0 

ril\lil\l.JlIJIlUH~l {) 0.0 40.() R.O 

rilll\;".,t!i!1l0~ll1ihJi\lr {) 328.0 181l.U 3280 lRO.O 

1mnr:iNt1A'-n~1'~mnamJ1n (Very Small Power Producers; VSPP) iu 
0;;'1 
11 l't.fl' 2545 f1w::::nnlJfl1~U ltl1J1t1l'ti:1'1~lULlM'I'lf1~'r1'iiu ltJ1J1fJ1u46hHhiulm~fl1~ N'F-lii91., 

i,"fl1~lt11gnlJ1m~lJl~lJV1n1m '1fl1~ N'F-lii91 ',"fl1~lmgn., 
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'Vl~'N1U'Hl:flJl1UU l~w w t1t'mfu'~ril'HU~'UUl~fil~-1fll':iNii~Utl~'U1U''rIvh 'fhhnu 1 11lflfld'~1>i' 
LU'1~U~m fl'~1J'6'U'H1l1VL-Hfll'1 ''rIVhFhuNii~u,"-1t1'1~l'VIfl'hW l~u~f'UN~'U{)-11m -1fll'1 Iltl~~{)1l1 

" 
LUi! fl.fl'. 2549 ii>1'ijfll'1t1f'UtI~ -1'1~liiv'Ufll'1 i''U~{)L'Hlj lF1vflw~m'1ll fll'1U lV'UlV'Vl~-1-11UU,"-1')fl~ 

• • 	 !II 

i~ijll~h!1{)1Uii 4 O'UU1VU fl.fl'. 2549 I,:iU"I1{)'U'-H'\lmV'1~liiV'Ufll'1f'U~{) i 'rIfh'illfl 'illm~ll ilitrh,l 1 

11lflfld'~~ I~U'liliiu 10 Illflfl~1~~1>i' lF1vuvm~'W'1~liiv'Uffl'Hf'Ufll'1 Nii~ivlvtl'illflflft~nW 

'H1l'Wi1V'W utl~'1~liivmh 'H i''U fll '1 Nii~ , 'rIvtl 'ill fl~Nii~ , vlvtlflft-1~l'W I'M-1fllW"116'1 ~'U'U Nii~ , 'rIvtll1tl~. 


fftll'Wfll'1W Uu'il~'U'W W 1~{)'WQllfl1'VlU1i fl.ff. 2553 fll'1'UOlff'W{)'1'U9f{) mnl.fllV IflHfll'1 ~Ntl~ 

~ 

fI111l~{)U~11lO''W 'ilU m ~~-1~-1il'il~uuo-1 fI 1ij fll'1tli''U tI~ ~ '1 ~!iiv'Umh-1~{) ,if{)-1l~{)l-Hl'H1l1~ffll o'U 

" "" ~ '" <!:\ ... '" !II., "" ~ ••I_~ , "'1 !II '" 
~ 

ivlvtl'1lm~fl1l1mlffFl~~~"U~l'1l~~ 1.2 

~-1'il~lil'W'i>1"hyf-11m -1fll'1i''U4{)'vlvtl'illfl~Nii~ ivlvh'1lm~mltl~'1lm~fl1l1fl I~'W 1 m -1fll'1~ 
~ 

"" "'.1 0' '" d ." !II.I "'.. ,!II '" , .1 "",1 '1 i!ll ='I '1 , !II1l1~(lu'1~ff~fI'Htlfllfl{)'VI1 '\1u'1~ff'VI1i.fll""fll'1 "I1'Vltl-1-11U.fllU 'Wu'1~l'VIffFl'\lU IFIV muFl I{)fllff '\1• 
LOfl')f'W~ ij rlflV.fllfl ffl1l1'1 (l Nii~ Iltl~~l'\1'hhv i vl vt lI'ih~'1~'U'U'i>1' U Ul-1' '1 ~fllll'1~liiv'U~{)u-1ri'U~W'l 

~'il~~U-1ljfll'1tli''UtI~~I~U'-Hl'H1l1~ffllO''U fll'1ltI~U'Wlltl tl~'W lv'Ulv utl~l'VIfil 'W ltlvUdlffllfll'lf'Wti'W 

OQ 	 (V.ci • .::::::tQ.l oQ OQ.l 

fll'1 ~ 11'W'W-11U'\l{)~ m ~m1-1'Vltl-1-11'W 'VI Nl'W1l1 lltlfl'tJ W~~l1'iJ'W ~ l'WfI1'UTJlllltl ~fll fl'U~U tl 

'W lU'UlVflft~-11'W '\1ftfl'\lu~f!'Ultl'..rlii~tI'1~if'VI1i Ntl ~-1'il~lil'W ii>1''iI 1 fllj fll'1tI f'Utl1-1'1::aiivmiH'1 ~ 

l~V1~U-1{)~lffll{) I~U , -H1'I11l1~ffllO''Uffm'W fll'1W'i>1'1'W'Vl ft-1~l'W ~~ljfll'1lt1~V'W uti tl-1fltlU~t1tll 1~w1'W 

" 	 .. 
i! 	fl.ff. 2550 UlVilVff1ff~ U1l'l~,r'W'VIU i'\l1l'Wfl~'.hfll'1m~m1-1flft~-11U W '\lW~,ru'i>1'U(ltl~ff'1tI.. 	 . 

fl1'lii'il'\lU~fl'l~'VI'11-1flft~~1'W~ 'iI~~U-1I~-1~11iJ'W fll'1 H 4 i>1'1'W'\1ftfl~1VO''W ~~if 

ivJfh (Power Development Plan; PDP) 'il~~~YilU'W1'V1HlilFli'u4'{) ivlvtl'illfl~Nii~ ivlvtlijff'1~ 
(il'il~u'W i~~ll'iJ'W flU i t1Uti1) 'Wumnflif'il~lj fll'1tli''Utl1-1'1~liiv'U fll'1 i''U4'u ivlvtl 1~{)'UV1VtI~1l1W 
i''U4u ivlVll'i11fl~Nil~'vlvt l'1lm~fl '1111 4,000 Illfl~1~1'l' lItl~l~~Vll{)U mYlltl'Vl1'Willfl'1l~UllL't4llIVilJ 
Dfl5 'llV 'l'W'U~l1meJl1i'VIv 1 utltl-1 U'WFlliJ'W 3 Iltltl~ uml~'U'W'Ufl7 Ittltl~ 

o 	 'WltJ'lJ1tJli.,'jH.T1,.,'fta-3-31u'n~U'nU rl.:Jlff~lJfll'l'~nl9f1inll"l11Vi1U'ltlUUI'l' (NGV) rl ,aff111nl9! 

o'w01!11 1 91 91 !II ";91", lii '" '1 !II19!!'mtl~ 'ilFl'Vl1 flHff'l1.:J'llfllLO'VI1'WUtl '\1ff~'VI{)'W"'W'I'J'W'VlU'VI'ilHmllfl~ Mmlli1 1Hfltl'l~IUV'U 1'\1 

" 
ffl1l1'l(l Nil~!tJ'VI1'Wutl i~{) dHlff~ f1l'1 rl~lff~lIfll'l Nii~ i 'U 1uiiil9!tlYl.:J1'W 'J~~'lJ'lill"l1'W lItl~I'MnnW "116 

lF1utlflllt11'111l1Vfll'lNii~ i 'U luiiil9!tl ,..rff{)Flflti'U-1O''Urilft~Niifl1fl(l~'UtlHfll''WtI'1~l'VI ff lItl:; fllj. 
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. " 
~ll':nrYi l.2 j;fm'l..lm't'l'\Jfl·mn~il~lm~r1Jc)ffll'YH411'1..11m·ml':i vspp w l~fl'l..l Q:JJmn'l..l1i' 2553 

D~'Il11l PPA IID1 (111 COD) 

ri1~Nii" m'71-1h 
1i1'1l1'll fflt.t IlI1IlI'I1!J 
(11D) (11!J) 

(MW) (MW) 
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_ Palm 011 Residue Power Plant (18.311W) 

• Rice Husk and Eucalytus Bark Power Plant (lMMW) 

_ MSW Power Plant (2.55UW) 

_ Bagasse Power Plant (294.8MW) 

Black Liquor Power Plant (25MW) 

Eucatytus Bark Power Plant (8MW) 

Para Wood Waste Power Piant (2O.2MWj 

_ Rice Husk Power Plant (83.8MW) 

_ Biogas Power Plant (6.79MW) 

_ Rice Straw Power Plant (1.34fItW) 

Total Sold to Grid (Oct 2001) 551.18MW 

~tJ~ 1.1 ~i~lj~1vNh~JlJJfll'UtJ'j:!:!'Y1fl'hW (flnn-nO http://www.thailandindustrialtoday.com) 

http:http://www.thailandindustrialtoday.com
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o 	 U 1t11J1t1U11JU1" 1 fl'H"~"','in\lt1l1'WK""lU m ~l'l 'l" 1.:j'Yf".:j.:j1U'il~d.:j~1l'UUfll'l" U1mJl.:j 

9J <v i'il"" <v 1 91 £'1 '.1 1 J 1-1''1·1''''
fl~'lUJ1t1fll'U'Yf{;l.:jHW 'YIl'l'UfflJtI PltIlUUfl1UHlJUfi11t.J 3;!"lJ1~ t1'VU"1fi11W~ lJ1"," 1J''1~'YItlPllU'~ 

iiu'.i~ifnfilll'W lP1t1'il~iifll'l"flflflfl~'YIlJlt1i'YI1i 1 U'UU i~un 'tU.U. U'l"~flflUn'ilfll'l"'Yf".:j.:jl'U I~fli;f 

f110UflLL{;ln'ilfll'l" ivHh U{;l~nl9t1inlJ'lfl~
'II 

o 'U1t11J1t1U'.i~'HffPlui:l~61f1n~'WK""lU 'il~~llij'Ufll'l"-rf.:jlff~lJfll'l",j'l"~'YIV"'Yf".:j.:jl'Umh.:jI~'U 

~,j1i'l"'l"lJ 'l" 1lJJ.:jff~1.:ji~'fhi1fli'Ufl1'l"fl~1ml'Yf".:j.:jl'Uil1Uri,j'l"~'lf1'lf'U i~uri 1rlHfl1'l".of)'tll 

Ur-I'W,j fi,j~ fl1'l"-rf .:jlff~lJ fl1 'l" fl '41ml'W".:j.:jl'U i 'U,j'l'W~fl~mffti l'lU1'l1'U um~ffmn fffJl'UIIl'W fl1'l" i.if 

'Yf".:j.:j1'U i 'Ufll rl~';flmfftl ffmI1LI{;l~nl'l1'Uf)lJ 111 'l" i1'UI~flUfffl.:j,j'l"~iYl'lifll'W'lIfl.:jfll'l" i ;f'W".:j.:j l'U'lID.:j 

~,jmwlrl~D.:ji;;'vHh 5 'lfij" U'U1'ULm~1ffilnDff~1.:j 10 'lfijfl 

1'U1i1J1{;lQrlOfllJl 'Yf{;l11'1'Ht)j.:j ~'Wfi'l"lJ6 tl,jll';{;l{;l.fl 1ilJ'U1I~11fll'l" m:i:m1~'Yf".:j~1'Ui~lJDU 

'U1 tl1J1 tli'U11'l"~~1~11mhu'YI'l1~ i'YI1i I~V i 11~1'l" 1'lffl1'l"m~1'l'l"1~'Yftl~~1'U ihi,j~fl1'l",jfi,j~i1' 5 

'U lt11J1t1 i~un 

o 	 fl1'l" ff~Hf111lJ IT'U rl.:j ~l'U'Yftl~~l'U ~1 tlfll'l".of)'YI1'Yftl~~ 1'U il1'YfDLntl~~Vfl1'l"';Wl 'U1'llV.:j,j'l"~! l'lfl' 

~l.:J,j'l";!l'lfl'!rilJI~lJ I~V1mnil1ii,j~mwtil1D.:jn1CJfmh.:J'!fltl 30 11 1fl tI'il~I~'U'YIU1d.:J1fl flUI 'il'l"'il1 

d • i ' 'iI "" d i 9J ." <v i dI' d <v 'iI i <v <v i'~ 'I 'iI"I'WV'Ul ,jtl'llVQ~I'YfD 'YI1flflfl1'l"'YfWl'U1 'U 'W'Ul'll'lUCJfV'U 'YItI-fllJ~'lf1 fll'l"'ilfl'YI1 vhn t'YIlJfl11m~'il1tl 
,~~ 	 ~ 

f111lJliltl.:J'lIV.:JI<tffll'Yftl.:J i'Ufll'l" r-Itlll ivlytl r1.:J'ill flfi1CJf1inlJ'lfl~ 01'W ,"'Uff~mfl 'Yftl.:Jih U{;l:i:111 

f111lJti1fltyOU U~~'YIr-Itl~ ivlrhtvfl'lf'U 1P1mi1'W1~6d1"~,,fjNill'l'rJjhntlliln ui:l~fjNill'l'rJ'ih1uJ!iln 
t.J1fl ~Nill'l'rJjh1P1t11,r'WK""l'U'tlAlI'tlU 'UVfl'il1fl'nV.:J i~lJvu'W lt11J1t1111 fl1'l" ivl'¥hfhtlr-ltl~u'l1.:J 

~ 	 ~ 

,j'l"~I'YIfl'i'YIti 1fl'mn1H.:Jfll'l"r-I~\9l~f)~.:J (Installed Capacity) i1iUVtlfl11 50% 'lI~Nn1".:jfll';jr-l~m1lJr1~ 
, 

,j';j:::!l'lfl' Im~111v.:Jrl.:J'U lt11Jltl1flEl11:::~un1H.:Jfl1';jr-l~\9l ivlrhti1';jD'I (Reserve Capacity) II 15% 

" " l'YI:UD'U!~lJ ti1'Y11UU'U1'Y1Hfl11ffmn1m .:Jff~l.:J.w'U;p'U lHivl·¥h'YfH.:j·n'Uihlrl~tI{,r'W iif111lJ 

~11~'Ullv.:Jffmn~v i,jmiH';j DUrlVU U{;l~il1rl11lJ~Uri,j'l":::'lf1'1f'U If)tlft:::!~ tlf)';jVU~l'W U{;l:::riv'W~'il:::;ii.. 
fl1';jflf) iY'W 1'il~l!iJ'Wfl1 ';j,'U I~V'I~ti1flWLl{;l~ii r-I{;l m ::::l'lU ff.:J IID.:Jii fl1';j11l,j ';j ::::'lf1 V1 'ill';j WU{;l::::tlVlJ 1U'il1fl 

<J .. 

.f11 mh :::: 'If1'If'U 

o 	 Ii,,!,,~t.Jl..viifl11fll fl1J~Ui;ln\lt1l1'Wa'''''lU1..vii 11 rll~LU'Ufi1"1"t.J Ii-3 u:r~t.J1..v," A fl1 1" U';-3<U'U 
" ~ . 

'.i13.Jn"~3.Jfl16"Pi1Ufl113.J,j fl6f1.fttl1,"urlfj1J~1flfl 1 fltl i~fl.:JI 11 TtTmtlll 'il ::::'111 i 11';j1 m'Yf ~.:J.:j 1'U 'lIfl.:J i l'l tI 
~ ~ 	 ~ I 

l'YIm:::fflJOUff fll1::::ff.:JrllJ 1fl'1E1!n'il r1.:jfh ivlyt1 ';j1rlTlhl1'U Uft:::nl9tll.:jlllJ lfltlvQu'U.w'U!l'Ull 

,j';j:::'lf1'1f'U i~1U,j';j:::;lt1'1fu~~~fl U{;l::::nv i 111nflfll';j 1I'1i~~'WmjHI~'W1inlJ 'il::::1U'U fl1';j~lJmv.:J ~uj1.flrl 

http:tl,jll';{;l{;l.fl
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1~um'J1M'<&'():yft'lil1ffn~gn~()~ lLft::N~n~'U1M'ihhlln~ l'UYl ~~~l'U.o~ 'tt1~ fl'J'Ul! n.o~'tt 1~ 1~()1r1'U 
• ""'n'Olnl c:l 'W ~",..'1..rnl",,,,,,.t'U"""J"nl,,,..xl'l"'IJ"'·''ttlhu.,j'Utflii()'U'U 1U'U1UYl~~~1'Ui'U'J::~'Utlijfl1fl H n nlu.... lTl .. bt ~H .,," u"HU • bt H 

flw::mUJ fl1'J rl1n'Ur,juftf)'O fl1'J Yl~~~l'U (Regulator) iM'trl'U ~hJfI1lJt'091'Ul'JlJW'IJ()~nO'VIlJ1uuft::m()'U 

'U lU'U1ui';}'U1ft 

llJ.I' i 0'" i Yr3 llJVY iV"'-I'"nrfJ B10 'U()'Ulfl91 ffl'V1'J'Ufl1'J 'lffl1CJf CNG (Compressed Natural Gas) '0::: L~I'lJlJ~1~ 'ttlJuunw 

CNG 
'" . 

50,000 r1'Ufl1Ui'U1I2552 Uft:::.,r~dh'VIlJ1U'O:::I'VilJff~lh'Ufl1'Jioii' CNG i'Ufl1fl'IJ'UtY~i'VI11l 20% fl1Ui'U 

4 11 'U() n'01 flif ff~ijfl1Hi~lff~lJYl~~~l'UYI~U'YI'Ug'U'1 1~uijfl1'J.o~'Y'huN'Umj'U'YIfl1':i~(PlJ'U1Yl~~~l'U 
'YI~U'YI'U'J()~i''Ui'U~ fl 15 iJ<&'l~'VI,r1 t~()1r1'Unn~(PlJ'U1Ylti~~1'UYI~LI'YI'U~m 'U 1H':i .rf.:J1l1'Ufl1'J1~U 
~\PJJ'U11l'Ull'U'U lJl91'J fl1 'J ff'l!'U fftA'Ut~mJ11U~fl1':ium :::~mJtlU11Yl~1~lLft:::~(PlJ'U 1'lf'U'U 'YI Yl!()lJ.rf.:J 

ff'l!'UfftA'Ul ,y1~lJ;;'U1m~fl1':i'tt~TI1'UYlti~.:Jl'UU1~()~i'Ul'Jn.o~'VI1~ ~~'tt1~ft::: 1 mi~ 

o r.i~ltf1~fl11U1:::'ttU~vtU~~1t!t)£h:.l~l~.n..m,,:::gjt)!iit)~1~[J.fIl'vn1~.,r~1.h:::Aflf1 Uft:::ff'l!'UfftA'U 

m'J ioii'Yl ti~.:J1'U()fh.:Jiju ':i:::ffYlllmYl i'Ufl1flfl1'J wil91 fl1fl'U~nl'J tm:::fl1flU'J :::'lf1'1f'U t'lf'Uui''Uu'J.~ iM'ij 

fl1':i ioii'Yl ti.:J.:Jl'U~tlNftNil~ i 'Ufl1fl~91ff1'V1 m'J lJft~ft~ Umilflfl1'J '1oii''ttfttl~1~~1U ':i:::1'YIff~l'U1'U 30 ill'U 

'ttfttl~ fl1ui'UiJ 2553 nlJ.rf~lu~u'U'VIftt)~WtllJlmjl'U()f 5 U'YI'U'VIfttl~Ntl1JL~lJ 110 il1'U'VIfttl~ fl1ui'U 

11 2555 d~i'~m:::'U1'Ufl1'J~~Uft1m'Utl{ 5 1~WmYl1:::'1'Ulflttl~Urm)1fl1ff'YImflt()~ lLft:::t~lJ
q 

_I '" "" _I "1lJ ..I_~ .d '" Y 1Y ,1 '" '1 ';;'1 0 '" 'I v 
u'J:::ff'YI1imYl'IJ()~~umw t"rfnl'YI91~Uft1mm1 'tt~~'IJ'U()n 5-10% fl1U 'Uu 2555 Uft:::fl1'1f'U l.'VItltlfl 

nom:::'YI'J1.:J 4 U1J'U111l1U Building Energy Code 1~m~11~u'O::lllijm':i\!'J'U1fl1m'U1u~1I~'hlJn'U 

tYl'l!nYl'J:::llY11iff1ff'U 1Uft:::m lIfln fflff'U 1 i'Ufl1':i~(PlJ'U1 '1 M'1~ l'Ufftll1ffti~ 1.rJ'Ut!'UUflft1~1~u'UfIl1'U 

i"l~~~ 1'U \?H'ltl~'O'U fln! ~1IlJ1~'J fl1':i Hft:::U!H 1I':i ~~.:J '1,1:IJ1 fl~'U l~Ufl1'J"wl tJft'U!~{)'il1nn{)~l'J'U!~v 
ri .:jIU~lI fl1 ':i{) \{ rmrYlr,l.:j~l'U ~fl1t1t1r1 !~{)'U !~tl1,yU':i:::'1f1'lf'U u'J:::'ttff~Ylr,l~~ l'U il{!'~lI~'U 10% 

nll;f~'IJ{) fl1111 ~ 111 ii()fftl1l1'U fl1 ':i t~'U 1i'U1fl1'JYnW'lfU '1'U fl1':i.o~ff'U!~tli"l ~~~1'U111'n'U~hJ ':i :::nv'Ufl1':i 
'" 

~ijfl1111U 'J:::ff~tl'O:::'IJmjt~'U ff1 'VI i''U1 m ~fl1'J~'O:::lh '1,yij fl1nh:::'VIff~i"lr,l~ ~1'U I{1tJ 
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, , 
o a~ur;)Jm''''f.It'U1 Nilfl uD~m,'.j''WK~~lUa'tJnl.Jm'~UDihulflK8)J UD~'.j''t1a~-31Uii 

, 
D'~81fl lfttl~::~i~nTnl~H)~l1nl':itlcietlfh:H'l1eum~~n"Hl~ 20% fie 1 1111'-;W'VHr~~l'WVilfhli'.!n 

fIlfl'th'W 1'1f'W fIlfl'l'Wri~ fIlflnlm~'W ll'tl::fIlflnl':iNlifliVHh 1~'W~'W lf1t1~~dhmJ1t1'tlflflfll1nl':i 
tlcietlfi1C)n1e'Wm~~n (GHG Reduction Target) 'IIe~n~lJ tlfl1'l. nl':iiVHhfhtlNllflu'l1~tln~l1'lfli1'ltl 

iJH~ln U'tl::iJ~-M1'l1'Wlfl1e 'tl~ 1oMi~ 20% f1'tlefl~'Wff~lff~lJ lflH nl':i~l'W'VHr~~l'W'IIe~i1'lmf1e '-Hi~i'iJ 
nl':ii'iJ':ie~mlJn'tlinnn~mtn 'W~~~l'Wff::mfl 111e (Clean Development Mechanism; CDM) lfl(lii 

dh111J1t1~~::'tlfltl~1J1Wnl':itl'tlfltlcietlfh;lIfl1fm)'W ifleeni9f~'oMi~ 1 !ll'W,;mieil U'tl~N~n~'W'oM 

tll~11'lfli1'l(l ti'11ffnlll~'W ~lh i'W nllff~eenfl1fiJe'Wlf11~f1 i'Wlfl1;t1 t) n~1t1 .. .. 
~:1,;i'W11'W ltliJ1t111~n1'll~~l'W'W~~ ~1'W i'WUfll'tl~Qfll~'W i tI''WVifl'Vll~ 1~f.J1 n'W ~~(1~l1~l'VilJl~lJ 

ntl'tl~lt)t1f1 'oMl111J1:fflJ niJfffll'W111f1 nllwi1~~,j'W1J1n~'W 1'l1'W tli'iJtI':i ~1-rJ 1111J1t1i11li iimll~lJq q q 

"l .A tI tI' td .A -J"l J! SI "l '" 'W ttliJ1(1 CDM l'We'tlflnll 'tlfl 'tle(lnlC)fne'Wm~~n C)f~ tfltlfll'Wl1lJlnl1ll:1'W'W'W ttJiJ1(1ff'WiJff~'W 

'lSI .., tI .., .., 9S1~ :J
nll t'l1'W'tl~~l'W1'lflU1'l'W 11'tl~nl1 l::11(1f1'W'tl~~l'W 1111'WlJlJ1n'll'W 

1..3 m~~1l'ilU'l~ni)Nilfl'~ljh'uatllJW~',j~I)Jt1uii 

nn~hl'n'W~lf)~Nll~i'VHhi'W~nlJf.U:ilil1lJtfW6 (Distributed Generation; DG) "l~'WnllNllfi 
'" irHh W ,fI '~~l'W'IIe~€HhHh (Customer's Site) lfltle1~~fI';~'II'W1'WniJl:iJiJ~l11111VirHh 

(Distribution Network) 111e~fI~~mmiiffl: (Stand Alone)" lf1eioMiinll'~'W~~nwetiHii 
tI':i~ff1'ltfll'W nni'rlYf1'Wm11'tl1~i~lff'Wef1w:i'!lJ'Wflli,r'Vi~llw1e~~~;;elff'Wenll~11'n'Wllf)~ 

.. '" 
r-lilfl 11'tl~~111111(1i'rlYf1i'W ~nlJf.U~ilil1lJfl'W6~~ij 

o tl1::1.fl1'lNilfli'rl.yh1L'tl~m1lJ!e'Wi1lJn'W (Cogeneration or Combined Heat and Power; 

CHP) fl1lJm1lJ\9l'e~nll'lle~~n~1 

, .. 


o 'IIe~11'n'W ~l n'ilNll~ i'rlYfTVii~l';fl1'Wll~'i)ln'lltl:l.dm·Je(l lm:'W~~~l'W 'Wen~tI!tiJiJ fl1lJfI11lJ 

UI'I'Wnll~11'n'W1ilnllr-lllflU'tl~hl1111tJtvHhi'W~nlJw:::llil1lJfl'W6'11t)~fl11 '~YfTrf'l 3 m1~ !m~iJ~-M'Yl 
q " 

tll'l'Yl. ~lnfl (lJ111'11'W) l'l'tleflll'Wtll~!~'W'W l(liJ1(1~t~(l1;;e~ l~uri lfll~ft!1~n'i)nll"1~Yf1 nlnY 'llff~:W 

nllU,j~'ll'W '1 'W f)'ilnll hHh lf1e'l.hlff'We~t)f1f.U:ml:W nll'W ltJiJlt1'W~'Hl'WUr1'l'l11~ l~e'Vi 'i)nW1i,r 
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l1l-hv 1 yJ~1'1Ui:Tnllw~1,j'i1lJ fl'U V 'iI~"'f}~~hlUUfll'il14mn!'lJffU U U iV'lJltJfll'i l~lJlh:;ff'YIi mytfll'i
~ . 

'1~yti:T~~lU "llJtJ'YI1ifl'lff~{'lJf}~ m ~'YI 'i1~yt i:T~~lU '1u1.h ::l~mif}11ld'• 
o 	 ff~lffllJfll'i'1~'YIi'ytvlm'lJf}~1.h:;l'Y1fl''1flln~ll'i:: itJ'lfuufldjlln:ff'YIiimyt~~'l~ 

o 	 'lbmffllJT111lJiTufl~'1un1'i'"~111yti:T~~lu 
l 	 91 .Q QQ"

o 	 'lf1Vfl~~U'¥JU fllHm"ffUf111m::'lJ'ifll'i 

o 	 'lf1tJfI~f111lJ"'f}~fll'i'1.nyJ~1~~'l~ (Peak Demand) .. 
fll'.ithtUU1i'i n'il N~~Ufl::~111l-hv1yJYh '1ui:Tnllw:: 1,j'i1lJfl'UV fflm'i fJ"11UUfll'i "1<A'~~u 

• 	 OJ 

o 	 l~U'i::'lJ'lJfll'i N~~1yJ~111f1:;f111lJ~fluj1lJt1'U ~lhJlmwyti:l~'yJ~11ffUfI'lJ1V~llJ~'i::1J 
'1'U 'i::l'UtJ'lJftN~~1yJ~1'ilmgnmn '1fl'lJlm~l'i::'lJ'lJ'lJf}~fll'i 1yJ~1 P.hV~ll1\.hv 

'II 

o 	 l~U'i::'lJ'lJfllm~~1yJ~1 ll'i::Ul'YI~N~~1yJ~lnmg nmn '1fl'IJlm~l'i::'lJ'lJ'lJfI~fll'i 1yJ~1 

phV~ll1\.hv 

o 	 l~'U'i::'lJ'lJfll'iN~~ 1yJ~1 ~N~~1yJ~lnmgn'1M''IJlm~l'i::'lJ'lJ'lJfI~ fll'i 1yJ~1~hvN~~U'Yi~
OJ 

11 'i :: l1'1fl', 'YI V 

'iI::l-H'U '<A'11fll'i"lltJmpn'ilN~~Ufl ::~ll1'lhvi yJ~1'1Uijnllw:: j,j'i1lJ i!l'U V 'iI::1U'U'i ::'lJ'lJ N~~ 

Ufl::~ll1UltJ'yJ~l'tIUl~lgn~ fflmHll~fllJ~ flt1'lJ'i~'lJ'lJ~ll1UltJ"1yJ~ l'<A' i ~V~',jv'h '1 M'ln~~fI~lt1~ 
. j ..1-"1 c> <k c> "'. • c> 11) " 'I 'J/i it "" 1I) ••1.~ '" 

~fI'i::'lJ'lJ 111111~lJ 9$~~'in'O~~nfl11ffllJ1Hl~11UUfll'i L~mtJ ,,, flHfll'i~NfI" ll1111'ilVmmnn 

vf~l1lJ~ Ufl::'l.J1~f;f1umvi"'ifl'i ~n1'i~F-l~~'yJ~l'ilmgn 
1.4 	 ~::::lijtl'lJfll~~'lJ~tl'-W~lmfl Spp 

fflm'itlu1i~mm::'lJ'lJN~"jyJ~1f1f1n1<A'1~'U 2 thU fif} 

1.4.1 	 Nafl'-wih~1m::::'lJ'lJ Cogeneration 

~llJ~flw::mJ'lJfllJ'U ifJ'IJ1fJytij~~lUu'Yi~'lfl~ 'Ufll'illJ'::'lflJflf~~ 6/2549 (flf~~ 109) 

Q C.I if cl <V ri' 910.Q; tv ~ QI tl
'Olm~lJ 3,200 llJn::1~~ dJ'U 4,000 llJn::1~~ !1f1::'ll1~l!'U'Uftl'jllJ''lJllH'j::l'lJtI'lJfll'.i'.i'lJ9$fI ,yJfj. 
1'Oln Spp 'lM'nf111lJt11m::fflJt1'lJfftl1Uftl'.iWil'il'iliJ'U 1~mhw~t1~ fll'jN~"1yJ~lflcil~n• 

~ 	 ~ 

llJ'::ff'YInmyt l1f1::nll1'Umlf11i''lJcJ1f1jyJ~l'1M'u"n~1~t1mnlJ'lf1~11f11'IJ fI~fllJ'i.nyJ~l 'i 1lJvi~ 

http:phV~ll1\.hv
http:P.hV~ll1\.hv
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ihtt'W ~11~U'W l"'1..h::ifVlifl1'W",u,:Jfll~ Hal1JhHhi'W~:::uu Cogeneration i,"nnJ1:::fflJUfl:::~,:J 

il) i ,"ln~fIl~Hal1JI 'rl~ l'E)dNih.h:!iifVlifl1'WU~HUV;'il1,:J 

fln I 'rl~l~ltJHal1Juti ,:J1..h :::lVlfflVlfJ ltA'.ij~Yin:::tutJufll~i'uciu l'rl~l'illfl SPP m'Wl::;fll~ 
Hal1J l'rl~l~::;uu Cogeneration lrlJU 'W.ff. 2550 !~UU,:JTiu i-ifnu SPP l..h :::lflVlff\lj\ljl Firm ~ . " 
Hal1J l'rl~1tA'1fJ~:::uu Cogeneration fi fll~ j,'rl~1~lfJHaftuti,:J1.h::;LVlfflVlfJ l~i'm'h!u,:J~,:JU~ 

l'W~fIl~ l'rl~luum.h:::fllff I~U,:J ~::;lUfJUfll~i'uciu l'rl~l'illfl~Hill1Jl'rl-rhnm~fl m'Wl::;fIl~Hill1J 
l'rl.yh~::;uu Cogeneration 'W.ff. 2550 L~'WIi''Wl1..J 

fIl~ l'rl.yh~ltJHill1Juti,:J1h::;I'I'1fflVIfJ l)::;i'uciu l'rl~l'illfl~Hill1J l'rl~ 1~ lmgfl~HaftI 'rlvh~ 
1m::uu Cogeneration 1~fJi-ifnlqr1inlJ'lfl~h'l1Util'W M'Wl~'W14un'jil,:J cH,:Jij;jufln1'W~1 i'W 

" '" OJ ""m::;u 1'W fll':iHflft~,:J'W 

o L~'Wfll':i i-if'Wll,:J,:Jl'WU~N~U!'du,:J 1~fJfIl':i"j1't'4ll,:J,:Jl'WmllJ!u'W~miiU'illflfll':i Hill1J 

l'rlvh11.li-ifi'Wm::;u1'Wfll':iHal1J~li'u,:J i-ifmllJ!U'W (Thermal Processes) cH,:J~ 1lJl~tJfl11 

~U'W~Ufll~Haft'Wll,:J,:Jl'Wvf,:J'HlJ~ l].j~lfl11!UtJfl::; 5 

o i-if~W;1~f111lJffllJnfl i'W fll~ i -if'Wll,:J,:Jl'W1.IilJ!Jil i'W m::;U1'Wfll~ Hill1J'Wll,:J,:Jl'W 

l'rl~lLLfl::;f4ll,:J,:Jl'WmllJ~U'W~hlJn'W (Primary Energy Saving: PES) 1~'W~1fl1'H'W~fllfln 
_I 'I v 4'"OJ '" 
]J':i::;'HfJ~fll':i t'lfI'lfUIf4fl'l (Fuel Saving: FS) 

1.4.2 HtlVl''t'hllHnfl'¥ta~~l'U't'i3:!'Ullt1'U 


fl1':il'rlvh~lfJHilftll'l1,:Jtl':i::;l'I'1ffl'l'1fJ l)::;i'uciu l'rlVll'illfl SPP ~f.laft lvHhl1JllJllmaU::; 


'" m::;u1'Wfll~Hilft ~~~ul1.lil 

• m':iHtlVl'-W~l"'lH Spp m,r'¥ta~~1'U'UI:)fl11.luuu (Non-Conventional Energy) 
I QJ Q.I ..:::':I.tlQ,J: c::$ cl'J}&YlfI'

!'If'W l'It'l,:Jt'llJ Wfl'lllff'lUl'l'1l1JtJ Wt'l,:Jh!1'1l'Wl~mfl (Mini Hydro) !'U'WI1J'W qr'lI1JU'lllJ 

" l<Jffll'Ji-ifihl1'W nlqr1i'Jnl'lfl~ (ll'WM'W Im::;'Wir'liJ11f1~V{ 

• m':if.ltlVl'-W~l't1tH Spp 1~1tI,,r,~tl''t'ttl~~~fltl'1.Id 
o fIlfl'H1 ULffl:Jlff'lmiiu i-ifi'Wfll~lf1'l:1I1J':i 'H1U fIl fll)lflfll'J Hill1JHill1Jl1Wcvf 

http:1~1tI,,r,~tl''t'ttl~~~fltl'1.Id
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Q 	 Q,I tI ~ 

tll'H·mfI flWt}"l'Q fI ffl11 m'HJ11 'it) tll 'j'!fl'il fI'l' 

o 'IJV~lqJ~NtlV 

o ill"lflflTrtJ\lflihlrhJ14m'Vl~~ 
• $I 	 $I SI 

Spp 	nl~l;'im'Vl~~~~fll:il1;;H~Uffl1JUO1,s'1;'itH'Vl~'llul;'l'VllW<J16 l'1fU 1l1l!U 
SI 	 SI jJ • 

'Ii'j'j 1J<J11~ 11~ ~rl1U,"U l~u,;'im 'Vl ~~lff~1J ifi' u~'fi'lii 'Vl~'l'llUfl111J f ou n i fi''ll1 fltll 'l' i~ 
" 	 " . 

,;'itH'Vl~'llff~1Ji UU~~~'l' olJiI~O'l ililnufOV~~ 25 'IIO'l'Vl~'l~ lUfl111J fou 'fi~ 111J~n l,s"lu 

" 
m ~lJ1Utll'l' ~~fllu'l'olJiI,:ru'l 

.. 
• fl1·n..afl'-W~li11flfl'j:::1J1Ufl1'j~afl fll''lli' 11;tlfl1".i'Uuti·:u;Stll'Wa~ 

o ~~fI.nWct1~U1hltJ'Vl~~~lU~L11~o.yf'l l'1fU imfl~l11~mnflfln;lJ1Utll'J 
.::::to .::::t. <V tI 4!l 

~~fI 'll lfl~~flflW C}'1 'Qflrfl11 m'l'1J11'J 0 tll'J lfl'ilfl'J 

o 'Vl~'l'llU~ty'ffV l'lfU ml1Jftlu"lflimffmfl~O'lVu,r 
o 'Vl~'l'llU~L1JU ~~'Vl~otlifi' L'lfU 'Vl~~'llU fl~~'lL1:IU~~'Vl~OV ifi''lllfltll'JtJ1lJ 

1.5 :J..Ilf1'j!lU'Utl~'j:::1J1J spp Ull:::fl1".il~tl:J..Ifltlft1J'j:::1J1J''ti~l 
" ... 1.::::t.Q.lQ. 

spp ~'il~~~ flLLt'l~~1111-l1tli~vh1'11'uti tll'l' i~vh~hu~~flU'l1'ltJ'J~LflffiYw 'll~fltHU!llJflfll1J 

1Jlfl'l'!lUiufi'luml1JtJt'lO~.ntl LLt'l~1Jlfl'J I1UiuflU1~01J ltlU~lJlJ i ...Hhm1J11~mflWct1tll'J l~01J ltl'l 

'IJO'l SPP ';;lnlJ'J~lJlJ hHh'IJo'ltll'JhHh Ut'l:::;'l'~11itllJ"hfi'1tltll'l'1~Ulfl~O~fht'n~ i ~Vh'IJU1UO'lJ 
jJ, • 'f 	 • 

'l':::;lJlJ i ~yt l'IJO'ltll'J i~ytl 'J 11J'fi'lI~OU i'IJBU'l n Ifitl1O'mJWm'VlUt'l~ml1Jrfl1JUOn'll~~ltl'Vl~~ i ~ytl 

l'1i'l~'J~lJlJ~'I~O itJif 

1.5.1 	 11tlU''IJfl1'j~1J4tl'-W~1 


l~OU i'IJtll'J1lJcJfoi~~l'illfl~~~fl i W~1'J1V1~flii~'Iif 


o L~UrWlJcJfoi~ytlU~l'Wtl'l~1~tl1.. 	 .. 
jJ f 	 f I 

o 'il~11JC!fO i~ytl'illfl spp nii~fl'ilW:::;m:::;lJ1Utll'J~~9'1 i~ytlm1J'~OU i'IJnfh11U~ 
., . 

spp 'rfUO'IJ1t'J'fi'l111J~1Jlflfl";htJ1:tnwfi tll 'J i ".h~1 
j/ :Y 	 • 'j) 

litH tll'J1lJc!fO '1un~,:ru'1 tll'J"I ~fhfJlt'JNilfl!lM 'ltJnLflff'1vw rf ~Tl-dy'Yl ifi'il~"lli1 lJ9ft) 
. 

i ~ ytlt'11UlflU 1110m'llL~Om;;rvn:::;'Ii'tHffUO'IJO'l ~Nilfl i ~ytTnt'JL~fl niiml1Jt'M:lJ1~ff1J 

Ut'l ~rfO~fltl'O~O'lJ fl111J~O'ltll'l' 'IJO~ flU i wyt nnfl~q~ 

http:1.::::t.Q.lQ
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o ~~~1rlvh~o~ spp Ufi];l::'jlll~~lm.ffTS::'U'U~O~fll'jlrlvhll~~O~1ulfh'! 90 UJfl~1~fl 

w ll~U~mJltJ~'j~'U'U lrl-rh l~tJfhw~~~mllJ~l:JJl'j()IW::mnJii''lJfI~~fH'j::'U'U lrl-rh~• 
1l::i''U1~ 

o Spp ll::~O~<o~i'inlml'lJfll'j 1LfI'jl~"'N];Im~'YI'Uii~U1f1~OlJ:JJlU~fI~n'U nnlrl-rh 

fhtJN~~U,"~'I.h ~1'YIffl 'YItJ ri1~rnr11u-WOllWh 5 1'lJi'i lfll'j riO'lJ1'lJ ];I.:J'WllJi'lJ fftytylcio 
" , 

'tntJlrlvh U];l~1l~~o~ilnnj~ffol'U'jO~fll'jo~tyl~1l1'rio~!H h~~l'lJ~fI';~If1~O.:JnlL'Wfl 

ivHh i'U0'4tyl~N~~H];I~~wnl1tJlrlfh1l1n'l1U1tJ~1'lJ~1~1I1.fffJ~ 1'U0'4tyl~'YIHii.:J1I1f1~ 
fJlJIW~ i'UO'4tyl~rl'lJ'1 ~llJ~ntl'l1:JJltJnl'H'lJfI :JJlH~fI.:J n'U fll'j i rl-rh fh{JN~~u,"nh::l'Ylff. 	 ., 
i'YIll ri1.:J'I1Ul iUUfJtJwh 10 1'lJi'ilfll'j rifl'W1'WL~lJ~'WCHfJ~11lirlVll 

o ~.:J1'Wff'YIlh~'W~nl'l1'Wfl1'WI~lJ~'lJc5fl~ltJlrlVllL'Ul'j~'U'U1l1n Spp 

o fll'j irlVllL~'W ~uij~~fifJ~UmtU~fI~mJ~I~fllJfifJn'Ufll'j lrlVll~fl.:J Spp Uft::~ .:J1'W 

"" ""d iVv"" lIJ •.I.!!j c:l 511 V.I"" ...."" c:lllJV d! 'I ... '" Y. "" lIJ • .I.!!j
~'YI1i'YIll~lJfl'U'I1lJltJ 'I1I;jN];I~ ITtl'll'jlm];lm'U'lJ~u!l'U~m.:Jn Ifl C1f~ t'WmW'l1];1~\jN];I~ ITtl'll 

t 	 ~ '.lI • 

(Switching Order) 'IJfJ.:J fll'j lrlVlll11tl~fI'l$fl'U IfltJlfli.:Jfllfl ;1.:Jill'nOmllJU];lfJfliltJ'lJfJ~~ 

Uijlli1~l'lJ'lJfl.:J SPP u];I::nn lrlVll 

o L14flmllJii''lJ fI~'IJfl.:J'j::'U'U irlVll~fl~fll'j lrlVll fll'j i rlVlliiff'YI1i~'J 11l~fJ'U U];l:::/'I1~fJ 

~fJil1'iifllHI'j11lfffl'U nOt'll ur'Uu1-l~UmtUfll'j~111hIVll'Ufl~ SPP ~1~1I1.fffl.:Jn'U'J~'U'U 

i rlVll'UfJ.:Jfll'j i rlVllLrlfl 'flnl~~llJmllJ~lL~'W . ".. "", 	".. 
o 	 spp vl'fl~u'W'I1~n;hu'j~n'Wfll'juij~~~llJfftytylCHfJ'lJltJirlVllrifl'W1'Wl~lJ~'WCHfJ'UltJ 

" irlVll ri1,mul iUUfltJn',h 10 1'Wi'ilfll'J rifJ'W1'W];I.:J'WllJi'Wffilltl.l1CHfl'UltJlrlVl1''W1.:Jl~'W 5 
... u . " 

% 'IJfJ.:J:lJ];ItiTiJll~,j'W~fJ.:Jthnfi~1rlVlll1ll:i~i''U;1.:J'I1lJfI~ llJfftytyl 1fltJ'.fffl~'j1tY1'W];IfI 

(Discount Rate) n11n'Ufl~'jlflfJm1ftJI~'W~hnu'j::~1 12 L~fl'W 'IJfJ~1i'Wlf1l'm~-11'Y1tJ ~lnfl 
".. 	 ~, ~ 

(lJ'I11'l$'W) 1fltJ'I1 fin;hu 'j ::n'lJ fll'jUij,j~~ llJfftytylCHfJ'lJlll i rlVll rifJ'W 1'W L~lJ~'W CHfl 'til fJ 
~ 	 ~ 

i rlVll ~.:Jnri 111l~ii N];I~.:Jufi1'W];I~'WllJ ''WfftytylCHfl'UltJlrlVllL~'Wvl''W11.1 

1.5.2 	 dO'\.,l'~fll1ua1W\nT'JNiifl'rlillU"::::fll1't'iFJ~uvlofl'j1\).uomh1~1f)'t:Il 
~N~1'l il'lVll'Jlm~n'il::vl'tNuij,j~~llJl~fl'lJ i~~.:Jfifl 'Iud 

• ~io'\.,l'~i'\.,lfll'jUn1W\fll'jNafl'rlill 
o SPP 'il~~fl~N~~U];l~~l'11U ltJil'l,hi,",urinn i l'IVll' 'W"H1~I~fJ'W~ 'J::'U'U'lJfl.:J 

fll'j ll'lVlliimllJ~fl.:Jfll'j1l'IVll~~ (Peak Month) flO L~fl'Wii'WlfllJ IlJ'l:IltJ'W 

'Viq'l:lfllfllJ 
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Sf 

~l11'ri1~'HU1hw f11) ivHhfhfJHil~u...t~'lh:n'lfrii'lfJ ~:ciifl'rH;~ ivHh~llJtYtyqj1lW'lf 

1~~ilm1lJl'l'tHf11)hHhtH 'H~fllJlnn111j'i lJlflll'i~~iVHh~llJtYWW1 t1'l~Hil~hlYJ 
'U u u 'U 

1nm~nUt.J fJfllJ~llJ~ nn hIYJ1~lfJHil~u...t~'l.h:ti'lffii'lfJ {'fl~'Ufl fJntit.J It.J'lf1~~ 
):1111i 'riYJ1'Ufl~ f11 'J i 'riYJ11ifl11lJ;;fl~f11)~1 f11) i 'riYJ1 ~1 fJHil~U...t~tJ):ti'Iffii'I fJ 

ff1lJlH'lI11' spp "~f11'J~lfJl'i~~ ''riYJ1MmlJtJ'ilJ1fllU'':):fJ:t1C1l~ f11)i'riYJ1~lfJ 
Hil~u...t~tJ):mffii'lfJ i~~flti~UHt.Jri1~'HU1111'n1l~Hil~i'ri YJ 1) 1f.IL~nl11'mfifl ili~l 

nil 65 % 'Ufl~l'i~~i'riYJ1~llJtYtyty1 'H~flIt.J'lf1~~ ):1111''riYJ1'Ufl~ f11) i 'riYJlilfl11lJ~1 

tnt.JVl1~li'lfl{jfl~ili ff1lJ1) ui'1I i'riYJl i~ 'H;f) m~'lfl1tYfJ f11) i'riYJ1~lfJHtl~u...t ~ 

tJ):LVlffiVlfJ ffllJl) ul11'HHtl~i'riYJlnm~n"flf)l)~lfJl'i~~i 'riYJ l~N~llJtJ'ilJl11H1":... 

):fJ:n"l~ 01)''riYJ1~lfJHtl~U...t~tJ):lVlffii'lfJ '~~flri~UHt.J ri1~'HU1111'n1l~HtlYl1 

''riYJ1)lm~n L~flfml1mllJ~t.JtN'Ufl~):1I1I i 'riYJ 1 

o spp 'il::;;fl~ffllJl)UHil~u"::~lfJl'i~~ i'riYJll~lJl11' f11) i'riYJ1~lfJ~il~u...t~ 

tJ)::mffii'lfJ ~llJtJ'ilJ1W LL"::):fJ::L1C1l~ f11) i 'riYJ1~lfJHil~u...t~tJ ):li'1ffii'lfJ ~~f11) 

(ililnt.JtJ'i lJlW l'i~~ i'riYJ1mlJtYtytyl) lrlflO1'J i 'riYJ lilm1lJ~llil t.J lflU~f11) i'riYJ1'il: 

11,)'~ri1~'HU1iliuflUO';i1 30 t.J1fi 
, 

iI "" i"'-~ 'I iI"" "" 'il '" "I 0 Qo spp ~:~f)~H"~ Tnn l'YllJfJWflll'i~1lJ'j::L1IU1I11fl1um'JLflt.JlmtNf111t.Jfl 

i'riYJ1'Ut.Jlt.Jn'U)::'U1IivJYJ1'Ufl~m)''riYJl umailt.JitJ~llJ SPP Grid Code 

• ti0t.J'''IJIt.Jm'll1fJI7IL~0,"lm'lfl'l1'il~tn.liill~-rmnh-3'wih 
o 

1~1t.Jll1f11)'Ufl~'~t1t.J ilt.J1f1lJ llJ'l:llfJt.J Lm::l'if:]'l:lfllfllJ umit.J 1 t.J f)'H,U ~llilt.J 'l11'ilf11) 

'H UflcHtllJ 
• 

i ~1flfJil)::u:nCll'H U~cHtllJ'It.J'lf1~ n" 1~ 1imllJ;;f)~01) i 'riYJ lff~ 'UtI~lllflm~ 
q <u 

L~(mililnt.J 30 .;r11lJ'l 

mlJ~fh'Ht.Jfl it.J SPP Grid Code 

o m)'H~fll~t1m1'ilcHfllJ'l'h~~ff)'l:l1 h~ i'rivh'Uf)'l SPP it.Jmw~Yi1m)cHtllJ 
,' "" 11" iIi 'Hty (Major Overhaul) ~llJUHt.Ji'I SPP U'IJ'l)lu"::mfJfl~llJ SPP Grid Code 'il:~f)'l 

'HQfl)1lJnt.Jililnt.J 840 .;r11lJ~ (351t.J) 'Hltl 1,080 .;r11lJ~ (451t.J) it.J 111 
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1.5.3 'HKt1fl1·.Hh'HUPl6A'l1fh'-W~1'Ufl1'l11.J~tnl1t1~Nafl'-W~1'lU.llat1 
~ • y 

VVl'nllJ9$flivHh ViNii" hHh,)',:ltI'j~lJlJ Cogeneration f1111Ufl"llJ11clnm'J~-lij 

o fil'Vjcl-li~~l (Capacity Payment) 


f\111'WfI~ln~'WVI'W'IJfl-l1H i ~~1~ m'J i~~l~hVNii"I1";-l'l.h~l'Y1ffi't'H.J (fllJ1'Jn11~m~V-l
• 
~ . 

i,)'1'Wfl'Wlt1" (Long Run Avoided Capacity Cost) ~lnm'jllJ9$fl'Vj'fl-l i~vh~ln1 H i~vhYiH; 

14m'Vjii-ll~-l'nlUhf6'IJ'Wlfi1my 'j1lJfil'j~lJlJrl-l 
o fil'ncl-l-ll'W i ~vh (Energy Payment) 

f1111'W ~Hl1nfi114fl1'nii-l1'Wm'J Nii"'n'fl-l-l 1'W i~vh fil~11iJ'Wm'J fi rill!-l1mn U'fl~fil1i~ 
lv1'Wm'jlfi'Wlt1~fl-l'IJfl-llHi~~l~ m'J '~~lA1VNii"t!";-l'l.h~1't1ff''t1V (fllJ1'Jn11~m~V-l i,)'1'W 

fl'Wlt1" (Long Run A voided Energy Cost) ~lnm'JllJcJffl'n'fl-l-ll'W'~~l~ln1H i~vh'Ufl-l SPP ~ 
Nii"i ~~1,)'1V'j ~lJlJ Cogeneration 

" o film'J'l.h~11ifflm'JH1Zlfm'nii-l (Fuel Saving: FS) 
. ". 

f1111'W fI'illm.h ~ lv'ln1Yii,)'llJ'illnm 'J'l.h~11iffllZlfm'nii-l Vi SPP (fllJ1'J n'l.J '.i:::11 iffl i ,)''illn 

... '" SlI '" lIJa.I_~' '" 1 1 SlIm'JN'fl"'n'fl-l-ll'Wfl1llJ'Jfl'Wt!'fl~'nfl-l-ll'W mnl'J1lJn'W flV 'If'.i:::lJlJ Cogeneration 

1'Wmw~ SPP ijfl1llJ'l.J'J:::(f-lfill1' m'.ii~~lA1VNil"U";-l'l.J'.i~1'Y1ffi'YIv 11'ill'.ie,l1Vml1lJ 
" . " 

9$fl i~vh'Wflm11'i1fl~lnV"'Jlfili~~lVi m'J i~~lf,hVNil,,"";-l'l.J 'J~l'Y1ffi't1V 'l.J'J:::mffl1JClffl''WU~ 

'fl:::-l1f1 1.ft SPP '!'WC'J WO-lfl1llJ'l.J'.i~(f-lt1~fl m'J '~~lfhVNii"U";-l'l.J'J:::l't1ffi't1V 1m::: m'J i~vh 
" ~lVNii"t!";-l'l.J'J~I'YIffi 't1V ~~-n~1'JW lV"'J 11lJ9$f)i~~11t1'W '.i lVC'J i'l.J"llJfl1llJmlJ1~(f1J u~~~,r 

~ " 
f)~ ililf)'W n1l~'flfili1~~tr'W'lJf)-lfil'~~lmlJ'l.J'J~mffm'JllJ9$fl'~~ l~ln SPP 1'W~1'flU'WC'J 

1.5.4 t11'l'titTl11l1tlt1il~\ill1JNil!il!1C:8'IJ1U'-W~1 
, " " 

't'W mwVidtYf:!jf:!jl 'l.i(fllJ1'.in'l.J~tr~"llJtYf:!jf:!jl9$f)'Ulf.J'~ vh ll~~f)~~11'W'W n1'J~~ij 
• y 

o mwVin1'J '~~1 'li(fllJ1'.ioi'lJ9$f) hHh'1'W'tb~n'fll Peak "llJ'l.J~lJ1W 'ncl-l '~~1 

fff:!jf:!jl 1.ft'lh~1'W1'W~111J.:um~'l.J~lJ1w'Vj .r~~1'W'~~1'IJf)-l'lf1-lnm Peak ~t11'.i'~vh 'li(fllJ1'.itl 

llJcJff) '~~l lJ111nf)fln1l1n~1'W1'W~11lJ-lt!fI~'l.J~lJ1W'n.r-l~1'W ''¥l~11'W'lf1~nm Peak 1'Wl$irJ'W 

o m w'q flIil'W~1~V1oiJemlml1llJ~\'!f1~'UrJ'n~'l.J1J ''¥lYh'Uf)~t11'J ,~.yh U'fl~t11llJ 

'l.J'flrJ'fl ftVi 'Wt11'J'l.Jfitr~~l'W t11'J '~~l(fllJ1'Jnfl'flfil'Jl~rJlJ If.J~ 1H ''¥l~ l'Uf)~ SPP 'illm:::lJlJ'UrJ~ 

t11'J '~~lI,)' 
o l'Iln SPP il.i(fllJl'Jn~l11l-hf.Ji'¥l~l'1..r t11'Ji~~1~lfJNil"u";~'l.J'J:::1'Y1ff''YIV ',)'''llJ 

'l.J~lJ1W 'ncl~''¥l~Wn1JtYrurul'.i1lJ 18 l$irJ'W'1'W'JrJlJ 24 l$irJ'W~ Nl'W1Jl fil'j, '¥l~l~lf.JNil'flU";-l
" u 
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lh~I'Ylff'VIfJ 'il~'1H'u tl~tJ~1J1W"~-3"YHh~l1Jfftyqphni i'lfl'vhfiutJ~1J1W"~-3 ''ri~11tl'ij-m.J. . .. 
'il~-3Yi Spp Yhi~'l.Jl~tl'I.JYi 18 U'I.J Utl~ Spp 'il~~tl-3ft'I.JI~'l.Jfh"'~-1i'riYh i'I.Jrl1'I.J'lJtl-1tJ~1J1W"'~-1 

i'ri~1~tl~tl-3~-3f)til1 lVhfiUl~'l.Jfh..,~~i'ri~l~ Spp i~i'uitJL1~1UUll,j1'I.J1~1J~'l.J4tl'lJlt1i'ri~1 
'I1f)~1f.11~'l.Jfll"'~-1i'ri~1~ SPP m'J'il~i~i'u cb~f1~~11Jff~rl1'I.J'lJtl~~1'I.J1'I.JtI~ SPP i~~l'Ht.ilt1 

JI ,IV • 

i'ri~1i'lf fi1'J i'ri~l~lt1I1l~~l1'11-1tJ'J~1'Ylffi'Yltl ,r-111~1'I.J1~1J~Wiftl'lJlt1''ri~1'il'I.JO~1'I.JYi fi1'J i 'ri~1 

~1t111l~~11'I1-1tJ'J~l'Ylffi 'Yl tI tJi'Utl~tJ~1J1W"~-1 i 'ri~1\9l1lJfftytylfiu~n~fft;yqJ14tl'lJl tI i 'ri~1 ,,1' 
.. " 

tl1J~tlmlitli'I.Jum l~omlitli~'I.J~lf)tJ'J ~~ltJ'J~L.fl'Yl 12 l~tl'I.J'lJtl-31i'I.J lf11'Jf)l~ i'Yltl ~lfi~ 

(1Jl11'1f'I.J) ~tJ'J~fi1ff W 1'I.J~ I 'lJtl~l~tl'I.J~ fi1'Ji'ri~l~lt1I1l~~U'l1-1tJ'J~l'Ylffi'Yltll~f.lm~Ul~'I.J 

o i'I.Jmw~ SPP 'Utl'llJ1':iil~1'Ht.ilt1''ri~l~l1JtJ~1J1W'''~-1 i'ri~lm1Jfft;yqJ1i~ ltiO-1 

'illf)~IIl~~ i 'riYll'Jlf.11gmh i 'riYllitJ~1'Ht.ilt1''lfllfh,Jflfltl~tl'l1J'H~Oi~H)-11i41J~'I.J fi1'J i 'riYllih tI 

1Il~~U'l1-1tJ'J~l'Ylffi'Yltl 'il~fil'H'I.J~tJ~1J1t1m~~ ''riYll~l11JfftllilJ1i'H1imlJtJl1J1W"'~-3i YlYll~ SPP 
u u .. 

~1'Ht.ilf.1'YlYlli'lf fi1'J iYlYll~lt1I1l~~U'I1~tJ'J~1'Ylffi'Yltl W l~tl'I.JU'I.J 11!:1~~1Il~~ i'riYll'Jlf.11gf)'il~~ 

0-1ft'I.J1~'l.Jfll"'~-1 i'riYll ''l.Jrl1'I.J'lJtl-3tJl1J1W'''~-1 i 'riYll~!:1~tl~~-1fltil1 I'VhfiUl~'l.Jfll''''~-1 i Yl Yll~ 
SPP i~fuitJu~1UUll~1'I.J1~1J~'l.J4tl'lJlt1i'riYll 'I1fl~1f.11~'l.JflTt'~~~i'riYll~ SPP m':i'il~i~i'u cb-1 

f1~;)11Jff~ff1'I.J'lJtl-1~1'I.J1'I.JtI~ SPP i~~l'Ht.ilt1'YlYll''If fi1'J 'YlYll~lfJlIl~~l1'11-1tJ'J::l'Ylffi 'Yltl i~ 
U~1'I.Jl~lJ ~'I.J 4tl'lJlt1 i 'riYll'il'I.J0-11'I.J~ fl1'J 'YlYll~lt1I1l~~U'l1-1tJ'J~l'Ylffi'Yl £J tJi'Utl~tJllJ lW"I:1'-1 

''riYll~llJfft;yt;yl fiUm~fft;yt;y14tl'lJlt1iYlYll ..,1'tllJ~omrl'£J''l.JU\9l'Jl~tlmrl'm~'I.J~lfltJ'J~~l 
tJ'J~Ul'Yl 12 l~tl'I.J'lJtl-11i'I.Jlf11':if)~~''Yl£J ~lfi~ (lJm'lf'I.J) ~tJ'J::fi1ff W 1'I.J~ 1 'lJtl-11~O'I.J~ fi1'J 

iYl~l~l£JIIl~\9lU'l1~tJ'J~l'Ylff' 'Yl£J 11£Jm~Ul~'I.J 

o i'I.Jmw~ SPP ~tl-3fi1'J!:1~tJ~1J1W"'~~ iYlYllmlJfft;yt;yl M'HI:1'~'illfl~IIl~\9l11!:1:l:~l'Ht.i 
lt1i.YlYlli..run fi1'J' 'riYll~lt1~~\9lIl'l1-1tJ'J::l'Ylffi.'Yltl lr1'I.J 'J::£J:::nm'I.J l'I.Jln'I.J fl':hfl~~'H,j-1'lJtl-1 

, . " 
'J:l:tI:::l1tllfftlltlll"1 U~1 U'l.JiJi'lftl'11'H \9l'illfl SPP 111i.tJ~l'Ht.i lt1''lfUflfltlYitl'llJ'H~O'~H)-11YilJ~'I.J

tI tI Q q 

SPP tl'llJl'Jil 'lJtl!:1~tJ~lJ1W ..,1:1'-1 ','riYllmlJfft;yt;yl!:1-1'~1iln'I.J 5 % l~tlll~-3'..r fln i.YlYll~lt1I1li1\9l 

U'I1-1tJ'J:::l'Ylffi.'Yltl 'Yl'J 1U ti1-1'HtY1 iutYtlmYj, 6 l~tl'I.J It\~'''V'1) 

fi1':ifhw1WtJ~ lJ1W'" 1:1'-1 iYlYll'il~ -3 tl'llJ1Hlu1i~11J'l.Jmw\9h-3'l i.~~~if .?:£:'"''"'''''''''''~;~'''''''~-

o mwi1iijfl1':ifU4tl"'~-3 i'ri Yl1l'vilJl~1J'ill fifft;yt;yl 

Administrator
Rectangle

Administrator
Oval
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t ", 	 ,"

i'Ylv ihu'fUff~ mli''Uq;tl't'f~~ ivlvtl1'n2Jl;J2J'illnfftytyl 'I1~tl 'lumwVi1jnll i''Uq;m..~~ ivlvtl 

1'~2Jl;J2J'innffrurul1~HI 011 ivlvtlfhm:'la~UM~1h~1'Ylffi'YlV li'l'Ufhvl'tl~'tItl~Na~ ivlvtlnm~n.... 	 ... 

,..r~lV't'f "'~ i vlvtl1ii'Un1nI12J1fll't'f~~i vlvtl~l2Jfftytyl 

tJl2J1fll't'f"'~ ivlvtl'ill~ mJ1V~~ tJlmfll't'f~~~l'Ui vlvtl~~lrJ'ill~lln 15 'U1Vi'W1h~!1m 

Peak ''Ut~tl'U,f'U~ rJnt1''Umw~tJl2J1fll't'f"~ ivlvtl~~lrJ'ill~,f'U~~n11tJl2J1fll't'f"~i vlvh~l2J 
fftytyl 2% ''I1'~tJl2J1fll't'f~~~1'Uivlvtl11l't'fl~ri1'U~tViv'U1'..hti'u't'f''~ivlvtl~12Jfftytyl'IJ1n 2 % 

mfll'U1fllU'Yl'U U"'111n~1rJtJlmfll't'f"~~1'Uivlyh~~lV'ill~lln 15 'U1Vi''U'lh~!1m Peak Uri::: 

tJlmfll't'f"~nuivlvtl~~lV'ill~lln 15 'UTi1'hJ'lh~!1r11 Peak ~ SPP 'tItl'l1~~1h~~i'm·n l~v01l 

fh'l1'U~'lh~!1r11 Peak UfI::: Off Peak 11Vil'tltJ~ SPP uff~~i~i~mll~~ 1.2 

mlH~ 1.2 mlH!1mn1'l1'U~ Peak UrI~ Off Peak 'nrJiI'UtH SPP 

Peak 

OtfPeak 

Q,j' oC:Io tI 	 .. lii:io 

1'UtJ1n~UJ 1I~:i:1'UVlQfl'YtLfnI 00.00 - 24.00 'U. OtfPeak 

l~rJ 	 mlivlvh~lrJNa~1!M~tJl~1'Ylffi'YlrJ 'il~tJ'~01ff1'U'I1Q~,"Lff'hli..r~Na~ivlvhllm~n 

'Yln'Url1~'I1t!li,jt!tlrJn11 30 1'U ritl'U1'Ul~2JJ\l'UiltJfiVi'Ui~~ l~vih'l1'U~i..r~1'U1'U1'U'I1~~ 
,"Lff'hli'Uu~rI~i1i,jtii'U 20 1'U 

" ., 	 . 
il~u nnil'Hh~lrJNa~1LM~tJl~1'Ylffi'YlV fflm't1tJi''ULtJ~V'U~1l1~!1mfh'l1'U~ Peak Ufl~ 

Off Peak 'lViI'tItJ~ SPP i~ 1~rJJ\ltJ~U~~rl1~'I1t!li..r~Na~ivlvtl'lm~n'Ylnui,jt!tlrJnil 3 

L$itl'U ntl'U1'Ut~2J~'UiltlfiVi'Ui~~ Url:::~l'U1'wojh 12J~ Peak LrltJ112Jti'u~112J~ Off Peak ntJ'U'I1n 

~112J~'1h~~i'n'hll't1tl~U~fI~i1Ii'l'Uitl~12Jmli'utl'~ti''U01,cJftlivlvtl~'U~l~ 80 % 'tItl~mluwl' 
tJ2J'tItl~~Na~il'h~111m~n 

1.6 	 ,:aUb'Ufll11u.]}tl'rHhmfl VSpp 

'~'UUNa~ '.vlvh VSPP mj~tltJni~Li'lU 2 tlnafl'Yl ~tl 

1.6.1 	 Na(1l'-nvhvllU'.'i~'UU Cogeneration 

nni vlvtlfhrJ~1'111l1rJ~~'I12J1Vil~nu "1 'f'lvtlff1lJfliJfllflUfl:::nUi vl-r41'UfIl '11 rl1~ ,,~i'ucJftl 
'It 

ivl-r41'ill n~Na~ ivl-r4ll1m~nmn i 'U ,:::uu Cogeneration ~i~~1C))'1i112J'lfl~'I11tl{hUl1mi'l'UL4tl 
~44~o i QQ.I~

L'WfI~ C))'~2J'tItlm'l1U~ 'Um:::'U1'UmlNf1~~~'U 

o Li'l'U nnH;'t'f"'~~llJmh~~tl1iitl~ 1~rJm''1h't'f''~~l'Uml2Jl'tl'U~L'I1iimnnfm Na~ 
i'f'l-r41itJi~'Um:::u1'UmlNa~~~tl~'~ml2Jl'tllJ (Thennal Processes) ~~112JL;Vn11 
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Topping Cycle ,.,f'U fll'J F-lil~F-lilfl.nwCJi'~~ff1'"m 'J 1IVl1~fll'J'n'l:lfl'J fll'Jn 1fl111l!~'U' 'U 

tIlfl1Hht!n-!J1'U h~u';i1l lH-!J1'U~~ff1'Hm'J1I ,.,j01H'VW1lJll:1 ,.,jO''U'YIl~~H,r11l l~w . 	 . 

o 	 <.v ".d .a Q ..:::::t"," " lfI .. I,'" 'Ufll'Jfll'J'U1'Wl:I-!J-!J1'Ufl11lJ';jO'UVlL'Hl:IO'il1nm~'lJ1'Ufll'JF-Il:I~VI~O-!J 'Mfl111l';iO'U IlJ 'M 

F-Ift~1vJ-vh91-!J';i111ilUn11 Bottoming Cycle 

o ihlfHi1'U'UO-!J'W~-!J-!J1'Ufl111l10'U~'il~ihitJ'~''Um~'lJ1'Ufll'J F-lil~ ~~O-!J '~f1111l 
w • w 

fO'U~Ofll'JF-lil~'W~-!J-!J1'Uvr-3'H1Ifli1i~ln';hfoul:I~ 10 hHl,jfl~iJ lflu'~ri1~'Mll;1fl 

fl1 111 ff1 111 'Jtl ''Wfll';j '~'W~-3-31'UtJ!1I.fJil hJm~'lJ1'W fll';jHil~'W ~~-!J1'W ivJft 1Ufl~'W~-!J-!J1'W 

f1111l10lJ':h:ml'W (Primary Energy Saving: PES) !~'W~1n1"''Uflri1fll'JtJ'J~'HVflnl';i'~ 
w 
<!!... • 

t'MOt'Wfl-!J (Fuel Savmg: FS) 

1.6.2 NiiVl''"ftlmfl'Vtil~~l'U",~'W!lr.J'W 

fll';j ivJ,yhf-hU~1'Hl.hfJ'il~i''lJ4o ivJvh'il1n VSPP ~F-lii~1vJvh~11l~m:IW~m~'lJ1'Ufll'J 
Hil~ ~~~OitJrl 

• 	 fll';jF-lii~ ivJfh'il1n'W~-3-!J1'W'HlJ'W!llJ'W (Renewable Energy) t"Jf'W 'W~-3fl1l 'W~-3 

Uff-!J01il~6 'Wa-!JJ1'U'W1fl,gfl (Mini Hydroelectricity) 'W~-3J1'U'W1flLgm.Jlfl (Micro . 
Hydroelectricity) ml-!Jfl1i'UVI~tfl'HlOlJ'H1fflJVI';j 'Wa-3f1111lfo'U'~~fl'W U,,~fi'lG]f 

;1.fl1'W t~'W~'W 
" " 

• 	 fll'JF-lilfi ivJ,yh'U0-3 VSPP lfllJ'~l~~)t'Wii-!J~-3~O itJll 

o 	 fl1n'Hjmff'l:l1ffflt'H~'tI'~''Ufll'Jlflllm• 

'"
~~ff1'Hm';j1l'H';i'tlnTJLfl'l:lfl'J 

'"o 	 F-liifl.nwctl~UtJ 'J ~tJ111'01 fl fl1 fl"'lmfl1l1ff~1 'H 1io'~'il1nfll';j Ifl'l:lm 'H'HI'il1flflT:i 
~ 	 ..::::; <:v 0' ~ 

rill¥! Hllfl flW C}'l ~ 11 ff1'H m 'J 11 'H 'J 0 f11 'J ~fl'l:l 11 'J 

o 	 'UfJ~lqjfl"OfJ 

o 	 i~'il1flfll'JtJ~n1J11~'U14't1l'wil-!J 
VSPP ~'~t4'OL'Wft-3,rHIi''Wff11l1'Jtl '~t40t'Wil~''Wt';~'W1ru'M6 t.,f'W J1,j'W fi'1G]fTin1l'lf1~ 

U,,~cl1'Wihu~'W14m'Wil~!ff~1Il~ 1l~i-!Jif'W~'N1'Wm111fo'W~ 1~'il1flf11'J '1 ~ 14ot'wil~lff~11 '1 'WU~(1~ 
'Jt)'IJtJ 11i'n'Wfoufl~ 25 'UO~'W~~~1'Wm111fo'Wi~'H1I~~H'l 'W n1'iF-Ifl1l "lvJ1h i'W'H1UtJ,rW] 

• 	 fll';iHft1l ivJ-vh'il1nm~'lJ1'Wn1'J F-lii1l fll';i'~ 'H10n1'J'U'Wff~14'OI'Wil~ 
" .I o 	 L'M'W IOU TVim1iO'01nm~'lJ1'Wn1'J F-liifl 

http:F-liifl.nw


18 

o 
o 

SI • 

"'Y'lfI11lJ~'W 'lHl 'I nl9fli'J'J lJ'lf1~ i ti nlJii'l fil'J i ~YH)'I 'I1'Wff'Wltlil'tNlii~1l~1YilJY'I i tlm 

N~~ivHh lY'1(J~H 

1.7 lJ1~'J!TWU6'1'J:':'l.J'l.J VSpp na:.:m"'~6lJfi6fl'l.J'J:':'l.J'l.J'y{~1 
VSpp 	 ~iifl11lJtl'J ~ff'Ifl\l~N~~Il"'~~lYil.h(Ji".,hi,rfil'J i ".,h~ltl~TI1t.i1(J\I~~tl'ltl~,j;)~llJ 

'JJ tl '" i "l 
. 

'i 'JJ '" 
lJ1~'J!1'Wi 'WY'l1'WfI11lJ "'tlY'lfltlU"'~m~'J!l'W 'Wfil'Jl'lftllJ LtI'II'II1n'lJ'j~'lJ'lJ 

• 	 SI 

1~'Wlfl1tl'lfllli1Y'1 i "Vh'll'Wl'W t1'lJ 'J ~'lJ 'lJ'IItl'l m)' i "vh ~lfJ~lYit.i1fJ ~'It! 

1.7.1 i~6'U''Ilfl1''''l.J~6'y{~1 
• SI 	 SI 

l~tl'W i 'IInnl'lJ9ftl i "Vl1'il1nN'N~~ i"Vl1'J11'.IlgnlJ1nii~'Ii!.. 
o 	 fil)' i"Vl1~1(J~lYit.i1m1j'W~l'lJ4tl i"Vl1 

~ . 
o nn i"Vl1 ~lV~lYit.i1fJ\I~l'lJ9ftl i"Vl1\lln~N~~ i "VlTriiii!n1:lw~m~'lJ1'Wm'J N~~ 

i"Vl1~llJ«Jtl 1.6 

o tljlJ1W'Vti!'I i "Vh'lltl'l ~N~~i"vt1'J1mgflmnU~"'~),lV ~ ~lm«Jn~'lJ'lJ'IItl'lm'J i ".,h 
~ltl~lYit.i l(J\I~~tl 'I iti,fl'W ] 0 'lJn~1~¥1 W \I~H

q 
~tllJ lt1'1'J~'lJ'lJ i"vt1 1 Y'ltlnn i"Vll ~1(J 

~lYit.ilfJ\I~thi1'I ii'l fI11lJff1lJ1'J tHla ~fI11lJii''Wfl'l 'IItl'l 'J ::::'lJ'lJi"vt1 ~ 'il::::l'lJ i~~llJ'j::::1 iJ V'lJ 

1l~1(Jm)' !~'Wlfl~tl'lfll1i11l i"Vl1'll'Wl'Wt1'lJ'J::::'lJ'lJ 'IItl 'I m'J i"VI, ~lfJ~lYit.i1V 

o I~tlfl11lJii''W fl'l'lltl'l ),~'lJ'lJ i "Vl1'11tl'l m'J i "Vl1 ~htJ~lYit.i1tJ m)' i "Vl1~1(J~1Yit.i1 vii 

ff'YIt~),1'ilfftl'lJ U"'::::1Yi1tl'lltli,r~N~~ i",h)'lmgfllJ1fl ~),1\1fftl'lJ Hili'll tll'lJtlH 
.. 	 q 

~tl mwm),~lfJ i "Vl1'11tl'l~N~~ i"Yl1)' 1mgfllJ1n~1~tJ1~tl'lt1'lJ'J~'lJ'lJ i"Yl1'11tJ'Im'J i"VI 1 

~lfJ~lYit.ilmrltliY'l~ i~~llJfI11lJ~111'J'W 

1.7.2 	 fh,,r~1[J'IlM~~iafl'vlftl':ntUi1fm1f} 


~N~~i"Yl1'J1m~nmn 'il~~tl'll'lJm)'~Th'l;;~lV~'I~tl itlif' 


o th i ~~ltJ''Wm'H~tllJ lt1'1), ::::'lJU 1,,,Yl1 1'lf'lJ Til)' ~'lJ1J~1Yit.i1fJi"VI 1\11 fl\lll. 

l~fJ1t1'lJ),~'lJ'lJiJ tl'it1'W i"Yl1!m~Ti1'Y1llfftJUf)tlmmtltl~n'W !1'J'W~'W 11lfJ~N~\9l.. i"YllJ 1tl. 
c1 	 c1" • 

,,,,nlJlfl \I::::~tl~'Ii'n::::Ti1'l;;~lt1~·mci111 ,rlff)''ilif'Wntl'lJ lim)' i,,-rh ~1t1 ~lYit.ilV\I~ljlJ 

~11iJ'Wm'J l~tllJ lfH'J ~'lJ'lJi"Yll 

o thi~~1(Ji'Wfil':im1\1fftl'lJtltlmm
q 

l'lf'W thi~~lfJ''Wm)'m1\1fftl'lJtltlmw 
. . 	 q 

" 
m),~lfJi"Vll'11tl'l~N~\9l i"Vl1'J1mgnm n ihnfJ1~tl'ln'lJ'j~u'lJ ivl.yj1'11tl'lfll':i i"VI 1 1'1'i 
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fl'n.u ~d~UflT:i~'j1'il tHm ~llJ'j~tijvmJn..:Jfll'j il'lvhph vhl1'lhv ttlnfll'j m1'il "'nll~llJ 

fll'Un'Utl..:J ~N~~i l'lVll'j 1mgfl:tJ1fl 'j 1:tJl,y..:Jtl1 i oM~lfJ'U fll'j 'llfiiJ~fll'j~'~lJ~U'illfl'll fl~'UtH 
fll'j 'l'lVlli-hv~mu1tJ ~ln~'illflaN~~il'lVll'jlm~fllJlfl.. 

1.7.3 	 0fl·nfh'yjjhlUfl1'.i-r1J~8mt)~Nafl'yj~1'.ilrni1mJ1t) 
tJ'~'j lfh'Wi;;'..:J..:jTU i l'lVll'Un..:J ~N~~'l'lVllnm~fl:tJ1fl iji1 i;;'flfll'j~..:Jrl' 
1.7.3.1 tJ'~'jlthni;;'..:J..:J1U il'lVll~fll'j il'lVll~lV~li1U lV 'Ulvi11'~Nil~ il'lVll'jlm~fl:tJ1fl 

'll'j:;fln'U~1VtJ'~'j ltll'Wi;;'..:J..:J1U i l'lVll'Ulv'll~flmlJ1 m ..:J",rl..:JtJ'~'jlthi l'lVll'U1V'll~fl ~llJ 

'll 'j :;Ul'rlfll'j i oM'l'l Vll'Un ..:J~Nil~i l'lVll'jlm~fllJlflnlJomh i l'lVll ~llJ~~'j fll'j 'll l lltJ'~n 

tili l'lVll1~vtJ'fll Uir~'UlfJ'llt1fl (Ft 'UlfJ'llt1fl) iuufitl:;l~n'U 'j1lJo'mll'l'lVll,hu£u~ 
'Utlfl!ttUn'illflfll'Wi;;'..:j..:J1U il'lVll 

1.7.3.2 ~N~flil'lVll'j lV~fllJlfl~ij'lll:tJ1W'Wi;;'..:J il'lvh'Ulm.fJl'j:;'U'UililnU 6 llJfl:;1fl~ fll'j 
y 	 y 

, l'lVll~lv~mU1V'il~uti..:jfll'jl'U9$n'Wi;;'..:J..:jlUi l'lVll iUUfitl:;l~tlUtltlfl!1'J'U 2 ,11U ~..:Ji1 

o 'lll:tJ1W'Wi;;'..:j ..:jlU i l'lVll~~N~~ 'l'lVll'jlm~ fl:tJ1fl'U1V'11'fll'j il'lVll ~lV~mU1V UnfJfl11 

i1ltJ1l'llO'U'llllJ1W'Wi;;'..:j..:J1U il'lVll~fll'j il'lVll~lV~1i1U1V 'U1V'11'~Nilfli l'lVll'jlm~fl:tJ1fl... ., ., 
i'UlI1itl::::!~nU fll'j i l'lVll~lV~mUl(J'il~l'U9$tl'Wi;;'..:J..:J1Ui l'lVlliu,h'UU l'VhOmll'Wi;;'..:J..:Jl'U 

il'lVllflllJ1m..:j",rHtJ'~nflli l'lVll'UlfJ'llt1fl i1lijf,11'Wi;;'..:J..:J1Uil'lVll'U1V'll~fl!U~V ~fll'j 

il'lvh~lV~li1U1fJ'U1V'11'~Nilfl i l'lVll'jlm~ fl:tJ1fl 'j 1lJomlli l'lVllfll lJ ~fl 'j fll'j'll l'UtJ'~'jl 

fil il'lVlll~fJtJ'~ luir~'U1V'llt1fl 

o 'llllJ1W'Wi;;'..:J..:J1U 'l'lVll~~Nil~ il'lVll'jlm~fllJl fl'UlfJi11'fll'j i l'lVll~lV~TI1U1V :tJ1flfl11 

illlJ1W'Wi;;'..:J..:Jl'U i l'l Vll~fll'ji l'lVll~lV~li1UlfJ 'UlfJi11'~Nil~il'lVll'jlm~fllJlfliuu1itl:::: 
Y • 	 • 

l~tlU fll'j i l'lVll~l fJ~li1U lfJ'il::::l'U9$tl'Wi;;'..:j..:jl'U i l'l Vhri1'U VI!'Yhn'IJ'llllJ1W'Wtl..:j..:jl'U il'lVllVI 

fll'j i l'lVll~lfJ~lttUl fJ'UlfJ i 11'~N~~i l'lVll'jlm~ fl:tJ1fl iuu1itl:;l~n'U~1vnfllfh'Wtl..:j ..:jl'U 

il'lVll'UlmJ~mU~fJ ~fll'j il'lVll~lfJ~lttUlfJ'Ul fJi11'~N~~il'lVlTJlmgfllJlfl nlJomil 

i l'l Vll~llJq;~'j fll'j 'll l'UtJ'~'j lfil i l'lVlll~1fJtJ'fllmj';'Ul fJ'll~ fl'Wtl..:J..:J1U i l'lVllri1'U ~'Ulmnu 

fll1~ fll'j il'lVll~lfJ~li1UlfJ 'UlfJi11'~Ni1\Pl i l'lVll'jlmgfl:tJ1fl tlm'U~'jlflli''U4'nl1'J'U 2 mw 
" 

~n m 6'h1'Ju~i.uil'ltJ'fl'jl'llfl~ tJ'~'jlfll'Wtl..:jHW hHh~'UlfJ'il:;lvholltJ'mlfll i'VlVll'Ulmr..:j 

m~fJl'Jm:;~'UU'j ..:j~U ~fl1'j il'lVll~l fJNi1~U'ti..:J'll'j~l 'rlfl'i'rlfJ'UlfJi11'fl1':i il'lVll ~lfJ~niUlfJ 

'j 1lJ n'Ufll il'lVllflllJq;~'jfll'jlll'UtJ'~nfllil'lVll1~lfJtJ'fll'UiJ~'UlfJri..:jm~fJ Utl:::: m iiit1'J'U 

~i.uil'ltJ'fl'jl TOU tJ'flnfll'Wtl..:J..:jlUil'lVll~'UlfJ'il:;n'hn'UtJ'fl'jlfll'Wtl..:j..:jl'U il'lVll'UlfJri..:J W 
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':i~~11U':i,:j~'U 11-33 n1~ i1~1Il ~fln'1vlfllfhvN~~U";,:j'tJ':i~!'I'1ff'1'VlV'U1V,,rOl';i'1vlfllfhv 

~T"thV ';i1tJflmll'1vlfll~llJt'I'~';ifll'j'tJtmj~nfh'1vlfll1~WD~1'UJj~'Ulm;i,:jm~v.. 
'j) ~ lI'I ...t_~ d -d.c:J ... IQ (V lILul_~ 'j) ~. QI 0' 

1.7.3.3 NN~~ nn'il';ilm~fllJ1fl'VllJ1J';ilJ1'ill.'n~,:j mnl'Ulm'Un~11mfl'Ufl116 UJfl~1~~.. 
~ ~ 

Ol';i '1 vlfll~lV~T"'\.hvl1~i'1JGUeYH;,:j,:jl'U '1vlfll''UD~':i1fh '1vlfll ~,:jil 

o m oh~'UmflvlD~':i1'tJfl~ fl~':i1fil'ntl,:j,:j1'W '1vlfl1~'U1Vl1~I'Vi1O'11D~';ilrh '1vl fl 1'1.11 Vff,:j
'" 

m ~V'Vl•m~~11U';i ,:j~'U ~fl1':i '1vlfl1 ~1 m~~~u";,:j'tJ ';i~!'I'1 ff'1 'VlV'U1V1,rOl ':i '1 vlfll ~lV~lln,hv 

':i1lJ O'11fi1 'vlfll~llJt'I'~';iOl':i'tJi'11D~';i1fi1'1vlfll1f1VD~1'U Jj~'lllV1:1,:jm~v... 

o moh~lJ~flvlD~':il TOU fl~':ilfil'na,:j,:j1'U'vlfll~'U1Vl1~I'VhO'11fl~';i1th'na,:j,:j1'U 

'vlfll'U1V1:1,:j 'ill. ';i~~mlH~'U 11-33 fn~11~1Il ~Ol':i'vlfll~lVN~~Ul1,:j'tJ':i:!'I'1ff''VlV'U1V 

1,rOl':i '1vlfl1fhv~nnllV ':i1lJn11fil'1vlvh~llJt'I'~':iOl':i'tJi'11D~':i1fi1'1vlfl11f1Vfl~1'UJj~.. . 
'11lVff,:jm~v 

1.7.3.4 ~N~~'1vlfl1':ilm5fllJ1fl~§j'tJllJ1'ill.'na,:j'1vlfl1m'Ue'lllV~llJ~tyty11n'W I llJfld'~~ 
~ , 

'ill. ~f1t11cUe '1vlfl1 'tJllJ1'ill. 'ntl,:j,:j1'U '1 vlfll'nlJ1lJ1"1'U1fl.! 11:~ n11fleeflfevtl: 2 'lle,:j 

t1llJ1fl.!'n a,:j,:j1'U 'vlfllff1'U~'lllmfl'U fl11~fll'i'1vlfll~lV~WI1,hv 'lJ1v1'I1'~N~~ '1vlfl1';ilV 

c:l ..t ~ '0 '" 1 '" ,I "I •.I_~ ~ '" "I ••I_'!I c:l
ItlfllJ1fl l'nellJ'Ufllfl1!'U'UOl':i tlHOl':i':i11CUe mn1'1l1fl~N~~ lnn1':llm~fllJ1fl 

I. 7.3.5 1'UmW~~N~~ '1vlYll':ilm5 fllJ1fliim1lJtI';i~t'I',:jfll1:'lle1~'vlfl11'Uaflflfl.!~ '1vlfll 

ffl'.ifl,:j111flOl':i'vlfll1'ii'tJiiu~utl~D~':ilfi1'1vlfl1ffl';ie,:j11~1~'U'1t1~llJ'tJ':i~Olffl~e,:j '1vlfl1 

ffl';ie,:j'Ue,:jOl';i'1vlYl1 

1.7.4 fl1n.l1iitl111tlfltl'j:::11'U'~th 

~NfI~ '1vlfl1':llm5fllJ1m!tl~fl1':i'vlfl1~lfJ~T"ti1fJ 

lfftl'H1t1'Ue,:j';i~1111 '1vl fl1 mlJ':i~11jfJ1111~1fJOl':il~'\.JIfI~e,:jfhufI '1vlfl1'lllJ1'U 0'11 ':i:1111 '1vlfl1'lle,:j 
" , 

fll';i '1vlfl1 ~1 fJ~mtilfJ 'l11 n§jfl11lJlfffJ'l11m nfl.ulJfl'Ul'Ue,:j 111 nmllJ11 n'n 'ie,:j'VlH~1'Uetlmw• 
':i~1111 '1vl fl1'l1 ~e t'l'11'l1~~lJ111fl ~1t11f1 ~lfJtf'Ul1~~e,:jl~ 'U ~i'11 ~f1'l$e11~em llJlffV'H1t1~,:jmh1 

'ntl,:j,:j1'U'Il~iiOl';iff ,:jlt'l'llJ':i~1111 NfI~'n a,:j~l'U 'vlfllUtl~m1lJfe'U'i1lJO''U (Cogeneration) fl111~ 0'11 
~ ~ 

1..1 1fJ1J1t1fll':i~f1~f1ff1'Wfll':iNfI~ '1vlfl1'1l1m:J$erWfI,:jl;,:j'n1U'l$6 liu 'lllJj'U fh:lI'1i':i':ilJ'l$l~ Utl~ri1'Ui1lJ 

lJ1l~lJfll':i1~'V4tl,:j,:jllJ'l1l;!lJi1fJ'U (Renewable Energy) lilJ tllJ ut'l',:jeTYi~6 mllJfeu'Mi.fl'n Ut1~ ,b 
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lJ1" 1~lJlJ1fl;f'U 1'Ul.h:::1'Vlfl'11'1Uillijf11'HY'I!'lJ'1;Y'U'U'U 1U'lJ1Vlll'U'Vl~.:J.:Jl'U~,mri11 .f11U1~1flH f11'j• 
~N~llIi;1Yh'jlmgfl (Small Power Producers; SPPs) U"~~N~llIi;1~1'jlmgfllJ1fl (Very Small Power .. 	 ., 

Producers; VSPPs) 

1'Ul1i'O~~'U..f.:J1flHf11'j SPPs !L"::: VSPPs 1~'U1m-:JflWthl'O-:J ij191Q'I.h:::'1;Y~fll'~Vff~ltY~lJl..f 
In'flf11'j N~91Ll":::l~'Vl~~.:Jl'Umh~fi'lJfh 1l"~tYllJ1'jtl~1111'Uf11'j i~1'UtYv.:J~mlw~ 1~Hfi 1flH f11'j~• 

N~ llI'Vltl-:J .:Jl'Ufl11lJf'O'UU"~';1~ 11i4mr~1tY~:tJ i ..fln'flf11'S i ~'Vl tl~ ~lumh~ij,j 'j :::ff'Yl i.fl1'Vl u,,~1fl 'j.:J f11'S 

ri-:JltY~:tJf11'j N~1lI i;1~1~1Vf11'j 1~'Vltl~-:J1U'tU:!ui1t1'U Ll~1l1fl;j'V ~ln'fll'U'Yll.:J,jij,r~ 1'Ii'U fJWtYlJ,r~fl1':i 
OJ I OJ "" " l,l "" I , " "" i.,I.~ ..,,,

m:::1l1V911'1lV.:JU'VI"-:J'Vl"~-:J1U'VIl!UI1V'U lI"~91'U'1'JU fl1'j'll'UtYWlfVl'Vl"~ tY.:J N" 'VI'S::'lJ'lJN"1lI "f'fn 1'Yl 'If 

Authority) ,,111..fln'flf11Hll111ulpn1l iUtlf1'l:lw:: 1 'j -:J i;1~lm::t11£J~1 (Distributed Generations; DGs) .. 
lUlI'Yl'lJ'1'J fl,j'j::l'Ylfl''Vltl-:J~ ludj'O~~u 'Uf11'j N~1lI i;1~l'1lV~ DGs lJ1'i11f1Lmri.:J'Vltl~~1'U'VIl!'U11t1U .. 	 .. , 

1'1f'U 1.1:tJ UtY~U'fl'fl fl11lJf'Ou'~,"il'VliJl 1.:)fV1'Vlil-:J~1:tJ1" 1l,,::fllctr1h.f11'Vl l~'U~U dia,j1lJ1W DGs ij 

.x I I "" ..,"" i ..I.~ "" 11 d'<!1 "" "".., dI 	 •

lJ1 fl'll'U 1l:::tY~ NI.1 m~'Yl'lJllIa f11'j 11-:JUN'UU":::u!l'lJ1lI.:J l'U 'Il'O-:J'j:::'lJ'lJ l'rn11'fl:tJ ~11m'VI~UMlJ f11'S 111 m'Vla 
, 	 v , ~ 

,j 'j :::dJ'U Q-:JN"m:::'Yl 'lJ 'Ila-:Jlfll'O ~ihll1'fl i;1 ~lU'lJ'lJ m :::t11t1~11 'VIri1i1 'Yiij~al:::'lJ ml~, 'UtYill1::fl.:J~1Ll"::: 

..,.J 'i""';:1'UtYill1:::'Vl"11l1 ctr~V1'i1U'lJ~ 'fl'fl~U 

o 	 N"m::'Yl'lJlilv-:J1l1flihtl~ i ;1~l~i1!lfYtlUI.1::'Il'Ul'flm -:J~'U i;1~11'U'j::'lJ'lJ ~l'V1"htl ~V1'i11~lJ;f'U 
"I <fi 1l .x I.., 0 I "" .., i .~.. do"" lIJ .!!l I .y.'

'VI'Sa,,'fl" ~ fl ~I 'IlU'O~fl'lJllIll1 'VIU -:JU,,::,jl:tJ1W 'Vl".:J ;1 TI 1'Yl1ma-:Jf11LU'fl 1.;1T111l1m'1J l~l::'lJ'lJ 

o N"m ::'Yl'lJ~Viii..ffJW.fl1'W'Ila~Ul-:J~UUI.1::m::lItYi;1~l~l,j~£J'U i,j 1il'O-:JlJ1t11f1L'Ylfl1'U 11.1ti~ 

i ~1 'U f11lu,j"-:J f7'U'Vltl.:J.:J 1U 

o 	 Nl.1m:::'Y11rOUV1'ilVil1..ffl11:tJ~'Olila-:Jluf11'j i~;1~l'1la~"flf{'I.1'fl"~ l'lfUln'fl i;1~l ~'lJ 'VIla., 
I J 

91 fl'lJVtI'Il'U 

o 	 N" m::'Yl'lJ ~V1t1Vi11..ffl1':i i ;1~l~a~"~'YluIl1 'Ua,jmWilv~ n'UL~lJl~:tJ 
v 	 v 

~-:J fhf,lLl mwila.:J n'Ul 'l1 ri1i1i'VI 1i 

o 	 Nl.1m::'Yl'lJ~m'ilij~V1tYfjtJ'j .f11'Vl'lltNl::mJ i ;1vhihtl.:J 

rmm ::'Yl'lJ ~-:J mll1tYllJ1l tlufll 'Il'VIlv,ji' 'lJ,j 'j ~ l ::'lJ'lJ1i4a"'flN"m::'Yl 'lJ i ~ 1 'fltlf11l 111 'VIU'fl 
• v 

• 
U 1V'lJ1£J l::tiitl'lJ U":::f11'j1NUNUVi~ i'U~lU1,)tli1'i1::l'W''Uflmnu'U1'YlNf11ll.1'fl ihtl~i;1~ltYruLfYtl1u.. " . 	" 
l~'lJ'lJ~l'V1"h£J'illflh ~ i;1~111'lJ'lJm:::'iI1t1~1'Yi1~1.:)fal'Vl~~;1:tJ11.1 1'lf'U 'lf1'UU'av Ufll.1'lJ :W'Uu..f~ U"::fllctr 

;1.f11'Vl Lll'U ~'U 1u'V~IlI~Nl'U:tJlf11'jI.1'fl 111tl~ i;1~ltYrulfYtIi U l::'lJ'lJ ~ l'V1tJ lVtYllJ1lm;,i~1 'fl tlf11l 
.. tJ 
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" 
1HUN'lJ 1')$'lJ m'l~~m'lflla~ i vJ~mY1itl'lJ 1~HJ11,;jllN'lJm'l~~~~flTlh9$1~H)1 l'Iqtl mnHUN'lJ 

~~~'lh1'Uum'.i ~1Vi vJ~limj (Network Reconfiguration) U~1L'lJ1V1H~~'Wa~~1'lJ i vJ~lqqJliftl~lJ;1''lJtl 
''lJ~1'lJ1~tlif;)~ i ~m'l~~nl'~ rll a ~ i vJ~l;)l~ ~~J;1'11Jl'.iDfl11iJ 'lJ m'.i i ~l;jtl,;j;)lm ~tijvu il'l1i~tl'4qJ19'l 
'I 9191 ... i-.l-~ ~ d", 0 ... ..,. 91' ... .. 91 i-.l-~ ,,\.
~l'INN~9'l 11111'.i1t1L~n1J1n'YI1Jm~~m'lN~9'l'lJtlVn11 10 l1Jnn~19'l9'l 9'ltl~'U1t1 11111U~~I'I:m1J9'ltl'.i~UU 

" ." " 
1~ml1J,"1jJ1'.iWl~,;ju~mn·llllqJqJ1CHtl'U1t1'Wa~~1'lJivJ~1 (Power 

Purchase Agreement; PPA) i'Ll;)'lJii~u'lJ1'Y11~m'.i~~m'lUll'll'.illqJqJ1~ll'I1Jl~J;1'1J l;jtl~'Illn i'lJ'YI1~ 

'LlBU~'Lll1J1Wn 1'.i ~1 tI'W a~~l'lJ i vJ ~1'.i 11Ji 'lJ '.i tlui! ~'lJtldnUffntlnl'W'Utl~ um;~14m'Wth ~i:itl ~tld1,;j 
~ln~ ~~J'lJm'lffnfnii,;ju'lJ1'Y1 Hnl'.iUll'll'.i~~m'.i U~~m'.i11~UN'lJ m'.i~lVfha,;j i vJ~1 i 'lJU~~:;~111J~ 

,,\ 'I 91 0 ... i."-~ '" "'. 91 d ~ «!/ d i 91'1 91 'I 91 0 ...l'Wtl tl'lmtN 11111qqJ1J;1'V1JfIl'lJtlVVl1.l~ 9l,;jm;)'UV1t1N~nl'.if'lmll'YI ~ tl'lJ;1'l1Jl'.iD ~'lfjj'll'1'.imtlU'llt1 

fIlU 1')$'lJ lt1itl'lJ l'Iltl i! ~tl i 'LllrJ'lJU'lJ1'Y11~~J;1'11J1'.iDlh i11'ln~'Ll'.idY'YI1im'Wq~1.l~~tl'.i~UU 

1.9 dhl'l:Jn£lUOZlf1Q'Ll1ZiJ.:j~'U0~.:j1'lJl~£l 
. " 

d'hl'l1Jltl19'lQ'Ll'.i~J;1',;jfl' u~:;N~lifll~d1;)~i~fU 'Il1m1'lJ1~V J;1'11J1'lDtl1i1JlVi~~~~tl i'Ll-w 

1.9.1 d:hmn£luo~lflQthZiJ.:j~ . ". 
o ll1tlffn1:1lfl111J dlflruU~~fI111Jll'I1J l~J;1'1J'Utl,;jllruru19/tl'U1t1'W a~,;j1'lJ i vJ~l li i:i N~~tl.. .. " 

o 1~tlffmnU'lJ1'Y1Hm'.i~~'Wa~~1'lJivJ~lqqJlatli'lJ'.i~UU~ll'1thv 1~vm'.i~~9'll'.iH ... . 
m'.i~lt1'Wa,;jivJ~l'1m~ DGs 'Ll'.i~tfl'YIlii~1~m'Wi;~'lf11J1~1~mitlmj

" 
o ffmn'.i 1t1~:;liitl~oi'Im~'Il'ill~ i'lJ'YIH'LlBu~ ~lrJ'lJ(,!'LlJ;1''.i'.itn'h i11'ili J;1'11J1'.i0 i.u11im'.i~ 

'Wl1J;1''lJtl i'Ll~m'.i'LlBu~'Ill~ i~ 'W~tl1Jl'IlU'lJ1V1Huti'i'U . 
q f .. $Iv 

1.9.2 Il-IOflflWIl1ilZ &\?l1U 

" 
o fl111J1l1J~'lJ1f'Utl~ llqJqJ1CHtl'IJ1 tI'Wa,;j,;jl'lJ i rl~1 DGs U~~ 

fha~ i vJ~lqqJlatli'lJ '.i :;uu~ll'1thtl 

o fU'YI'.i1U;;m~'Il;)l~ i'lJm,nJiju~ ~1~'lJ~'llJ;1''.i'.ifl'UfNm'.i'W111i tI1'.i~'W1!J;1'tHJ Uhj~m'.i 

'llijij~lll~ i~ 'Wftl1J!1'lJ1'Y1HUili'U'llfmJl ~ .. 
1.9.3 ;('Ufl0Umil~ml0zuwum'Jvl1AihH1U 

o ffn1llntl'.i:;ul1ivu~'~v1oU'tl~num'.i~hdJ'lJ1 m~nl'.i spp U~~ vSPP 

o I~U'.i1U'.i11JoU'tl1J~ ll'1~~u~:;'.i~UU ivJ~1~'Il~i.uffnfj11l1nm'.i ivJ~Hil'lJ niimfl 
" " 

http:J;1'11J1'.i0
http:1~vm'.i~~9'll'.iH
http:tl'lJ;1'l1Jl'.iD
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o 1~1J;;6lJaFj"lrl,"'U1Jl~lgfllJ1fl~l1J m ~1J11J fl1~ Hil~ua~~lVi ,"vh 
o l~V1J 'h.huflnn~Vfll1J1Wfl1'51't'1a'U6~til~~ 1,"~lua~fll~'lftitl11:JJ11 

o L~V1JIthum :JJL~Vfll1J1W't'Ilflltil~~ 1,"~1~mlJ1~ff:JJ m:JJL11J1Y11~~ihLff1J6 



..,.. 
'UTlTl2 

" ". 
i'tJll'l'1il ~~li>l'flrl11~.:jflflHYlJ UA~O.:jl"61'Vlii.:J111111(l Vi ~ fll':i i ~lJlmllfl i mh~t'l'1l'l' fll':i i~• . " 

'Vl~.:j.:jlU~lfl:jb1l1(l1~ONiiflhHh ':i1lJl1.:jf.!tlHflJUAi'tJ fll':itNl 111~111lJ1(l 1~W':i lfl(l~t6UfIhn.h~!~'tJ 
" ~1.:j1 (l'llJl':if:lOilJlUl~~'1~Ohjil 

2.1 I~OI'Wa.:J;·n.naiU'lh:::ITlft'TlfJ 

d ~ Q d. d'dlll iI ~ (V rI ~ tlh I 4 ..::t.;:::t~ .d 
'lf1lJ1(l (Biomass) flO (l'l':iO'tJ'I'1':iU'I'1 !f1~lfl'Vl'lfU(l::(l'fl1 11':iOO'lfllJ':i::flO1J~O'l(l''1lJ'lf1f1Y1 

(l'llJumhlJ1i ~t~'tJ t!l1 rl'l'Vl "''I 'I lUi ~1f1U1i':i':ilJ'lflA L'lf'tJ tffl:l1(l'~!l1ilo'~m 'I fll ':i tnfl f1':i11 ~Ofll fl~l fl 

m::1J1'tJfll':iNiifl i'tJ'r;jfl(l'll1 flHlJfll':itnflfl':i t'lfU Ufl(lll 'lfl'tJ~mJ tI'l'fI i~~1 ~'illflfll':iu'l.J':i'i'l.Jl~ 

m'l'Vll':i111~O l~ufIlii'l.J~(l' fllfl'l.J1~lJ fllmJ'tJ1:h'l1~l1~'1 ci'l;J111'Vlfl fllllU(l~fl~mlJ::'Vl~11 1(l'f1!l1ilo
~ . 

i~'I'1Hfll':iLflflfl':i~'tJ1 'J1lJ~'1 fll':iU1J,!mYfl1 ~O.:jlirf.l~lfl lH.:j1uu'l1':i'i'l1Y11'1Lflflm lJl'~t'~o i,rLOfi 

'Vl~'1'11'tJ lf1f.lfll':ilN1 i 11~1f1f1f1':i 'I 11~OU1lJlfhum:::1J1Ufll':il'l1~uUl1'l1M'I'1H:jhfl~1f1f.101flfl~ii'tJ'I'116 
. " 

L~ONiiflnl'lf,hfll'VlU~1~'11Nl i 11 ~ fll':iU1'Vl~.:j.:j1'tJfl11lJ~O'tJ i 'l1i.f$'l1 ':i:;lu'lfU(l'llJl':i t:llOllLU'tJfll':i li>l'l1'1 

i 'tJ'i'l1~O'l'Vl ~'1'11'tJfl11lJ~O'tJ ~!Ofl 'il1flfll':ilNl i 11:U1f1UfI':i 'I l1lOU1lJl NiiflL~'tJ i OJ1 ff111:ill i,rfl11lJ 

~o'tJ' 'tJ m:;'U1'tJ fll':i'l'11'1'r;jfl(l'111 m ':i lJl1l0U1imf1lJ1Niifl l'Yl~l llio'l'il1 fl;$1111(lLlI'tJll'l'fl1(l'~tl1ilo i ~ 
11 ~01~'tJN(l'Vl(lOU 1 ~~1Ofl'il1flfl':i ~1J1'tJ fll':iU'l1 ':i'i'l1 N~f1nWcn'l'11'1fll':i tnflfl':i ~'1111'tJ 1111 rl.:jL40l'Vlii '1~~ 
':i1f1l\lfl fll':iU1'Vl ~'1'11'tJ ~lfl;1lJ1(llJ1i.f$'11'tJtvi lJ;f'tJ ~'1t~'tJfll':i (lfl fll':iU1t;J1140l 'Vl ii'll;'1'Vl1il'lf6~1fl 

~1'1'l1':i:::1'I'11'l' 6mf.:j(l'1lJ1'jt:l(l'~1.:j':i1fJ i~""/n1Jtnflfl':i flnYo'l~'tJ fll'jY4Wl'tJ11 m .:jfll':il~U1nll;$1lJ1(l'il::: 
(l'1lJ1'jt:ll(l'llJ(l'~1.:jfl11lJ1.u'lJU~'111(l::: flU~ri1'tJ~ 1lJ~O.:j'lflJ'lf'tJ i~6fl~1U 'tJOfl'il1flnfll':i1~~.:j'l1'tJ;$1. 

" 1 1 "'''' .1 .1' rd .<!l , 4 0 '11I1(lfl1fJ1'1'1f1 'tJ M'I'1 tl1lJ1:::(l'1J 'iI~(lflflljlJ(lfllJ€lOflfllC)mo'tJm~~flOOfl(l'll H mflll'l'l'tJO.:j'il1 fln1 '11'j) 
'" 

n1'lffll1ll tJ'tJ i f100fl i'lf,110fl fll 'j 11 ~'tJL1fJ'tJlm:: i:u ~ fllj'l1(lfl'l1 rio mvilJ1AlJ 

;$1lJ1(l i 'tJ'l1'j :;1'I'11'l'i '1'1 fI~ flflf.lfll'Vl i'tJfll'j N~11 ~ 'I 01~ 'tJ1 fllJlfl(l'i! 1J (l''4 'tJ ~!l1lJ1:::(l'1J'iI:;~ 

u'tJ11 UlJfll':i i~.:j1'tJtvilJ"''tJlJ1fli 'tJ o'tJ 1f1f1 tJ~H i jfiflllJ fll'j i~'Vl"''1.:j1'tJ'il1fl;1lJ1afiu'liio'l1(l'':i':ifl 1 flU• 
y y 

fll'Yl j1lJ.u'O~U€I:::tJ'l1(l'j 'j f11 'tJ fll'j 'l~LtlfOl'Vlii'l;11J1atY1lJl'j f,)(l''j'l1' ~~.:j~tJ \1 'l1t1 
• q 

" ;JO~~O'lfll':iHfltlfOl'Yl a'l;1lJ1(l 

o ii'l11lJlWn1lJ:::tl'tJ~1 
I~ ~Q, ~fI " o j1f1l\lflfl111'lfOm€l'lL'lf.:j'Vl1W'lfU 

o ~umi.:jNii1lo~i'tJ'l1nl'l'1fW~"~Ll1ilOtVlo 

http:illflfll':iu'l.J':i'i'l.Jl
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.A.:::t 4V (),I Q ~ tJ' 
111fUllfilVI tl1J fl1JlHl ~ ~1'U I'11~ 'Vi 1'U 'I1t1 

m.hY'J'Hl1'Ufll'J 'fYH'~~1'U;1111fHhI1i'm~ii~il'Hh lrlm-ntl1J ti1JL4m'Viii~I:jf~'ViliJ'I16• 
o ;111111U~1l::'I1iJ~ihJ~1l1f,U~Nii~i~'UU~ll~i1 i:uuu'UfI'U ~'U flgtimlfJfllll ll'ill'VifJijfl1fllff 

. .. .. . 
4 21 Q.J'.c:::1 " GJV Q.I e:i Cl 

o l'UfI ~'Olfl1J '0 ~1J 'UlImUJ~fI ~ fll'J ~'I1'Vill~~1'U'Olfl'l11111111l1 fl'IJ'U U~-W'U-nYllfll'Jlflll~'J i:u 

lvill~'U~ll1 vh'11';1111111J1~'I1iJ~ih1'Ufl'Ulvill~'Uldfl~'Olflfll'J 11,j~;r'U ~,:j 
o 1l'I'Hi~;111111~lifl~fl'J::~~m~'01t1 vh'11'li,h'~~lt1Lvilll~lI 'l'U fll'J 'J11J'J1111I11::'IJ'Uff~'Olflmfl 

914910"1 JI! '" 
m'Vil~'Jlt1 Vll !'I111~'Ufl'UVlH~n'U1ff1fl'J'J1I~~ 

o lifhH~lt1~~fI~ll~fl'U' 'U 'J~1J1Jlfl~fI~fh!ij~ ivJvh tl'l1 fl'Jcl'11f1~ti'U 'J111..f~tl'l1fl'Jcl'1~fllI~fI 
'J::1J1JivJ,h 'J::'I111~ i H ivJ,hti1J'J::1J1Jll'lt1~l'11Ult1'IJfI~ fll'J ivJvhi-hmil'l1Ulfl 

o 'IJl~ fll'J ll'U1Jll'''I'Ufll'Jll~fl 'U'01 flll'm,j'U fll'J l~'U ldfl~'O1fllifl1111l~fl~~~ '0 lfl fl1111 i:U1lU'U fI'U 

'IJfI~'l1~ll1W;111111 'IJl~mll1li''U ''O~l'Ul'Vlfli 'U i lla ':uli~'l11'ih'l1~fl1l1V11~l'Vlflijf1 'IJl~'lJflmfl'J~ 
l~fl1'111ty~'O~l1j'U~,hlljUfll'JUll::ih~ ~i'fl1l1i H hlfh 
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. ~ ~ 

o mm1tm 1~\JNflTtfltW'~'Il8~m:::1Jl'Wm·.iif1J~tWl,"mhih0'8{J''l.JNitfl'lhfllfl 
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., 
o mm.h~lI LrI'UNa"'H'It:ltI'oII'illflm~1J1'\.Jn1'JN~mhl1'U1.h~1I 



28 

l 
. ... ~ 1 d.t::lio Q.I j) 1

2.6 C)j''1'U11 'W~V1tn~1I1nm';jTl~lwn'U11 'W~ 

o mtJlJ~'W~1111'hmnr)ff~~'~1I1nlJ~'W~11. 
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"" tV .ct2.2 flll '''Tn'l~~l'U''l3Jla 

~1lJ1Cl1J1,r1;'h\..l'~\lmh'ui.~11J·\.H4()!'Wii.:J'Utl.:Jm~'lJ1'W n1'Jflii~'\1tlmJdm;'1 1'lf'W UflmJ n1fl 

;jJ 0 .a.Q III : 0 .... 111.1 ........a '" III .~ "I P."I i .9 ;jJ 10

tltW 1l~\lfl'WllJllf111'Wtl~"~ Ltl'W1Lfl'l1'J'lJ'Wl !lJ'\1~'Wfl.:J'\1'Wl'W'O~"~ rvhn L'l1 L'W 'J.:jtl'Ul1 um~ 'J.:J.:Jl'W 

: .I 0 9 <v:<u 0' \11" 0 4
'W1~lCl n1flU1CllJll::Qfl'WllJllf11 L'Wm~'lJ1'Wn1H"fl~'WllJ'WU1CllJ !tl1:J LlJtJ1.:J'Wl'Jl 1l~\lfl'W1lJll~11'W'O 

'" J! "I ;jJ"I III ;jJ 9t;jJ.". '" dill • d 0 lIl;jJl
flCl~CllJ-a'O'W L'l1 !'Wn1'J'O'lJ LlJtJ1.:J'Wl'Jl 111'W~'W U~'l11lJ1"1J1.:J'l1'W~fl LlJl'\1lJ1~'YI1l~'WllJl1~-I!'I1lJ ~tJ~H 

. " 
1'If'W fl1 fl:iJ'W'dlU~'\1tl.:J lI,,~ril!'11 "'1 n'1'O.:J11 lfliimllJ ~'W~ .:JO.:J U"~1J1.:J'l1ij~~'O.:J'IlllJlr.i'OfJri'O'W'\.h1Ul~l 
lmj'l'1f'W li'l1:J ':UtJ1.:J'Wl'Jl11J'W~'W 
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ltJ~ 2.12 !~m'l1 ''l1~iJff'U'U'W1~ 1250 kW l'W Pyrotec 'UV..:J'U~1i'YI Ventek Energy System Inc. 

" 'lJV:YJ;UlTVhnn http://www.ventekenergy.com 
• >I , 

l~tJ'Vi1 , tJ'i1'l:IJ1flli nn fl 'J ~(ij 1tJ~1m:u-n'WVltflll~'J' fl'j'J' :UUfl ~fliYfl'j 'J':U 
". . .-

f11'J''IJ'Wff..:J(ij1 fl-n'W VI1~:ut-nmh'tJUtJ 'J 1tJ ~fl~i!~ vh111'fl1'J' '1111 'iftltr.i!..:J 'i11:JJ1fl '111~~1'Wr. -ft..:J..:J 1'W 
.. 

ff1:U1'J't:!UU..:J i~ 2 ltJu'U'U ~11:uftmHl.!g;fl1n1'U'J1:U ~..:JU 

o U'i'rcl..:J 'i11:U 1 fl~ liftflllW~tl~':i 1:U trJ 'W mj:u ln~~'Wlilv-:j 'il 1flm1 :U~11rJ'W~tii'tl..:J li fl'j ~'U1'Wfl1 'J 
>I 

utJntJ'i11:JJ1,umhil W h ..:J..:J1'W ~..:J~mlifl'j~'U1'Wfl1'J''IJ'Wff..:J'i11:U1fl 'il1ml11ri..:Jlr.1~tJfl fl:JJ1U..:J 1H..:J 1'W 
~ ~ 

1'If'W fl1'J''W1.,j'11 tll tltl fl:JJ1UtJ ':iltJ ~ 1'J'..:J iY.,j'11'Vil 111'i~uflfl'U 'lf1'W ~tltJ!n~'il1 fl'W1~'Wt1'tl fJ:U1U tJn ~tJ~ 
>I 

1':i..:J..:J 1'W~il~'W1~lfl'YI':i ltJ fl1niT'Wtt1tJ~'l1-ft..:JlrJ'W!fY1I1ff~ln~(ij lnflnutJ':iltJ'Um 1 'J'-:j..:Jl'Wul1..:J iT'W 

ff1tJg;'l1ft..:J fl1 nll1~:Ul rJ'WI'WlfYlIltJ tltl ntJ 1~:U~1n~ (ij lflfl'j~'U1'W fl1 'J ff n~JliT'WtJ1~:U !1fl:::~I~tlfJiiJ 

fJl..:Jr.1111n~'iJlflfl1':i! ltJntJiiJ~ 11-:j..:J l'WU tJntJiiJtJNr.l'Jl lrJ'Wtii''W 
~ ~ 

• . '1 "... , .1'" 1 "" ::It'',,.
~lU 'l1'W..:J flflfl'U 11'l1 fl'Ilr.l:::u~fl'lf1:U1 fl ~fJ~H 1r.Vm1 :Uff~~1n Ufl :::11J'W fl1':ifl~~'W 'fl'W~ 1'W f11'J'IJ'Wff..:J 

1'lf'W fl1'J'iY.,j'111r.~ l~tJmffm:!tJmwiY'h11r.~~lfl~tl'W~i~ Uflg;nl'HjtltJ'U'W1~'UV.:j lfYlI iiJ 'illfltl1'Wih 

4Q.t 4~ d9iy
fJNr.l1111fl:::~fl1fltJ~ff 1~tJ1fl':iV-:j\9l~'IJ'Wl~lflfll'U'W~'W 

http:http://www.ventekenergy.com
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6~fl~1~ft8U~8~;1~la 

tFJ.fh.J~::fltl1J~tl~"'1m'HIt.i~tltlmrl'W 3 ri1'W'YI~nfltl 

o fl11lJ4'W (Moisture) ~~Lnfl\llnt.l~lJlwJl~ijtl~1'W1inlJ~1~ ri1'WlJlm4tlL'na~"'1lJ1"\l:: 
" '" """ !'It '" 1 0'" i" Sf '"lJTl11lJ~'WTltl'W'Vl~\1~ l'Vfn::LlJ'WN"N"~vn~fll~Lfl'Mm 'Wm~'Wl~1lJ1"lJllNl 'YIlJ \l::~tl~lJm~"fl 

" Tl11lJt}f'Wili1'1i'Ln'W 50 % 

o ri1'W~LNlimrt~ (Combustible Substance) ri1'W~LNli'Yilrt~\l~ut.i~tlrJmrl'W 2 ri1'Wfltl 

Volatiles Matter u,,~ Fixed Carbon Volatiles Matter lflU"'1lJ1"1~~ijth Volatiles Matter 'i\!~'il~~fl i-.1 

U"::LNli'YI 1Yi~41U 
" " 

o :ULl~i'l (Ash) "'1m"ri1'W1'Y1l1i\l::ij:ULt;~lt.l~::lJltlA 1-3 % uml''Wun'''lJu,,::-.1WiIl1 'il::ij 

., , J".I .Ii 1Sf '" i'1 1 i " 00 .,
ft'flft'1'W'IILt:ll1J~::lJltlA 10-20 % 'lf~vn 'YILfl~1Jty'YIl 'Wm~LNl 'YIlJu"::m~m'il~ 

Lt.I 'VfL.:g'W~'II'V ~ ft'n 'V~ flt.l~:: n'V'IJ'YI ~n'll'V~;1lJ1 "~tht1ty1'W t.I ~ ::mffi'Yl U ft'llJ l~ ~Uft'fl~i~~~ 

,"wrin 10.39 60.7 18.9 

" 50.73'I11U66fJ 1.43 41.98 5.86 

lmJ6D 9.2 6.1 67.8 16.9 

'l~fJl~,"l':i1 45 1.59 45.7 7.71 

lDthclll 42.68 14.39 

n:::allhcllJ 68.2 16.3 

V1:::alfJihcllJ 58.6 2.03 30.46 8.9 

rll~Ui.hcllJ 48.4 1.2 38.7 11.7 

V11~ihcl1J 78.4 0.7 16.3 4.6 

i~;J111,"~ 45.42 13.68 

,h~U;J111'"~ 46.46 8.14 

l 'H~1l1unl1.J:::'\1 "'~ 31 8.1 

l1.Jiitlfl'l~YfllihJflff 28 9.56 
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2.3 flflU;TUiitlfll'11Nl1"2Y;hu11'1
q 

"... ~.:......t ... , J!I <:it.. '" ~ 'I 'I'" '" ".
nToi 1'b''b'1lJ1''l1J'Wl'b'mYl''~lYltl fUl91 -wrn 1lJ'W tlnlll~L"tln'l1 m I'W m~ I'I1Yl ,,~~ 1'W 'il1n'b'1lJ1" 

1~fJih::1J1J'I1"nCOJ tlQi~'I1lJ~ 5 ~::1J1J fitl m~lfn1m.n~fJ9IH (Direct-Fired) nUlfn 1'11U'1~fJ1~ 
.:. "" ... J 11).1 ~ "'~ .;, I 11)'"
1'b'mYl"~"'tl~'I1'W"'U'W LlJ (Cofiring) m9f9fnlfl'l1'W (Gasification) m~fJtlfJ"'''lfJU1J1J L'ltl1mff 

(Anaerobic Digestion) u,,::1Yl h 1"cjf", (Pyrolysis) 

.Id "IIJ td,,,,l "''''' " tlJ'VI 2.13 'I1lJB tB'W1'V1 'b'1'b'tlIYlM'b'1lJ1" 'UtJ:IJ~mYl'il1n http:!{biomassmagazine.com 

h ~ i -WVh';'1lJ1~ri1'WlJl n i'WtI'J::I'VIffi'VIfJU":: 1'W 1~m:rn'il::H' 'J ~1J1Jm'Ju'n i mn~fJ\9l'j -3 1~fJ 
31 j/ J j.J $I 

lhtifmYlil~';'1lJ1" lJllY11 i'l1U'1~fJfI 'J ~1'W 'I1~tJ1mh (Boiler) 1m ~thmVlfl1llJftJ'W111n'fl~'W ili'l1riUl!-W 

"II) t <:it II) :". ~ '" '" '" I II) ~II)::
'I1lJtJ LtJ'W1'i1'WnmtILlJ'W LtJ'Wl'JtJ'WfJ~fJ1'f1lm::lJf111lJ'fI'W"l~ I"Wn1l " LB'fI~" (Superheat Steam) 9f~ LtJ'Wl 

if'il::'UfJlvl9i'11~m t1~fJ'W Itl'WYl"~~l'W n"~ n~'I1'W 1mi'1 1 'fIvihln'WIYl" 1'UtJ~ n~l1'W n1J1fl~tJ~ fh111~1-w';h 

~tJl1lJn'W 'WtJnL'I1utJ 'il1nm'Jih1militl'l1~'Wn-311'Wl~tJYlilfl i-wvhl1t1'1 1'W h~~l'Wt;!f1"'l'l1m":ilJ'I1"lv 

http:http:!{biomassmagazine.com
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~ ~. 
lh::lfI'Yl !.vU h·nhm" lHm::~nJ 'il::~m~'~lh::1U'b',r'illf)"'H;'H~lUfl11lJ!DUViff::fflJ'UiDt'hhl 

''W~UflDUm~Niiiflfllu'u1~~~lU~I1U ~~~::'U'Um~ Niiifl imllu,,::i'VHhi1lJnuu'U'Uif!~un11~::'U'U 
NiiifliyHhu,,::mllJ!DU (Combined Heat and Power; CHP) ~~li1U~::;'U'U~~lh::iY'YlifllYt'um~'~ 

Yt~'H1Uq~ 

511~ 2.14 5::'U'U CHP ~lJ'Ml~'h1tm;u Cornell 
'" 
<\JDlqJ"fllYt'illn http://www .news.comell.eduistoriesJ Jan 1O!CHPopening.html 

ffl'Mi''U~::;'U'U f\'lCJf9tYllfl~U (Gasification) t!uLilu m::'U1U m~~!~lJ'inflfl1J !1I~tlu;}1lJ1"1l1' 

d ell d 0 i IjI Gf ~L::t ~ d ~ Q ~ .:kQ.f d 

m'll mll'W m9ft1mlJl::;fflJ'1l1'Mmm~ IJ:.ll 'MlJ l'W'1lfll1::'YllJDW'M filJ'1l ,;Juft::mhmTJWDfl9H;)'Wfll "If ~lJ 
, "" 

, " 
1:11'WN'1llJ'Mtimiluf\'l"1fig1vm;)u iJt'Vl'W U"::fI11'UD'W lJij'Wijn\l"If~ f\'l"1fVi'l~mi1;)::tl na,;J i1l1Nl I'M ~1'W 

" 
Lf1~D~lJ'W~L'U'W clfU'M ~ij!fl~ij~lJ'W~~ l"lfft ~~ijijyn'ULf1~ij~ ihrwfllhHh ~ ::'U'Unl"1fcHil1f1 iu ifLiI 'W 'j ::1J'U 

J:.Iiiifl iYHh'\l'W1fll~n L'Mm::ffl'Mi'mnJ'lfu 'I'I~mJfl'1l1'1'1 nn lJ'\lUlfl L~n U~iJW'Ml'\lij~ ~ ::;'U'UifflmlliJu
q q ~ 

"" .d '" d .1.1' '}!., <Ill It i v ..,$ 0 q v v i:l!ll1 .
flU (Tar) 'YlLfl~'lJUUft::lJftfllJftijUDDflYtdDlJn1JmCJf lum::'U1um~LNl 'MlJ "If~'Yll !'I1'11ij~LJ:.Il 'MlJ IlJ 

http:I1'11ij~LJ:.Il
http://www
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<U'tl :IqJ".fl1'VHllfl http://www.energy-green.tk/wp-contentlupioads/Biomass- I O.jpg 

lq 'J}!VAa ~d.o,~~~ d t (fJ d 

'Wtlfl'illflm'HNll'11:IJU"111im'j'l1'W~Yl'Yl1 'I11fl~m9l')f1m'Vl (Biogas) !'If'W m9l:IJ!Yl'W 

(Methane) ~ffl:lJlHI Hitrl'Wll'l1ci~fhiJ~'Vltr~~1'W'~titlfl1'jdmnt'tn(l;h:IJ1" i~(lm:1J1'Wm'j~iJ(I:lJti'W 

-.'JJ ..,j <iJ J,,.. dd.4 0 ,
dtl(lfftn(lU1J1J !'jmmff (Anaerobic Digestion) C)f~ !'Wm~1J1'Wm'j'W'il: 'lfU1JflYlL'j(J1'VltlYllm'jfjtlfj 

fffl1 (lffl'j t)'WYllV''W ff m1:~':U';$tltl flCJfl 'il'W 

ill~ 2.16 'j~1J1JN~~n19l;hm'Vl~1fjm:1J1'Wm'jdtl(lffmfjU1J1J'~mmff 

<U'tl:IqJ"m'Vl'illfl http://www.wedotanks.comlanaerobic-aerobic-wastewater-treatment-plant.asp 

http://www.wedotanks.comlanaerobic-aerobic-wastewater-treatment-plant.asp
http://www.energy-green.tk/wp-contentlupioads/Biomass-I
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tI 'N 'jI • 

l~Vn'llhi'illCJraal~m'WlI-3 (Fuel Cel1s) 1~fJ'J~'U1H91aal~Vl'W1I-3'il~iil-31'i1mllv'iln'Uu'U;!l;!V~ U~'il~ioif 

14m'W1I-3i'ilnn NlI;! ''YHluhl1i'mj~'lh ~'U'YI'il~m ~'U1'i1mHj~lh ~'U'U'U~-31~1l~ioifhHh 
i'ilm~'U1'i1m'J l'Wh laClill' (Pyrolysis) dl11i'1H~m'Wil-3~11l1a t~'ilm~1J1'i1m'J'YI1-31fl~ 

mlll1'tJ'ilt~mWntJ-3fl'lh~ntJ'U'\JtJ-3 lI'l'Jfl'il'YI'J6 m 'Qml1.fJiJ~l-3"l i'illl'.fl11~~luljtJt)f1Cift'il'il ljN1:Iiil i11' 

;11111:1 n1:l1fJlI'.fl1'W 11h~'iltlllJ''ilma1~1~ fJWh tlllJ''iI l'W h I 1:ICifll' ~-31~'illI'l'J14vl'W1I-3 lI'11l1'JDi~INl 
'mjJi'Um~'U1'i1m'Ji~mlll1'tJ'ilU1:l~NlI;!'Wtl-3-31'i1hHhi~ 

Fee_"•• 

010011".0","",
fie.

_ 

_ 
_ 

_ 
_ 

Feed&lOC;k 

BkIOII 
Char 

0"",,,,,, Liquid 
Rooyc!ed &RaG 

8iOOlI 
~ 

. "" _I"" Q 0 ., "'" '" '" -t" 11) 1 11) Q

tlJ'YI 2.14 'J~'U1JN1:I;!'illll'ill'1HH'W);!-3'illnll'l'JtJ'iI'YI'J fJ~1fJm~1J1'Wnl'J L'W 'J L1:ICJfll' 

;JtJld);!.fl1'W'illn http://www.waste2energyworld.com/pyrolysis.htm 
." " 

ll'il~fJVi~tH'W'ill'Jml i'ilnl'J 1;!~ tlllt~m'W1I-3;1lJ1l:11~'W1'tJlldl11i''lJ nn INl im!1~ tI;!'J -3 lj~-3ii 

o 'U'ill~'UM1~tUl'tii~;i"n..I1tl 1~'iI tJ-3fl-U'J~ntJ1J~~tJ-3'W'il1'J m 1 l~m~ll-u'J~ii'YI 15.fl1'W nl'JIN1'mj' 
" . ."'" "" "" "" ~ I 'i" "'" '::'1 i """ 11) " 1 "'" 11)" " "". ~".1~m'b'tJI'Wa-3'b'1lJ1tl1l'\J'ill~ l11f.l! t'b''iI If'l"H 1l11'JtJlJfl 1l'YI L~'illfl Hlmw L1ltlH'Wl'Jl 1l:;!tJ-31lfl11'b'1l1t1 

~l~1l~U l'W nl'.i ~tlfJ111mf1J1~t~'iI;f'il'~fl"l ntJ'iI~'il:::;th1l11Nl1VlU I'iI'Q;!lI'l11m'J 1lUl-l-U'J:::lil'YI l'1iU 

~'iI V'tJfJh!~1~' 'illH-llmll;!ll:1,!'W 1~ljm'.iff'lJl~'W~'Wt~ fl"l I~m~ll-U n:iil'l15mow 1'W m::::'lJ1Unl'.il1U 
" .
'thV'mJtJ~u"'1 ibiMnlfl'b'l'WV'tJfJljtlnl:lm~t~'Wn~llttl'W lt19hll'l1l1'JD 1~'Wnl'.i1Nl1VlUI~l~tlIiIH l~tI 

iu~tH~1'Wm ~u 1'W m'J ~tJm~lll~ll t 'Ii'WlftfJ1nUttnl:lU ~-31~'WN1:I'WM til~'illnm'J ff.ul1~tu 

~11~'W~tJ-3ljnl'J ~tJm~tJ1:I~'\J'W1~ ri tJ'W ~'il:::;lh '-ul~t~ 'WI ~tJl'Wii-3 

http://www.waste2energyworld.com/pyrolysis.htm
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o fll1U;j,., fl11:u<5'W'\lD,n4m'Ytil~:)f1:U 11:'11fl'Wihl~mhfity~1~tJ1.uD~n'Uth:ff'Yl 1lfll'Yt 111:'1: 

m:'U1'W011f11'Utl:U0111f-n111~ Hl11i''U lH1yjYh1.h:Ul'Ylfl11lJ~D'W !'If'W fl1flir'WHllJ:11~~111D• 
. "dd X. " 0 t d QI A 

tl'1!111:'11 CJ!~:utl11:U'lf'WD~q~th:lJl'i.U 80-90% 'il:~D~'W1:U1Nl'Wm:'U1'W'U'UD~ (Dewatering) 1'YtD1:'I~ 

fI11lJ4'Wfiv'Wih 1tlLNl i 11~ 111ml1:Ulllh'Wm:'U1'W011'1hu~u'U'U i ~m01ff!~DNil~nlC)$~ih.fl1'Yt i 'W 

d \ti ,.,.d J J! t% 1 0$ i2!'d 91m'i.U'\lD~lffll &:utl'~:utl11lJ'If'Wtl1:lJ1'i.U 50-60% m"'il:~V~lJfl111:'1~tl11lJ'If'W ~mn'U <J1:'I1~11'Wl1:(I: 

11ih rlV'W~'il: i ~lNl1 11~ Hl11i''UUfl1:'l'U 1liiJi1ty111lJlfl1;tV~"lfl i'W m:'U 1'W011~.ul1 ,.:iJ fl11D'U 1ci 

AA Cl Q9J4I 041 J! d J l:.
fI11lJ'If'Wl'YtD1:'I~tl'J lJ1'i.Ul:Ufl~'\l1111n UfI:tI'1111'U'lf1 'W uVfJ'il:lJ 011 fI1'UtJlJ tl11lJ'If'U 1~fJ01Hl~ tll 

• .4 d :.P .J, ~ ~ AI .Q ~ i .d : 'j) 0 i 91 
1~fJ~111~'\lD~lm V~ 11 'U'Ulu'6fJ CJ!~IIJ'W0111'Yt:UlJ1 :tI''Yl1i.fl1'Yt 'W m:'U1'W O1111'U'W1D V(I Ufl~'Y11 11 

fI11lJ4'Wi'W'lfl'W~VtJiJ~ 1~~tI'llJ110 i ~ff111i''UflUINl i 11~~1~fJ~1 ~ 
o ~':.iItl0tl,., ~~ltlvtl'Wi'W14m'Ytil~~1lJ1f1iJ11f11fJmh'l 1'lf'W lff1:l~'W If'W m1~'Yl11fJ UfI~m1'U 

:QI " ~ 'j) III "i rI A "d ~ 4QI QI

'WllJ'Wtllf1lJ llJ'U~'U tl'l'JDfltll &fI'W 'W'Yl:fllfJtl1f1lJ llJD~fltl11mV'W'Ylt;)W11.fJ:uq ~1 :~'U11'W~'iI: 
~ ~ 

nfllmfl'WfJ1'lL11UfJ1101:~~vimhi'W~D~lN1 111~ vi1i~tl1::ff'Yli.fl1'Yt01'JthfJl'Yltl11lJ~V'W i 'W11~V1ml1 . ~ 

fI~ fI~ i'W mwuflfl'UUfI :'lf1'W~0fJiJ fl1 1 fhO~ff~ltlDtl'WL11~hui 'W m ~'U1'U011 Nil~vym,J1~~1litl1~tI''U 

i1ty111 

o mU1W~!1I1 tl~lJ1W~181'\lD~~1lJ1f1iJNfll'ivnulNl111~I'lf'Wn'W 1~fJ~181~!n~~'U'IJ1~th'W'il~ 
" flvfJitln'Um01ff~v'W itllfl1:iJ~Nu~lmufl:i'Wrl1'U'\lV~ vivivih tl1::Ul'YlI'iN'l 1'lf'W Superheater UfI: 

<:I 91 0 i 31 .Q.Q QI' 'j) V) tad • J " d 'j) ~ 
Reheater ltJ'W~'U 'Yll 11tl1:tI''Yl1i.fl1'Yt01n'Ullfl:mm'Ylfl11lJ1D'W &lJ~ hJtI'1'U'\lV~'\l101'Ylfl'Ulm'il:~V~ 

iJm:'U1'W fl11 fhO~~L11lJ1:tI'lJ 1~'6f1~011~~m ~'il1 fJllfI:l'rilJ tl1" ~ff'Yl i.fl1'Yti'W O111Nl 1 11 ~ 
~ 

l~fJtI'ltl ~1lJ1f1'1J1~W~tI'llJ11"m'Ytl:tl\!fl 1~'IJ1~q~fl1f1 ufl:m.... l~'IJ1~.fJiJ.fl1tllvil't!'W vhi~ 

O11'1.h:)f1lJ1f1lJ 1 i ~Nil~""~~~l'WiJoilv ~1n~ 'U N'lfil~ iJ'l ilitl'llJ11" otl ci VfJi~~htil'U0111;~""1t:U'lf6f11lJ 

flfl 1 flO1Hlfl1~i~ 1;t'6~'iI1fl iliiJfI11lJ~lJ'fil'Yl1'lUU1:l! fflt1'f1$ 1:'U'UflU Nfi~'Yt~'l~l'U i yjYhIl1fl~1lJ1f1 

~L11lJ1:tI'lJ irfl'il:lf1'W 1":'U'Ultl1V~fhil~iyjYh'\l'W1~lgn~l'ivD~ti'U1 ~'U'UiyjYh~lfJ~nnllfJ 1 ~fJHi 
'" " • JI I 

L~m .... il 'l ~1lJ1 fI U'U'lJYil11lJ1~tI'lJLlfI:tI'l:UU0111 i ~~ lfJ i 'WW'WYiu'W 1!'IJ lf1~~~V~iJ flU tl'U'lJtI''4'WIWV 

!fI'W fl11L~1(flJtl11lJ'Yt ~'6lJ Hl111'Ui1ty1111flq~.... ~~nW~'61'illn~~'U lMi'WD'W lfllfl cJt'lli'liJnUtI'u'UtI''4'W 
.. . 

tJ VHL11lJ1:::ft'lJ 'ill fl1;I 'IJ1f111fl:::11 U1(f'l1'W~1'W.... t1'l'l1'W 1'W~1'W01 1" rij~ fl1 1 w'W'rh'Ytl:tl \! flW 'If'Yt t1'l'l1'W 

mJH!11lJ1::;ft'm1lJ~'1011WI'.ll'W11'V1tll 'W lf1U'VI1'lfl111fl1:lIfl'J'l ~~~'W ~iJfI11lJL~'W i tl il{~fl1'JWI'.lI'Wl
" . . 

L'VItll'W1flUH1111'IJ'l11lJ 1f1L11cilU'iI:iJ~'W'V.!'WYifl~l.N 'il'U'il'W m:i1'liJfl11lJ~lJ'fi1'V11'lLffnl!fflt1'f1$ 
• I "col " ".1'" i d ..l 0 '" i .1 i i l'llJmlCJ!'WIfl'\lM1il~Ufl::V'lfllJ1:flmmfln 'W'lf1lJ1f1'Yltl'lflty 'WlJ1::;1'Ylff 'YlfJ tl'1lJ110Utl'~'l 9'1 . 

'" d
~'l f11'J 1'l'Yl 2.2 
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38.17 5.02 35.28 0.58 na 10 10.39 

21.33 3.06 23.29 0.12 0.03 na 50.73 1.43 

l'IJil'f)tJ 41.6 5.08 37.42 0.4 0.17 0.01 9.2 6.1 

i,ytJ"rI'l1'n 25.58 3.19 24.48 0.14 0.02 0.01 45 1.59 

ltJ'l.h~1J 30.82 3.74 21.61 0.84 0.08 0.11 38.5 4.42 

f)~ 11l'lh~1J 44.44 5.01 34.7 0.28 0.02 0.02 12 3.5 

Vl~ll'tJ'l.h~1J 21.15 0.27 0.04 0.16 58.6 2.03 

thA'tnJ't11J 23.9 0.56 0.06 na 48.4 1.2 

mnht11J 10.13 1.25 9.44 0.07 0.02 0.12 78.4 0.7 

~~;J111nfl 28.19 3.36 27.42 0.12 0.03 0.05 40 0.9 

ti,A'tt;J,11nfl 27.83 4.06 22.47 0.13 na na 41.7 3.7 

l'YI~l:JJttriltl::'11"~ 18.76 2.48 0.32 0.04 0.05 59.4 1.5 

ltl~t1f)i,y~fl1tltl,r1'1 18.6 2.12 16.68 0.15 0.02 0.1 60 2.44 



i'U'lJ'VI'rl''i)~',)m:h1Q.:J h.:J hHhvHr.:Jm11J~tl'U~iJiha.:JflTjf'lafl~lfY:h 10 L1Jflfl~1f1~ ~i~ 
~ 	 ~. 

LtHmwil~;11J1~L~'U'Hafl i'U ltl'Hfl1'J~Na~ ''Vh~1'J1mgfl1J1fl l~vu'l.hL~'U1'J.:J '...J141'1.h~L.fl1'lfii~ml1... 
" u~di1CJ1i'Ufl1'JNil~ '...J141 'J1V~~lUU~imh'U~l.:J~ iJ~~~tl itliJ 

3.1 	h-3',HhrU3,H1Utlll:JJ;tlU 
. 	 " 

1'J.:J'...J14l'Wa~.:J 1'Um11J~tl'U 'H1J1UQ.:J 1'J.:J '...J14 Tlh~lfl1'lfii~'Wa.:J.:J1'Um11J rtl'U 'il1flttHtll'Wil.:J . 	 .", 
L.wtlNilfl '...J141 1~u'l'i1 'ultHtll'Wil.:JYii~i'U h ~ '...J141'Wa~~1'Um11JrtlWl'l.htltlfl'~'H~lUU'J~U11'1 l'li'U 

d1'UM'U J1:U'Ul~1 J1:U'U~lCJ1~ n1CJ1'6'J'J1J'lf11ll~tll'Wil.:J;1m'W 'J11Ji.:JibLtli1U{ l~'U9l''W 
" i'WU'J~l1'lr1" 1'IU1'H '...J141'Wa~~1'Wml1J~tl'W 1jiha~fl1'J Nilflll~,r~1J1flfl':h 90% ·1.m~iha.:Jfl1'J 

" 	 .
Nil~'J11J'l'i~U'J~I1'IR Hf.'I~ff1'Hi''lJl1'ltll 'W If.'1ultl~tml1l'nfl '...J141U'lJ'lJm~'l1ui'W lm.:Jfl1'J~Nil~ '...J141'J1U... 

19f11J1fl ~m'WU'J~L1'IR'1'IUri1'Wi mY'il~i~L1'Itll'Wl~uh ~ '...J141'Wa.:J.:J1'Wml1J~tJ'WU'lJ'lJ n,n1'W 'tlJ1U~~ 
n.:J'I1'Wn1CJ1 Uflti'W h~'...J141'Wa~~1'UmHtll'ii~6U'lJ'lJi~LCJ1~Uff~tlTii~6 (Photovoltaic) h.:J '...J141tl~'I1'U 

~ ~. . 
f.'I1JH~~1'H'...J141'Wa~\l1Lvht!'UYil1'ltll 'W If.'11ifluNil~ '...J141 'liLnu1i;'tl~tl'lJ'Wa~~1'Wm11JftJ'W 

1'H '...J14TV'la.:Jm11Jrtl'Wl~'W1'J~ ivJ141~linla~fl1'J Nil~ i...J141~.:J lf1u~1i Uff11J1'Jt1UU~i~ 

'H~lUU'J~U11'1'fl1:IJ1~.om~w 'H'W~R1ff'fl{~~d' 
o 	 1'H'...J141tl~'I1'UitlJ1 (Steam Turbine Power Plant) L-tI'Ul'HivJ141~1~m1:IJftl'W'i)lflfl1'J1N1im~ 

L4tll'Wil.:J1YltJ91:IJJ1i 111~tJ~flm m-tl'W itJ~m11J~'U ~.:J uthw1 i u'1i'lJ n.:J'I1'U 'tlJl~~iJHfl'WL'Wmfitl 
,;h1JL~'UUfl'U1~rntl'lJ1'JL~m{'UtJ~Ltl~tJ~nl1ii~ i...J141 1~.oml'U!1'W'Utl~J1tl'lJ imi-,i'W lHi...J141 

U'lJ'lJd''il~1~'W1~.omU'H~'W (Rankin Cycle) 

o 	 1'Hi...J141tl~'I1'Un1CJ1 (Gas Turbine Power Plant) ,~'U1Hi...J141~Nil'flivJ141'il1m~'lJ'lJLfi~tJ.:Jtl~'I1'W 

f11CJ1i'U1~~mU'lJ'lJ''lJ'J6,r'U (Brayton Cycle) 1~Um~'lJ1'Wfl111~1J'il1flfl1'Jtl~mfl1ffi,riJml:IJ~'W 

~~U'J~1J1W 8 10 1vh 'UtJ.:J'lJ'J'J U1fl1R Ll~1ri~1;;111tJ.:J1m'l 'Hir,YltJ Nff1Jn'lJ f11CJ1'6 'J 'J1J'lf1~~1~'W 
4 
'" 	

'" 1 QI f 4 
. 

jJ & 0 i jlt;Y d <;..t Q 1!'lftll;'UN 'WtJ~'J1ff1'W1'It'H1J1~ff:IJ !!f.'I1'il.:J1'I1 'H filCJ1:IJmllJfI'W!!f.'I~tJW 'H illJff.:J fI Ufln'il fI 
~ 	 ~ ~ q 

'J~1ii~ rltJ'Wri'l '1 uyh 1111 n'fl fl1'J'UU1U~1!!~~fff1'l LL j 'lfl~lYl tl'1i'lJlf1~tJ.:Jn~'I1'W f11CJ1~iJl'Wf.'IlfitJ 

~1:IJn'lJUfl'U11 lfltl{'Utl~Lfl~tJ~n11iJ'fl i...J141 

o 	 1'HivJ141'Wa~mllJ~tl'U~1lJ (Combine Cycle Power Plant) fitJ lHivJ141~u'J~fltJ'lJ~1U 
'" . " 11 ~ i...J141n.:J'I1'U f11CJ1 LLf.'I~1'Hi...J141tl.:J'I1'Uiml1YiVi1.:J1\J'i1lJn'U'l'i~fftl~1~'lJ'lJ 1'fluihm11J~tJ'W~ 
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:i! A '" '" rd A... d "'.1 	 0" 'JI'JI : 1
~n1..l'llTeJtJfl'illmflH)~fl~'H'\.ml9f9f·U.l~nUJ~W'H .fJ11q~]J'.i::111W 550 C 111 L'If~111..11 ~fJ 

m::'U1'Wfl1'.i ua m'll~fJ1..Ifl1111!tJ1..I Li~tJ '1rlmil '1'W fl1'.iNa~ivHh'11..l1Q.om O~l11..1imflu'U'U 
Q 	 ~ Q cvcva 

U'.i'l fl1..I!vt 11!~11 'ill fl fl'I'H1..I fl19f 

o 	 lHivlvh~!9fa (Diesel Power Plant) ~tJ h~ivl.yhvta~fI11lJ!tJ1..Iflfl'll'.i:;1flVl'H~~ ~'-ifJli11..1~I9fa 
Irl1..1 litJ!vta~ ff'W ~l'llmfJ '1'W i ~fJNff11 ti'UtJ1fl1ffO~ ut\'1iiflU '~'.i :;liJ~mh~I9ltll~tJ~l~m.llvta~~l1..1 
fla~i~'llVilfl1'.i'H~'W h!~tJl'1ltJ'IlfI~tJ~fi1!'U~ ivlvh 

o 	 1H ivl,hvta~ihlflafJl (Nuclear Power Plant)i H ivl.yhVfa'l~l1..1ihlflafJl Irlui H ivll41~Na~ 

vta~~l1..1f11111!()1..I'illfl'll~fl~fJ1ihlflafJlu'U'UVlff,ru~!~1'll~mru !la:;iifl1'.iff~~l1..1fl1111!tJ'Wifi'll . 	 .. .. 
U~ff1'.i'.i:;'U1Ufl1111!tJ1..I (Coolant) l-wmh i'll'1-if'11..lm :;'U11..1fl1'.i~1J'\.'h '1~flalfJ1r11..1 imh ffl'Hl'U'1-if 

'" Na~ivll41'11..lm :;'U11..1 fl1'.iU'U'UI~U10'U i '.i ~ivll41vta~ itJ1h 

3.2 h.:J,wrhn,:J11U'tnl, 
.. 	 . 

tJ~tl'll'.i:;fltJ'U'IltJ~1H ivlvho~..r'Wimhu'U'U41Uffl111H1Uff~~ i~~~,'llli 3.1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I, 
I 
I 
I 
I 

,,,,,, 
I A 0:________________I ___ -, __I ________, 

.~... ..... Combustion gases I , 

10 slack ,

'- -----, ,--t::::+- , 
I 
I, 
I 

fuel ---'+-t> 

'" 

Cooled water 

1 _____1 

. 	 .. 


, 
I ,I 
I 

I 
,I , 
I 
I 
I 
I 
I 
I 
I 

t'llli 3.1 ff1'W'll'.i:;fltJ'U.w'W;}1'W'Il()~ h ~ i vll41ti~,r'W it)'w 1 

'IIlfll'll~ 3.1 ~'HJJ'tJ~lJ (Boiler) 'II:;ln~fl1·HN11'l1JJ'1~lf.J'1~t~tJtViil~ (Fuel) NfflJO'Utllfl1ff'1'W 

'llllJ1W ~Vltl1'HlJl:; fil9f!tJ1..I~ In~~1..1 'II:::'1~'1 'W fl1'.i ~mf, '1 ~1~tJ~ fla lm~ 'W i tJJ1fltJ1..I 'llf1tJUtJ tJ flff 
'II 

'UnfJ1fl1ff'VlH'llf1tJ~ ivl (Stack) IrltJitJJlrh1..ll;hO~..r'W imll (Steam Turbine) 'il:;:ln~fl1'.i'llf.J1U"'1 
Vla'l'll1..1 fI1111!tJ1..I~ ff:;fflJ '11..1 i tJJ1'il:a'll~U'Wlil 'WVla~~ 1'W fla!~tJ '1;;.u'Uti~l11..1 ~~ii 11 flU IVltl119ltJ11lJ ti'U 

Ifl~tJ~f\11'U~ ivll41 (Generator) i~uf\la~ivll41~Na~~1..I ru nalml~'II:;iifl1'.ifl1'Ufl11'~i~fh~llJ~• 
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. 	 " . 

fl1'HUfl fll'H-W11'H~mlfl Ihn.:J1'ri,hfh1;tfltJfll'H11UfJ11D~'j1fll'j1ml'\Jfl.:J1ml1Vi$llu'm.:Jl;J,n.:J-HU1fl 

$I I ~. 	 ", 

U1 U(;l::ai1fl1flU1linn '\J[J1tJ~11.wfl;run.:J,"umiJ1f11111<A'uummw'H fI ij'\Jfl.:J1flu,$lluVluflfln'\Jfl.:j. .. 
n.:J,"U~:::(;1fl(;1.:J lrifl1mf1if'm'11;J1'Hfln~U (Condensor) 'mf1~:::ri1mVlfl11111'flul~n1Jlf110U (Cooled 

Water) V11 i ~1fl J'11 nflf11'j fI1UllUU11:!U'HtJflJ'1t1l11 l~'j~::lifln (;1fl (;1.:jmjN'j1fll~1V1'i~lnflfffll'W 

lnflul1:!u ~tytyfllt'l~U~'H fln~u !riflJ'110U '$li'UfI1 111 1'flU~ln1flJ'1'i1::: nmm1:!uJ'lQU (Wann Water) 

del ", J ""!II 1'" d! 	 4 '1!11: .J' cl "• 	 IVl11fJW'H1J11tl.:J'\JU'iI.:J~fl.:JUl t1tJ.:J'HflH.:J (Cooling Tower) !Wfl t1UlfJUUWU(;1.:Jfl1tJfll'j'j::'U1tJfI1111 

l'flU fl fl n~u 'j'j [Ilfllt'lfiflUU1 nnu't1 a.:J 'Hfln~Uflnfl f.:J d1'Hi'UiflJ'11riflnfll'j n~u~111:!uJ'1~:::QnU1 
f 	 tI tI I"gI .., 1t1 d " "a Q.I 1 ~.Yh»41 	 QI Q.I 0 1 0 d 0 ~ I ~n(;1U Vl'H11fl~11flnflH fltJ t VD1J11 (Feedwater Pump) 1~~m'Ufl.:JU1U(;1:: flU1~:::11fll'jfl11uu~mUfl.:J 

" l"lfuil~(;lflfl itl 

m:::'IJ1ufll·m(;1mtl~tlUwn.:J.:j1u~lnfl~u iu1tl~m'Ufl.:JJ'lU(;l::: iml1<A'.:JiUltl~ 3.1 m~l'litJU 
Ufffl.:J 1$l'Ultl~ 3.2 

I 
I 
I 
I 

~ 
Qin I 

I 
I 

Boiler I 

I.I<J--- Cooling water 

'--  Condenser 

4 

, , , 	 1lI 

~lnltlVi 3.2 Wli.:J.:J1'WVilinnlmmtli1t1'Wi'W1~~mtl'j:::ml'IJ$l1tJfh'Wd1f1ty 4 ffTW <A'.:J~flitlil 
., 

i fl tlWli.:j.:J1'WfI1 111~fl'W '1 Uff1'Willnfl 'il1flfll'j!H1 

o 	 wn.:J-!ll'Wn" ~ ~ n.:J-H'W imf1,~;ru i 'j!~fl{'Ufl.:Jlfl~fl-!lfh!iJfl '1...h~l 1fltl'Vi~'N1Uff1Uifi$l111~lflfll'j 
'Um tI~1'Ufl.:J1mf1'\JW:::1flgflW.hu r1.:J-H'W 

• ,,, if. ,t 

o 	 wn.:J.:j1'Wfl11111'fl'W QOUI Vi1flUlf:hmVli~uriu1!gul.wflfl1Uuu'WVi'Hfln~'W 
., t::1 ", t $I 

o 	 W~.:j.:j1'W i ...Hh Wp Vi~lt1i~uritl11Ull.wfli~!l;11fl1111<A''WUriU1rifl'W!;J1'H it'flll11 

http:flgflW.hu
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~ ~ . 
':wlut)!l'<im"n'fl\l\:bnu1.'fl\h~,m~1'lil't1~\I\l1u1.yH41Vid~h,H~J~~'t1fi1'l~f.11fl ~ - wp Lt'luil 

~ 

~ .J... • ..... • ~ ~.. Q
't1fN\l1UVlUl1fl\l"t1U L\mm:':UULL~:;'t1~\I\l1U\1ryLl:'lU fI'fl in LL~:': Ul1~~1~U ~\I,:rU"t:;1.rX 

. " . 
l.h:':~Vlfi1l1't1ViLii t'l~U1Ut)!]4'mfi1U'l rul.cJl"t1 nfl~m1Vi (3,1) 

• 
~-Wp '" Q -Q I

17 = • 'I'I'H) 17 = In. au (3.1) 

Qin Qin 

1Q~fl'm'Hfh..l~~lJfI~~a\l t;t1~ 3.2 ffllJl';jOUff~\lfffllU~~a~'j~1J1J~ri1Uyjl\1"1 , U W-lUfll't1 

tau1VI'juU{l~atu'l'lftiJH1~\I'jtl~ 3.3 
q '" " 

T 

l' 

2 

cbS 
• ~ v 

~t1Yi 3.3 fffllU~~a\lt!ln1Jiaih'uUHUfll't1 T - s ~a\l1Q~mU'j~fh.J~~lJfI~ 

'infl~t1~ 3.3 imflfaut\ltJ1~ (Superheat Steam) tu fffll1~ l' Irtm.fhn,;j,ru'il~rifll';j~mtJ~1 
• • v 

l'wa uti {l,;j't1tr\l\llUYi ff~fflJ1u iaih!llu't1tr'H1Ufl{lium'j 'I'IlJtIn\l,ru 01 m~'IJ1U fl1'j\Pl~fl-ci11ilirifln• . " . 
tltylfftJfl11lJfatlYi~1n\l,rtl (Adiabatic Expansion) iat!lVi~1t1V11,;jaafl~a~n.:j,ru tu ffft11~ 2' 'il~ri 

rhtau1VI 'ju~a~ i mflfilf1~ lrtaimflfliu~111lUJ1~'I'I a fliu't1tr.:j~lUmllJfaUff~fflJ'il~{l~{l\lllluJl 
.. '" 

3 I,m~ljjarifl1'jl~lJmllJ~U~1fllllJriatl~lm.fj'1'I1uavl'lJ 
~ ~ d 9J f d: d.Q.I \Ii ,& ..:'!t ~ .ct Q.I X

atu'l'lftlJff,;j~UI{lflUati tu ffft11~ 4 U\9l'il~mnmlltlU1V1tJ~ mO~'il~I~a~l!mH'illfllJmllJ~'Uff~~U 
q qj tu q "U 

, 1 (,')1 , !l.I I 

m~'lJ1um'j~~mh1'il~rimu1mUf'NYi I'Wtl~'illmlU'illfllllJ'il~ijl itlHhi1lJ't1tr\l\llU ff~fflJ i'Uijl1~tJYi 
:v T WI" Iill Id Q.I 'j) ..:::! ~ & d Q.I M ~ 0 11] jlQ.I "d Q,I ';V:II Ji! 

~lJlJ't1{l~,;jlumllJ'jatltltylffmfl~~UVlm]JlJ maUl tu ffft11~ 4 !~'j1JmllJ'jaUVI\9l1'1'1lJa\9llJ'il~I~all 

mnmllu ial9l1lJltfuVl1,;j'illfl ffm1~ 4 -1- a -1- 1 -1-1' 11luuumma'IJ1Q~m 

, 'U 'jlflmaiju~'j~'lJ1J1'j\l i vlyhn\l,rtllt)Jl'il~t1 'j :fla'IJ~1t1'j~'IJ'IJ I9il~"1 l~a"lhtl'11'flwrhnw 

, ." ... '" '" :!/ bJ'" • "'.1 "'... ,.1 d<V

tl1tl'ilmUHfltlLfl\9l~tI t\9lam~lJ]J'j~ffVl1imW \9I\lUff~\I tI~]JVI 3.4 

http:I,:rU"t:;1.rX
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'.i1.1~ 3.4.. 
'.i:t:1J1J1ivl'l 1l.1 h~hHh'j)lf)ltl~ 3.4 tl'.i:t:f)tJ1JJl-;w 

1) 	 'M~tJlIlJ (Boiler) 


'" '"
~ 09-' 9-'9-' •
2) 	 1JlJ~1Jl.Il1'IJ1'MlJ6~lJ (Boller Feed Water Pump) 

>I 

3) 'Yi6~l.Ilh (Economizer) 


4) ~i'lJ'M~6I1lJ (Boiler Drum) 

'" . 

5) 	 'Yi61mh~m.JrJ~f.l1~ (Superheater) 
. 	 '" 

6) lf1;6~fl11Jf,JlJt.!w'M1JiJ'mh (Attemperator) 

7) lf1~6~~mi1Jnl9ff11{1J6l.11~66f)19f~ (Carbon Capture Element) 

8) tlri6~f11l.1 (Chimney Stack) 
>I 

9) n~,"l.I1mJlfl11lJ~l.I~~ (High Pressure Turbine) 

10) 'Yimjl.l'mhijtJl.If)~1J (Reheater)• 
11) n~,"l.I 1mflfl11lJ~l.I~1 (Low Pressure Turbine) 

12) lf1~6~f\1111~1vHh (Electric Generator) . 
13) 'MtJ f)~l.I (Condenser) 


.J 

14) 'M6J!-l~ (Cooling Tower) 

'" ., d 

15) UmJ1Wl.I (Cooling Water Pump) 
.t 

16) 11a1fl11Jf,JlJ (Control Valve) 
'" lV 

17) UlJ~mhfl11Jl1'l1l.1 (Condensate Pump) 

http:Yi61mh~m.JrJ~f.l1
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18) O~~~Olfllfl (Deaerator) 
~. ~ 

19) i:hJI,"lJm1lJ~'U,h (Feed Water Booster Pump) 

J .:. iJ iJiJ 
20) lm6.:.tt;l'U'U1fl6'Ul'IJ11'1lJ6fllJ (Feed Water Heater) 

3.3 tfd'U1.h:fl8'U'lJ8~i H'-wjhn~'t1'U'8~1 
h.:.t hHi1ft.:.t'l1'U iml1'IJ'U1~1~fl~Hh4m~fi.:.t:;1lJ1i:l 1.,$'U Ufli:l'U 1'116 "I11'U~mJ ~:::ij~fl'Inu::: 

fll'ji16'U14m~fi.:.tu'U'U11hlJi:l.:.t hl1'Ulfll ~.:.tll:::11l9lfl\¥h.:.tft'U1'j .:.tYl1'IJ'U1~ i1'lqj~i~14m~fi.:.tu1'UM'U~.:.t 
~6.:.tijfll'j'U~!ti:l:::~~1~'U N'U Ul'UM'U11hi tli'U119l1 cj.:.t61~~:::j:.IfflJftmf1:W'U 119l11~6·1hfJ,,rlj:.l1imrill• 
ff:::mflt.:.t~'U 1~fJ..t1 i1h:::'U'U h.:.t 'vlYl1ft~'I1'U imf1'1h:::fl6uII1fJff1'UI'iN"l -¥hhflty~.:.t'j1lJi:l~:L6lJ~ 

vv v , "" v •
3.3.1 1'Itl8f1t1l1a:lff'U'fIHfll1 1'IafllCJ18'U (Boller and Flue Gas Flow Path) 

,,--_____	First Stage 
Attemperators

Steam Drum 

Final :;;ec,,?nclary-_'_-Il_~~ 

Superheater 
 Reheat 

Superheater

Intermediate ___+_-1._ 

Secondary 

Superheater 

Platen SP.r.nnn"I'V.---ti---t"-; 

Superheater 


Main Steam 

Line 


Overfire 

Air Ports 


LowNOx 

Burners 


Coal 
Feeders 

I-'Ul~'e.!lzer Primary Forced 
Seal Air Fan Air Fan Draft Fan 

~tJ~ 3.5 'j:::'lJ'U1'I~6I1lJ'IJ~N li.:.t 'vlYllft.:.tl1'U16'11111'lJU 1'1 11.:.t 'lJ6.:.tU~'t111 B&W PGG 

http:119l11~6�1hfJ,,rlj:.l1
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'.i11J'rf~'Qtlmw ~H'1 i'Ui.'h'Uif ~'Uvyti1Ji1'ilitJ~~htity'lHntJvdl~ 1'lf'U 'b'iJ~'Uv~14Vl'Vtii~ '.i~1J1Jl~l .. ... 
'fnj' fl11:U~'U'UV~ 'mh l1"~'.i~1J1Jti~i'U 'mh liJ'U~'U 1';VfI11:Un'~~1fl'il~'UVtJflti1mh~ fllHmflU1J1J 

fjI 91 ~ OJ' .. .at 0 tv 

'I1:UV~:u'Uv~1JnJ'YI B&W PGG (Babcock % Wilcox Power GenemtlOn Group) 1'I1'11~1'U W m~~'U 
If' 

"" tI d '" tI Q' tI "" l'1t1 'l 'JI 'JI "" d1800 - 2400 Psia ~~'.i 1'1 3.5 rna '.i~flV1Jfll'.iij1i'UltJ n'1'U '.i~flij1J'YI1! mtJ L'U'I1:UV~:U ~~'U... 

."" tidConstruction) ~~l 1'1 3.6 

i m,lhn~'illflfll'.iUHi'~i1f111:U~ij'U Ivtij"~"'''.;j·n'UfI11:U ~tJ'U ~n'f.lI1i1tJ'ill flfl1'.i UHi' ~fffl11:U ~V'Um tJi 'U.. ... .. 
~ , 

t~lijij O~1J'J '.i mfl1fi'mtJ'U tJ 0 J:-.Iir.;jviijih~l'U'U ij fl'il::::,y:u~1tJ~ 'U1'U ti'UfI11:U ~V'U ~~~tI Vi 3.7 
w.., 71 , ,.. 

o ';tl'lhUf.1~';f)'tl'lhIfU~fh-39 'I1:UltJO.,'! vitJ 'V'lh!tJ'U~.,'!tl1~ (Superheater) viv 1mhltJ'im~1J 

(Reheater) u,,::::vitJ~'UJ 1 ritJ'Utl:tJ (Economizer) 1~tJvi'tJ!mht1'il ::::~mj'1~ l'U fl1'J ril tit 'Vlfl11:tJ 1 B'U~ln~ 
" " 'illflfl1'.ilJ:-.111'11lJ"u~ihu,,::::im111~e/l~fll'.iUHi'.;jff (Radiation) fl1'.i'lhfl11:U!V'U (Conduction) U"::; 

I W I $I 

fl1'.i'Vf1f111:U!V'U (Convection) i'Ufl1H)tJOU1J1J 1~tJ;11 'tI'il~i~!~tJ~viv 'aih1ij'UtJ-3t11~ Hi''Ut'U''l~ 

f!~:Ul!i1'Uvi V , tJJlt1tJ'Uml1J u,,::::u,,~viV~ 'UJl ria'Utl:U'il::::11~"11'11"~"l~ riv'U~ nlC)f~V'U 'il::::tI riVf.mVO~ 
1J'j'Jmfl1fi' Un'~~'~~~'.itl~ 3.8... 
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" t " ,

vitllmh~mlfJ-1fJ1f1t11~ihHmJ'J.tfl l-Hhi vitllmh~t1h1~-1fJ1f111UUtJ!JJ1Jii (Primary 

Superheater) 1l(;l:;;vitllmfl~t1h1~-1fJ1f111UU1'J~fJ1Jii (Secondary Superheater) lrlhl;lhl lf1fJvitllmh~t1h1 
~-1fJ1f1'J.tflll 'j n~:;;1~i'Ufl11JJ~t1h1.rf-1~1fJm'jlh mnn U(;l:;;m'jUNi' -1fffl11JJ;t1h1 U~1f1~t1g1h1um 
t.1f11tJ~:;;i'UfI11JJ~t1h1A1fJ1im'jlhlm:;;m'.i'Vtlfl11JJ~t1h1 ,rlhl'l1an m'j1l1f111JJ~t1h1'nflmnfl11JJ~t1h1 

lflgtlhlNlh11tltll(;l'l1:;;'1It1-1vitl ~mn1h1 nUUf:l1h1flniltltl1'11 flii~l-1nhl 1h1'11tl1~~ m'.i'Vtlf111JJ~t1h1~:;;tI1flfJ 
m'jlflgtlhl~'IIt1-1nl9f;t1h1"lm~llNlt1t1flqU'j'jmmflfl1f1h1t1flVlHtJrlfl-1f11h1,rlhli'lfl(;ll-1 

., " 
m'.i i'l1(;l11f1h1'11t1-1ff1h1fft'fm:::'1111-1 ltl1l1nu1l1 (Steam-Water Mixture Circulation) UaflllW:;; 

lrlhl1tj,;mOtlfJ lf1f11fl~t1h1~Nlh1m'j~hI~lmfl~fl-1~hI,flritlhl;lJJ (Economizer) ~:::\lfl~JJ~fll';hJJl 
, ,3J" 

Yi~i'JJ~t1h1UhI (Top Drum) ff1h1YidJhl1l1,.:::i'l1(;l(;l-1qvifl1l1~1h1h1t1fl'lltl-1N,r-1L~1 (Downcomer) Ua1 

l1f1h1 flaU JJ li'UfI11JJ ~t1h1114t1, ,",1~t1f1 flmfILrlhllt1~vifl,fIN,r-11f11~1h1'hI ff1h1NffJJ 'IIfl-1,fl nuimfl~::: 
III ;f • '" i:' i·1 1 "I "" '" • III j,II'll fl'llhlfffl'jJJ~t1h1Uhlll(;l:: t1h1l'lJl-1ff1h1~:::t:lflllfJflfltl fl lJ ~f1m'.i !'I1flnfJhlfI-1fl(;l11fflJJl'.it:lllff~-1 l~ 

~ ~ 

Feedwater 

Downcomer 

Steam-Free 

Subcooled 


Water 


USupplies It _---'.___..1 

~tJ~ 3.9 m'j1'11 fl11fJhI ihl1tj,;m~lrlhlff1h1Nffm::'I11H,flnu imfl 

mflttJ~ 3.9 m'j i'l1(;l11fJhlrll~f1tJfl~fflJJl'.it:lln~~hI i~lf1f11i'jnl'lfl~ (Natural Circulation) l~fJ 
tI1flflfl11JJ'I1h1lu'llhl~1l~fl~Hnhl'j:::'I11Hff1h1NffJJ'IItI-1,fll~t1~1l(;l:::itl,fl Irltlfl11JJ~hlU,hff-1~hlfI11JJ

'II 

l'IhIlu'llhl'lltl-1J1U(;l:::itl,fl~:::llflfl~Hnhl~t1f1fl-1 m'J i'l1(;lL1flhll~fl1i'j 'jJJ'lfl~"'::lnfl~hI i~mn\i-1;1tJ-1u 
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f11'.i'1,*~lJl'i4fl')btl'1,rtn~f11'.i''I1'fU1t1'W (Forced Circulation) 1~mr1't1~m1lJ~'U~~fy;h 2,500 Psia 'i1~ 
ijf11'.iflfl OU1313'1,rijf11'.i ;)~~~~lJ~vim.fl~l'U'WflO'Ufl~Nil'~t~lt-i4fl'1btl '1,rtn~f11'.i'mU1 tI'U , ~41t1~'U ~~ 
m1WJ'1'Ultl~ 3.10 

SteamQut 

Oowncomer 
(Not Heated) 

Furnace Tube Of 
Riser (Heated) 

Steam Out 

.. 

Furnace Tube or 
Riser (Heated) 

(b) f11'.i i'l1fU1t1'U 1~tl1~lllJ 
, , »I" 

ll1Vi 3.10 (a) 01'.i imu1t1'W1'W1fJiO'Jyhi'l'U ri1m-H"lJ'.i:::'I1';h~ihnl3imj11~tl1i'.i'.ilJ'lIl~ 
, IV i.I d 

(b) f11'.i i mU1t1'U11..1 1fJi O'.il1t1J'U ri1'UNCYlJ'.i:::'I111~'ll In'lJ imJ11~tl1~lJ . 
lifhf'l11lJ~'W10q~ (Critical Pressure) 3,208.2 Psia m llJ'l1 mull 'U 'Ufl~'ll 

~ 

1n'lJ iv'll 
~ 

1UfilLviIn'U 

f11'.i' '11 m1t1'W 1f'ltl1i '.i'.i lJ'ifl~'i1:::'~CYlm'.i f.unf'l~'W'~ 'I1~fl~lJ~.yh-31'U~f111lJ~'W €}; ~ f111m llJ~'U1f1q¥i 
J1'i1~CY1lJl'.i0t~Vf'lf1t:llm1J'W ifl ''''If'1t1'~ijri1'WNCYlJ'.i:::'l11HJln'lJ'flJl '11..1 1fJim ~~ i~~lLi'I'U~V~ 

SI 
d QI d 'JI 'JI d , . 4 • • • 

lJ~'.ilJ ''.il''.itl0'l1lJfl~lJU'lJ'lJ'W11 Oncethrough BOller'l1'.iV Supercntlcai BoIler 

~iU l1 {lii'Uv~vimi11..rv~.f11t119i';j~~1 flf'l"QiU'l1 {Iii€};~~f'I~'V1 'U'~ 
o ~111 (Steam Drum) f'li'lJ,i'I'Uf,)~~mfl~Nl'Uf11'.i~'W'i11f1viv~'UJlriV'U~'i1:::'tilf11'.i~lJ1..rl~Vf'I 

nmmlh/lvJl Uiln1:JiU:::f1tl'1t1m::;CY1t11H~1V~~tl'U13'W'UtJ~LmLm ~-3'.i11~ 3.11 um.rl~'l1ilni'Wo1'.i 
" '" 51 $I $I ~ ! 

mJOiV'lll (Steam Seperation) VVf1'i11flri1'UNCYlJ'UtJ~ llV'llln'lJlhl~Vf'I !~lJ'llltl11f1Ul\1Vl1i''lJl1l ~ 
Sf ,jI 'jI 

f]tlUl1't't'UV-3'lJ1 (Chemical Water Treatment) flf'lUtlfltr-3t1'WllJV'WVV0'i110imh (Steam Purification) 
SI " 

ut:l:l:ml3f,JlJl1lmiU'll11~ tlf11'.i l1rlfl tl'll1fl fl fl'i11m :l:'lJ'lJ (Blow Down) 

http:lii'Uv~vimi11..rv
http:BOller'l1'.iV
http:lJ~vim.fl
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·... 1.:1 QI Q,f " " -01,uVl 3.]] i:lf)'Hw::~'nJ'UO'l'111JOVl1J'UW:;Vllm';i 

fl1'Vti~'Ul1'l'UO'l~f1Ji.n1J1';iilUff~'l '~'U1,U~ 3.12 

$(:rubber 
Elements 
(Secondary) 

Inlel 

Steam Outlet 

1,U~ 3.12 fl1'VtI'l~'Ul1'l'UO'lY'lf1J 
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.t11fJt 'IJ"rlJ~:;n~'llmwri~HLfJfH10~'" 1"fJ'tt"m fln"'fl'l:lW~I~'IJ tun" M~'IJLMifJ~ (Cyclone 
• $# t ., ~ 

Seperator) thM1UlM1U~UfJflihYi'll'IJodt'IJri1'IJNI.'I'lJ1 ~M11~U1nu i6111 t 11'OOfli'll (Centrifugal 

"''' """:511 i : ""J I'Ll'" "..., ..:Action) ¥I1lJ'II6UN'IJ~"1'Wt'W'II6~"1lJ 1.'I'1'WVUlJ'IJ 0'IJ1~:;l.'I'llJl1~"'OfJ¥l1'11'IJ &lJ fJ~~tJmWfI"IWfl'l1"'Vl 

,!.dQ,.l .?I I c:t 91 (V~t elI.d. .:!<v :4Q,1
1.'I'6~ CJt~ lJ'" fl'l:lW~!lJ'WUN'WlM '" fl~ fl~fl11~CJtO'IJfl'IJ!lJ'IJ':IS'W'1 L'lJU'IJ1"~ (Scrubbers) !YWfI" !Wfl'IJ 1'Vl fJ~ 

II , I , 

.4 Gi g) Q.I Q.I ~ 0 ~. Q.I 0 gJ,::t 4 4 .. I 4 .d v 
M"'~lM "'6 LM11lJmfl'IJllJ 'IJ M fJ"'IJlU"':;¥1 fl"'~lJl"l'IJm-3 !m:;fJ-3'Vl1M'lJ1'Vl m 6~ 1.'1'~l~6 u'IJ 6'IJ '1 6 fl"1fJ 

imfl~ ~1'IJ66 fllJl~lflfl'll mwti"UfJfl t 'IJ,,,d~:;~l'IJ i'lliJ~m~U-3~~6dri1'IJ 'IJ'IJ '116-3 " rlJ ~~ll:;vh 
I "" • '" tI

" .,. 'I " II) 0 ' ''' '" ".,.i-lilt" "I. " '''' '" II) 0'I1'IJ1'Vlm6~ Lmuvn:; 1O'IJl!'Vll'IJ'IJ'Vll.'I'llJ11~Nl'IJ1.'I'1'IJ'IJ u !"!Vm!'II1~mM'IJ 16'1Jl (Steam Turbine) 
sot """. 

fll1 fl1'IJfllJ1:;~Uihfll fJ t 'IJ"llJnfl11lJffltiW~-3lj 01'J:;~1J'thl.'l'-3!n'IJ i 'll 'th~~yj1lJ iCJt 1fI"''lJVi• u ~ 

VhM~1~IIVflJ166fl'l)lfl i6Jl 'fl1t11'n,l1'll'IJ66fl i'lln'IJ i6,l1i~~-361~'fll t 11'!n"fl11lJlffVMlfJt'IJ1g;U'IJ 
!If , Ii" !II 

yj6 i6Ul!6'WV-3fJ1"U"':; tun"'116~n~M'W i 6Ul 'lJ6fl~ lmr'IJ61~'fllt 11'fll1 fl1UfJlJflWM.f,JiJ'II6-3 i6U1'fll 
~ ~ ~ 

i ~fJ1 fl U~Ol1g;~UUl n ~6 mn'W i 'll61~ 'fll t 11'"llJ11lJ 1'i~yj6U1N'll'~I¥I1!6 'IJ ~ 'lJ1n'IJ:ij,,~1n" tl'IJl~'IJ 
~" . 

1.'I'1!'11~'fll t'l1'yj6U 1U~fl i ~ flW)"1:;~UU1.t11fJt'IJ"llJ61'il n.u'O~"vt in"M"'mn"111 flfll1 m ::a'Vi6lJ'II 6-3 

,"6~61fllmf !~'IJ tl1'IJNI.'I'lJ1 g;M 11~ i 6,1'1 nuJ1 1"v'll fl~ff'" J:h'IJ,"6~61fllrrd'il g;fI-3~~ng;~'lJJ1~1"i ~ 
!mg;m'IJfJlJ'ilg;aHD~ 111 mJ¥I11ri1'IJ d N"'''l flfll1 !'ll~fJ'lJlI 'll "'-31 M"'''~ L~lJ~'IJmh-3 fl~1'i'IJM'IJ ~61"'fl-I'11' .. . 
ff'''tl1'IJvl6-36 lfllfflj",,,,,,~ (Shrink) t'IJ'Vll-31?11 -3n'IJ.u'llJO 11 M",,,nfll1 !'llitV'IJU1J"'-3 "''''''-3mh~fl:;1'i'IJ M'IJ 

~g;vh' '11'ff'" t'11'IJvl6-361fllrrifl ~lJ~'IJ (Swell) N"'~-3 mi11'fll t11'!n".u'6 ~"vtm" t'IJfl111"1~~UJ1~1V 
1~'IJIC)f6{ ~-3J'IJ~~m1 n fll1 ~"~-3flft'6-31-31l1i1"1v16 t 11'1.'I'1lJ 11 ~ ff~Ifl¥l1 g;~u,ll'il~ -3 i ~~1 fJl.'I'lfJ~l 

rSt.""Outlet~ 

'----..;:,.OOwncomers . . " 
~'llVi 3.13 N"''116-3vl6-361fllrrVin~6fll11''1g;~'lJU1'll6-3,,-rlJ 

" " . 
1fJ ~mfll1'M"''116~Uln'IJ imhVi ~h'IJ ,.u'lLL",g;66fl''IJ tl1'IJ '116-3 Mi16~lJ Img;I~'IJ'Vll~fll1 iM'" 

rn 1! _I ,,: 'I i: ..: 511 I 

'116~fllCJt";j6'IJ u1g;fl6U"1fJ'IJl1'lJ1.'I'.t111g;'116~!M"'1 (Subcooled Water) 6'Wl mt~'VlIlJ'lJ1.'I'1'IJNl.'I'lJ 
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Superheated
R Steam 

Altemperator 

P 10 

.... 
Steam-Cooled 

Convection Pass 

I • 
G 	 ~'TITIT1"""""'"-<[7-

Steam
Cooled 

Roof 

') J 
I 
I M~~M 

:= 
I-===:1 

H---Steam·Cooled 
Enclosure 

ToJ 
--+ ~~~~NL_~~primary

Superheater 

Economizer 
I 	 •I Feedwater
I 
I 
I

-Furnace I 
Walls: I 

Two-Phase I 
Cooling I 

) 
Water Circuit A-B·C·D/ 

/ 
/ Two·Phase Circuit D·E·F-G-H/ 

1--.......000-' / Steam Circuits H+L-M·N·o-P-Q·R 
F H..J-K.M-N.O.P.Q.R 

.d : :.d,,, 	 '31 \I) 9J\I) 	 I 'j/ '31 ~ 
t11V1 3.14 'U1U1;l~ lV'U1Vif-ll'Ul'\11U1;l~vvntr1'U'I1:IJtJ"':lJU1;l~m'WVll'l0l1 l'I1€l'\ltJ'lOlC'!fltJ'W . 

'il1m11Vi 3.14 U'li'l1'l'illOll''I1€l~l:IJtrm'W~'\ItJ'l'\ltJ'l''I1€l'fi' 3 ri1'U fl'lij 
~ 

... 
." 0 71 71, 	 r:i • 

o 1.:t1l'l0l'l''I1I:1'\1Mth ll:IJ'il1nUm,J,tru'lhml'U19l1 (Condensated Water) Nl'Ull:IJVflVifl11:IJfl'Utr'l... 	 ... 
~ ... 

9Ii/ft1\1lQI9J d<v 0 91 
(High Pressure Feed Water Pump) U€l11'\l1~'YI'tJ~'U m'Uln'tJ'W~:IJ (Economizer) VI'I1111:IJ'U1'Y11'l1'\l1 A 

iI r:i 71 I 	 • I 

U€l~tJtJnVl Hfi'1'UM111:IJ'W1 B ntJ'W'il~Qnll:IJ~u'W1Vi\1n~'Uua'1Nl'W1~uul'itJ C lWtJIo\h '11 rr'lfl1:IJVitJ~ 

"''tJ'UU'W W ~lU'l1".j..:j D 

.. . 	 .. 
Tank) E 1Ia'11.fJl~M111:IJ'W1VitJ~"'tJw;h'l F nm.J'O~11tJ'UnflU:IJ11Uml:IJ~'tJ'U lf1fJPh'Wl'i'tJ'WlrfU'lI"'l 

SI i .Pi .K."" :,d I 	 SI i i'" '" . ,dc;$l'I:fll'U 'Ullt11 'I1€l'\l'W~'I1111:IJ'UlVlV~"'tJ'UU'U G 'lflVlltJ'il~ 'I1€l 11U'lfll:IJ"'tJ'WU'WU€l~tl1'W'YIltl'W ltJ'Ul 

'O~tlmwntJtJn i11 W 'Ofl H cj..:jI~'UVI1'lVtln'\ltl'l imfl~tlclfi'l'W 'U 'W '\I tJ'lfl 1:IJ"q 	 ... 

fJ t 71 I 

!~'WVI1'l H 4- I 4- L U€l~I~'UVll'l H 4- J 4- K ntJ'W'iJ::::nflU:lJu1:1Jfl'Wvnfl1'lViM1ltl'Wl M !WtJI.fJlri... 
iI • 	 !)I tI 71 

viti itl'Wl~tI'UV'lfJ1f111!:IJ.fJli (Primary Superheater) ua'1VtJn:lJl~M1 'tJ'Wl N rh'WviV'tJ'W1Vil1nll$lfll9l'l .. 	 .. . 
l::::uumU'fJ:IJ~w'l1.fJli'\ltJ'litl'Wl (Attemperator) W ~llm".j..:j 0 ntl'WI.fJli11rr'lM1itJ'Wl P 11'Y11'lI.fJlvitl 

71 t 	 1 'Ji 

itJ'Wl~tI'UV'lU1f1i'l~tJ.fJli (Secondary Superheater) !ll{1tJ'tJn:lJ111:IJ~111M1 itl'Wl Q n'tJ'W i'l1€l111:IJl'i'tJ R 
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.,., ,., • v 

Iri'fJillu~tl,n1'Uimh l~vllf)ii'j~'tdwrl'fJi'fJihf'fJ'Uv~U1~ll;PJfJiJlltl~'VJiiVfJiJ ~~nf)n ii~~~'j~'U'U 
"" " , I 

fl1'UfJlI'QWl1 fJij'U'fJ~ 'mJl1~vm'jii~,httl'U~'fJlll'fhillNff 11 tl'U imhf'fJ'Uv~U1~ (Attemperator) Iri'fJ i'l1' 
~ . 


'Qwl1fJii'U'fJ~ imJltl~tl~ ~~lllYi 3.15 

Spray Nozzle 

Venturi Mixing 
Steam Line 

tll~ 3.15 'J~tl'Ufl1'UfJlI'QWl1fJij'U'fJ~ imrl1~tJm'Jii~nrllt1'U~'fJfJl 


&'U'UW~I'JlI~'U~t>1I~ll1tlf)'t:JW~t>1~I1J 3.16 

~. ~ 

o ,"llNl (Burner) 111INlltjfm'Vfa~LtI'Uri1'Ufii.y~hl1i''Ui'l1'fl1111 f'fJ'U i'U fll'JIFn im!ltjf'fJlVfa~ 
q .c; ~ d 41' Q.I/ ... I 

Core Air Sliding Air Pilot Adjustable 
Damper Damper Grid Vanes 

Linear 
Actuator 

Gas Manifold 
Inlel 
Connection 

local 

Bumer Support 
System 

• !II 

11lfi 3.16 €if)'t:JW~111INl 'll1:U'U Im~filCJf1inll'lnii1'U XCL-S® 'U'fJnl~1r'l'l B&W PGG 

'I d !II !II':' ... 'I d d "'I !II lIJ "lIJ I '" 
&'U'Uw~'I'l~'fJ~mHnll1'J'fJ'UI'Vflll~lI &'UmW'I'lfl1111'J'fJ'U t'Ul1'fJ~INl !'H1I tlll'VftJ~'Vf'fJ 

~ !II , 

ii~~~u'l'lmmh::l1'.h~f)rimi'fJ'lllfifnr~l~l ~~'.i1J 3.17 
~. ~ 
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. "'. 
,1IVi 3.17 ftfl'MWtm'J~~9l>3'l1'J1PnVirl'lr>31m 

. '" 
1~ till n~llt66nutJtJ'l1'JINlllt'1:M3J~1'W'J'W'fll't1 :IJlttYJJ n1J'lfQ~'tl6>311i6t'W ti>3 ftn'MWtUfltfl'llJJ 

'W6IVitl>3'tl6>3fl'J1JJ~6'W~9l'6>3 m'J i f>31'W 1'lf'W 14m'Wti>3~1~'W1I'J tL.flVlth'Wl1'Wllt3J~1'W'J'W'l1'JIPn JJl nn'-.h 

'" '" 
1~6m ti >311 'J ~1.nVlll'J ~1.nVlU1U'W '11~6~lbJJ'JfI 1~'W9l''W 

-crl'l1i'tJ rh'lfti'J 'J JJ'lfl~ llttY1JJ l'J(lHni 'I1mtltYt~'Jn 
'" '" ~'W6n'illnt!'Wm'JIPn'mj'nl9f1i'J'JJJ'lfl~lltiU3JU1~'W~'W (Tar) '11~6 ihJJtu'W (Sulfur) 9f':)lrJ'WtYlm~'tl6>3 

'JI ,. 'JI 'JI 

llty'l1lf1l'J ~n~6'W 'W6mn f)t!'Wfl'JltJtYnll'J n'fllmt6g'fl Nt!>3'Yi6U lUat'Yi6 i 6U nil1t\'1I'JtiYVliim'Wnl'J 

. "i J,d SI Q.I 0 Q.I i ",. i fJlfN Q,4 d ClQ

mmVlfl'llJJ'J6'W JJ~ 'tl6f1'J'J'Jt'J>3tYl'11'JtJm'J1Nl JJ l~lJ 'lfm9fti'J'JJJ'lf19lfl6f)l'J'JtltJ~V1m'il1f1~1l1f) 

'" . 
ri'J'WNtYJJ'tl6>3mmflntJnl9f1i'J'J JJ'lfl~ (Explosive Mixture) ~'1t!'W n6'W'ilt3Jm ttJ'J'Wm'Jl~ JJ1Pn i'l1]j'~.:j 

'" 3JmttJ1'Wm'J irimmfl66f) (Purge) tl'Jtlnl9fi'W 191'JI'il'W11'1'JttJtJn6'W 

'" 'W6 n'il1 nt!'W i 'W m 'J 66 .flIltJtJ V>39l'6 >3 f'hU.:j t).:jt1'm 1 ri'J'W 'tlfNfllt1'91'J1 m 'J i '11 a'tlV'lnl9f~6'W tY>3tY~'" . 
~6fh~T'I~~'l1'JIPnIl~at9l'JV>3f1>3U1l'UJ1 ioif>31'W itl (Tum-Down Ratio; TDR) 1'lf'W TDR 5:] 'I1:1Jltlfl'llJJ 

--h tY1JJl'Jil"~tJ9I'J1m'J i'l1f1'tl6>3nl9f~V'WfI>3 it\'mil6 20% 'tl6'1fh~.:jt!~ 1~tlYiiu9l'6>33Jm'J~tJ'l1'JIPn 

EJ6f1!flfJ ~'11'Wnl'JEJ6nutJtJ'iltfl'ltJfJJJitl~lfJtl'hH'J!Nl~3Jrh TDR ~lnil 1'lf'W TDR 2:] ~'1ti'11'11"~ 

fI~fI'Imi;1'fl 50% nI'i'6.:j3Jm'J~1Jlr1Im1J1'19l166n'1iJ 

'l1'JIN1I1tJtJ~ioifH>3fh'W11'W (Pulverized Coal Burner) U"tJl~'W (Oil Burner) lrJ'W~46t'Wti>3'ilt3J 
"" ." <!\. "I" '" ""I ., J lfJ'" ,.:: 01 ". • d '" nl'J\UI'W'Wl'tl1ImIVW'If'JtI L1'Im'JIN1 111JJ L'WI9I11f1~'tl'W 1~>31t1 L~tI'W1JJ'W'ilt9l6>3Nl'Wm'Jf,l'WVlf,lW'l1IJJJ 

'JI ", y 

'J~'I1'jH 180 - 300 "F ~'W6Qn1Jlm~'tlV>3U1U'Wl'W6f1~f1'J1JJ'I1i!~ (Viscosity) flt)'WYi'iltvhf)l'Jn~'t\'I~'W 
. '" 

N6t1 (Atomization) -cr1'11i'tJ'l1'JIN1'flioifN'I(il'Wl1'Wl~'W l1iV mti>3 H'Irl1'W1i 'W'il1 n 1 utJ ~'ilt~nwW41119111Pn 
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Four Rows 
of Bumen; 

Flow 
From 
Air 
Heate< 
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Q.I 'Q.I ~ dQ.f 0 eSd 1"d~ 0

'YI11N1Um'l~'YI1'il~\9IO~1J'YI1~fl'\J1 (Ignition Burner) 9I'~1Jm'jOOf1U1J1J 'YI1J'II'U~a'Um'jVl1~l'Um'l~ 

'YIQflVil~1'UL~'UU1J1J6~ l'UiJ9i 1~VU1'U1mY'il~H;JliJ'UL1J1 (Light Oil) 'YI~an191'1i'j'j1J'lfl~1~'U 
tI ,~" I 

l';Olytii~ i1~flill;iHMfOlytii~illiJ'Ul1J1U(\~n191'1i'j'j1J'lf19iihlf1lJ\l!~~~~lHi 3.20 U(\~ 3.21 9l11Jlh~'U 

4.5" Oillynlter Assembly 

Air Inlet 

CombustiOn/Cooing 
Air Regulating Valve 

Spark Rod 

Connection 


'--lntArn,,1 Guide 
Tube Assembly 

Eddy Plale 

O~ Seal Air 

Assembly Connection 


111~ 3.20 i1~flill~1-NJliJ'U11J11~'U14mytii~ 

4.0· Gas Igniter 

Combustion/Cooling ------ 

Air Inlel 


Combustion/Cooling -----1 

Air Regulaling valve 


Flame 
Detection 
Rod 

Internal Guide 
Tube Assembly

Seal Air 
Connection Spark Probe 

Flame Rod Gas Nonie 
Connection 

!11~ 3.21 i1~fl'\h~i;;n191'1i'j'j1J'lfl~I1J'U14m'Y'l~~ 
m'Ji'mn~w '\1 JJmm1a~INll1m.r11J'Wm!l~fi111Ji''U H~'lfa'U'Ua.,") ~mUt:!lJ (Operator) 'l'W 

..:::i. 11] g).:9 '" ~ q 4 ~ " 'd d ~q j} lfI jI d' 

i:YfI11~'YIm'jINl !'l11Jl'lftlt'Y'l1'1~mtl i'Ul~11f1~'UWW1.,")lJli:Yt:W'Jm'Y'l aWVlillJ i'U'\1fJ~iNl !'l1lJ'il~1Jfi1{;l'.,") 
q 'IJ 'U . ". 

d Q 0 GI g.t \Ii IJ) Q.::S 1 , ~ 1 lI)' 0 :::. jI d ~~ QI 

l'Y'leH'Y'IfJ'YI'il~Vl1 !'YIm ~UTW tll'jlNl !'l1lJlf1~'II'Uf)m~r1tlt'UfJ.,") fltl !1J'ill11J'W~fJ~lJfl1'j~~ 1'1l~1'W'YI11f41 

U1'1::m'Ut:!lJlt.h'l1iYl U~h..l1JN{;l'()l'Ufl1'jW 1'lf'U filfi111Jfo'U~11ytl:: (Heating Value) 'UfJ':H4mytii~ijfil 
. '" '" 

i]jm.'hm1JotHh~i'Ufl'jWI';0l'Wii~;111J1(\ l'If'\.,! fl1f1~fJtlijml1J~'U1Jlf1lfh! i11 6~'jlm'j i'YI(l'UfJ~ n191'i]j 
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mutJlmhn1vi 

3.3.2 "l~1J1Jn.:.t..rU'6~1 (Steam Turbine System) 

n.:.t'l1u 1'VJ11~UfrtJ mw~Yil'l1,rl~l'lJ~tJU'V'f""H1Uml11!mJ~ff~ff1llu1mil Yiml11~UUf1: 
~W'l1 fJiJ~~1ih~U'W"'.:.t~lU flf1I~'V'I11JUI'Wf11'U'V{j~1n{j'l1U 9i~JjUflU;}'V';j 111 tiUI'Wf11'U'V~1f1~'V{j filLi!~ 

1yHh lm~tf!H'U'V.:Jn~'I1'lJ 1'VJluumh~'l ,r'lJ'V~n'U'U'lJ1~'U'V~fil"'.:JfI1mil~1vi,h ~W'l1fJiJ 1If1:ml11 
" t ti 'JI 

~'lJ'U~H1mll l~tJih1tl'il:fl'Vmlu'U1Mth:fI'V'U~1tJ,.~ n~'I1wj'VtJ'I1mtJ-i'lJ ~~~~'V~mtJl'lJ1f1Hff!l~ 

. " 
ttlYi 3.22 m'V'f~~'U1Hti~'I1'lJ lmh SC series 'U'lJl~ 2 100 MW 'U'V.:J'UlirVl General Electric (GE) 
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" . " 
ri'n.Jt'VHn'tJfl':lfi-1'11\.I'il~~~~-1fld1J'W~~1J~flil'W (Bearing) llifl im.'h i,uwihO-1l1'W m1lJ~'W'il:: 

CI~'NIICI~ln~fIl'.i'tJfJ1fJ~';l'Vh 'hi'tlllJ1m'tJfl-1 im.f1l'~lJ~'Wm1lJ!lm1'.i i11 CI'tJfl-1 im.f,-'l-1~'W UCI::lrlfl 

ll::11::01J'l1J'ti~,~~'Hl~'Wi~ (Moving Blade) 'il::lnAI1H~ClN~flri-1 illtl-11'WCI1'tJfl-10-111'W (Impulse 

Turbine) Irlfl i()J1rh'Wflflfl'il1fl 'l1J'n~'l1~11'.i fl 'il::i11mh'W'l1JW~'l1~~tlQ01J~ (Stationary Blade) l~fl 
" " . 

fl11JfjlJ.yJffVl1-1 i m,ll'l..rtllll::11::01J'l1JW~'Il~11~-1 (Reaction Turbine) l'l1'W-willlltltJ"1 mlJ~1'W1'W'l1~ 

'tJfl-10-111'W~tlflflU1J1JH ~-111ff~-1'l'WIll~ 3.24 

Impulse Turbine Reaction Turbine 

2ll~ 3.24 fln i11C1'tJfl-1 iflJ11rlfl~1'W0-111'W-i'W9h-1"1 
y , • ~ 

ij~'.i1 fIl'.i' 11C1'tJfl-1 im.hVil'li'lri0-111'Wff1lJ1'.itlm1JfllJ i~i~fJ'l.r;1161m1JfllJ tiifl i mhi 11C1~hw.. . . 
" " 'l1JW~'l'WU~CI:,~m1lJ~'WUCl~f.JW.11KJiJ'tJ()-1 im.ll~1'W'tJ1flfl fl'il::CI~CI-1 ~-1fl1'il iJ fIl'.i ()()flU1J1J '1'lfi ()oW 1 

i11C111fJ'W fl~1J i ll~11~fl~lJl~mvilJ'W~-1-11'Wfl11lJ!fl'WO()'W~'il:: i 11C11'li'1~0-1'11'W i()J1 ih~1J ti~ i ll~iJ 
m1lJ~'W~'hfl'h0-111'W~1U'.i fl i~fl..r1ill '.i::1J1JO-1l1'W~H'li1Jlfl~fl-1fhn1~hHh~iJih~-1f1l'.i N~~~-1"1 

'il::iJfl1'.i()flflll1J1J 'l'lfiJ,~0-111'WffllJ'l1~ll'.i::flfl1J~1fJ 0-111'WmllJ~'W~-1 (High Pressure Turbine; HPT) 

0-1'11'Wm1lJ~'Wll1'WflCll-1 (Intennediate Pressure Turbine; IPT) UCI::O-1l1'WmllJ~'W~l (Low Pressure 
'JI f 'JI 1 I 

Turbine; LPT) i floW l'Vi()fl fl'il 1fll'1() i()oW 1!fl'WfJ-1 fJ1~11~fJ.fliJ'il::l..,m'li'l dO-1l1'W mllJ~'W ff -1 1l~1'W 'tJ1fltl fl 
q '\l (U 'U 

'tJfl-10-111'Wm1lJ~'W ~ -1 iflJl'O:: i'HCI11fl'Wfl~1J ill 'l'W'H~()~lJ 1~() i'1J'W~-1-11'Wfl':nlJ!()'WlvilJ Ofl'W'il:: i 11C1 

" II " 

ml1JlJ11'li'1 i()oW lmllJ~mJ 1'W flCl1-1 UCI:: ifloW 1'tJ1()tlfl'tJ()-1 0-1 'I1'W m1lJ~'Wll1'W flCll..:J im.h'il:: i'H CI 11 fJ'W 

fl~1J'll'l'W 'H 1Itl ~lJl~()i'1Jm llJ!()'WUflflf-1 nfl'W 'il:i:lJ11'li'1'~ 0..:J11'W mllJ~'W~ l~..:Jlil 'W 'l1~ 1:!~~1eJ uY1i!'W 
. " . 

'.i:i:U1J'ViiJ,j iJ 0-1'11'ml1 llJ~'Wll1'Wmmm 'il'il::tl tl flU1J1J '1'1fi ()oW 111() fl fl'il1 fl 0-111'W fl11lJ'Pl'W ff-1ff1lJ 1'.i (I ~1'W 
'" t, V I I 

illllO~l1'Wm1lJ'Plmh i~i~fJm ~ '.i::1J1J 0~11'W ifloW1li'HlJ'Wlfl~fl~tl1t'W~'yJ.yhUti~~llJ~fl~W.::fl1'.i~fl 

'tJfl~l1fl'Wl'WCl1()() fl i~ff()-1'.i ::1J1J flm::1J1JUfl'Wl'WCl1~fl~1lJ 'l'WU'W11~fJ10'W (Tandem Compound) ~-1~ll 
.:l 
113.25 

http:l'WU~CI:,~m1lJ~'WUCl~f.JW.11
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From boiler --..., Crossover 

MSV 
CV 

LP §.hjlf!. &-+ To power system 

(a) Non-reheat 

Crossover 

MSV 
CV 

on anser 

(b) Single-reheat 

Crossover 

MSV 

CV 

(c) double-reheat 

nl~ 3.251m'l~~H'UU'l:i~'lJ'lJn'llftJlmflH'lJ'lJ~~um.JL'VH;n~v'.hlJf)tJ.. 
hm:~'lJ'lJn'llftJ~'l:ill~ 3.25 n'llftJ'V1f)1Ji1'il::;~U·.htmVn'lJtf1~U'lfhI'W~ ivHhl~tJ1~ufltJt'vHn'" . .. 

t~tJ1ntJ 1tJ'Uw~~ViH1Utlfl~tf1~tl'lfhn1~ ivJ-rhV1'il\Jfl'li''lJ~1tJn'llftJ'l[~ 1~'l[~'YIihH~mf'll'.Jfl'l[~~i~ 
im~'lJ'lJUfltJl'VH'!1~itJ~V~1lJV~'UUtJ11~tJ1nu (Cross Compound) U~~'li~~'lttl~ 3.26 

. '" 
'illfl'lllVi 3.25 U~~ 3.26 :i::;'lJ'lJn'llfU imll'il~~11€l1tl~ 4 fl~lJi~t!1i 11tl1mrfl (Main Stop 

. '" 
Valve; MSV) 1~tJtI fl~'il~!iI~lWV1'I1'fl1) i 'YI1;'I'Utl'limllfhw;Jl itlltJ n'llfU :i~;'I-d HflU'vhntJllfl~ 

11€l1f11'lJfjlJ (Control Valve; CV) 'il~!t1tJ':n€l1~Vil'YI,r1~m'lJfjlJll~lJlw'Utl'llmfl~i'lnU;J111l1tJ 
n'l lftJ 1 ~vtI i''lJI'i4lJ'YI~V1;'l~ th"'lfll:i Nil~ i vJVll'UV'llf1~tl'ltilt'W~ ivJVll 11~1 fl1'lJfjlJ imflfl"'lJ i 1li''lJ 

~ .,.. ~ "I :' d; .::II .,..
fI11lJ:itlU (Reheater Stop Valve; RSV) tm::: 11~1"lJ~ !tltJl (Intercept Valve; IV) il)j''l'il~t1JtJ11ft1 

'ilfl!~tJ~tJ~tJl'~Vfl1'lJfjlJnfl''\IlHfll:i 1'Y1ft'UV'l itllfll;Jln'l'l1U'lfij~~l'l'1 itJ :i~1J'lJ ~'ll~wll fl~'il:::itJi~ 
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From boiler RSV 
IVMSV 

CV 
IP _~<!>E~!!:! ~ To power system 

Shaft 1.:::.:J ~ 

.........__---' Crossover 

on nser 

(a) Single reheat. 3600/1800 r/min shaft speeds 

MSV 
CV 

on enser 

3600 r/min ~ ...----Shaft-- -~ 

Crossover 
RSV 

IV 

enser 

(b) Single reheat. 3600/3600 r/min shaft speeds 

Crossover 

on enser
MSV 

CV 

LP LP 

(c) double-reheat. 360013600 r/min shaft speeds 

t;tJ~ 3.26 1m ~ff~l~'lJO~l~1J1Jn,nrUi01flU1J1J~Uf)un'Hn'li~O-i1lJO~iU1LU11~fJ1nU 
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. ". 
'nJ;13.27 'i::;1J1Jt1'3'lr'U1fl'lh1l1.J'lJ;1Um,Jl'Vt"l'hllmit'UU'U11~01t1'U'Ufl'l1J111'Yl Siemens 
~ ~ 

" . 
0l'ifl11Jflll'!.l1111W Ol'i 1't'i"'Ufl'llmh;11.ij'1~t1'lM'U vb 1~1~oOl'i'!.li'm'hu't'it.i'l'Ufl'l11"1 

fl11Jflll 1~o...t11'!.l~::;Ll1j'l0l'ifl11Jflll 3 1.rJ'U'i::;~1Jflfl fl1Ufllltlll'ilOl'i1't'i"imH1l1::;'!.Inil nUfl1Uflll . . " 
t1ll'ilOl'i 1't'i l;l;1fhlfifl1JVit1~ Ul;l::;111 Ol'iil~l:Uflt1m lfll'i1't'i mn'U Vi t1~ "h'U'!.I'i ::;nfl1J .w'Ui l'U'Ufl'l'i ::;1J1J 

Q)' 1II lIJ: ~ I/,l~t 

fl1Uflllfl1l110l'i l't'/l;l'Ufl'l 16m '!.I',j:::nflUfl10 ff1'Ufl1Uflllfll',jil~lil~11l;l111J6~1l'U (Speed Governor) 

.Q:tf .0.1 QQ,I Ii' 
',jll;l0fl11JflllOl'i'YlNl'U'Ufl'lll61llfl'i (Speed Relay) 1m::: 1:t:1J1Jfl11JflllOlM'Ufl'l1l611l6'.i (Servomotor) 

~~Uff~'li'U~'!.I~ 3.28 

Additional 

signals 


+ 
Speed Speed 

governor 
Speed Control CV flow

Servomotor
relay valve area 

Speed/load ref ----' 
+ 

Speed Control IV flowIV opening bias Servomotor
relay valve area 

. " 
~'!.I;1 3.28 ',j:::1J1Jfl11JflllUHfll1t11l'ilOl',j 1 't'imJ6~ I.fl'ihl.,j'lt1'l'l1'U 

~ln~'I.I~ 3.28 iftytylWffl't'ii'1Jfl11JflllOl',jil~lil~11~1fl11JfllJ'lh:::n61J~10iff:\JqJ1Wfflllfh 
Q,I11191. I .d d d' d'

!~un ff1'U1'l1l11l1nOlm'l.l~Hfl1111111',jfl1J'Y11'lnl;l (Mechanical Transducer) ~::;i~nVJn6',jl'Ufl',j 
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.4 0 'JJ.d d d ~ ~ I 0 I OJ QI d".d.;d Q.I

(Governor) G)f~Vl1'HtnVlLltJMfI11111'nH)1JVlL'YHl1 ttJL1J'WTl1'UO~~1L1'H'W~ ~111Tl1111ffll'Y'l'W1iVlllamH;U~ 
""'.11'" 'I d "'".,. ..k d/ d 1I)_.'!II",U1J1J1'lf~n:I'W fI~Ufffl~ t'WltJVI 3.29 ff1'Wfftyt:!pWfl1111n101~tN'UO~'J~1J1JG)f~'H1I1VfHfI1111flVl1~ Ivhn 

'UO~'J~1J1J (Speed Load Reference) LLa~~hmrtyty1W~'W (Additional Signal) ff1'Hi'lli;;ti4m~1I'HlO 

afl fh""~ fll'H·~i1~ i~fl1 'iI~'\.h itJtmtJ1Jl'tltJ1Jf)'Wti4oi,n~tltyty1W~~~i-MfI11Jfl1l11~1f111JfJlI (Control 
~ ~ 

Valve) lf1tJ~H tltyty1wll 'iI~\l fl'lll iUt1~tJ1Jl'tltJ1Jn1Jtltyty1W~lU'HU~'II'fH11~1t1f1 im11 (Intercept 
• " 1 " t 

Valve) lf1tlll1 itJ'iI~HtiiitJ~11~1f111JfJlIl'riTW'W l~O~01Jff'Wtl~flTHl11JfJlIflm1fll'J i'Ha'UfHio'lll'tl 
~, ~ 

ffm1~tJfl~ lf1tJ'iI~ttlfl11~1t1f1 io'lllHl~lIVi hJ'J~1J1Jn~...r'W io'll1'U'W1f1imY'il~i-M'J~1J1Ji~ lf1'Jft fl i'W 

fll'JUi'1J911LL 'HU ~'Utl~11~1 

Vh~l'W t~'W~~ltJ~ 3.30 

Speed 
governor 

Oil supply 

Steam valve 

Steam valve 
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Steel t 
Tubes 

Hmwell 

Circulating 
Inlet Water 

Carbon Steel 

To 
Condensate 

Pump 

,rtvn :UNam:nH'ml1U'1111'111"1 ~~L~'Il~tJtJL811llilfl~'~t11tJ t]:un'tinv1'W '01"'"11'1 L~~'I 

1'l.J~ 3.31 

Load reference 

Governor ----------.....*1.....----Turbine 

3.3.3 'I1t)f)t·t.l1.6..l1 (Steam Condensor) 

• '" • ~ .. '" sII ~ cl 
djvL6111 L'I1a'O'Ofl~lfln'l'l1h1'VfI'!f1l1'lf.1lj}~L'I1m;h~'I16fl~hI C)f 'I:uafl1:ltU~11JhI 'I1tHl'11afl 

al'11~f.I:UI1~'IUl "ff1:u1HlltJ 11 l "m':ifl'j::;U'flfl'IJ'O'I LmllL~ mlJ1h1tJ'j'j'~1f.J'yjv1 a'l1::;~1h11h1:Ulfl~ij 
l:::tJ1J1l1l :::1J1lJt111:U!'OhI L'I1 a~lh19\aVfll1al l~V i'ml11:u!vhl 'illfllml1Vi1 1..rL mllt11tJul1h111JhI 

: ~ b) : I c:$ : d J I !lid Q 

hll 'l.J) :U191 l'IJ'O'I Iflhl1'il~afl a'lVlJl")1f11)1 1J1"flHfJ1'11llJflff m1~hl11ffm1:::,!tytymff 1f1lJU'fl'flIj})" 

Un'1 t111:u~hl1h11fl~V'lt11tJul1h1'1:::~lfl11tJ))lJ1mff (Back Pressure) uf'il:Ul1JhI,!tytymff 

Exhaust Steam 

Stainless Steel Flange 

EXPansion~__+@~~~~~~~~@Tube rJoints Tube 

Flanges Vent Sheet Flanges Sheet Vent Flanges 


\ ~ Carbon 1------------.-\ Flanges J. t 


1'l.J~ 3.32 'O'Ifl'1h:::flVtJ'lJV"'I1Vfl~hI 
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'Htltl~'Wlh,~l~mtJ ull'W'ml1~''H"tltl tl~1tl n,rH'WU'H~'W~l'-H'tl"lmrl'W'H V~,ll 1~Vtll':i'~':i ~tJtJ,ll 
19'W (Cooling Water System) i'Hm.h'W,uv-3'rJumwu"mu~v'Wm11J~tl'W (Inlet Water Box) l~tl~-3 
m11J~tl'Wtltl tl~ltlitl,lnh'11'itl,l1n~'W~1f1tlMiu V-3tl-3-ntl,ll (Hotwell) ,ll!g'W~fmn11J~tl'Wu1l1~~ 
'J! ,f • i i.1 d " P i.1 • 'J! d.k " 'Jtl'W'tI'Wtltl'W 'H"tltltl uYl~1'W'tI1tltltl (Outlet Water Box) 111;11 ufllUlYlml1J"H)'WYI'HtlN-3 (Coohng 

.. .. 
Tower) rltl'W1hihllU'WtlcltJ1Jl'~-3l'WDtlflf-3 (Circulating Water) m~tJ1'Wtll':imtJull'W'il~ijtll':i 

,,\ """,f lIJ'" ,,\ 0 "I " "" "" 'l' lIJ.!!I "'. 'l' "1".1 "'" mtJfJ1Jl'rml'H1tl~'tI'W !~-31Vl'rmYll t'HU':i~£1'Y11ifll'Yi'tltl-3!'H !~l'Il'il:1Jfll\1-3 t~tI !'t$'rJumW':itl1:ll£1'.fll'Yi 

qq.Jq.Jtllff~'Htltl~'W (Condenser Vacuum Equipment) 

3.3.4 ~tlfl1ol"fllmr.fll'Vfqtytymft (Vacuum Equipment) 
'JI • , tJ 

1~UUtl~i tl 'll111~1'H tl tlcl'W'il~ijtlltllffU'W tl~~1fJ 1 ~tltll tllffl'l1 ,ilu'il~N1'WI~1 i UYI H':i ~tJtJ 
II I'" 

UelmJ'llltltltl (Draining System) ~-3.;{tl-3 ij tll ':i '1~!flltl-3 \1tJ tlltllfftltl m-WtlmtJ fJ1J i:l.i'-H'mmcl'W\1q.J!iYv 

tHll'Yiqq.Jq.J tllff 'Wtl tl'ill mr'WV-3llj'W tll':i lltl-3 n'W i:l.i'-H'ln~!rI'W£1'{11J,j'W lfl~tl-3 \1tJtll m fftltltl'il1 tl'H tl tl~'W 
• lIJ" "'1"\ lIJ : .. 

utJ-3 !~£1'tl-3U':i~lflYl fltl lmtl-3~~tlltllfftltltl'illtlltl'Wl (Steam Air ~jector) l",~iJ1J\1tJtlltllfftltltl (Air 

" Pump) ~'1':ilfJ"~!DfJ~lPltl i11u 
. " ", 

o lflltl-3~~tlltllfftltltl'illtli tl'lll ij'HcltltlWt1l'll'Wl~fJ'-H'itl'lllml1J~'Wfh i'H"l~1 i Um-3~nJtJ'W 

Nl'Wr1tl'U'W l~L~ tl~1fJml1Jl~ 1'1;1' '1,)111-H'fl1l1J~'W"~"'I ~'1flfltll tllff~11'WmintJ i tl,lltltltl1J l~1V tlltllff.. .. .. 

lm~imll~11'Wn'W'il~ i 'H" Nl'W~1mtl'l cit'l'il~nl'H~l~tl~'W itl,ll1-H'llj'W,ll1fl mhmYlml1J!tl'W1-H'Jl~ 
tl~'Wfl1u1l11'W ':i~tJtJ ri1'Wtlltllff~l'l1t\tl'il~ i 'H "lPltl i11lfl~tl-3~~tlltllffri1'W~tl~tlfl i11cit'lnl-31'WfllllU 

IV IV J t 

ntJri1'Wum u,,~1'W';r'Wq~~lfJtlltll~~Qtl~fltltltl iU.fllfJ'Wtltl ri1'W itlihl1tlcl'W~1u1l1'il~ i'H "tlcltJ i11 

V'I'j~tJtJDtlflf'l lflrtl-3~tlltllffUtJtJtfl'l11Jl~ffl'H ftJ 1 'j '1lh1~1'U'W1~1~tl 
~ "I "1 .d", '" .,..k ""}l "" • 

o u1J\1tJtll tllfftltltl ~~ t'lf 'W 'j!::tJtJ'tI'W l~L'Hq.JYl1Jfl1l1Jfl'WU"~f1 ru 'H i,J1J\1-3 C}f -31J'Il tlfl1Jl tltl1l'j ~tJtJ 
t iI ii, , 

lflltl-3~~tlltllfftltl tl l~tlij'H cltltlnnHl'W~-3U ihl111'W OtJ tlltllff!l1tl! ~l ti~l'WYll'll~l'il::: i 'H" '11 V'I 

1m1flcit'l'il~l'l1~fJ'IJltltltl i11 'jtltJ'l fl1tl'l tlltllff'il~tlnelfll11'i 'Hm-h'W tl'lilflNUtl (Seal Tank) tltltl i uri .. .. 
" .. .. 

.fllU'Wtltl illtJ H ri1'W L'W tl'l iI fl Numn;i 'H"'H ~'WL1U'W tlcltJ1JlV'I'j:::'1J tJDtlfl f.:j i:l1J\1tJtlltllfftltltl1itll 'j 

CJftl1JU1HUmJ U"~£1'l1Jl'jtli.fii~01Jl.W!\1ItlflvJ.yhH~tlOm~tJtJ lijlfl'jiltl. 

• lIJ : QF : ~ lIJ '" .k 4l,f.", <V lIJ '" "':
'j ~'H1H ltl'WltltJ 'j ~tJtJ'W lW'W 1'l1 ,U1U'W C}f-3'H1J1UfH'tI'WtlfJtltJtlfl 'j 1 tll'j !mu1U'WLm~tlfJ.mmJ 'tI tl'l 'W1.. . .. 
19'W~1i tlu!11~ fJ'Wu11 "-3f111J'lf1-3!1m'tltl-31'WU":::; flllHl~tll" 1flU 1'W'tf1'1~f,!W 'H i,JiJ£1' fIl1:::;U1fllltl1J~l 
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511 • , • , 

1'lf'lJ mn mn~fi'lJ 1'Ilfl1'lJ q ifJ11 'IJ11 ill11'1-e1L'1 U'IJ i1 ~1'IJ1<ti'1'\-1 t1fU;'lJ 'il~ jjfJW 1'1 JJ ij 'ili nilI'll{WI mUlL11 ~U'lJ 

fl1llJ~fl'lJ~ m)fl~'lJlnfl~'lJ1~~ 'lf1-3L1mmn-31'lJ1'I~fl i'IJ q~1fl'lJJll~'lJ'il~jj fJW 1'1 JJij~-3l1~dil1ifll'W 
fll'.i unmll~U'lJfl1llJ1fl 'lJ'il~~Tth1'I1l'1'fIl'Wfll'.i Infll'l'WWfl1ff~-3lnfl~'lJ1~U1f1 fl1 '.i 'Un -3~mnl'l' fIl'W'Ilfl-3 

q u u q

" " ,. ,
'.i~uu'\h~'IJ '1'1nl'1U'lJ fl1'.ill'IJ'Ilfl~mfllff mllJl'I'f111m'llfl-3l1mh IrJ'lJihi11J~~fl-3flflU~Un 'l1fli'mll 

l1'.i~ifl1ifll'W'Ilfl-3 h~1vHh1'11~fl~ll'l'lJfl 

.. , .. 
o 0 v " ... 1' " iI 03.3.6 ';j~'U'UU1Ul;ntl\18tlilU &lJfY/3J8'UJUl (Condensate Feed-water System) 

j,I, r:I <N ~ f 

tll'illf11'18f1t1''lJl<ti'1~'\1~fl~lJ1mJ1JlJ (Condensate Pump) ~utll1J1f10~Wf1tll (Hotwell) ii 

muu'll'lJutl'1jjfJW1'IJJijil'.i~mw 120 of !v7m''hfll'.i~'lJi'l1~fl'lJ~'U¢l1f.1'.i~UU~'lJlf1~jjfll'.iflflf1UUU 
df IOJ 1 lIj ••UM 0 '" (V ')/ ~I ')/ OJ .1 d 

!il'W1~ 'Il'UflQf1U'Il'UWI H 11"t1"t1 Un~mllJ"lfl'IJ1ty'IJ~Nm1:l11~flflmlUU tlJ'lJ~'IJ fI~t]J'YI 3.3 un:: 3.4 
JI JI $.I JI $I 

Ul'I'fI-3 '.i ~UU~'lJtl1UUUlilfll'l'fl ~;r'U~fl'UUn~'J~UU~'UtllltUuilfl1flU i.fifltllfJfl 'lJ f1t1'u 'fffl~;r'IJ ~fl'IJ 

Sleam 
generator 

. ~ ~ 

til fi 3.34 '.i~UU~'lJtllUUUlilfl'fffl~;r'lJ~fl'lJ 
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Steam 
generator 

8 

f !J1 jI J,I 

ltln 3.35 'J~'U'U~'UthU1J1JiJ~ 1~fl1.rtmhlJfl'Umiml'iW;r'U91fl'U 

'J::'U'U~'Utl1m"Uflm~'U'J::'U'U~'Ulf1t1!lJt!iJ (Primary Heating System) 1~fltl1~'U~J:h'UflflO . '" . 
d.Q. Gt:!V~ Q.I QJ " t " 4(lJ,. ~. 

"~lJm'Jl'VllJfl11lJ~'U l~fll'lf1J:Ufl~UH~'U (Booster Pumps) Ua1LY~I'\J11mfl~ tamfllfWflO (Deaerator) 

l~fllrimmflua::nl9fflflOCH1"'U~tI'Umji'U tl1flflo1tI ui{1~~'Y11fll'J~'Ul~fl1-H'flW l1.niJLY~~'Ut)o1~fl1~ 
~ q ~ ~ ~ 

'j/ I SI 1 

'J:::'U'U~'Uihf.l;tvt!iJ (Secondary Heating System) tifl'U'Y11m'Jl-w:Ufl11:u~'Ut)Ofli'~1~fl1-H'tl ~0'.hm1:U .. ... 
~'U'\Jfl~11U'fl~:uihfhvi1lJl-WlJfl11:U~'U (High Pressure Feed Water Pump) . 

... 111'3.3.7 lfl1M lt161fllft660 (Deaerator) 
• • t:# .a 

1~vtlo~nl1flmi'U,,:::ijfll'J lrimmflfltlo1J1~bh'U1~ fl1 ~tltlmw~~mmfll1 ~tli1lJ l'VltlfOlll. . . ., ... 

LYm'Vl'ltytyfll fl U\9itijfl~"10 m'J 1~ :ULY1'J lflih~fltlf'Util ~T.lwm'Vl i11'Y111-H'~mm fltl 'Ul.,rl~'J:::'U'Ut)0 ~~ 

Ilfl~ijm'J lrimfl1fltlflOfl1mfI~fl~1rimmfl~~ij"'ollW:::l~'Uil~oa:un 1 ~lJtl~.,rl~'U'U ~~ltI~ 3.36 
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, f t ", 

ftfl'l:lw::mnl H11J'IIfl-31fl1~H irifllf11flflfl flvl-3111i1 3.37 'iI::'a~lJ'il1flf11'j ~A'\.'hr61Ji1lifll f11fl111J 

i11-WflV-3ti-3f161JriHrifl1J~'iI~OflAA~ltJ~1JLI€l::~AL~1J~6fJ~fl61J1J1J'II6-31A1J €l::66-3J1~1~1J~flfJ'iI~" .. 
flfl€l-31J1V-301A~lim'jlhfi1JVifl'VIHflU i 'I1€l '111'J1€l-3 i11V-3ti-3!~1J'J1 ~ lif11'j irifllf11fl66 flI!"'l 

(De aerated Water) 'VIHfl6'WriH '11J'IIW~~fllf11fl~i:Wff11J1'jOfl~1J~li~'IIW~Qfl~A!~'W~mJ 'iI~Qfl~A 

66fli11f11tJ'Wflm~1J1J 

11U"---R€~lief Valve 

JW.4-- Steam Inlet 

High Pressure Heater 
Drain Inlet 

Deaerated 
Water 
Outlet 

IC["------J--Thermometer 

Level Gauge 

111~ 3.37 ri11J11'j~fl61J'II6-3!f1~6-3 iri61f11ff66fl 

3.3.8 "" if:tJ6~UH~U (Feed Pump) 

t::J 

liftfl'l:lW~!~1Jfl1JI1H!'I1ifJ-3'1'1H1'W'I1t'1
I' 

1tJ.rr1J\JIfl'W (Multistage Centrifugal Pump) 1~ml1~i'l1€l 
IT$! 

l<ii'l'rJ1JVIH~11J'II1!<ii'1'i1::Qfl!'l11fJ-3111''I1J;J'W1~m~1Jm11J~'W111!lflfJ"1 '1'WUfi€l~~1Jflfl'W '1'11 '111'!n~fl111J 
~ , t;:!J ! 

l'11Jm1JH'W1L1fl1J~hJi1\9l11l1J ~-3'1~flft1J~flU'W (Thrust Bearing) ·h1Jn1Jm~1Jflfl't.!1J (Balance Piston) Vi 

11 €llfJ~1'W'I1 d-3'116-3fl1J!~6'1'11 '1 -»~ 111'11"; -3'116-3~1111J6 ~fl.:j ~fl11J1I1J111 fl'W flt'l6~!1~ 1 

1'W 1 H-311J iyH'h1JHU'I1-3'il~lif11'jfi6I1fl1J!""€ll'116-3fl1J~llJf)1JUfl1J'II6-3n-3,r1J Clt-3l1J'j ~'I111.:j 
f11'j!~1J'I'11-311J iml1v-3 i:Wlifl111Jvl1J....tl~'il~'I11J1Jfl1J ~-3~1!~'W~6-3 '1 ~1J6!fl6f'lf1m~1J'I'1 H11JLlti'1~-311 t'l~• . '" 
66flfl1tJ'I1-ft-3!JJ6f1111Jvl'W '116-3 imll't.!-3 .... 6 
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... .. 
i~m'l'111inn'.i11.1tl,u)11 '.n:;mJ1J'\Itl..'li 'N1vlvhtl..'lt1'W ltl'1hli1~1~tll'Vt~{J;f11.11" ffl1.11'.i(lUff~..'l 

1~~{J1'W~11~ 3.39 

--~-----T--'-------------~ 
. 	 High r--l---,

Bo,ler System 	 I I Pressure 

I I Turbine 

TurbIne 
Throtlle 
Valves 

"::~":'~ 
I I 

Legend 

~ 
~ 

Control Valve 

Shutoff Valve 

Condensate 
Pump: 

~ Nonreturn Vaive 

Main Flow 


Startup System 


I 	 'JI"f 
111li 3.39 UA'W.t11'Vt i H lvlVhO..'lt1'W lm.hli1~1~tl1'Vti)..'l,.. .. 

m'.itltlflUiJiJ~~{Jtll'i1iJm'.i11i'iJl1hnfl1'W111li 3.39 ;j'WOiJ '}j"U~l~tl1'Vt~{J '\I'W1~-Wn~m'.i~lV 
Q.I \q ..1M .:k i b] ..~ 6)' t 	 ~ .d Q.I Q.f 'JI d JAG) 'JI 0

01"{J Ivlll1 CJf..'l H Ivlll1'\1'Wl~ 1'Htyff1'W1.h:::fltliJ~H~ fl'i1:::1.I"flllW::GJ1iJGJ1tl'W1'Vt1.l'\l'Wl'Vttll'HflWV1Hl'W 

http:ltl'1hli1~1~tll'Vt~{J;f11.11
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.. 

mfllff!'V tJ O'Vt.A1J rl mm'Vfl'IJ rl'V~ 'ildjfll'J fI1'mllJ lJ~i1'H 1~Vfll'J 9lA~~'Q'tl m W'...h)nmfllffU'U'U 

?!1'1 ~~ 4 0 'jJ ~ d4 • ,.. a(V Q.I

i'lf 1'Vl111tHWl (Electrostatic Precipitator) 'YI111tJl'Y1~n'il'U'V\! fl1f1'Y1lJff1tJNfflJ'IJ'V~ twn C)j'A'IJ'V~fllC)j' 

'tJ lmt'iltJi'Ul'u NO. u~dilC)j'i~l'Vl'Vfl~'V'Vn'C)j'~ (S02) ~'lUffA'l itJl'tl~ 3.40 

High Voltage 
Roof Transfrrmer-Rec::tilier Unit 

, ~hom 

Roof Girder 

Outlet 
Nozzle 

Gas Distribution -- '-~Collecting 

Plate Electrode 


lntemal 
jnlet NDZZie Walkway 

lbermallnsulatiol1 Collecting Electrode 
Rapping Motor 

" Hoppel" 

Partition Plate 
of Hopper 

l'tl ~ 3.40 'Q'tl m W'~ni'U'V\!fl1f1'IJ'V'lmfllff!'VtJO'VtJ'tl rl eJu'V'Vn'tlrl 'V~ 
'".. '" '" "'''' '". 1 jI 1 01' r:i i '" 'U'Vn'illntJ'UU'llJfll'J1'ilVl'Yt'V~Afl11~ ~meJ'U AU~~fll'Ju~'VUfllC)j' CO2 'Um~'U1tJfll'JN~~ 

Ll 'Vlvh~i;rthu11tJt1]tJl~m'Ytfi'l'VUn~m 'j U1fllff 1~ Ufll'j~n i 'UII t(1~1f11'j ~~ 1~'U i ~111UVl1'11~'V n9i1'1 '1 

~U'Ifl'l9lU-l fll'j ffn'H 111l:l~1,rUl'vi lJl9llJ 1~UlI 'U1Vl1-l i~I~'U~iifl11lJl1]'\JI'tlLMlJ 1n~ ff~~ tl fll'jtJ~:a~ 1~1 
.. . q 

''tlitJ.jftJ~tJ'J~~'U~n 1~fJiif11'Jffmnfl11lJl~tJI 'tl'111'\Jfll'.i 1;r'lltJ'illml1-lumVi Weyburn 1tJiI 2000 
, , • SI 

lIl:l~i'\Jil 2008 '~mm'lfll'jUli'V~lllJV1~~'V'li;r'llt.A1.w'Vffn'Hli:lwmVilfi~~'U ilJ1 H ''VlTil Schwarze 
" 
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... 
'U'YI'YI 4 

.1 "1 Y Q.I Q.I c:J .4 
Ul:l~ f11'J]J'J ~Qn" 'If'J ~'U 'U n'l'YI'l-J f119H'Wf) 

" N~"i,Hh 1~fJ~~lU'l-Jmil1tk!tlim n'l-H'l-Jnl9f'\lf)'ll'U'Ju¥i'l-J ~'liJ'JlfJll~10fJ~~f) itlij .. 
.... 1 UQ a" ~ " cv iV fII4.1 u1:::1ftmtJ~ftU'\ltJ~m1 ''If~lUfH'YIUmCU 

n'l-H'l-Jnl9fi~iJm'J~~'ni::lijfJ'l-Jff'n1hj"'J1'l-JiI 'W.fl. 2334 1~fJ 'l-JlfJ~f)tf'l-J m{llW{ (John 

Barber) 'lflltl'l nq'l:l ~mJ1i~iJ f11'Jih n'l-H'l-Jnl9f1tJ1~l~'l-J'J~'U'U4J'Ulf1~f)'l-J~~f)'l fllH1lJ'J'JfJ'l-J~1\X'l l"lf'l-J 

1'l-JfJ1'l-J'W1'Y1'l-J~Ul:l~'J~'U'UN~"hHh 1~'l-J~'l-J 

iJn1'J 1~1f1~f)'lfJ'l-J~n'l-H'l-J fll9f~'l1tl~ 4.1 f)dHU'W'i'H lllfJ 1'l1'l-J 1'l-JfJl'l-J'Wl'YI'l-Ji:: l'l1'l-J 'JfJfJ'l-Jl"i' 

ltJ~ 4.1 lfl~f)'lfJ'l-J~n'l-H'l-Jnl9f~1~~1'YIfmll'W'W1'YI'l-J:;; 

1t]in'Jn'l-H'Wfll9f (Gas Turbine Cycle) ~iJfJlJ1~'t'Wm'jp.j~~ivHh !fl'W1fJimmllJ~e)'Wi"w 

(Combined Cycle Plant) 9t,:ufl'l-J'J:;;'U'U h'li,Hh~iJf11'JH'J:;;'U'Un'l,:r'i.!lil9f'illJn'Un'l,:r'Wimil W.1~~ 
i~~'lltl~ 4.2 Ull:;; 4.3 1~fJihVH;\'l'l1'l-J~1'W'\Ilf)f)n'\lf)'ln~11'l-Jnl9fn~'Um'l;;'l'Yll1'1'l-Jlf1~f)'lUllmtl~fJ'l-J 

'JJ "'., '1 'JJ1 ' ... liJ 'JJ'"fI11lJ'Jf)'WU'U'UllfJ'Wnl:l'UlJl 'If lUJ (Heat Recovery Steam Generator) Ull:;;fJ'lfl'l t~lJf11'Jf)f)nU'U'UUll~ 

w~'WTtlf'Utl~'l'illn1t]iml'U'Ju~'l-Jif'W!1'W1vtf)1'~lJtJ'J:;;ff'l'1i.nTw'111'fi~'Wn111tllJf)dl'l~f)nif)'lon~lfJ 
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t4gh Preuu,e 
St","Drom 

HIgh Prenure 
1Hdwater Pump 
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'" 
itJf,!¥lU1'H m 1 :JJmmn.h::U1Vl 1il::;;~1dW100nU1IUiH1~UUU1:JJ1d tIi .rt~v1'1'Vt~'1'11tJ fl11:JJ . '" 

~OtJUfl~'Vt~'1'11tJlrHhl1:JJ ntJlijO'l~lnlloiJo~~'1~O itHl 

'" o u1:JJ1dmhlmm1:JJ~otJihn~u:JJ1i~~Lnfll.h~lt1'tn1 (Waste Heat Recovery) vhi1f 

lh ~'HiJfl'Vt~'1'11tJ Ufl ~1l1h::iYVli1l1'Vtu'I n111 ~1JU ~~¥lm1:JJ~OtJ 'H10 i ..1fhitJO ¥lU1'Hnn:JJ!-WU'I0 ti 1'1 
~ . 

L~tJ1 ~'11flui1itJOl1~~¥lm1:JJ~OtJ~~1l1h:tiYVli1l1'Vtlh~:JJ1W 75% itJ'uW:t~m~1J1tJm1~~¥l i..1th 

0"Q.I~C"I '4 Q_I Qc. ... 1 '''6t'' Q" t 1
mUfl'l'HtJmG)l0U1'1L~W19:t:JJlJ1~UVl1i1)WhJ1:t:JJ1W 25% Uflm A'ti'1~U1Jm1~fl¥lfl11mOtJ11:JJ flUtJ1 

'" . '" 
fi1G)1~OtJ~ltJ'U100n'U0'ln'l'l1tJfi1G)1:JJ1~~¥liO'l.!wnoH;itJ1~1IU~~¥li..1jh~1t1n'l'l1tJ ioih Iil:tU1:JJ11t1 

• I ...",.'" '" i SId '" ... '" '" "I ".1 '" "" .1
lJ1~'HUflL'ti'OLlHl'l flOn 10 - 30% Ufl~1:1J1JOlmftflUUUtJU'IU1:JJ1d\1 A'HlJ1:tUVl1im'Vt~'1lJ1:t:JJ1W 65 

85% fln~1u~tJo~nuffflrl1tJ'U0'ln1d'WWl~'1'11tJfl11:JJ~otJitJi~tJm:tU1tJOl1~tJ"1 
o i~tJft'llJtJUdml:JJ'U0'l1~UUm1~~m'l~'1'11tJuuum1:JJ~tJtJ11:JJ "'~~ln':h11 'I i..1vh 

i11Lflauf'HltJ 1 1 '1'11tJ i ..1th~i~rl1tJ'I1tJlrltJfh~'1~~fl i..1fhtl'hntJ 

c:ij 1 1 .co "" "I" '" 4... ~ ",. i"o !UtJ1V1fl tJ ftUm1~ft¥lnft:t A'ti''t'l ft'l 'I 1tJVI:JJ m1:JJ1'1ftJtltJ VI (reliability) ~'1 

"IJ!J' '" I '" 0 i" "I" do c:ij "'. J!o flflm1 I"JJ1'ti'OL't'lfl'lfl1tJ'HtJ Vl1 'tYm11~1 m:JJU:ttJ1flG)l'l11JtJ~flflf1tJUm't'lLnfl(ltJ:JJ 

Q.I Q.I (pi d,., 4' ~, Q.I tV \Ii : Q ~~ I d 

1:tUUfl'l'tYtJ mG)l:JJ'UtJfll'tYtJtJ fl111~uum'tYtJ LtltJ1 itJfl11 ~ftfl
"'l 
L..11'11 L'lftJ 1 ~U1J:JJ:JJ1flL1J1Ufl:t 

Q , I ~ III , Q ~ lfI,., d 
'UtJ1fl!flfl 11mft'llJtJfltJ'tYtJ1Ufl1 U1:JJ11 tI'ilflU'I tJ1:tfltJ1IUfl:tflflfl'l1~UU LflU:tfl1mm:11V1111 

U1:JJ11t1!~tJLfl~ tJ'IVi NltJi~d1V11~1~'1i1u:JJi.ff11jtJ1:tlJ1J~~flfh~'1i..1~ 1d1dtJ'I~U1:JJ1dtll~tJ1fl~tJ'I i~ 
d i" "" !'1 ". i" OJ.,.,. ~ "" 111 (Rapid Start Unit) fl11!~1 'tY:JJU:ttJ1fllflVllJ'i:\l'tY1:JJfl1l11:ttJtJU UflOl1 'If1:t1JUn'l'tYtJm'ti'!'t'ltJ~flfl 

i..1~11V1Ufl1'1lltJ1 :tiYVli1l1't'l~1 Vi1 i ~~tJ'Illfl1dtJi'UtJt 'I i~1~tJ1~1JU't'l~'1'1ltJm1:JJ~tJtJ~1:JJ 

tJtiN i 1 ~fl1:JJ 1:tUUfl11 ~~fl't'ltl'l'lltJfl11:JJ~tJtJ~1:JJ1~tJ1:t1JU~llfl1d tJtJ nuuu ~fl~'1 1m: 

"''' ~ '" '" ".1 """'" 40 "i "I i"OmUfl:JJ G)lUG)ltJtJ G)I'IfltJ'ItJ 1fTUm1:JJdUft:::lJ1:tffu fl11W 'UtJ'IlJd'MVIVI 'If1tJ1Wfl11 I VltII'Q 't'l1::: ItJOl1 '11m 
• .. u 

~tJlfl'M1~ltJ fl11 tJtJ nU1lUUfl~mUfJ:JJ'I1tJ ritJff~1'1 itJ~ltJfl11mUfJ:JJfl1'J ~~fl il~HmufJ:JJi~ll fh~'1 

fl11 ~~¥l i..1~1~1t1n'l'l1tJ fi1G)1tiOtJoiJN~ 'I ~'1'tl:tff1:JJ1dtl~~flitJJ1Ut1:i..1~litJ tlfl 1 1rl1tJ~titJtJoiJNfl'l~ 
d "'''' f/ rrl4 Q.I ,i" "QUfl:t:JJtJ1~ffVl1i1) 1't'l tJfl1tJ lfl1'M!fT1fffl1 Ufl~fl11"'1lJtJ 11m1'1ftJ!'t'l fl'l 'UtJ 'I fl1G)1:JJm 1:JJ ~tJ ~1tJ~ 'I fl11 

01tJ'I1tJ Vi1i~fl1'Jft~lJtJllm1:JJt~U'I~'1fl':h U~t5'llltJ ltJUltJ~ltJ't'ltl'l'lltJ~~'tl1fli'!1J1fl'lbm:nruU'4tJ 
9 "'.., 9 '" ". ~I "l '" '" 9J 9 '" fl1'J I 'If't'l ft'l'lltJ ItJ 1~UU't'lM'I1tJfl11mBtJl1:JJ"':::!lJ tJVlH1MflBtJ flU fl tJ"l ItJ fl1'J't'l 'tl1 1W1 

'" , 
ltJ'I1tJ i<Quil 'J::;uu ~~fl i..1~1'fl1tJn'l'l1tJ fi1G)1"'~11:JJltJO~ 'J~uuViiJOl1 Hffi1G)1'lf1S1 l'VHtltJ 

I~B1't'l~~ ~'1'tl~Uflfl~H'tll m:tuu1 1~ i..1~ln~'I1tJfi1G)1~llfhtl'l fl11 ~~fl~ '1"1 ~t1rtJ 011 i~fi1G)11in :JJ'lf1~ 
., 

l~tJl';Ot't'l~'1tJ tiU'1'1itJ~ltJ'UB'1flW u:JJul1'UtJ'I1 :t1JU Ut1:tBtJmru11:JJ i .ff'lltJ 
.. • q 

'" 
'tYtlflfl11ViN1tJ1iltJiltJ flll1tJntJ~'1~:::i~mil1 itJ'I11oiJBOflitJ 
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. 
v 0 <4 IV V t:I

4.2 'HilOm1nl.:.11U'Utl.:.lltl1tl.:.lfN'HUm. 

m~U1'Wml Nii~''YHh\llflil~'I1'Wnlt)f 

(Air Compressor) !~flVilmlVi'lmmff~'Wm~..t~~fI11lJ~'W w. ~t)~!Nl'11,j' (Combustion Chamber) 

'" '" '" . J"• '" 11)91 "'i "i'W!fIlfl~fli'l~~lJN"." i ,.rQw.11fJlJ'\JfI~mmfflJflltl~'\J'Wmfl"Q mmfft)i'I~~....~llJfllY1f1f1fl!!UU L1 ~l'WYI '1i' 

tV c:I Qd ~ .r Q d fJ} \Ji" A \I)"" c;f fJ} d Q J ... 1 ' 
NfflJflUmt)f1illlJ'1i'l'flYll1J'Wl'1i't:J!yt "~Yl11f1~lNl !11lJ !lJflLNl t11lJU"1!ffl~fI11m fI'W Yllfli'l'\J'W~~1J "fI fl 

fit) fl~lfl,rfl~lNl i 11 ,j'L~t)I<{h~fl1n~'I1'W Vili,rytll~~1'WfI11lJft)'W'\Jfl1flfl1U"~lni'lU1 ~iJi'll~fI i.fdl11lU 

lml11lJ'WIyt" 1 ~!ni'l~'W~!yt "l~~'th'tli.fnU!fl~fI~Vi'lmmffU"~!f1~fI~fhLi1i'l'-w.,h Vili,rfl11lJ~'W• 

~fI'Wtl~'~ 1J1~~1'W'\JtJ~tJlmff'il~ i ~i'Wflnu·n '11,j' ~1'W~!11~tJ'iI~NfflJnUnlt)fftJ'W ~!<{h itlv~fl1n~'I1'W 

f,!w.11fJii'lltJ~!tl"1 i-wi'W~tJ~!Nl'11,j'~fhtJ~l~11'h~ 3,000 4,000 of i'W'Ilw::~nl91ftJ'WntJ'W!4J'1~~1 

n~'I1'W~Qw11fJiitll~lJ1W 1,000 1,500 of ytll~~l'W~Nii'fl '~~lmfl~tJ~n~'I1'Wnlt)f~~'lh'tli.fn'IJ!fl~tJ~ 

Vi'lmmffU"~lfl~tJ~f11Li1i'l ,-w.,h 

1tl~m'\JtJ~il~'I1'Wnl91ffllJ11tlU1h'~fffl~UUU'flllJllmjW~ml i~ytll~~l'W '~un 1tl~m 

1i'lfl'flH (Direct Cycle) 1i'1flml'lhnlt)fftJ'W~tJtJmnfl~tJ~!Nl '11,j'lJl i.f-u'IJil~'I1'W nl'1i'1i'lfJ~H 11~tJhw 
~ ~ 

YlHV'tJlJ (Indirect Cycle) 1i'1fJmli,rmllJ~tJ'W'\JtJ~'11 "ViHl'W i'W-u'WII'WntJ'W i 'Wnfl~l'Wij~~!-W'W 

mh1f)~l'ilytl~1{].nmn~'I1'Wnl91u'IJ'IJ1 i'lfJ'flH c)j~ffllJl1tlUti~UtJfJtJtJfl'~!~'W1tl.nm lili'l (Open Cycle) 

u,,:::1tl.nmilfl (Closed Cycle) ~~ltl~ 4.4 

T 

..... 
Net 
work 
out 

Products 

(0) (b). , .. 
ltlVi 4.41tl.nmflnVil~1'W'IltJ~lfl~tJ~il~'I1'Wn19HUtJ~II'W (a) 1tl~mlilfl (b) 1tl.nmili'l 

1{].nm mlViHl'W'IltJ~n~'I1'Wnlt)fQfllJfl~fitJ1{].nmlm Vfl'W (Brayton Cycle) c)j~yf~ i'Wl::'IJ'IJ 
" . 

1 ili'll! "::1 ::'lJuili'l 'iI:::tll ::fltJ 'IJ~1fJfll ~'lJ1'Wi1'W 'iil'W~~ ltl Vi 4.5.. .. 
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ltJ~ 4.5 f)j~lJ1'WnTnh:n'W'tItJ.:jLTI~tJ.:jtl'rH'Wnl9fi.tl1tl~f)j11J'j6~'W (a) 1tl~fl1Lil~ (b) 1tl~f)jil~ 

f)j~lJ1'Wm 'J v11.:jl'W'tItJ.:jLTI~tJ.:j tl.:j'l1'W nl9fi. 'W1t] ~f)jLlJ'J 6~'WtJdN~lfJtJ 'J ~ntJlJ~1fJm~lJ1'Wm'J 

QI ~ QI lI)~ • 
'1'Hlfl4 f)j~lJ1'WflU~1fJfl'W 	!~LLfl 

o f)j~lJ1'Wm'J~nl9fOflV~~1mTl~tJ.:jv~tJ1mfYl~fJljfhLtJ'W i'mtJTI.:j~ (Isentropic Process) \llfl.. 
~~ ] 'tJ~~ 2 

o f)j~lJ1'Wm'JH.ni'VI~Li~tJlHmllJj'tJ'W~T111lJ~'Wf1.:j~~ln~~ 2 itJ 3 

o 	 f)j~lJ1'Wm'J~nl9fj'tJ'W'tIfJlfJ~1Nl'Wn.:j'l1'WLLlJlJljfllm'W i'Y1'JtJTI.:j~ ~lfl~~ 3 itJ~~ 4 


9J ,.It =,xi. :':'I •
o f)j:::lJ1'Wm'J'J~1J1fJmll1'JtJ'W~lfl~~ 4 ~~~ I 9f.:jtJ1\lLn~'tI'W 'W'J~lJlJLU~tJtJfl~lJ'J'JfJ1mfY 

<\t ...,x 'I :':'I '1 ~ .Id 9J cj IIJ g.I

'VI'JtJ Lfl~'tI'W !'W'J~lJlJ1J~ ,~mmtJ.:jUtlflL1JtlfJ'WTl11lJ'JtJ'Wfll~ 

LLN'W.fl1'W'tItJ.:jm~lJ1'Wm'JltJ~ 4.4 tYl1J1'J01:UfJ'WtJ~lJ'W'J~'WllJ T s LLtl~ P v i~~.:j!tJ~ 4.6 

T P 
3 

2 

2 ..... ---. 

s 	 v
(a) T-s diagram 	 (b) P-v diagram 

. 
... I..:::t 	 Q.I Q.J dO; ~ 

~ 

jI 

lu'VI 4.6 LLN'W.fl1'W T - s Utl~ P v 'tItJ.:j1tl\lf)j11J'JfJfI'WLlJtJ.:jfl'W 

fll'H~:JJtJ 'J::;iY'VIn.fl1'Yf i. 'W1t]~mLm 61i'WtYl1J1'JOvll i~~.:jd 
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o ;1\lUIUOI1.tU (Regeneration) 

&IJ01'l'lvllJtln:ffl1ifl1'W l'i1fJ01'l'-Q'\Jm01fl~tltltl'i)lmtlttl'Hr'ilm01fl w ~~~ 2 l~(Jl~ 

H'J'i;YlJriff~l~fJt1':h ;1\lUlUOI1&A04 11~tl1n:ltlf~1~fJtl11 ;fl:ntloI1&fm4 (Recupemtor) ~~ltl~ 4.7 O1'l' 

lvllJm~U1'\J01'l'~ l'i)'\Jl'\Jm'l'~'\J ihli1'nmlri1'WmllJ~'\J~nll'If!n~tl'l'::ffl1ifl1'WQ ~tl~ijfhi;l~j;N 

f·m~h~'l'~l1':h~~Wl11JiJT4 Ui;l~ T2 ijfll!vilJ~'\J mllJ!v'\J~1ril,j'1 'tll'\J1tl,)m~~i;l~i;l~ 1'\J11l~tlfiu~1tl 
,)m n~l1'\Jfh·lt~tl1Utl~~tl'l' ~ffl1ifl1'WUUU~ l'i) '\J1'\J m 'l' ~'\J ijtl'l' ~ ffl1 ifl1'W lJltltl111tl,)m n~l1'Wnl9f 

U1JU'fi'l''l'lJ~ltl'l'::lJlW 30 % 11~01'l'~fl91'l'lri1'\J O1'l'fl~ijfll~llJltl'i)~n11'1f~1'\J'\Jtl~1tl,)mi;l'ili;l~'tl ¢11f.J 
. " , 

O1'l' l-W lJtl'l':::ffl1 i fl1'W¢11fJ'l'~1J1J'Oll1lJl::t'h1111J01'l' l~'\Jltlltl~l1Jl 

Regenerator 

~~~~~c;z;:::£t$4=~ Combustion 
~ chamber 

It'net 

l tl ~ 4.7 m::u1'\J tl11n Hl'W 'IItl~ Itl~v~n~l1'\Jnl9f1'W1tl,)m IU'l' 6~'\JLl1J1J~1'i)'\JI'\Jtll 'l'i''\J 

llN'\Jfll'W T - s 'IIv~m~1J1'\J01'l'1'Ultl~ 4.7 ffllJl'HI1';fJ'\J '¢1~~ltl~ 4.8 

T 3 

Cfsaved =qregel 

1 

s 
ltl~ 4.8 Uf-I'\Jfll'rt T s 'IIV~m~1J1'U01'l''IIV~!tl~tl~n~11'Unl9f1'\J1tl,)ml1J'l'6~'\JIl1J1J~!'i)'W1'\Jmji''\J 

http:1\lUIUOI1.tU
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'Ufl~lF1~fl,n)~ijti1L1'11.1 1;1'lJYi11,r~1'U ~'YIi'Ufl~111im 1;1~ Mmll'llA"l(I 1'U'YI H'YIql:l~ 'H 1 fHJ11l1'J t1Yi 1'1,r 

~W 'H fJii'Ufl~ fl1 n 1fT~Qnfl~ ij fhFl ~~11 'J :::ff'YIim'n 'Ufl ~ 'J :::'lJ'lJ ~~~I~1l~1.1 A 1 fJ 11.1 'YI H 116-u~{;l11l1'J uYi1 .. ., 
'A1~fJf)1'Jmlfll~'Umh~~flt'Wfl~I1'1'U'lh~"l 'UW::;fiYi1nnfl~fl1f)1ff 'lunm:::'lJ1'Uf)1'J-w"h m:::'lJ1'Uf)1'J 

t Q,I, d 4 i'jl{V .d. '1 .d
f)1'J'H"flW'U'J11l'Ufl\llmfl\lfl~ {;llllnUU{;l~\I ~~~~1l'YI 4.9 Uf.!'UflWf T - s 'Ufl~m:::'lJ1'Uf)1'J 'U~1l'YI 

4.9 {;llllnDl'UU'U iA~~'Jll~ 4.10.. 
Regenerator 

@> 

: Combustion 
chamber 

Rehealer 

Intercooler 

~1l~ 4.9 f)1ni H 11.1 'Ufl~IFI~fl\ln~M'U n1~11.1 1~im I 'lJ'J 6~'lJU'lJ'lJijf)1'J'Hclmt'IJ 'i11l'Ufl~lfI~fl~fl\9l 
T 

6 8 

s 

~1l~ 4.10 Hf.!'UflTW T s 'Ufl\llfl~fl\ln~M'lJn1~1'U1~imlm6~'UtL'IJ'lJijm'J'Hrlfll~'Uj11l'Ufl\llfl~fl\lfl~ 
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o nl'fi,"fr'JllJ~t)ucil'Ut)~n,nru (Turbine Reheat) 

'ntl~HW~L~'iJlnn~'I1'WffllJl'HH~lJ~'Wl~uJm~l~lJ~fU'HlJm,rn~'I1u C)j~ iu'Vm'YIqll~ 
ffllJ1~trvhL~If1t1m~i,rfl11lJ~'E)1JntJ filCJfD~H~miifNi'W'UfU~~ n~'I1u llHl'W i'W 'YIl~lliitr~nUI~lJ 

~ ~ 'w 

fI11lJ~f)'W~f)~m~yj11fltlm~i,rfl11lJ~f)'W"ihl~'W'u'W"l 1 fltI~1lJUa1m~lV4lJ~l'W1'W;)'W m~ i ,rfl11lJ~f)'W 

~1lJl'f~m~'H ftmg'W <j 1lJ'iJ~I~'Wn 1~ I~lJlI~~ff'YI ~fIl'n i,rff..~~'W 1I~ n 1 ~ l~lJ~'WflD'W n u 111 ~1'Wi~fff) ~ 
m~tJ1'Wm~'iJ~liYtlfhi.ft~lm~lJ~'W ~~t1~m~~lJ'VJml~'IIf)~h ~ l-wvh'll'Wlf1imy'iJ~!~1W;h 1~~ ""Hh~n 

~ ~ 

W'iJl~fU1 'ti~fhmHl~'VJ'W ,hi.ft~lt1i'W m~lliitr~~l'W !'lfU !tJfm'nil~m'l~fh~f)tJu'YI'W'nirn~l'W 

o nT~fiA,llNUlJ (Water injection) 

m'J ilflJl NfflJntJVl mfYtiD'lJ ~ 'iJ~\1 ntlfl~1 !~'U1~~yjli,rfi1tl~~ l'U'IIlf)D n'll D'l1t)~m n'l'l1'W 

r:J Q J tq V t Q..I.4 :' .d JQ I 

mCJfI'nlJ'II'W ~flf) tI H'Jrfll 'iJ'W I'WD 'l'iJ 1 n nu ~~m t1'11f)~'W l'Y1~fU 'HlJlJ'IIf) 'If) 1 mfY'l~'II'W'IIfU~ Hl'W m ~tJ1'Wnn 

flfl 'iJ~'lf1t1~fI~fU'H lJiJ'IIf)'lD1mfY~\1 nflfl tl'WI~'W m~~flnulll~l'W'IID'llfl~D'lflfl C)j~n HClflalt1ntJ m'J 
I I $J I ,; 

'HftDlg'W <,hlJ i'W it) <Om n~'I1'U filCJfn inI'iJ'W 1'Wf) 1~ 'iml~lfI~D~I'nClll~t11U~~fftHI'n~1 m ~ \l flU1HfflJ'iJ~ 
. " . 

m ~1l1~~ldHm ~tJ1 'W m~flflVl mfYUCl~~ I 'iJ'W l'Wf)I'J 'i'W ll'1mfU'IID~LDU1n\l flt;]l L11 ffllJUfltll'W 1fU 
• ~. t 'JI I 

'~'iJlnll'1lJ1fU-Yiyj 1 i,rmmfY-Yifl nflflfllJ~1-YiDfU 'H fliJ'Htl~m~ IH1 Lm~tiD 'WI;]ln~'I1'W ll'1lJlfU'IID~Ul-Yi 
.. q .. 

m mn'W 'llnHCllIn;ff'YI ~fIl'n 1fI fJ'J 1lJ ~flCl~1L~~1l1i 'H'itJfrfl'llD ~tflff)'l n'l'l1'WliYtI'H 1 f1' ~ 
, I 51 , " 

lIn;ff'YI ~fIl'n-YiIV4lJ~'Wn'1D'l m'iJlnfflm~'Htln ~'lil 
q 

o 'l1'W'IIf)'l n'l'l1'WI~lJ~'Uliif)nl nfl~'J1 fll~ 'l1Cl'llD'lVlmfY IlCl~ 'mil~l~lJ~'W 
• ,'JI" 

o fl~~1ff1'W fl11lJ~'Wnm lJ 1~ fflJtY111i'tJ 'l1'W1V4lJ~'W ~1lJl1'l1l ~ ~ ff'YI~m'nU~~fl~~ lff1'WfI11lJ~'W 
,d ""'" d"cfJ!
'YIm lJl~fflJ 'II D~1l ~ ~ff'YI'li fIl'nl 'nlJ'II'W'fI1t1 . .~ 

;]D~'IIf)'l ~ ~tJtJ-YiiinU\l flU1 fiD 'llfU~-Yi n'l'l1'WllHl'W L1it~ lJ fl1tl'lff1lJn fli'n1l11l 'J~il'YInfIl'n . ~ 

i,r'l~D QlfiDtJ~ClD flI1 Cll 1fltlm'J fl1tJfJlJ~fU 'H lJiJ'IID'l n'l'l1'U i ,riifi1f1'ln~1t1m~ 11 i'tJ ~ fI fl~'J lnU\lflU1 

" " 
'WDn'iJlnU fll'J\l flU1HfflJV'lfflm'JfI Clflm'JilClflilftf)t1filCJ!'fll1tJD'W LflDD n LCJ!''') U~~filCJ!'L'W 1~'J1'iJ'W'fI 

DD n LCJ!''') i 'W fffIl1~~ 111~ l'W~wnfl{lltl'l ff 'l~ -:j fl~'Jlff1'WD1mfY~f)1~m'nil~Clfl~~ 
" 

4.3 f,h'Wil~::::nD1J'Ut)'1n'll1'WnlCJf 
, ~ 

'j~tJtJ n-1'11'W nlCJ!' lf1!'Jl11 '1il iiff1'Wil'j~nDtJ'Htlml'l'H lJflD~ 3 ~h'W¢l1fJn'W '~uri !fI!D-1flfl 
" 

VlmfY (Air compressor) 11'D,m·nLmJ (Combustion chamber) U~~lfI~D'In'l'l1'W (Turbine) ~'llLfffl-1i'W 

'J1l~ 4.10 ff1'W1l'J~nDtJ~DtI'IID~'J~1JtJ n~'I1'WfilCJ!'i'WD~ffl'Hm~lJHil~L-wvh lf1f1vY1 Lllff1m'JflUff~N.. . 
'~~~11l~ 4.11 (a) UCl~ (b) 
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Compressor 

(V <V (3 QQI

(a) fl.:l'YI'Ufl191'UtN'lJ';ill'Yl Courtesy Solar Turbines Incorporated 
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Generator CombU$lion Chamber 
TurbineDrive Shaft with 6 Burners 

with Hydraulic Admission Chamber 

Turning Gear Combined 

FIXed Tulblne Adjustable Compressor Turbine Built· Up Rotor with Single Flexible 

Support Inlet Guide Vane Outer Casing Center Tie Bolt and Disk 
"Hirth" Serration 

Turbine Support 
on3Rods 

IV Q,I ~ QQ,I 

(b) nn1'Wfl19f'UtHtJ'flfYI Siemens Power Generation 

111~ 4.11 'J~tJtJlfl~el'nl,rM'Wnl9fvr1 l11i'W~~nl1'Yltl'.i'JJJ~il~1'VH~1 . . 

4.3.1 lfl~M6~t)lfl1ft (Air Compressor) iimr,.vh)\?lmnufir1'1fi'fh11'J~JJ1W 6 81't'h 'Uel-:J 

I ~ I' 

tJ'J'Jtnnlfl mJJnelelntLtJtJ 11' nel'W'Ill 111 ~ffJJntJlttim'Vlil-:J i'Wr1'el-:JL~l1mj ellfl1fln~n~\?lL'th111 ~\?lL-nJJ 

fI11JJ~'W'j)~~el-:J F-h'Wu~'Wtl'.i el-:Jell nlfl L~eluun~'Wtl~mHeleln111 nm,rvh nl'J L~m1J'W nwijel-:J n'W luir1' 

;5'Wti1'Wmul'Wlfl~el-:J n-:J'lh.un\?lnn iYnn1m,J 1\?l mh111lfl~el-:Jti\?lm nlflU,j-:J~l JJ tln 'l:JW~nl'J1'Yl ~ 'Uel-:J 

" (;lI I 

o lfl~t).:.t6Vlt)lfl1ftutJ'Uu"j.:.tmlt1.:.t (Centrifngal Compressor) "'Hl'Wfl~lvntJilJJLI'J-:J!'Yl1V-:J I\?lV 

'I P.'l '" 'I ... '" '" 'L 1'1 .. 'I" Q/ J. "'... ~ '" '" .1t'1i' ttJ'Vl\?l t'Wnl'Jel\?llHJ-:J1l1n'U'Wl\?llCln IlJ l'Yltyf 
!'YlJJ1~Vl1l~ t'1i'ntJlfl'JeJ-:Jn-:J'Yl'Unl9f'U'Wl\?lltln \?l-:JllJ 4.12 

Compressor) 1m -:Jff~H11'J~ntltJ fi'1U'J ~UlJ iUW\?lfftl-:J 

(Moving Blade) 1l~~\?leJytJ'Wl'Wm1HffrrtJntJitJVl'\?l~n 

" j f W 

p.h'U 'ltJVl'\?lneJ yntJnltJVl'\?l'Yll.j'W 11~ ~n ~\?leJ~tJ'Wl'Vl tll ,., 1 ir1'11lUlW m nl ff~\?ltl-:Jm1JJ ~'U ~-:Jiifilt-nJJ~'U 

~-:J111~ 4.13 tfl~el-:J~\?lmnlflutJtJmJJu'U1Ufl'Wtr-:Ju,j-:JeJeJn lfi't1J'W 2 11tJtJ Lfi'Itt1 

o 11'U'U\,!fl\l'J U'J ~ neJtJ fi'1V\!n'i,ltJ~1fl geJ'W~i'Wtl'.i~tl'.i ~tJ eJ fl'i,ltJ 1\?lvi'tJilltl-:J;JtJ ~1'W 
." " 

fll'W 'i,ltJu tl~.ij'el!'Yllv-:J ii il'U ~\?l til nlfllm~il'Ud-:J~\?l eJ~flel'W'U'W 'UtI-:J 'tl1'i,ltJ 1I1i1el-:J nl 'J tiIilm nlfllr1'Lfi' 
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~ml1JflU"l~ 'D~~6~mJOmJ1J',finm~1:f~HU~~U'j~1Jln U'j~ii~~6UL~1J1:f~1{'V1'D~ljfll~~"''h',f 
;;6l'Y1itl~ lj'IJU 1~'l1qjn1J..f~$I'tHU~il\Yl'I1l~6~ n1'j iU'IJ6~'j::Uu il'D,i1u i~ljnl'itJ i'lJtJl~ ,,flj 

nl'il1Qt;llh~lulrlU')~111::1t;ltl';;m'H)t;lmn1ff'}nnfliu 

o u'U'Ul1vl1~ ljn1':i66ml'lJulfu~lU6~ 3 u'lJulhmlu fl6 U'lJ'lJl'YIitl~6'f)n~11Juu1ffflj 
'j'f)'lJ~11116UU'lJH;UHl'YIitl~ (Radial or Centrifugal Compressor) Ll'lJ'lJi'Ym~11JlIU1UnU H~:: 

... '" ...U'lJ 'lJ'IJ'lJlHJ n'V11~ 'lJ 1 fl'Yi 'j 'f)'Vtt;l~1J 
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" " . 
f4'ff:mn fllfl' '11u~u~'tJ l'nil'l 'J 1lJ'ri'l'il::ihhN'YIH-ff'1m nlfl~fl'W 'illm1'fl'l1f41''H,j'1~1 , uti~i1n'll1'W 

4.3.31f1~f.l~n.n1U (Turbines) 

n'll1'WnlCJfUU'Il1'l'W 2 'll'i!~'H~OmlJ~m!'IW1inl'J'ml'UO'lnlCJf~fl'W flO UUU'~nlCU''Hilflnl 

UU11flil (Radial Flow) ij~01:lWg:f1"'lfJfI~'IntJlfl~O'lO~UtJtJUHl'H1fJ'I nl'J 'ml'UO'lnlCJf'ilg:lfl~mlJ 
'JI l f • 

QI d QI (V ~ db] , .d q 9J Q.i ..::.t..:::t b] ".c:l .c'!\ I .c'!\ GA ~ 

U'W 1'JfllJ n'I'H'W nlCJfutJtJ'W LlJl'Hmg:'YI'ilg: t'lfotJ'Jg:tJtJ'YIlJnl'J 1~1 t'HlJ'YI-qW'H iJlJ"l'l lJ'Jg:'ff'YI1ifllVH'lf'l 

2! "'l'; 0 'I v, v , '" ... cl, .:: ~!II'" ,
f111lJ'dO'W'il'l1l1 'YI1 t'H 'll''Il'Wm'Wl~ 'W'J~tJtJn'I'H'W'U'Wl~!'1:lm'YI1'W'W Uil~ UUUI'HnlCU 'Ht:1f113JUflU 

(Axial Flow) ij~0 1:lW~f1"'lfJn'll1'W'mi'ulm1''Wlll'i'UO'I , 'Hi:l~'~''Won Vi 1'1 l'Wl~'W nlCJfU'J~ff'YIllfl1'W 1'1f'l 

'j} Q 1 lq Q,I' d 

f111lJ'J 'tJ 'W 'ilg:~fl1111tJtJ t'Hi:l 11 llJ U'W 1'JfllJ 

4.3.4 'UO~..rUnlCU (Gas Turbine Blade) li10'l'ill0U'J~ff'YIllflll't'Uo'liu.omn'l11'WnlCJfl1tJtJ 
. " 

ltJ'J6~'W (Brayton Cycle) ijfhfho'hu'J~ff'YIllflll't'UO'ln'll1'W 'mh''WiU.omu'J 'Ifl'W Vil,,rijnl'J 

00 011tJtJ n'l11'WnlCJfll40UrtJU~ 'IU 'J :ff'YIlIfll'W ~1tJnl'J'~tJ n'l11'W~iJ~1Ii:lOtl1l1lJl1'W1 'tJ~~l~O,,r 

!fltlnl'J ''Hi:l1'W'UO'l nlCJf'UW~lflgo'W~ ~'IU1l0I'il'1 'ill 0'tJ~~'UO'ln'll1'W'mi'l~mtJ~0 1:lW:riO'W~l'1m~ 
~'IU'ff~'I'~'W~U~ 4.1411i:l~ 4.15 

http;lIwww.vanwestholIand.com/turbo blower parts.html 
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o Q.I Q.I Q.I e:I 

4.4 fll''nJll.:J''l fl1:l1"l~1J1Jfl.:J"'UfllOJS 

fll'J 'lJl'J•'Iffl'l:l1'J ~'U'UO''l'l1'W nlc)HrJ'W~'W~Ifl'W1~1'W "flflW~l~tJ1O''Wmh1flfl 

m1'ilfffl'Uu'U'U-d'ri1'Wh1f1il~'Wfll'Jff'llfl~~1t1m 1'lf'W fll'Ji'Wff~lVifl'W W ~lU'l1'11'1~l'l~ 'llfl'l'J~'U'U U1:1~ 
ff'llfl~ffm~l'i'11111rJ'WIi''W 'J1lJ~'I fll'J,j'WVimh~l'JllJl~fl{flln'lHl'W'llfl'l'J~'U'U~rlltiqJ 1'lf'W fJW'I1!JlJ 

" 
nlC)f'lllflflfl'llfl'lO''l'l1'W W Til 1'111:1~ ~l'l~ O'm)~'Jlfll'J 1'111:1 U1:1~fI11lJ~'W'llfl'l'J~'U'Ul{1fll~i'i'l fJW'I1!JlJ W 

~~~l'l~ 'llfl'l'J~'U'U U1:1~'J~tI~111:111'W fll'J l~lJl~h.J1flrfl'l lrJ'WIi''W 

o fll'J m 1'ilfffl'lJ'j~'I1':h'l fll'J '11 ~~l~'Wlflrfl'l 1~1tI1:Wtlfl~fJl1 mwl~tI 1:W~11rJ'WU~'il~1~ 

lflrfl'l:WflVill'lfl't11 fll'J~'J1'ilfffl'U'U~ l1W ~ ijmllJl~tI'I~flfl11lJlfftl'l11t11~ 'I 1'lf'W l'U 0''1 'I1'W U1:1~'I1'fl'lml 

I'll~ 1~'W1i''W fll'J~'J1'ilfffl'UU'U'U-d'1~'W~'W~fl'W~ffllJl'J tl'lf1t11:1~fh 1~~ltll'W fll'J'lJ1Hfflfll'J~'U'U
q 

'lf1'1111:111~tl1O''WO''Ufll'J~'J1'ilfffl'UO''l'l1'W 1~tI't11fll'J~'J1'ilfffl'lJ'j~'U'Umfl'lfl1flll'l load gear, bearing 

seals , stator winding U1:1~ri1'W11'J~flfl'U~'W"l 'Wflfl'illfl-d'1'W'J~'I111'lfll'J't1Hl'Wli'fl'l't11fll'J~'J1'il1~ 
.<::.II c:.,.c:9 91 

fJW'I1 !JlJU1:1~fll'J ff'Wff~1'Ylfl'W~1t1 

.1 '" e! J... 1 1 ".o fll'J ~'J1'ilfffl'lJ'j~'U'UfI1'UfllJ,j'lti'U 1 ~tlufl~fll'J~'J1'ilfffl'U'J~'U'U'W'il~'ll'Wfl'Ul'Ylfl 'W 1:1t1. 
• 1 ""'1"" '" ~I ''1 ~ ... , '1 '0'llfl'lflumW'Yl 'll''Il'W 1'll''W 'J~'U'U mark II 'il~~fl'lmfll'J calibrate 'J~'U'U'Ylflu U~ 'Wu'il'il'U'Wff1'W 'I1ru'il~ 

q q q u 

'1 '" .J '" 0'" '" 'll''J~'U'U mark IV C)f'l~fl'lfll'Jfll'J'U1H'J flfll'WfltllJlfl 
q 

.1 ..."j .1 '" .1 ..."j , 
o fll'J ~'J 1'ilfffl'UfJu mWlfl'Jfl'l fl1:1 u 'J~flfl'U~1t1fll'J ~'J1'ilfffl'lJ'j~'U'UfJlJ m Wlmfl'lfl1:1~l'l"l 

l'lf'W'J~'U'Umfl'lfl1flll'l ~lJ 'J~'U'Ul1fmlwm~Jl U1:1~11t11~1'l"llrJ'WIi''W 
, 

.... '" 4.5 Nt1fl"l~'fI1J1:I'.:JU1~iUI~ 

fllC)f ifl1fftl~flflfl'illn0''1 M'W tilC)f'il~ijri1'U NfflJ'llfl'lflflfllC)f~'llfl'l nlC)fi 'W 1~'J1'il'W '1 'W 'J1J NO 111:1 ~ 
'" x 

fllC)fci1:11~fl{1~flflfllC)f~ (S02) nfli l1'ln~iJtym~fl~'Ill1~r;i'fllJ fllC)f NOx ffllJl'Jtlfl1'UfJlJ l~tlfll'J~~~'I 
. '" , 

'lj~fI1'UfJlJfll'Jln~ NO. (Selective Catalytic Redution; SCR) l.u'lfi'lj~Ni'i~1m.'h ~'IUff~'I'1'W~l1fi 4.16 
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o 2. Ammonio i, ocIded 10 the live 90'. 

t 
4. The reocIion 
torwerlslhe 
nitrogen oxide to 
pure narogen 
ond water. The 
Flue go& tnen 
wntinues to 

0) 
1. Flue 90& 
conloining 

nitrogen 

oxides is 

ocImilled from 

the boiler to 

the SCR. 


10 react. 

'I1~fimlf11UfJlJmlm'Hn~ NO x ',",1JlI9l1lJlfiWcnlJ119l1jl'W 75 ppm .yh1Jli~eJml~~'f;!W'I1.fJiJ 
Y r r , 

mm'l11 mn~eJml~~1 'VtJ wih111 ~HYlJtlUll'VlJlJ iWlJ eJVi 'YI1'1Jll'W 'lJl'V'Vfi'IJ'V'Itl'rl1'W !~m11~eJ'W NO x 

',",ullwil9f1'W iI9l1!'il'Wll~~Jl ~'1'fflJml N02 + 2NH} + 11202 = 312N2 + 3Hp -ff1'Wmlf11UfJlJ S02 
y , ~ 

o II) iii '" "'" ilcI' • I '" • .1 .", iI iI d '" '1
'YIl!~ ~eJmlf11UfllJflWil1'Vl'IJ'V'I!'lI''V!'Vl~'1 'I1lJ'ff1'Wul~fi'VU'IJ'V'I9f~!Ti'Vl 'I1'W'VeJ'YI'ff~ 'W'Vfi'W'Wil1eJ 'W. . . 

h'l1vlvh'Vl~'1f111lJ~'V'W':hlJ 'il~~~~'11~UU!~lJ!iYeJ'I!~'V',",fI11lJ~'11'VU'lt~tl'l,:r'Wnl9f1li!n'W 90 dBA 

il1eJ''WJl1eJnl9f;1il1'Vl!il'W'YI1'1!~'Vfi~!'I1lJl~'fflJ !~'V'I'illfi1i;;'V~'I1 meJ'V~l'1 !'If'W 

o flWil1'Vl 'IJ'V'I nl9f1li~1!illJl9i''V '1'ff 
~ 

'1lJlfi 1l~~1li~'V'I!~lJfI11lJ~'W 'l,",tiunl9f~tJ 1lJ1 'l-if . 



· " o fll,\;S~1t1'\'WfI1'jMl1'W4h fI1'j;;f\tM~~l[J ~~f\1f1 i;SnalU6[J 

A "0'" _I ~ ~p. 1 1 '" iI QI A ,,'"
o 	 \fl'j6~[J'Wli\fI19f~'Wf\llJm[J l'W l'DtYlfl 'W atiflalt1f1lUflltHtI'Wli\f\t9fa 

" 
ih'j ~i'mnY\1'~~ltJ fI1l~mJ6'WUa::'\I'W~ltrYhi.~~::f\1n 

q 


At> OJ A:!' <V d 
o llfl1MOll fia~W'.:tllfl'j ::f\'U Soo kW 'il'WfH 10 MW 

~,j~ 4.17 lfl~6.:t[J'Wo;l1X'Wf\1,jmtl'\'W~1t1nl9f;1m~ 	 4 5 6 

23
1
 

7

11 


8 


10 


9 
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oJ. do<w 'JJ 
,nnltJl'I 4.18 ff1lJtJ'I~ntl1J1'I fflflty'\Jtl.:J'I~1J1JtJ 'I~ntl1JA1~ 

1) lfl~tl.:Jihl'UAi'ti,h (Generator) 

2) lfl~tl.:J~lJ~ik"lJfllctr (Gas Turbine Engine) 

3) lfl~tl.:JuamtJg~lJfl11lJftllJll1J1JFb'd'lJFlff (Recuperator) 

_I ~. v 
4) 'QlJmW'ti'1~'I~1J1f.1mllJ'ItllJ (Heat Exchanger) 

5) 1'I1.:J'I~1J1~tl1mffftllJ~.fl1f.1lJtln (Ventilation Air Outlet) 

6) l'IHtltln'\Jtl.:JfllctrftllJ'\Jltltln (Exhaust Outlet) 

'jI : I d 
7) 'YIH1'\Jl'\Jtl.:JlJmatlWlJ (Water Inlet) 

: I d 
8) l'I1.:Jtltln'\Jtl.:J'Ull1atlWlJ (Hot-water Outlet) 

... 1 o'Q, d Q d'1) Q,I 

9) '1.fA'QlJmWtllan'YIltllJnffma~ (Power Electronics) 

10) 1A'QtJmWfl11JfjlJ (Control System) 

I I) ,rtl~lfnim.1 (Combustion Chamber) 

12) 'YIl~l.fl'l'\Jtl~tl1ff~',*uniml (Air Inlet) 



, 
q

tJ'nn5 

ftl1''t1f.''U8':UllU-3'vI~1 fh~Yilfll111lJ IID:;ft11flltJf.l:JJlfl18-3fhlil~'vI~1 

~ , 
.:Jlt.l1<Otlil fll'j ull'ffllfll'j nn i '1Hl'Ut).:Jfhli.:J i ...H41'Ut).:J'j::;'U'U l-Wmn~flVil.:Jlt.1~::;i~f1n tllt.l1W 

., 
f1l'j i'YI'L'l'Ut).:Jihli.:J i'YHhu'Uuih~t.lU'L'l::;'jlvJfft.l (Newton-Raphson Power Flow) t.lt) f1~lnut.liJ.:J~::;i~ij 

f1l'jtllt.11Wfil~'Jj'ilfl1111 i1'Ut).:Jfilli-3 ivJvh'ffw,iYtltflm filJ'UntJfilli-3 i 
u 

vJ.,h~~.:J (Real Power) 1m::; 
.. 

ihli..:J ivJvhi'ffjjt)t.I (Reactive Power) li4t)i~it.lm:::'U1t.1fll'jtllt.l1Wfil~m1ll::;'ff1l (Optimization 

Process) u'L'l:::1t.1~t)t.lY(lt1~:::i~m;'1(j-3'j lt1'L'1:::IBtlfl'Ut)..:Jfll'jfl1'Uf,JlIfhli..:J 1vJvh~~ -3 u'L'I:::rhli-31vJ.,h 
, 	 .,~ 

l'ffjjt)t.I'Ut)..:Jlfl~t)..:J fillufl i vJ.,hu'U'Uclf-3 i m U'ff i fl tI,jt.l ~t)t.lnntll t.l1W t) i 'lJ1t1i ~~-3ij 

5.1 	 ftl'lflnnWft1'l''t1D'U8-3fhU-3'vJ~1 

1t.1mmv'h i tJ rilli-3 ivJi'h W 'tl'ff1flC') 'ffllJl'jtltJ'j::;f1t)'U~1t1 

o 	 fi1li-3 ivJ.,h i 'YI'L'I1.u'1'tlft~lmfltt)..:Jfiln1fl ivJfh 

o 	 ri1li-3 ivJ.,h i 'YI'L'It)t)n~lf1'tlftl,jtJ-3~ln i'YI'L'lfl 

o 	 nlli-3 ivJvh~i'YI'L'l'j:::ldH'fflt11:1-3 


nlli-3 i ...Hh~ft~Hm'rn:::lflttJ-3nlIUfl1vJvhn'Ui'YI'L'lfl W 'tlft~ i ftl1l1'jm1itlt.l i~l~t.I 


(5.1) 

ifltl~ flnl:l'j~1,rt)tI sch, G U'L'I::; L 'YIlIlt1U..:J ~'L'I~H'j::;'YI1Hlfltt)-3n11Ufl ivJ.,hntJiml~ IflttJ-3 

nlliJ~ ivJvh U'L'l::: 1'Y1'L'1~ ~ll1th~'U cj-3nlli-3ivJ.,h~llJftlJfll'j (5.1) ~:::i'YI'L'l'j::111H'fflt11:1-3I""t.I~I~t)1I~t) 

(5.2) 

lfltl~fil V 11111tlU-3filUH~t.I W 'tlft i U'L'I::: I 'YI1IltlU-3film:::Uft'j111~i'YI'L'lt)t)f1~1f1'tl'ff~ i Nlt.1'V11..:JftlfJ 

1:1..:J 1tJiJ..:J'tlft~t.I i ~t1'ffl111'jtltllt.l1Wi~~l nftllfll'j~ (5.3) 

I, = Y.ov, + y, J ( V, ~ )+Yi 2 (v, VJ ) + ... + Yin (v, v" ) 
(5.3) 

ifltlfil y l1'V1t.1tm,dJ~u~t.I~'UtN'fflfJri..:J ,rlmlfl t tJ'ffllfll'j (5.3) l'f'ui 'il:::i~'ffllf1l'j~ (5.4) ~..:Jftl11lHI 
'" l1itlt.lit.lltJUtJ'UI.:J1-3'li1 i~~..:JftlJf1l'j (5.5) 

n 	 n 

Ii = V,L Yij - LYij ~ 	 (5.4) 
)=0 	 j=/ 

http:u'L'l:::1t.1~t)t.lY
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(5.5) 

'1: 4 t Q cf d ~ 4" 4 " 

~i ~'W (5.5) flfl'ti'Wlfl'tifl~fllHfl"lJYlU"'WCJf Y1um i L1'(;l~'H'(;lf) j 'titl~llJ,.mCJfUtl"lJYlII"'WCJf
I 1 

1~fll11'fJ41m':l'1tl1\Jl:Utl'Wi;llJm':l'~ (5.2) l'Wll1'titl~fhtY~~fI (Conjugate) uti'''lUYI'Wtll 1; \Jlf)i;llJm':l'~ 
. '" 

(5.5) '(;l~'tJ ;}~'~i;llJm':l';i (5.6) ~~ij 

P- 'Q (5.6)Iv:\ L -oj~:I~JII~ILOu + OJsch ,I ) sch.i 
}=1 

i;llJm':l'~ (5.6) i;l1lJ1':l'f:lutlmhwil1~U'(;l:;ri1'W~'W,.m"'Wtlf)lJ1'~11:l'Wi;llJf)1':l'~ (5.7) U'(;l~ (5.8) 

"llJih~1J 

(5.7) 

(5.8) 

i;llJm':l'~ (5.7) U'(;l:; (5.8) l1J'Wi;llJf)1':l"liL<i~lff'W lf1t1~;r1Ul1':l'~'liYl':l'11Jfht1tl'ti'W1f1UH~'WlL'(;l:; 

l,!lJU':l' ~~'W ~1'Jf),ji;l tlf1l1'W W ,ji;l'HlJlm'(;l'ti'Hi1~~ 11:1 'W,ji;l1i''WY11~'titl~ i;lf:l1ij,...HhVtl tI'titl~m':l' , ..Hhri1'W 

{Jilmfl 9t~fi1'H'Wfll1J'W,ji;lD'1~~~~l,!lJlLH~'Wl1:l'WfJ''W6tl~ff1 mru,ji;l~~lfl~tl~fi1lijfl 'vJ~l'tifl~~N{;" 

'vJ~l':l' 1fJ!~f)lJ1f)$lfl~~ tl~ 'iI:;i;llJlJiil11'i;lllJnf:lfl11JfllJfhfi1~.:j'vJ~1;}1~U'(;l~fi1~.:j 'vJ~lLi;l!ltl'W'~ lrltl 
.d. ,. Gt 'JJ "tI .d.4 

m~'iI1t1i;llJf)1':l'Y1 (5.7) U'(;l~ (5.8) lfltl l'lftl~mlJ1YltJ!'(;lU':l' (Taylor's series expansion) Y1f1f1m'n1::::lYIfllJ 

fl~ 'W'W i O'W~lI~'Hi1.:j':l' Ull ~flL~lJli''W l':i 1'0:; '~fl11 lJtYlJ'W'Wii'Wl111lJfl~f)CJf~~ i;llJf)1':l' ~ (5.9) 

8P; 8P2 

8°2 80n 

8P; 8P2 
81 V21 81V ln 

AP2 A02 

LtP n 

AQ2 

= 

8Pn 

8°2 

8°2 

8Pn 8P 

80 81~1" 
8Q; 8Q2 
80n 81 V21 

8P n 

81v;,1 
8Q2 

81v,,1 

Lion 

AI~I 
(5.9) 

AQn AIVnl 

8Qn 8Qn 8Qn 

802 80n 81V21 81V,,1 
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4 '" • J d ... , l1lJ" UnlfflJfl1'j'YI (5.10)tyrO l1~~lV'UUtnJfl1'j'YI (5.9) ffUJl'jt:lI'UVU d 
~ ~ 

(5.1 0) 

l'jl~~';;fflJfIl'j~ (5.1 0) ''Wfl1'jV11U1ilUl'U'U1U'jtl'Ut~mH'1Jfh'UU1~m~~Ulm~~:lJU'j ~~u'V.!n 

iJff~Umnt~l~tlU i 'lJ'lJfl~fl1'jrll,j'lriV11~tl'UI~U'ill~ L~tl'11'~~lVfflJfl1'j~';;ffT" l'U fl1'jfilU1WllUIJ.. " .. 
1U'jfl'UI;;fJ'Wi~~~ff:IJfl1'j~ (5.11) 

tin'l:l'j~1t1n (k) 'Uff:IJfl1'j~ (5.1 1) l1:1J1t1f:i~'jfl'U'Unl'jV11U1W lUfl1'jV11'W1Wt~:lJti'u~~ 

fhl1U~'11' 'lJU1~UI.'!~~:IJ'lJfl~U'j~~'W~'V.!niJffijfh 1 l1'I.htlHI.'!:;i!lu6~llJih~'U 

t:IJlIl ncHriflfJ J 1 I~Ut:IJ~~ncH ~ijfh1uuU1'Y1UfJ~~:lJl111flul.'!:;fhutl nUU1'Y111tJ~ 3;! :lJl111n ~~ff:IJfl1'j . 
Yi (5.12) 1m:; (5.13) ~I1:1Ji;h~'U 

(5.12) 

80 =-1v;IIVIIIYijlsin(Bij -0; +0) (5.13 ) 

J 

J2 t~Ut:IJlI~ ncH ~ijfh'UUU1'Y1U{I~~:lJl111mm:;fhuflnuu1'Y1H{I~~:lJl1tln ~~ff:IJfl1'j~ (5.14) 

1l1.'!~ (5.15) 1l1:IJt:l1~'U 

(5.14):I~I = 21V;IIy,il cOS ()ii + I/v;I/y,j/COS(()ij - 0, + OJ} 
U i J:l:1 

al~ 1= IVllylcos(B 0 + 0) J'::;f:. i (5.15)
8 V 'lj lj' J 

J 

J .l l~uL:IJ~~ncH ~ijrh luuu1'Y1I1{1~:IJ:lJl111mtl.'!:;filuflflllu1'Y1UfJ~:IJ:lJl111n, ~~ff:IJfl1'j~ (5.16), 

Itl.'!:; (5.17) 1l1:IJih~'U 

(5.16) 

~~j -1v;llvJIIy,jlcos(Bij -OJ +OJ) j::;f:. i (5.17) 

J 
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J4 tn'UllJ'1I~nCJf ~1ifh1'ULl'U1'YlIW.:JlJlJ'I1"mlfl~fll'UflnU'U1'YlllU.:JlJlJ'I1"n ~.:Jft'lJnl'J~ (5.18) 

lIfl~ (5.19) mlJ~l~U 

(5.18)81QVii =21V;IIY;ilsimBji + IIVjllY;jICOS(~j -0; +OJ}
8 i 1"#' 

8IQil=IVllyISin(B.. -o+0) j*i (5.19)
8 V 'Ij !l' J 

J 

. " 
lth11m lJViim'Ul;i'Uffl'11funl'Jfll'U1W nl'J i 'I1fl'1Jfl.:Jih".:J ivHh 1i'J1Ufl~lflU~ l'Umf1~'U1n 

~flnl'Jfll'U1Wnl'J i'l1fl'1Jtl.:J ih".:J ivlfh~i~1I~ihlJ11~'.hlJnUnnfll'U1wfh~'.If\Jfl11lJ i 1 

tli1J1ui~m11;;tlt1~ 'ttJ 

5.2 ~ltl1~nauflllll'1'1JO~fh~~itytUtl 

~htJ'J~nflUfl11lJ i1'1Jtl.:Jfh~~ ivl-rh'Q;qJ!iffJ (Loss Sensitivity Factors) 'I1lJ1Uti.:J a'1l'Jlnl'J 

ttJgu'UUtJfl.:J'1Jtl.:Jih ".:J i vI-A 1'Q;qJliYvi'U ft'lV~l'l1,l1V1rlmYlVU nU~1I1tJ'Jfl1UfJlJ '~lIn ih".:J LvlVhll~.:J 
IIfl~fh".:J ivlvhlffiimJlIlmf1ttl.:Jfhl'W~ LvI-Al'1Jtl.:J~~i)'1I'vI-Al'J1Vl~nlJ1n ~1tJ'J~nflU f111lJ L1~.:Jnri11.. 


.J "'tv I f .d ~ 1'& 1W .. 0'lJ1n'Ylf.'{~mlJV1.:Jn'.lfUll1QlJ'J~ff.:JfI'lJtl.:Jm~U1UnUmf11'Yl1'l1lJl~fflJ (Optimization) C)f.:J1l~nfll1fH U 

. '" " 
'U'YlYl 7 l~viuu'Y\'nll~ 't~nril1il.:Jm'nl~'1i'U'1Ifl'Unl'Jfll'U1WflWi1tJ 'J~ntl'Ufl11lJ i 1 '1Jfl.:Jih~.:JLvHh 

ffUlliYV ~.:Ji!itl itJif ... " 

~~IVIIVIIYlcos(B -0 +0 )PIoss = L... L... , J!l IJ' J 
(5.19) 

1=1 j=1 

i'U nl'lfllU1W'I11fiwi1tJ'l~ntl'Uf111:JJ i1'IJfl.:Jih".:J LvI~ lft'UlliYv~1ii!imh~.:JLvi ~ l'il1.:J 8~o" 
.. " 8p", 

o '" "" 8P 0 ,8P 8P.. "i i 9Jlti • .I.!!l iJ d
IIfl~ nlfl.:J ATrnllft'lJflU ~ 'iI~1Ifl~fI1U1WfI1 ~ Hfl~ ~ ntlu !~u '.Ifff:JJnl'l'Yl (5.20) Ufl~ 

8Q. 80m 8 IVk I 
(5.21) 1I1lJ~1~'U 

(5.20) 

(5.21) 
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8~OSS 
85 


In 

8~oss 

81 Vkl 

=[Jr 


8~oss 
8P 

In (5.22)
8P 
~ 

8Qk 

~ ~~. ~ ~ 
l'VItllJ ~ U~~ I/ossl ffllJl'Hnn l~HnnfflJml (5.23) U~~ (5.24) 'fIllJ~l~'U 

85m 8 Vk 

8P n 
lo:;s = "" IV IIV Ily Isin(B 5 +5) (5.23)88 ~ mama ma m a 

m a;I,i'm 

(5.24) 

(J] ''WfflJml~ (5.22) fitlllJ'fI~n9f'inLtHlh.l'W ffllJllOfll'W1W l~'j)lnfflJml~ (5.12) - (5.19) 

l'hi11'fflJml (5.22) ffllJllOl~t.I'Wi'l1~i~l~'WfflJml (5.25) 

8~0s.< 
8Pm 

8~Os., 
8Qk 

f' J,J'

J2 J4 

8~oss 
85m 

(5.25) 
8~oss 

81 Vkl 

L~Wl'VItllJ 8~oss I~'Wfh~1th:;ntl 'Uf111lJ11'IJtl.:Jtllli.:Jll'l.yh~t1!lffUi'WfflU~l'l1lilU~~~tl fil 
8Qk 

ihli.:J il'l.yhlffijtl'W~~lm~1~1'I1~Y1tlff k ~.:Jlll'Wl'VI6lJ~'j)~HitJml11.:JUH'W'I1;tli'Y1ffn tllli,'j ll'lvh 

Iffij6'Wl11'Ufh~'U'U ,i1tH'VItllJ 8~oss 
8P 

111 

~1'l1,jlU~ ~~tlfhtllli.:J ll'l ~l'j)~.:J~ ~1m~l~'VIntlfftJfH')''Wtlff~l,'jfl,'j• 

5.3 

!fl~tl,'jtl1IUY11l'l~lqf,'j1mitfflll'WlfI~tl,'j tl1!U~ 'll'lvh~utJlJHflJln~ 'lY1 'l'W~'fIff1'l1mllJHi)'fI 
• • ill 

il'l~l 111tl,'j'j)lmh~if'VIim'ni'Wml utJ~,'jN'W'Ylli.:J,'jl'WYi ~,'j 1m.:Jff11.:J.w'W~1'Wl'I1lJl~ffmY1'l1i'm~1J1J 
ill 

Hi)'fIll'l~1'IJ'W1Y1imu l1lJVl.:Jfl11lJff1lJllOi'W mlf111JfllJtllli.:J ll'l~l'j)~.:Ju~~tl1li.:J ll'l~llffijtl'W
u • 



91 

Stator with 
laminated iron core 

ltJ~ 5.1 1m -3ffh~lfujlu'\HJ-31fl~tl-3til1'iJ~hHhCH-31m'l!ffullllfftl-3.rr1uumgn 
I ", f 

'innltJVi 5.1 rhutJ·nmmJ,"\.Ajl'W~tHlflltNtil!'iJ~ i'rivhCH-31f1'.i'l!ff tJ'.i~ntl1J~1tJ ~11m-3Vi 
tQ.l d , Q,I rI <:I 

tl~n1JfI (Stator) l'JU~1'Y1~'W (Rotor) ~~tl1~tl1'.iUJ1'i1m (Armature Winding) ~~tl1~ff'W11J (DCField 

" Winding) '.i~l1l1~ltJm~!lffm~~'W (Excitation system) l~V'.ilVtl~l~tJ~iM'-3U 

o lf1H~tl-31f1~fJ-3tillij~ i'rivh tJn:nfJll~1tJun'Wmgnffl'YIlmi'W~~tl1~tl1111Jl'iltl1 '51J.J'rf-311l'W 

lff'Wfll-3n1'.i i 'YItI'UfJ-3'ri r;;n~!lUmgn lLff~-3 i~~-3'.itJ~ 5.2.. 
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o ~'U l-ml'tJ1 d~I'U~..:Ilt~'Ul~D1,..vtY'UllJmjllf~n'IJD-3'IJ~l:11~tY'UllJ'I1~'U~~fh'U'lJ~a1~D1111J1'iID1 
... 1""" , "'1 .. :;, d,A 1 ..l:1mHl.!~'IJD-3 'nAO'JlJtYD-3U'U'U ~l1n 'HAtJ'Hl'U'U'lJ1HlJllfi:tmJ'U (Salient Pole Rotor) ua~ l1AD'H1'U'U 

'IJ~m~tYUllJu1illf~m;UltJ'UtY~11tYlJtJ (Round Rotor) ~-3utY~-31U11.l~ 5.3 Ul:1~ 5.4 AllJlil~'U 
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o ';j~'U'U fl'.j~~'l,! a''l,! llJmh..,gf) .., lJ1UO~';j~'U'U 'rJ~lfl'.j ~Ua'~H~~lU',.ruri'tl"Hnfila''l,!llJ~1';j 

.. '" 91 • d 1 'IJ • d '" '.1 91 ...
lmnl'Yfija'';jl~a''l,!llJUlJt'Haf) filU1~"'';jfl'.j:::~'l,!a''l,!llJUlJt'HamlJ6U'U~~llJlJ';j~1.fll'lm';ja'';jl~U';j~fiI'l,! 

91 0 • iii 91 "" .1 91 •iJ!' '" fl'.j~~'l,!'l,!1';j6~ (Pilot Excitation) a'llJ1';jtUWf) IfilllJ'l,! 3 llJU'U'U 'film ';j~'U'Um~~'l,!a''l,!llJUlJt'Haf)u'U'U 

"nrJ~lm~Ua'~Hl~'l,!m~~'l,!m~~'l,!'\.h~6~ (Direct Current Excitation System) UH~'l,!m:::llff~H 
tp .4 0 .Q ~ .. .I_~ d .d.cl 'JI 'JI Q,I 0.1 ft 1..:1 " 

\l:::a'';iH'''lmm6~ml'l,!fi1 rrrrnm:::Ua'~H'tI'l,!lfi1laf)l'llJm';jfl'.j~~'l,!fl1lJ~1m~ fiI~llJ'YI 5.4 ';i:::'U'Ufl'.j:::~'l,! 

a''l,!llJUUll1gf)1~lfJ'·nrJ~lm~ufffflY'I.Jl~'l,!UH~'l,!fl'.j~~'l,!i.h~6~ (Alternating Current Excitation 

System) 1filUUH~'l,! AC "'1f)"'))'6utla~~~6fl'U'tI166f)'tI6~ lflt6~ ihlij'fi1 'rJ~l\l:::~ lUV6'l,!f)lY'UlJl1;j', 

f,)t1fl'.jwutla~~'l,!'rJ~H (Converter) ~~Ua'fiI~''l,!ltl~ 5.5 dl"'i''Un:'U'Um~~'l,!a''l,!llJuut'Hgm!'I.J'UH; 
m';iutla~~'l,!f-ll'l,!f,)t1fl'.jWDlgf)'YI';j6ij'mffhlY~1~'l,!llH~'l,!1~lJ~'l,! (Static Excitation System) ii;;6~n'l,! 

ttl. w 

¢I1'l,!m';jfl1'UfllJm:::ua'm~~'l,!1'l,!a'.fl11:::oi1fl:i (Transient) iiir~u'U'Uiim'UfllJl~UUH~'l,! ua:::Hfir~ 
q q cu q 

m:::Ua'Ua:::UH~'l,! ~~ua'fiI~l'l,!ltl~ 5.6 

Veon 

(AVR) 

I 

Aux 
source 

3-

Power 
electronics 

DC exciter 

converter I---!----' 

Aux 
exciter (AE) 

I 
I 
I 

.--, ,---,Turbine 

Mechanical I 3
couplings _ ____ _ :L__ ____ 

.1"; 91 • <:$ 'I 'lJ1Ii ••I_~ "" '" 'IJ ,

';ilJl'l 5.4 ';j~'U'Um~~'l,!a''l,!1:Ull:U111i;'1f)U'U'U t'l1 nrrnm:::Ua'~';j~llJ'l,!m~fiI'l,!m~~'l,!'l,!l';j6~.... . 0 

3- 3

1-- --.., 

I I 
1 I 
I 
I 
I 
I StaticI 
I power
I 

Vcon(AVR) I converter 

AC exciterL _______ _ 
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From 
3 - auxiliary 

- source 

From 
-:::::::::::::. SG terminals

/----3

SG 

Current 
transformer 

Voltage 
transformer 

(VT) 

(b) 

(CT) 

(a) 

... 1d "t d i" ... 1 (V' .... J~ d .a.. 0' 0 <VI 
~ui'l 5.5 'J::;uum::;~'UtY'UllJUlJnHIO!!UU 'b'01'JUua':HmNl'Uf,!umWDlani'l'JD'UntY01a.:J 

(a) UUU~fI1UfllJ1V1tJUH~'U• 

5.4 	m1fl11JfJJJm1~1t1fha.:J'~ttl'UD-:llfl~8-:1ihli1A'~ttl 

1mJ~1 lt1 O1'JfI1UfllJfllll.:J lvlvh'il~.:Jua~fllll.:J1 vlvhltYijtl'U 'lID.:JlfljD~fhI'WVIhHh'il::awon'U• 

'lID~tYl 'J 111~l'U~ l.u'l ri,r1 n~,:r'U 9}~11:1'U 01'J fI1UfllJfllll~ 'liu ~1VI a1'l1D~ n.:J ,:r'U~1j un'U ~ tl ~ ') lJ nUlf1~ tl.:J.. 	 . 
fll1'WVI 1'VHh O1'JfI1UfllJ~~orll11rJ'U'J::;umjfl1'UlT~~~DilJ1tJi'U,:r1.u'tl 3.3.2 9}~ i'UlfI~D~t1l1'WVI lvlvh• 
'lID~ ~r-Itlfl lvlvt l'Jlmg nlJm O1'J t1l1'l'UVI rht1l11.:J01'J r-Itlfl~'U tlQnuu 'il,}l!1'I a ltJmh~ 1'lf'U .u'D fl11'l'UVlflllJ 

i1WWl O1'Jc5tl'llltJ 1 vlvt1 .u'D~ lnVl'llD.:J It1'1 rl~Vlll~~l'UI~61VI tl~'J 1lJ~~f11llJ VI fDlJ'lItl.:J'J ::;UU Ni1fllvlvt 1 
" " 

m~ IrJWfI'U litD~'ill nfllll~O1'J r-li1fl'llD.:J 1f1~D~ t1ll'WVI 1 vlft 1 1V4 tJ'mit~,r11j~DtJlJlmrl6lli fJU nu fll11.:J nn 

r-Itlfl'J1lJ'lID.:J'J::;UU ~~m'ilnrl111~'h t1l11.:J 1vl vt 1~t11UI~lJ~'U1'I1tlaVla~ 'ill mfl~tl ~ t111'UVl1vl vtl"'~11m 
r-Ia~ml1llJ~'lID~'J ~UU l1l i'li'lflj tl.:J t1lliAVI 1vl vtlU'UUC}f~1 f1'Jir tY1'Il:!'U~1tJfI1llJl~ 1f1.:J~fla D Vl11a1 

d11'l1'U01'JfI1'U TJlJm~~'W~1'l1D.:JlfljD~flll'wA1 vlvtl!! U'UC}f~1m'irtY l1l1~1AfJi ;;,r1T1TUTJlJ 

Q..' 	 QJ '1 cl a 9J.:1", I ~ '1 'j)QJ.:::l 

U'J~VI'WU'U'UDfI ~ 'WlJfI (Automatic Voltage Regulator; A VR) 91~'il~i'l11'l'Wli'lu'J:::;lJ1aNaua:::;ft'.;j.;jl'W !1'1 

'J~'U'U~ltJm::;utYm:::;~'W (Excitation System) l1l~l'W ~~UtYA.:Ji'W~t1~ 5.6 d11'l1'U1f1jtl~t1ltiAVl1vl.yh 

u'U'UC}f~1f1'JirtY~~VI~~DQi'U'J~U'U~11'1tlltJ O1'JfI1'UTJlJ O1'J~ltJt1l11~1 vlftlltYijtl'U ''Ii'f1~~ ,.,~1jfl1llJ 
mlJ l::;tYlJ lJl nn1l i'Ui'l Htlfi,j~ I~DaVlfl1llJliitJ.:J'lItl~nn i'l1t1l'dD~ \lln011 ~ltJm~!!tYm::;~ 'W ~ThVinA 
~ . 

l'i.:Jfj'~\l~a1:l'W 011 lmmtYtl tJ'J mVl'llD~1f11 tl~ i 'Ii'tYllJl1t!'lI'U l'Un'U'J :::;'U'U 11'fl aDVlnm 

http:d11'l1'U1f1jtl~t1ltiAVl1vl.yh
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Step-up full power 
transformer 

Step-down 

transformer I--r--r-.--\ 


AVR 

1 1 
1 1 
1 I 
1 1

Turbine I 1 
I 1 
1 I 
I I 
I I 
I 1 
1 1 

V ref : : 
1 I 
I 1 
I 1 

1 1 11
1 I 11
1 I 1

1
1 1 I 
1 I 111_______ _ 
1 I ___I
1 
I ~ ________________ J 
t_~_ 

'j'lJ~ 5.6 'J::'U'Ufl1'UfllJU'J ~~'WU~:::01'J~lVfl1~~ ''''YhH.1'fjtJ'WU'U'Uij~1'WlJ91 
~ . 

01'Jfl1'Uf.}lJlfl~tJ~ f111iJ~-hHhu~ ::ff1'Wl.h ::ntJ'U~1~fJ1;;tJ~f1'llJ1HlUf1'~~,~~~ 'lU~ 5.7 

~ !Power 
~-------,-~/T)H XT H system 

T~aiis- trans;:ni. IE 
ssion line • 

p. 

Speed 
governor Turbine 

Synchronous 
generator 

former 

-==rQ;'-~" 
From automatic ,.[From .automatic _.__..._ .....J 

I generation , reactive power ___ ..... . 
·1 control (AQC) Ii control (AGe) 

ltl~ 5.7 '~tJ:l:atmlJnl'Jm'UfJlJlfl~tJ~fl1!'W~'l'Hh 
f;hwtl'J::ntJ'U115n'lltJ~01'Jm'Uf.}lJlfl~tJ'l f\ltiJ~ l."jh "l'Wltl~ 5.1 ij~'lif 

o ff1'Wm'UfJlJfh~~''''Yh~~~ij~1'Wl191 (Automatic Generation Control; AGe) 

o ff1'Wm'UfJlJn15~ l"'Yhf1'fjtJ'Wij~1'WiJ91 (Automatic Reactive Power Control; AQC) 

o ff1'Wtlj'Ufhm'Uf.}lJmllJl~'J'jtJ'U O1'j'H:t.I'Wn'Ufh'i'll"'jh~l~ (Speed/Power Droop Curve) 



96 

I f/ 0" '0,.. <V o ff1'W11~1fl1'UfJ1Jffn'Vl1~1'Wt'U1tlfF.I'l1'W (Speed Governor) 
, 	 3J I d ..., 

o ff1'W'lJO~:ig;'U'Um~¥J'Wff'W11JU1J!'l11:lfl (ExcItatIOn System) 

o ~1n~'I1'W (Turbine) 

o tfl~O~fht'w~ hHhu'U'U<i~ lmuff (Synchronous Generator) 

o tc'j'Wt910{1~m11Jl~"JJO'U m~~'WH1:lg;mg;W;11'VHh 

o :i~'lJ'U1mmffOtJ:i m'VWf)~tfl~O~ (Power System Stabilizer; PSS) 

5.5 	,"n~m·HhtJfhii'.:J'UO.:Jlfl~O,u)1t'il~'-n~lCjj.:J1A'nrtT 

otiO~l n~~l'W fl1:i fl1'lJfJ:Wfl~O~fi1IiJ~1 vl-rh 'W Ofl'il1 fl~'W nuVln~lfl~O~ fhl'W~, vlfl11O~Htl'1 ii~ 
.s ~'OJ '" 	 ''Jl' c:l <d "I • .I.~OJ 

'IJ'Wfl'U'J~'U'lJO'W 1'l1'W ~1'IJ'U (Prime Mover) :i~'lJ'lJ'il1tJm~Uffm::¥J'W :i::'U'lJ'l1~OW'W :i11JfH:i::'lJ'lJ tl'Un 
rtf 1 	 ", 

~lfl~0 ~ n 1111~ 1vlfl1t~O 1J ~OO~ d'I'W;}'W 1~tJli1111 ~fn'lJfJ1Jff11J1'J tl-Vl'il1:iflnotio ~1n~!'l1thij1 ~'il1fl 

Uf.l'Wml'l'li~~ln~fl1:i~ltJfi1tl~ 1-n-rh'IJo~lfl~O~ (Generator Capability Chart) ~~tll~ 5.8 

Reactive Power 
into System 

+ 

Rotor 
Winding 
Limited 

0 M
'\I\i1l> I System 

---fir> . 
Mvar Normal Overexcited 

Mvar 

Overexcited 

1 
1 

Underexcited 

Reactive Power Stator End Stability Limit 
into Generator Iron Limited 

tll~ 5.8 !!N'Wml'l'li~.j)ln~fl1:i~ltJtiltl~ ivlfll'IJD~!fl~~Hnll'U~1vlfhU'lJ'lJ<i~1 mUff 

" 
, 'W~1'W1~tJij'il~Vi 'ill'JW1Vin~fl1'J ~ ltJfh~~ i vlrhil~,m1:l~ti1~'.1 ivlfl1lffllD'W 

"I • .I.'!I ,J 0 '1 'Jl "" '" 0 ... v v .... 	 • oj 21 
rnnl'YI'YI1l'l1 tfl'W'IJ~~1fl~~114m 1mO14 'lJO~ 'IJ~1:l1~D 1 ';j !1J!~O';j U1:l::'IJ~ 1:l1~ ff'W 11J m,l!'l11:l fl Itft~uty '111 

"'YOtJ'J ml'l'YI1'.1UH~'W1 yj fll (Voltage Stability) 'l'Wffm1::~!fl~D'.Iti1tiJ~1vlflTQ flm::~'W~lfl'-h~l 

~W)'Wtj1J'U'W1'W'J:::;'lJ'lJ (Under Excitation) vh'llf'HHU~'YIHfl1:l (Mechanical Torque) 'il1fl,r1,j'lJ1~ 

ff11J1'Jtlull1:l'.lt~'WUHiJ~;}1'W'YIH ivlfl1 (Electrical Torque) l~D~ltJ1'l11:l~1~tJfl'Wl'do'.l'il1flffml'lfl111J 

Operation 

o ~~-------------------r----

U,d" 

Mvar l===::::=1r=
Steady State 

Underexcited 
Operation 

r:::\ MW II> ' 
\.~.i..------I System 

Mvar 
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d I dd 0 .A,Q./ aI'~Q td' 
U'U~UHl11~UlJt'\'Hlfll1\l~~lHffm'Wfll'H'lfVlJiltlfllJ'i~lJlJ (Synchronizing Torque) lJfI1illlfl'Wfl1111\l~ 

" "" 1" 0 i" A "" 1'.!''!! " • 0 '" 1'.I·~ i"" .k .: ,10 Q,f11'WU'i ~lJ~l1Hflll ~ 111 111f1'itl~flll'W~ Tfn1iltl~1l~fll'i\lllJfllll~ Inn 'H'WVlJll~ CjJ~fftn'W'W1fl~'U'W 

\llflfolll'UV~ fll'i fI1lJfJ lJU'i ~~'W1 'ri~1~'Wl,jtl~lJ1 'ill flfll'i.ij~fll'i th;;l'~1'ri~ llffiitl'W i 'W 'i~lJlJ1l.i l'H lJl~fflJ 
~ 1 d QQ,I ~ 
CjJ~tI g'W V fll'H 'W tI 'UtllJ! 'II il~l'W1\lV'W 

" . . 
'Wtlfl\llfl-W'Wi'Wi 'H lJ~iilfljtl'HhI'w~1'ri~lmlJfJlJfll'i~lVfh~~l'ri~l!ffiit)'\.J 

UfoI'Wtn'W 1i~~1n~ fll'i ~llJ01~~1 'ri~ l'UV~!fl~tI~i'Wltl'UtI~~Tlh~fltIlJ01 ~~1 'ri~1 ~ffllJ1'itJ~lV1~~~ 

uff~~i'W1U~ 5,9 
0.8 0.9 0." t.O 0.115 0.8 

0.7 

1.0 

0.9 

0.8 0 •• 

it G.7.. 
~ 
of 06 

0.5 

0.4 

0.3 
0.3 

0.2 0.' 

O.t0.1 

0.0 
0.9 0.8 0.7 o:e 0.5 0.4 0.3 o.:? 0 ! 0.0 0,1 0.£ 0 ~ OA OJ:') 0.6 07 0.8 0);,1 1.0 

Import fLeadJ Per Unit kYAl' Export ft.e", 

ltl~ 5.9 ufol'Wm'W1i~~ln~fll'i~lt:Jfh~~ 1'ri~11'W~t1'UtI~~1Un;ntllJfh~~i vl~l 



6.1 

. 

q 

UJIJI 6 

(Geographic . Q,ll.dII':!l 	 iJ 0 Q Q.lQ 
~ 

Information System; GIS) tYHHnH':i~Utl1l1mJ'l 96 tlff ~W:lJ'jlfJiJ~WfJ~WI'l'U 

fllU't1U~m1fifl~~illfl641vrrUl~~1'U'~~1 
~ 

fll':i 1vHhff1'U.fliJ.fllfl~~;tl9i6W"',Hl'U1'VlYll1l10fll':i i'VlYllf,htJf-liI~ut '11 ,nh~l'Y1r1hW ill fftlTW 
'" 

1'VlYlldfl fJ'\Je)'lfll':i i'VlYllfh fJf-lilfl 1Ilv'lffmili'VlYlldflfJ'lnH01':i1'VlYll ffTluJilmfl u1l1~'lff 'lP·h'U 
., , 

W"''l'll'U hJYl11'Uul1i iJ~ffl fJil fl'U 111 V'l \1 0t11 ~1~1'Vl 1fl':i 'lfffl'l'llfl~':i ~tltl 01':i 9ifl'lllfJ1'Vl Yll~'lfi Oci11 

1IlU1l1ffl11l':i()Uff~H 1~~'ll11~ 6.1 

~lo~11~ 6.1 i~ij Ol':i'l~UiJ~,j'UViOfilW"''l'Jl'U i'VlYll1~fJiJl~m{1~W"''l'l1'U1'VlYl "U~ffl1J':i~~tl 

~1fJft'U1~uft 
or 

o 	 ~~9ifl'llltJivlYll':i~·.dl'101':i 1'Vl th~htJf-lilflUr1 'l11':i~t'Y1r1i'Y1 fJfltlfll':i i'VlYllff1'UfJiJmfl ill 

ffmil 1'VlYllVflfJ'llfl'l0l':i1'VlYllfJltJP-lill9l tli'l ill ~~ifiltflU{1~Wth'Jl'Ui 'VlYll;)~ij~nl1J~~ 
WiJl~ ililn'U 0.2 % 

'" 	 . 
w"''J'l1'U1vlYll ml1J~~wlJ1\91ililn'U 5 % fi\9l~'Jt~fnh01':i1\91 

o 	 iltflU{1\91W"''J'l1'U 1'VlYlUlll1;tlfl\9lt~Ufil i'VlYlll'Uu~tl~t~U'U ~~ijml1J~\9IW lJ1\91 1litn'U 

0.5 % 1tlfJ~l~''VlYlTV1~;tlW "'~'Jl'U1'VlYllNl'U11 ~U1L11{;l~~ nnJlfJ'llu'l~~i'VlYllW-:J l1~U 

Nl'U1I{tuu11 {;l'J ~lll,j 1fJ'lIU~Ol':i i'VlYl1ff1'UlJil.fl1fl . . 	 '" 
;JU\ltlO1':i 1~1'Vlth'IJu'J~l~'VlYlll'UfflfJi1u'Ufiijtfl~u'Jthi1\91 i'VlYl1 'lJu'll m 'J01':ii'tl9iu i'VlYl1 

. 	 '" 
~10~P-lilfl i'VlYl1':i1mgomo .yhl111l1~1 'U 1 flH01'J ~hitJ'w~~ij01'J 1tluiJ~,j'UVimj'u\ltl1l10iltflU{1\91 

Wth~1'U1'VlYl1t1tlUt1fll 'UJj~ 1~HJijOl'J'U'U Vi n;)fl1JIJ Nl'U 'j ~UUflU:lJy,J1tfl6:( mUfl:IJ1Jmil i 'VlV11 ~f)fJ
~ . 

uuuuI9l1'UJj~ (Computer-Based Substation Control System; CSCS) 11:IJftui1Jnl':i.ij'1fl01'J;)m,JIJ111IJ'f] 

fl11JP-liJ01':ii.ij'fJl'U 1flH01':i1.ij'fJm':i~1'VlYll (Load Research Project) tlJ'UH'U1'Y11-:J'l'U 01':ifff1-:J~11uuu 

01':i 1~1'VlYl1'll~H l11tltl 1\9ItJf-Itl~l 001 ':i ROEllff111l':i()1Jh~m1:IJ tY'mi'U.fi':i ~11'hn~q~O'l'':i 1J01 'j1~ . 	'" 
W""H 1'U 1'VlYll'llV'J ~~ivl Yl1 ul1itl~1h~t.fl'Y1 fttl'IJ'U 1\9I'lJU '111 {tv U11tl~fi ~\9I~'1 'l'UU~tl~1Jl fJilv'U 1\9IfJ1~ 

http:tY'mi'U.fi
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~ 

i:iL~v'; Ctiv-'lJlfJ'J:;lrh~ nTlYl. 01J 

mIt!. frJ1lJ~~'Vf"l~ 'lliLnu 0.2 % 

lJl~tl'f-N'il'Jilvu ~ffmil'lTlrh 

nTln. mllJ~~'Vf"l~ 'llilnu 5% 

lJlflv';u'J ~~~rill'li'1Jr!l~'1yj~l 

ml1J~~YHnfl 'llil0U 0.5 % 

• !II 

111.yj 6.1 ~lU'l1ti~f11'j~~~~ijl\9lfJfj~'Vl"~·nui'VlYh 
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6.2 tll1ii'uiin,yf)~ol110V'l1UU1[.111 f)U . .. 
~,:jiAmh;l!n1'1':h;jm.!!;l1'H!;lflfiiAi'W1TlHtlllil ijf1l')tQflf1l1~1:UU'W1'Y1WUtH 1m,:jfln1~U 

fm:;i'Yl.yh~v,:jf1l')i,.HhtY1'WfJiJmTl ~,:j 1m,:jf1l')~,:jflril1ij1~Qlh:;ff>3fl'H~mYV,:j't)~1>3 i~1Lri t~'t) .. 
~~~,:j~'W611~-U~f1l'J~fl~1:U ffflln u~~1~a111ullllm'):;i'Yl.yh (Load Profile) ~V>3~isNi'Yl~'t)>3fftllil 

1'Yl.yh~'t)amjH~'Ot~'t),:ju~:;t1hJ'J1I1i,),):U u~:;I~vd~'W1 m >3flwlll~'t)>3 i'WflWlll,):;llll fl1,)1fl1~aisN.. 
ijt~'t){UllllD~ 1'W,j~ (Automatic Meter Reading; AMR) lJl isN,:jl'Wtill~isNi'Ylll,):;til'Y1~H'1 .. . 

1~a1m>3fln1~am,)~'Y1Hi'Ylvh~,:jflril1 iA"'lfl1'J~fl~,:jijt~'t){lIllll~~~'t)~ w ~~fifln1'Yl~1 
. " 

tY1'WfJijmTl1~~1t1'Vt~>3>31'W i 'Yl~1i11'till~i.fl'Yl~l'JlariH'1 ~1'W1'W 3,000 tTll't),:j ..1>3 12 L'\I~'\I't)>3fl1'J 

i'Yl~ltY1'W.fJijmTl U~1tY,:j1~h'W;;mJ~'Y11>3i't'l~l~'t),:j~isNi'Yl i~uri fhfil1:l>3 i'Yl~l11l>3 (kW) f'iTW1:l>3>31'W 

i'Yl~l (kWh) fhfil1:l>3i'Yl~11ffi1't)'W (kVar) film>3~'Wi'Yl~l (V) film::mffi'Yl~l (A) fil~111'J:;fl't)1l 

fil~,:ji'Yl~l (P.F.) Nl'W'J~1l1l1Tllmha~VffTmllll GPRS 1L~:; GSM lJl~Tl't):U,"1L~'t){mhhl'J (Server) 

'VJfl'115 'Wlfi L-rtmhU''t):IJ~fll'J isN'Vt1:l,:j>31'W i'Yl~l~'t)>3~sNi 'Yl~l:UlisN>31'W~1:u~9l''t)>3f1l1 ~>3~1I ~ 6.2 

f-12- --iiiilf,1u,1,;':8iDiiii'ftHI1Mm ----! 

: : 

: AMR :, .... , 
: Server ... , ............ ! -ih
: ',~,~ ~ 
: '~~-~ 

i ~~""P.. I "--------____....T.__ i i G.:.....~ : 
, ,4. ______ ___ ~ ~ _____ ~ ___ _____ _______ ~f 

CD GPRS 

(1) lease line 

<J) PSTN 

@ PEA-Network 

® GSM 

BTS : Base Transceiver 
SGSN ; Serving GPRS Support Node 
GGSN : Ga1eway GPRS Support Node 

http:u~~1~a111ullllm'):;i'Yl.yh
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., 
~lnOl'J'J1m 11Jll"~ff~lfl'Jl~...r,j'm.d"'VU1~m'J1J"U':II§'1.nTHhi~ 7 lh~Ul'V1 lh~~l1~'J:JJ1ff 

U'J nil 2552 lfUJUN'W mff'J 1:l!n'il1L~~11.:jUN'W'Yi~.:j1 1'lrh nU.:j1ff'J1:lJn'illm~ff1'Jff'Wl'Vlff 0l'J1"Hhri1'W 
., 

QlJmfll"~ 2 mfl~~1'WUflmUV.:j1'l1i1u <ll.:j'l11~~1J~'Jl')j'1i1il 1~N~~.:jil 
., 

6.3.1 ~'ll111J1J0l'J HhHr~.:jl'WhHhl.h~If1'V1TI1'Wfldfl1ffV ILti~flum1j'W 2 ~'llU1J1J~~il 

o 	 t'llU1J1JOl'J '.m~~~1'W lTlrh'll'J~1f1'V1TI1'WUYfl1ffV~',*'Yi~.:j.:jl'WlTlrh1!uvn11 

150 rn.bv ,jm$iu'W uff~.:jl~~~l'll~ 6.3 

o 	 1'll1l1J1J 0l'J '.ff'Yi~.:j.:jl'W lTlrh'll'J~If1'V1TI1'WU~fI1ffV~H;'Yitl.:j~1'WiTlrh111 nn11 150 

mhv ,jUl$iU'W uff~~l~~.:jl'll~ 6.4 

6.3.2 l'llU1J1JOl'J '.ff'Vi~.:j·n'W lvJrh'll'J~Lfl'V1n'ilOl'J"'W1~I~n Uff~.:j l~~.:jl'll~ 6.5 

6.3.3 l'll1L1J1JOl'J'.ff'Vi~.:j.:jl'WlTlrh'll'J~LfI'V1n'ilOl'J'IJ'Wl~nm.:j Uff~.:j 1~~.:jl'll~ 6.6 

6.3.4 l'llU1J1J 0l'J '1.ff'Vi~.:j.:jl'W lTlrh'll'J~LfI'V1n'ilOl'J'IJ'W1~,m;y llff~.:j 1~~'l1'll~ 6.7 

6.3.5 l'llU1J1J 0l'J'.ff'Vi~~~1'W lTlrh'll'J~lfI'V1n'il Ol'Jm'Yil~flf.h~ Uff~~1~~'l1'll~ 6.8 

6.3.6 l'llU1J1JOl'J '.ff'Yi~.:j.:jl'W1Tlrh'll'J~lfl'V1ri1'W'J1')j'0l'J Uff~.:j1~~~1'll~ 6.9 
., 	 . . 

6.3.7 l'llU1J1JOl'J' .ff'Yi~.:j'l1'W iTlrh'll'J~lfl'V1~1J1l11;;UOl'Jtn1:l~'J Uff~.:ji~~.:jl'lll1 6.10 
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16,000 


14,000 +H-t+++++HHHt+ H++++++lI++f+++++H+++++++-f-H-H+++HH+++++t+H+++++ 


12,000 


Hl,OOO 

8.000 

6.000 

4.000 	 +H-++HH- ++t+·Y++H-H++H+H-I+H

2.000 

ltJ~ 6.10 ltJu'IJ'um'J i';;i'VHhtJ'J~Ul'VIn\lfl1'J'Il'WlflflC1H~'UJl1'~tlfm lfl'Mf!'J 

6.4 nT'.ln1:::illl1lrm~'lltl~'t1lYtlntla~\lnnlu.l 
• jJ $I • 

'YiJ!tlUtJC1~~mti luliii m'J~fI~~ i ';;~1'W i'Wfi'Wli'lltl~m'J 'vI-rhri1'W.Q:tJ.fllfl !'Ilf! 2 ,j~'Yi1f1 

tI'Uml'lffilil (flvlll.2) tJ'J~~l!~tI'Wf1:lJ.fll";'W,r Yl.fl. 2552 flvlll.2 tJ'j~f1tI'Utf11U
q 	 q 

o 	 "j 
o 	 'YiJ!tlUtJC1~~l'l1tilU~!~'W'VIrYlUii'W'IltH flvlil. ~fI~~i'W'J~'U'U~mtilu ~1'W1'W 20,5] 6 !fl'JtI.:j .. 	 ., 

lf1Uii'll'W1f1'1ltl.:j'l1J!tlUtJC1.:j~.:jI!~ 10 500 kVA !m~iif\l~.:j ivl~1~fll'l~'J1)J 1,242,130 kVA 

o 	 'I1J!tlUtJC1.:j~1'l1tilU~I~'W'VIrYl6ii'W'IllH flvlil. ~~Yilm'J~lU l'11l;lfl i11' 0.;;LvlYh~iiltJl!'U'Ufl1'J 

i';;Yl~~.:jl'W ivl~ltJ'J ~lfl'VI,j'l'Wtltitl1ffU~i';;Yl~~~l'W ivl.yhutlun·-.huC1~)Jlflfl11 ] 50 'I1ti1V '\tI 

!~tI'W tJ'j~)J1W 71 % um: 29 % f!1)J"1~'U lf1vm.;;LvI~ltJ'J~Ul'VI~'W !'If'W NtJ'j~fltl'Ufi~m'J" 	 .. 
'Il'Wlfl!~ fl NtJ 'j ~fltl'U n ~ m 'j'll'Wlf1fll;ll~ 'j)~i ';;'YiJ!tlUtJ l;l.:j~!~'W 'VI r Yluii'W'IlfN m';;ivl vhm.:j" 	 .. 
'I1J!tlUtJl;l~~l'l1tilU~!~'W'VIrYluii'W'Iltl.:j~i';;'vI~l ~fli.:j i'W'j~'U'U~l'11'ihv ~1'W1'W 9,633 Ifl~tN 

" f\1~.:j ivl~1~fll'l.:j'J1)J ] ,330,570 kVA tJ'j~fltl'Utf11U 

o 	 'I1J!tlUtJC1.:j~l'11tilU'll'W1f1~.:jU~ 10 50 kVA tJ'J~fltl'Utf11Um';;ivl~1~ii'JtJu'U'Um'J'';;.. ., 

Yl~~~l'Wivl~ltJ'J~lil'VI~if1mffV !'J5'W tlYl11'V1!)J'W9l tJ'J~)J1W 67 % Ul;l~Ni~vI~l~ii'jtJ!I'U'U
" OJ 

fll'JHYltr.:j.:jl'W'vlvhtJ'J~I.fl'VIff1'W'J1'ltm'J tJ'J~)J1W 33 % 

o 	 'YiJ!tlutJ'EI.:j~m'ihtJ'Il'W1f1 JOO kVA 'ih~f1t1'Utf11Um~vI~1~iinju'U'Um'JHYl5.:j.:jl'WLhHh
'" '" 

tJ'J~!.fl'V1ri1'W'Jl'ltfl1'j tJ'j~mw 41 % 

o 	 m'j~ltJl'11C1f1'1ltl.:j'l1J!tlUtJC1.:j~l'l1tiltJ'Il'Wlfi 160 kVA tJ'J~fltl'Utf11tJ~'~vI~1~iiltJU'U'Ufll'J 

i';;Yl~.:j.:jl'Wivl~ltJ'j:::!il'VIfi'j)m'j'll'WlflflC11~ tJ'j~)J1W 4] % ~i';;ivl~l~iiltJ!I'U'Um'Ji';; 
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'n~~~l'U 'vlVhth::U1'Yln~fll'.i~tJ1~ i'Hqi ,h::lJ1W 30 % llfl::~i~1vHh~ij~tJU'I.J1Jfll'.iH 
'n~~~ltJ 'vlvhtJ'.i::l.fl'YltY1tJ'.i l'tffll'.i tJ '.i::lJ1W 29 % 

o 	 fll'.i~lfJ1'Hfl~~fH'H,j'fllltJfl~~11-nIlfJ'UtJl~i~L!~ 250 1,000 kVA tJ'.i::Ofl1J~1fJ ~i~'vlvh~ 
ijltJll1J1JOl'.i i~'n~~~ltJ 'vlvhtJ'.i::U1'Yln~m'.i~tJl" i'Hqi tJ'.i::1J1W 47 % ~invl~l~ijltJL!1J1J 
fll'.i i~'n~~~ltJ 'vl~ltJn:a.f)'Yln~fll'.i m'nl::mh~ tJ'.i::lJ1W 8 % llfl::~H;'vl~l~ijltJU1J1Jfll'.i 

i~'n~~~ltJ'vl~ltJ'J::U1'YltY1tJ'.i1'l1fll'J tJ'.i::lJ1W 45 % 

~1om '.i l1fI'J 1::", m11J~tl~m 'J 'n~~~ltJ , vlvh~~~,,'Utl~'H,j'tllltJfl~9i1fl rl1~ ~ltJ1tJ 970 Lfl~tl~ 

(.f{tllJfl'tJ'iJ 2545) '~fm~~~l'J1~~ 6.1 


~l'JH~ 6.1 m11J~tl~m'J'n~~~ltJlvlvhfl'~fl',,~tl~'H,j'tlutJfl~9i1m.h~~ltJ1tJ 970 Lfl~tl~
.. 	 . 

20 kVA. 1 lvlfl' 135 64.9 

30 kVA. 1 lvlfl' 252 65.3] 

50kVA. I nifl' 13 63.74 

50 kVA. 3 Lvlfl' 149 70.7 

l00kVA. 3 1l1fl' 200 63.93 

160 kVA. 3 Ll1fl' 89 54.67 

250kVA. 3 lvlfl' 60 48.78 

5OOkVA. 3 Ll1fl' 29 51.26 

6.5 ltJ!l1J'Um';l,,r'Wa~nlJ~t)~';I:::1J'U'fIflllt)'U 
!II 

,;tJ~tltJm'Jtl1Nfl~tl~~tJL!1J1J 1'Hfl~fl1Jm'.imt'il1t11'Hfl"~m'HUtllltJfl~ W 'no~m'l'l lJ1v'h . 	 ." 
m'J ~lfltl'lLY1tl'H1ml1Jf1tH m'J '~'n~'l~ltJ lvlvh'tJ'Jt1J1J~1'H'I11[I'Yi'.Jf'Yl"fl'tl1J Vi 1'~~~ij 

o 	 tll.f{fllJfltJ~lJ1Wm'J'.Jfl'l~~~ltJ'vlvh~ij1tJ 1~~lOiiL~tlf'ttl1'l'il'Jf1 tltJ~fl'mij1vlVllrjtltl~ 
d d"i 	 '" 'J,I 0 I. : (V <f d cftUtim W fm~11 1J1 mt 'illtl 'H'H 1JflLLtJfl~'ill'HtJ1tlU\9l fl::~tJl~m1J'W1'HtJ O~tl ~LtJ tl'J!Clitl ~ 

m11Jl'l'tl'lm'J'n~'l'l1t1 'lvlVllfl' 'lfl''' ~l1JsUfl1Jflm'J ltfI'Jl::lftlut:HLtJ MI'l1tlrjl'l~ltJ1tJ 970 
<u q '" 

Lfl~tl'l ~~tlil1J1fjltJi1sUtl 6.4 

o 	 tl1sUtllJ fltJ~ lJ1W l'I il~'lltJ1l1Vll~m t'illfJ1Jl fJ'l lnJ'flUtJ fl~U~fl::Lfl~ll'l 1J1fl'~HIt! tJ ~tJU1J1J 

fll'.i H'n~'lHU'vl~l~fltl~ 24 ~111J~ ~11JLtJfl{L~tJ~htJu1J1Jm'Ji~l'I~'l~ltJ'vl~1\9l11J.. 
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~ . 
.u'IJ"()'IJ~~flrl111:1'1:JJ1'itU~fI'IJ '~~~~tJii 6.11 

tlllJ1Wtm'fl.tii~n\.l"rlYimn 

iilfltlf'ml'j{ltlU~ff01i1""tYil 

24 ~'lllJ~ 

/ 

'I1~tlUtlM'IIUlf110kVA 

" ~ f1,llJfl{J~f\1'j l'lM~lU 

tNn'91 58.20 % 

I 

1 


I 

'I1Utlll1.hH'IIU1~ 20 kVA 

f1'llJ9i'tl~f\1 'j'l'iii~n\.l 

~~fl'fl 64.90 % 

I 

1 


'I1D'tllltlM'IIUl91 500 kVA 

fnllJ9i'tl'lf\1'j l'lftHl'U 1:l~!'(fl 

51..26% 

1 

'I1~tllltlfH n'rln. 

,tlU1J1J~ 1.1 71 % 

,tlll1J1J~ 1.229 % 

'I1Utlutltl~~fI'rIvh 

,tlll1J1J~ 1 66.84 % 

,tlll1J1J~ 6 33.16% 

~tllI1J1JtmH'l'iii-3n\.l 

M~h 24 '1llJ. 'IItH'I1D'tl 

UtlM'IIUlflIO kVA 

'I1UtllltlfH n'rln. 
.J 

,tlU1J1JYl 1.1 71 % 

,tllI1J1J~ 1.2 29 % 

'I1D'tllltlM~nI'Hh 

,tllI1J1J~ 1 66.84 % 
.J 

,tllI1J'lJ1I6 33.16 % 

,tlU1J1Jf\11 H'l'in'l'll U 

1'r1vh 24 '1llJ. 'IItl~'I1D'tl 

lIt1tl'l'llUll'1 20 kVA 

llUtllltiM fl'rln. 

,tlU'IJ1Jii 1.1 71 % 

,tlU1J1Jii 1.229 % 

'I1D'tmtltl~~fll'Hh 

'i:tI!l1J'IJ~ 4 47.00 % 

ltlu'IJ'IJ~ 5 8.00 % 

'i:tllI'lJ1J~ 645.00 % 

1 

ltlU1J'lJfl15H'l'in.:j~1'U 'l'rl~1 

24 '1llJ. 'IIM"lll'tlIltltl.:j'lll.!l~ 

500kVA 

v
6.6 ~a~a~6~'~UU~~~au 

~1'W1,)tlifH'J~UU'YI~1:1'f)1J1:1'lfJi1m..!lUntl!l:I'lJ 8 'lJtJ~1:1't11il"l,.JrhVtJfJ~Uml'l11ilil lJU1'IJ 1'IJ 93 

11'1:1' 'J~1J1JiflJrhl'l1,,~~~q~ 6.42 MW lt1~()~fil1iJ~'1'l~l'lJM~~i;~'THh'ilm~fl:lJ1fllJfh~~m'H.j~~ 
" . ~ <V !I d~ q~~i~ 7.5 MW l<i1tl).Jfitln1J'i~1J1J tl.! tr1:1''l1:1J1m,,'lJ 42 l~atr1:1''l1:1J1ml:l'lJ 1 LU'lJ1J1:1'~iJ'YI1~~l1J'lJ1:1'm'IJ 

i1'l~lV()a ~fllltl.!~'lJtJ~j~'U'UU1:1'~~'~~~~tJ~ 6.12 
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~ 
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fh., l~liJl~f)l'UfHffltJhYl'\..hrJUff~~'~~~~l~H~ 6.2 

~l~H~ 6.2 .,;'f)'d"'Uf)~ffltJ~nn.htJ'UfH~:::'U'U 93 Uff~'~Vl~fff)'U 
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oU'VlqI'fl 1'I1'fl9i'l19i'1f.J'fl:autJ9i'la'11Jl'Hl'I11il1'W.f11flH'W1fl L~Vfl111Ja'::;9i'l1fl~'l.JmJ1Jfhti~ ivHhjJ1..:! 

'\Iv":!1'11'fl9i'lPl'flV9i'I 24 i111J":!ua'9i'I~i"'i~l'l.J~ 6.13 

! ~ -
I 1' "" 

-, l' .... I I '" 

r-, I 

I , 

, 
-, 

_NI>. 



· 
'UTITI'" 7 

Y • 

1'W'U'YIu'il~Lfi'tl~11U.:JHflm'Hh'W1W fh'cl.:J LVHh;l'tlHfftl'jlt1oi111J.:J Ufl~'W'cl.:J.:Jl'Wt1'flJlffm11J1'W 
<v U <u U 

'j:'U'U l~tI'1.,r'j:1J'U'YI~t1'~'U~l1J~'llllt1''WO''W'U'YI~ 6 l~tlHflm'j~lfl~.:Jmh~~m~'W 3 ff1'W Lfi'unHfl 

m'jfil'W1Wm'jL'I1fl'IJ~.:Jfh'cl.:JL1'I~1''WmW~L~ijufldj DG 'IJ'Wl~m~ 7.5 MW l~mJ~o~\i1'W'j:'U'U 

tll1'llllt1''WOHflUfl~m'j fil'W1W fh'cl.:J Lyj~lc5~'lJltlml.riYtytyl~l'\11J1~t1'1J Ufl~m'j ~ltlfh'cl.:JL1'I~1~ 

Hfl tll1fll'W1W tln L'I1fl'IJO.:J nltl.:J i1'lvh1'W ff1'Wd~m~'Wt1' .fll1~il'Wth'l1i'1J U'1.:Ji)'l Uf1:I'v1~'rll 
m'jlmtl'Uliitl1Jn'W'j~'Yr:iH mrun~'W~'iI~ij DG hllf1Hm'J vspp ln~~'W n'Umw~'j~'U'Uij DG U'U'U 

lfi~~.:Jn1l'n~ L1'I~h9f.:J lfl'Jll't1'~ijnl'cl.:Jt11'jHfi~q.:Jt!~ 7.5 MW 1~~1J~O~~ W Ut1'~ 42 l~tlUH~'W'1'I~1 
Y , 

'IJ~.:J't1'lt1'o.:Jmru Ut1'~.:J Lfi'~.:Jll1ii 7.1 Ufl: 7.2 ~lml1~'U 

o.~-i
! 

0..95-.1. 

i 
0.94".+ 

I 

O.93-~ - 
I 


o.92-tI . 


11 

15 

81 9!13 
51 61 71 

20 

Bus No . Hour 

•..J ,A 4 0 , 1 r tIJ ,q"l' ~ AI f

fI1'UfJ1J~~'Y1 1.02 p.ll. otl1.:J~mw)'l 11JO~lU'l1'W'l 'I1fl~ij~'I11'l~~tl tl1'i11flt1'fIl'W t1'l~ltlijtll'W1J'IJ'W l~tI 

m.:J~'W'1'I~lijfll~1t!~ 9.05 p.ll. 1'WoJt111J.:J~ 17 W Ut1'~ 93 U'lu:!Y-h 'l'W'U1'l'lf1.:Jnm'j~'U'U'iI:ijm'j~ij 



III 

. . . 
... 1 IIClI ". d .e:::.. ~" ~ 4 cv d , 

flllJ1CJ1L"'6'.iLLtJtJ'Vlffl11T'Hlff1"''If t~ (Switch Type Capacitor) 'U'U1fl 1.5 MVar 111111"'11 W tJff'Vl 36 Ufl 

Voltage (V) 
- r1.05" 

'V11'!'il'Ufl~,rff~ 36 um; 42 ~'.i~tJtJljll'.i"'fl'U1'VHh~"t1~ 1.05 p.u. l~m:m'illfHlHt'U6"fl1'.i~~i"flltJl~ 
1~H){mt~fl1 '.i fl1tJ fJ1IU'.i '!'fl'U 1 vJ Vh~4'1 'U6"lfI~6" fhl'U~1 vJ~l LLCI~'illflfl1'.i<OlC16"Lrl6tJClfl flltJl~Lfl6{ 
'U'Ul~ 1.5 MVar 66fl'illfl,rff~ 36 ljNCI~6'.itJUtJtJfl1'.iltJ~tI'UUtJCI"U'Hfi'U 1vJ~1'U6"'.i~tJtJl-nfJ,!

'U 

d <jI I:" 
1CIfl'U 6t11'Vll'U 'U 

'.i~tJtJ'fl"ltJ~ 7.3 '~mrJ'Ufl1'.imtJfJ1IUH'fl'U1vJvh~4'1'UtH'.i::;tJtJh"i~~ 1.05 p.u. 

2 Q (Var) 

1.5 


1 


0.5 

1 2 Hour-o~: j. 

-1.5 

-2 
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lf1Vffl'll n1'.i~lfl~{J.:J r'hn1f11v!~lci.:J1fl'.i,rff~lvtila.:J 1v!~1'il;.:J{J{Jnff1'UVll.:J01Jtila.:J'V!~l 
.f 1" ... "I ••I-~ '" • .I <k ......... .,. .I 1
'\I{J.:J'.i::1J1J (Fonn Counterflow) 111 'MUHfI'U Lnnl:Ufll\T.:J'\I'lJ t;)j'.:Jl'M~nl'HUfl.:Jnill1:umnfl'\l'lJlff:U{J 'U 

'.i::1J1J~ii DG ,d{J11fl'.il::li'fhtila.:J1v!~lffruliYV':ilvi11:u.:J ffl:lJl'.ifJUfffl.:J 1~A.:J'.i'll~ 7.4.. " .. 
0.6 Loss (MW) 

-+-No.DG 

Hour 

os 
-';-7.s MW DG 

0.4 

0.3 

0.2 

0.1 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

l'll~ 7.4 fila.:J 'v!~1\TtyliYv1'Uu~il::i11:u.:J 1'U mw~'~iillil::ii DG '\I'Ulfi 7.5 MW 1'U'.i::1J1J 

'illnl'll~ 7.4 fm1l'.i::1J1J~'~ii DG 'il::iifila.:J 1v!~1\TtyliYv:IJln1'U'lb.:J~1'Milfliifil\T.:J D.:Ju,j'11 

" n1'.iii DG '\I'Ulfi 7.5 MW 'iI::,r1Vilfifila.:J'v!~1\Ti.1JliYVil.:J1'U'lh.:JnillU u~tila.:Jiv!~1''ltyliYv1'U 

i11m~'U"l ~l'MilfliifilU'{Jvna1J1~:U~'U:IJlm'li'Uo'U ld{Jfll'U1Wlr1'Ufil'wa.:J.:Jl'Uiv!~1\TtyliYV'.i111 
flil{JfI 24 i11m 'il::'~'h mw~i~iiuil::ii DG ii'Via.:J.:Jl'U'v!~l\TtyliYv 4.764 1m:: 5.841 MWh 

flllllhA1J 1f1Vflfllr1'U 5.127 1m:: 6.286 1'lI{J{I~'U~ '\I{J.:J'Via.:J.:Jl'U'v!~1'.i1:U'\l{J.:J1'Milfl 92.927 MWh ~.:J 
Q ,'11' .:'" QI i _~ g": el .. cS .. .!\ '" '" l'M'U ~nl'.i::1J1JVlflff{J1J'Ull'Viil.:J.:Jl'U v!nltltylllVL'Vill'\l'U 1.159 nil:: 22.618 l'l1{J'.ilt;)j''Ufl 11l61V1V1Jn1J 

'Vi a.:J.:J l'U'v!~l'.i1:U'\l{J.:J1'MilflUil::'Vii:T.:J.:Jl'Ui v!~ltltyliYVl~ll rl{J'lJ~ll::ii DG l~{J1J~{J{J~m1JthA1J 

7.2 ihi-3m'.iNaP1'n~l'\1tH DG ~jjNafl'.i:::111JflOni-3-31U'n~1\ltylih:t'.i'nJ 
" ".

1'U'I11~{Ju'il::1~ij llff'U{Jfl1l11tY1J'ti'U n'\l{J.:J'lI;lllw fili:T.:J'v!~191{J'\I1Vfll:U ffrurul tiii Nil m ::Vl1J" .. 
'" ~{J'Vii:T.:J.:Jl'U'v!~lffruliYV'.i1:Ulm::u'U1V1l.:J n1 '.i~flm'.i'Vici.:J.:Jl'U'v!~lffruliYV A.:Jffl1Jl'.ifJ{J i UlV i ~A.:JU 

<Uti lUU 

7.2.1 NDm:::l11J '\I0-3 fhi-3'n~1~0'\1 llJfllUUtytylfltln0-3-31U,n.;t 1 \TtyltTlJ 
• tI , , 

fili:T.:J 'v!~lii91{J'\I1VflllJfftytyliiNil~{J'Via'Nl'Ui.w~ltltyliYV'.i1lJflil{JfI 24 i11lJ.:J 1f1miiflii 

" " n1'.i.ftlil{J.:J1M''lI;:IJlWfhi:T.:J'v!~191{J'\I1VmlJfftytyl'\lfl.:J DG ilflil.:J.,j''Uil:: 0.5 MW 'illn 7.5 MW il.:J1J1 
4' Q.t Col d'-Q,I J Q.t d 

'iI'UfJ.:J 0.5 MW 'iI::mfffl.:Jfl1111fflJ'Vi'U'fifl.:Jnill1f1.:Jl'l1V1 7.5 
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Loss (MWh) 
8.0 

7.0 

6.0 5.84 

5.0 

4.0 

3.0 

2.0 

1.0 
P(MW) 

0.0 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 

liJ~ 7.5 fl11lJfflJlil,l1i'llfl.:i'W 1:T.:iHIJ'yHh'ltylihJ':i1lJnlliJllJlWih1:T.:i '"Hh~fl'lll fJ~llJ fftytyl 

'illnliJ~ 7.5 ~:aihJ'~·hiiiJllJ1W4fl'lllfJ~llJfftytylthHit.:i~ii~Hn'h1..r'W1:T.:i.:illJ'~~1'ltylau . " .. 
1 lJ 'j::lllliifh-d' flfJYitl'fl 1'flU1lJ.:illJ1~eJ'jj~::'~iiUllJiJllJ1W'llfl.:ifh1:T.:iCtifl'lJlu' ~~l~llJfftytyl~.:imh1 

'~mil "nla~',"~l~tl'UltlVlnli't)Jt)Jl~nnn::i.n.J" CJt~ffl1Jl'jtltillJ1W'~ ~~fl1hJlv1lJ111.r;6f;i'fl'iJ 
o .., IIL.Ut ..!I ..,..l

7.2.2 mi.'l~ Ll1TtlOUtl'UltlVlllli.'l't)Jt)Jl'YII1UJl::i.'I'li 
". . 

ih1:T.:i '~~1~fl'U1Vm1JfftytylYi1111Jl::ff1J 'HlJluo~fh1:T~m'jNil~ '~~l'Ufl.:i DG li vSPP lffUfl 
" .

'U1Ufll1JfftytylCtifl'UlV',"~1 (Finn Power Purchase Agreement) lhh1~'W1:T.:i.:illJ '~~1'lty,aU'j11J1lJ 

'j::llllf1l:'1fl'fl';1~l1m~yt~l'JWll:'l'fll:'l.:ilJln~tl'fl l'f1uilty'Hl~~nril1ffl1Jl'jtlffl'H'~lJilty'Hlnl'J'Hlt"~ 
111lJl::ff1J (Optimization Problem) 1'f1uii1~QiJ'j::ff.:ifll'Rfl1~'W1:T~.:illJ '~~1~1-3~tylafJ1lJ'j::lllln1J1lJ 

';1-3nl:'ll~yt~1'jWliith-d'flU~tl'fl (Energy Loss Minimization) ~-3fl1i11lfJ'~lJff1Jm'j~ (7.1) 

Minimize Elms =L
T 

(P;'" ~t ) (7.1) 
1=1 

N N 

PLoss = 2:2:lv/IIVjIIYiflcos(O" 0/ +05), "It e T (7.la) 
;=1 j=1 


N 


(P;Chi + jQ~c.. )= 2:(PJ + jQb), Vi eN, 'lit e T (7.Jb) 
j=1 

Pi Pi, VreT, VseT (7.1c) 

p;;n $ Pl $ Pgmax, 'lit e T (7.1 d) 

Qg'in$Q~ $ Qg'ax, VIeT (7.1e) 

Vrn $vt $Vtax , 'likeN, VIeT (7.1 f) 
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ff1J 01 1 ~ (7.1) lrJU~'Itl'W1f1Q'I.h~ff'Ift''IJtHili1!'H1~t\'0'l0111..r'na'l'l1'lJ''ti,h~i1!lfftJn1Jlu 
'1f1'1l1nl~iilll1fl.niith~1~q~ 1~tJ~911m.htl1'lJf.l1J (Control Variable) flOrha'l''ti,h\ll'l~~ltJOOn 

llln DG fll1J'J.J11Jlfll.:50'IJltJ' 'tiY1lfll1Jd'tutul c§'It1l'HU~ifliiflltl'l~flnO~'l11'111nl~ii\l11flll l~HJ" .. 
t1la'li'ti,h\ll'I ~ ~i1!'fftJiUu,jn~'l11'111m,rJU~.:J tl'i'u '110 'I 9l1U'J.J1 ffOlU:; (State Variable) 'IJ0'l1~'lJ'lJ 

'~uri 'IJU1~m'l~UUn~~1Jm'l~uL'tiY11'IJ0'l'Y.In1'Hn~ufffhu1fll L~fI11Jff1J011~ (7.Ia) ~'I~,jllff'UO 
iUff1Jfl11 ~ (5.20) iU'lJ'V1~ 5 ,iouL'lJff1J011 011 L'Hfl'IJ0'lt11a'l L'tiY11Uff~'1L~~'1ff1J011~ (7.1 b) fll1J~ 

t " , J 

,hlffUOlU'I11-i10 5.1 'IJ0'l'lJ'V1;] 5 1~tJfhflO'lJ'lJ0'lili1!'H1Uflofllt11a'lL'tiY11111'I;] DG ~ltJOOnU'lJ'lJtl'l;] 

flflO~'l11'111nl~iillnflll~'1ff1Jnn~ (7.1 c) c§'Ii'l t11 a'! L'tiY11111'1Un:;t11a'l L 'tiY11lffljou~0 '1iJ thodi'U . ~ 

iin~011~ltJ'lJ0'l DG fI11JOff1J011;] (7.ld) Ufl~ (7.Ie) fll1Jih~'lJ 'UonlllniruuH~uL'tiY1l'Y.Inl'Hfl~ 

ufft\'o'liJthodi'U'lJo'lJ''IJfI~t1l'H'U~ ~'10ff1J011~ (7.If).. 
,itO'llllni~U'lJ'lJ~lflO'l1'Hfl~tl'I~11tJi111J'I yhiflt1 1 a'!L'tiY1l~\lllfftJntJi111J'IiJtilLl'hnmh 

'na'l'llUL'ti Y11 ~i1!1fftJiu~111J 'IiiU iu01nl1U1fll ff1J 1J~1flUfft\'U'V11'1~ ffOlU L 'tiY11VO mLfl~uff~iJ 
DG L~01J,j00diJ011tl1'lJf.l1J'lJU1~'IJ0'lUH~U L'tiY11ifltl'l~~til 1.02 Ufl~ 1.05 p.u. fll1Jt'h~'lJ 'Il'U1~tJ 
" . 
UL~Lff'Uon01 1 1'1 lfllflO'lJ 1~tJ011'J.J1 :;1I1fll til'na'll'U L 'tiY1l~i1!lfftJn1J'lJO '11:;'lJ 'lJ flflO~'l11'1'1fll;] 

iillllflll fll1Jff1Jfl11~ (7. 1) LrJU~'1oi''Ufha'lffO'l'IJO'lt1la'l''tiY11~.:50'IJltJfI11Jd'\ll\ll1 ~'UflO'Ufl1':i 
fll'U1fll ffl1Jl':i f.)oi'lJlfJ'~i'U 'I111i'mr~iu 

7.2.3 f)11tllUlfl!tlla-3'yj~1~t}'IJltlYll:JJNt'!!t'!!1~l'IUJ1~tr:JJ 
lllnl'J.J~ 7.5 'n'lJ11tl1l1Jd'1Jiul''IIO'l'n a'!'! lU, 'tiY11 ~\y'fffJiu ':i~'lJ'lJ ffl1111 au 'i ~1I1flllrJu 

;1'1oi'Ut11a'lffO'l'IJ0'lt11a'l''tiY11~.:50'IJlfJfll1Jd'i1!i1!1 '~~'1ff1J01'i~ (7.2) 

~oss =A(pg)2 +B(Pg)+C (7.2) 

l~tJtilff1J'J.J':i~ii'V1t A B Ufl~ C lllnff1Jfl1':i~ (7.2) fllU1fll'~\lln1~nllui''lJtilm1Jnn'tii..r 
m1Jl~ff1J (Curve Fitting) 1~tJ~p.Jfln1Jt11a'lffo'l'IJ0'ltilH~'nfll~iJtil'lrOfJ~q~ (Least Square Error; 

LSE) c;'1 01':i'J.J 'i~1Jlfll~1fJ1~nllifffl1Jl'imh'~1~fJi ~;1'10i'U~1'UtlWflfl'lfffl f ~iJi~'11'U,t1 'tJiu 
., 

ltJ':iUm1J~lU01':ifll'U1fll 1~fJiU'Il'U1~fJU\l~i~ltJ1Um1J Microsoft Excel iU01':itJi''lJtilfll1Jnn'ti 

11lnff1J01':i~ (7.2) til tlla'l'yj~1~t}'IJlt1Yll:JJN\Y\Y1~1't'I:JJ1~tr:JJ flO Pg c§'1iJtiniln'lJ -BI2A 

tl1l1J\lnt\'O'l '110'1 fllf10'lJllln01 ':i u 'i~1Jlfll~1tJ1~if ~'U0~nmhU1Uflun~~hu1'1"'; '1'IJ0'l~~ lllnml'ti~ 
~1.4 0 """ ••1 .I~ 10i 'If ~ l'Ufl1':i1J1~1I1fll 1'n0tl1l1Jff~~1nll:;U1LffUOp.JflO1':itl1'U1fllUn~1'ml:;'Hlllnnnn'IJ0'l11J'V1 7.5 ~fJ 

iJtilt1la'l''tiY1l'IJO'l DG ~ 4 MW ,fl'U~~~'1nnHml'ti 'n'lJ':hLffuuU11~1Jn1Ji'lff1JnllU':i:;1I1flltil 
i'Uu,jn~mtlhlff~'1'~~'11tJ~ 7.6 - 7.12 

http:tJ011'J.J1
http:UonlllniruuH~uL'tiY1l'Y.In
http:IJU1~m'l~UUn~~1Jm'l~uL'tiY11'IJ0'l'Y.In
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Loss (MWh)8 

7 

6 

5 

4 

3 

2 

1 P(MW) 

0.0 05 1.0 1.S 2.0 2.S 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 75 8.0 

ltJ~ 7.61~'UU'U11U'1J,.u'~.n'U,,.Hhtl\l!lffr.JtJ':i~1JlfJHnflnla~'-W~1~6~ DO til 0.5 7.5 MW 

Loss (MWh) 

5 

4 

3 

2 

1 

P(MW) 


0.0 O.S 1.0 15 2.0 25 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 

ltJ~ 7.7 1~'UU'U11U'1J1'fa~~1'U'-W~ltl\l!lffr.JtJ':i~1JlfJHnflnla~'-W~1~6~ DO vh 1.0 7.0 MW 

Loss (MWh)4.5 

4.0 

3.5 V=0.43967x2 - 3.64295x +8.63475 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 P(MW) 
0.0 +----,---~--r---r--_._-_,_--_._-~-_,-.--_,_--___,.._-__._-___._-~_. 

0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 



1.8 

I16 

3.6 1Loss (MWh) 

3.2 

2.8 

2.4 

2.0 

1.6 

1.2 

0.8 

0.4 P(MW) 

0.0 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4D 4.5 5D 5.5 6.0 6.5 

ltl~ 7.9 Ltf'Um,n 1'1l'1J'W"~·n'U ''tiYht1tyLiYtJ111Jlh:t:1JlflHnntil''~''tifhlJ{)~ DG fh 2.0 - 6.0 MW 

2.4 1Loss (MWh) 

2.2 

2.0 

1.8 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.1 P(MW) 
0.2 ] 
0.0 +---,------y--..----.---,.-----,-----r---.----r----,,----,------; 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 

ltl~ 7.10 Ltf'UU'U11'1l'1Jtil"~''tifht1tyLiYtJ111Jtll~1J1flnnntil''~''tifh'IJ{)~ DG fil 2.5 5.5 MW 
Loss(MWh) 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 P(MW) 

0.0 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 
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1.28 Loss (MWh) 

1.26 

1.24 

1.22 

1.20 

1.18 

1.16 

1.14 

1.12 

1.10 
P(MW) 

1~8+-----~--~----~----~----~--~----~----~----~--~ 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 

11.l~ 7.12 nflAUlA11..rll't'H;':jHIJ1T1Th~tylffV':i1111.l':iZlllW\11nnla-11T1f11'll0-1 DG fh 3.5 - 4.5 MW 

\11nffllOl':ilUlAmnl..rll ~11111.l~ 7.6 7.12 t'l'l11l':iOtln.nW'I11fh P fil LSE LU'I:fiTna-1-11lA g 

lT1f1T~tylffV':i 111~..rOV~q~'ll0-1':i~'U'U lA' ~-1ff~1.I1lA~1':iH~ 7.1 

~ln-1~ 7.1 ff11.1NaOl':itlllA1W\11nl1.1~ 7.6-7.12 

4.104620 

4.110077 

4.118187 

4.129159 

4.142823 

4.159214 

- 3.68656P+8. 78258 4.178447 

\11n~1':i 
"" :lI A "" I" ..,I I 

3 0.43811P
2
-3.59655P+8.47525 

5 0.43833P2 -3.60314P+8.49805 

7 0.43867P2 -3.61305P+8.53225 

9 0.43911p
2
-3.62631P+8.57782 

II 0.43967P2 -3.64295P+8.6347 5 

13 0.44035p
2
-3.66302P+8. 70302 

15 0.44114p
2 

8.92656E-IO 1.09424554 

2.91237E-06 1.09426805 

3. I 3254E-05 1.09434938 

0.000161615 1.09455057 

0.000576916 1.09494755 

0.001640688 1.09563781 

0.003074483 1.09674528 

IrJlAtll~o'U1lAOlnh~1J1w \1~1A'fh~ 
Q ~" '" ~ • .I.~ "" 

llml11\ln~0-11J1nn11 monln LSE llfl1lAOVn11 ~H\1~n1l! l~\11n~a-1-11lA rnnl~tylffV':i111'll0-1 
ft. I JI , t 

""""&1 1 1" ... 14:1 d'" d d f Q..t:!i 4 Q.I d ,
':i~'U'UmW'YIlJ'i~lllW ~v 'lfffl11'~'ll0-11lJ'YI 7.12 llfillAOV'YI"l~ ua~llfllL~ll'lllAL':iOV"l \1lAm~'YI-111fl1 

'Vta-1-11lA1TI flltltylffV'i111111n~ "l~ \11 nOl':i1.I':i ~lllW1~v14SiYm1'1,~~11111.l~ 7.6 i-1;il~O'l\11nOl':i~ 
14S~llA1\.1'~111 nua ~~1L1 'Yl'l1-1'110 -1, ~ l11-1 \11 ntllf1O'U ~lrJ lA,~~1'Yllll~ffll 'll ~;h1-M11i Ol ':i tlllA 1W 

. '" " 
1~ V1.I':i~1l1W \11nm lT12jml11flal~lflHO\.l~ -1 fl-1..rlA-11lA1~viA \1~ lA'lfflA06a no~Yill 0l':itlllA1W'Yllfh 
". . 

nla-1lT1f11~O'lllV~111fftytylYiI'Yllll~ffll 1~v14S~~ffl11'~Yifl'j 0 'Ufll\!ll'U~I1Wtll~O 'U fl'l\1!:: lA'oi'UlV 

':ilVaZflV~1lAM1.umi~'1.I 

5.0 

http:7.6-7.12
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. . 

7.2.4 6aflt>11iJJm1.h'U10lfllD~'W~1.t>1ll1fJA1JJ«'Y'Yliil1'lJJ1::i.1'JJ 


i1tylYlfll'.i t11'U 1W fhn~',"fhc5fl~lv~ 11ltftyOJ1~llY1I1~ff1l l;h.!ltJmJ'IJ'\lfl~i1'YlYl fll'.ilY lfh~ 

A ~Id A 	 '" A.I'" J d 

l1'I1I1~ff1lU1J1J Convex Optimization l'\..lfl~'illn~fl'11"fJ'U'fl'.ifl~1'I111V'\lfl~ml11'1f'Un'.ilnLnfl'\l'\..l''VIfJ~ 
tI. ." 	 1I 

fll~'~fJ1 W ~flfjij'VI n~~l'\..1 i,"~1f\!OJliiv'.i111~Ulfl 1'\..1 ~1'U1~vil'~lff'Umj"nfllil1l fll'.il'llfh~fl1J~~il 
w 	 • 

o nllY'Uflfll P g ffl11fh ifltJtJ'.i~1I1W 1,rijfi1l'1~,j'fltJn11U"~1IlnO'hfhfjl1'l1l::ff1l 

o t11'\..llW fll'.i ilY"'\lfl~nln~i,"~11itfll'llfilnln~ i,"~lf\!'Y1 iimnnfil P g ~fhlY'\..Ifl~'\..I 
o 	 tJ'.i~1IltUnf'UU'\..l1i,j'1I'VIn~~1'Ui'"Yhf\!OJ,iitJ'.i111 ~1tJ~~ni''\..Inln~fffl~~fl~ Pg 

o 	 t11'\..11WlYltlltJ'.i:::1I1W'\lfl~ P g ~l1'I1Il:::ff1l 4~ijtl1L'yhti1J -BllA ~111ff1lfll'.i~ (7.2) 

o 	 t11'\..l1Wtll'V1n~~1'\..li,"~1f\!OJliitJ'.i111 W ~fl~l1'I1I1~ff1l ~1tJff1lfll'.ifll'.i'lY"~fl~nln~',"~1 
t 	 • ",,, 

o 	 ~fltll P fjYh l,rtll'VIn~~l'\..1 ',"~lffWliitJ'.i111~fl~'.i::1J1Jijfil111nYifl'fl'illn';~ii'ilflilflflnitJ8 IU Col 	 ., q. 

A 	 .. " '" , ....s... 0 .. '" i~ I''VIfl L'H1l'1"flfl1 P g ff11lfl1~11i'.i1Jfll'\..11W L'U'.ifl1Jf:lfl 11 
• 	 w 

o 	 ll1lm~1J1'Ufll'.itJ'.i::1I1WllJ'UU'U1l,j'1I'VIn~~1'U i ,"~1f\!OJliitJ'.i1116nfll~ u,,~Allij'\..lfll'.i 

itJl~fltJ'1 'il'Um::..r~t11~{)1J~1;Jl~~{)1Jl~~~tJfl1l11Ji~ 

,i4{)ml11,,j'11'il'il:::'~filfll'.itJ'.i::1I1W~1tJff11l~fl'illn~1'.il~~ 7.1 ,;j'U~lmh~ ~~tf 
o 	 nll'1'\..1fltll P ffl11tll i~un 3.5 MW 4 MW u,,:: 4.5 MW 

g 

o 	 fil'\..l1Wtll'V1n~~1'\..l',"~1'l0J,iitJ'.i111'illntll Pg ~nllY'\..Ifl;f'\..l 'il~i~tllYinfl 3 ~fl i~un (3.5, 

1.25419) (4.0,1.09881), u,,:: (4.5, 1.16250) 

o 	 tJ'.i~1I1W,ff'\..lU'\..l11,j'1I'Vfn~~1'\..1 i,"~1'lOJliitJ'.i111i~11l'\..l 0.43811p
2
-3.59655P+8.47525 ~~ 

~tJ~ 7.13 

1.28 Loss (MWh) 

1.26 

1.24 

1.22 

1.20 

1.18 

1.16 

1.14 

1.12 

1.10 

1.08 +------,---r----r---.---~--_,_--~-____,~-_..,_--...... 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

P(MW) 

http:i4{)ml11,,j'11'il'il:::'~filfll'.itJ'.i::1I1W~1tJff11l~fl'illn~1'.il
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. 
o 1.c:I 4 

o 	 fllU1W'Hlfll P 'VU'H1J1::ffll fl6 4.1 0462 MW g 

o 	 filU1Wfhfha~ i',HhfftlUffD'J1ll W P = 4.10462 MW U' 1.09425 MW 
.. " g 

o 	 tl~fh P g = 3.5 MW 660 L'H~6~~ (4.0, 1.09881) ~Yl (4.10462, 1.09425) un:: ~f1 (4.5, 

2
1.16250) 'l.h::1l1wld'umn1,rlJ'Vfa~~lulltylffD'J11l ,r\u 0.43253p - 3.54912P + 8.37482 

~~'itJ~ 7.14 

1.17 Loss (MWh) 

1.162501.16 

1.15 

y '" 0.43253x~ - 3.54912x + 8.374821.14 

1.13 

1.12 

1.11 

1.1 

1.09 P(MW) 

1.08 

3.9 4 4.1 4.2 4.3 4.4 4.5 

. 
o • d 4 

o 	 f11U1W'Hlfll P 'VU'H1l1::fflJ fl6 4.10274 MW g 

o 	 filU1Wfhfha~'-WThllty'ffD'J11l WPg =4.10274 MW 1ft' 1.09424 MW 

o 	 tlf1 Pg 4.5 MW 660 'l.h::1l1Wld'uuu11,rlJ'Vfa~~lullty,ffD\l10 ~Yl (4.0, 1.09881) ~f1 

(4.10274, 1.09424) un:: ~Yl (4.10462, 1.09425) 1ft',r\u 0.43367P2 - 3.55833P + 8.39347 

~~ltJ~ 7.15 
1.1 Loss (MWh) 

1.099 
y=0.43367x~ -3.55833x + 8.39347 

1.098 

1.097 

1.096 

1.095 

-~--...---==- 1.09425
1.094 

P
1.093 +-----,------,----------r----.-----.-----,---~~ 

3.98 4 4.02 4.04 4.06 4.08 4.1 4.12 

4.6 
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. 
o • do .4 

o fll1J1Wl1lfll P 
g 

'YI1l1lJl::fflJ flij 4.10258 MW 

o fll1J1wtil'n~-3,n1J""HhffWlffUnlJ W P = 4.10258 MW 1~ 1.09424 MW ~-3iitil'ln~ .. .. g 

lthtitJtil'lU'jijtJ~11~1lJln ~ij'j,~l;;'~fll~ijtJ 
". . 

~lmU'nl'jfllU1W1~tilfh~-31'YHh~mllU~llJfftyqjlVi1l1lJl::fflJ flij 4.10258 MW lUij-3~ln 

'th'l11'ln"'n~-3-311JhHhffWlffUnlJ~lff". flij 1.09424 MWh .. .. 
flJ;lnijlnlJnl'jfllU1W ~UllffU ij 'lu111;Jijrl' ~~1~\hhJ'l~'lu111;Jml"1tJ ~iinnUllffUij 'lu 

llU1'Y11-3nl'j11-311N1J "m'1~lr.Jfhi3-3'vlrh~l'tn.Jl~tnJ" 

tilfh~-31-w ~191ij'U1U~1 'H lJ l::fflJ~llJffWWl'lu111;Jij~ 111111~1JnnlJij-3'j ~tJtJ 'lU tlnn1lJ ~-3.. .. 
ffllJ1H1Ul 1tJfh'H1J"1~1J1J lu1Jlu1~'l1J~1J~ij1J 'Uij-3nl'j1HUN1J u9ilrlij'j~tJtJii DG ~"i-311111 nl'j'l11' 

DG ~lUfh~-31-w ~l~mlJl~fflJl~ijJ;l"'n~-3-311J1-W~lffWlffU ffllJ l'j(I-n~l'jW11~1J'lf1-311J;l1'Hlij 'j ~~tJ" .. 
1m,,, W 11J;l1~l-3~Uijfm-3lJ11~ ~-3~~'th'l11''n~-3-31U1-w~lffWlffU'j1lJiitilJ;l''J;l-31~lJlnn11 ~-3Ju.... 

" .
111;Jiji1~~1~Ullff1Jijll1J1'Y1Hnl'j~lUfh~-31-w~lVimlJl~fflJ (Optimal Distributed Generation 

Dispatch; ODGD) l~1J'jlfJ;h IlJ-3 ~-3ffllJ1H)iji1Jlu1~~-39iij1tJrl' 

7.3.1 ifty't1lm'11HIIN1J~1r.Jt11i3-3'vlrh~1l1t11~i.nl 
Uty'H1nl'j l1ltil~m lJl::fflJ 'Uij-3 nl'j~l Ufh~-31-W~1~1 'H lJ l::fflJ ~~1~fll~ijtJl~1Jnl'j ~lU 

til~-3 1-W~1~ln DG 'l1J119iJ;l::-i11lJ-3 1~Uii1~(ltJ'j::ff-3tll~ij 'l11'til~-3 1-W~1~l-3ffWIffu'l1J'j~tJtJiitil,j'ijU. " .. 

T 

Minimize E - "(pI At) (7.3)loss - ~ L=u 
I~I 

N N 

PLoss =L~]v/"vJIIYijlcos(Bij -t5/ +0;), Vt E T (7.3 a) 
i~J j~J 

N 

(P;Ch, + jQ~Chi ) = L(PJ + jQij), Vi EN, Vt E T (7.3b) 
j~1 

Ptin ~ P~ ~ Pgmax, Vt E T (7.3c) 


Q;in ~ Qi: ~ Q;ax, Vt E T (7.3d) 


Vrn :s Vt :S Vtax, VkEN, Vt E T (7.3e) 


fflJnl'j ~ (7.3) 1~1J-n-3ti'i'1J 1~QtJ 'j~ff-3tl'Uij-3i1tyl1l~li'ij-3nn 'l11'til~-3 1-W~1~l-3~tylffUnlJ'l1J 
'j::tJtJ~J;lij"'lf1-311J;l1~-n~1'jWlii til~l~ff" ~-3ii 1~(ltJ 'j~ff-3tlfllll utitJUWl1lnl'j fll1J 1Wtil~-31-W~191ij.. .. 

http:ifty't1lm'11HIIN1J~1r.Jt11i3-3'vlrh~1l1t11~i.nl
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0.35 

'IJlfJ~llJ'd'rurul~1'HlJl::"":U ~1:U"":Uf11'j~ (7.1) fJm1'\.Jl~6'\.J1'IJ~ DG ~6~iif11'j~lfJf;,~~1-nfllfl~~~6~
" " 

'lh~11~1~~::~~66f1hJ l~fJ~1m.hfl1tJfJ:U'IJ6~"":Uf11'j (7.3) fl6 filf;,~~1-nfll~l~~~lfJ66f1~1f1 DG 

1'\.Jll~~::,t11:u~ 1:aj~11r1'\.J~6~f1~~ 

7.3.2 ftl1 tlnnWft11 ;;'Utlla~''t'Hh~1't"'J1::,nJ 
fI11:ufflJ'ti'\.J1i''IJ6~tll~~1-nfll~ DG ~lfJ1.u'l~'j::tJtJ ntJfiltll~~ 1-nflT~tylfffJ'lJ6~'j::tJtJ ''\.J11~ 

11 d.;, 1 1"'" ~::'lf1 :U~ 11""~~ ~~~~ VI 7.16 - 7.39 

Loss (MW) 

~ 0.3080.30 
y= 0.01769x2-0.12442x+0.25032 

0.25 

0.20 

0.15 

0.10 

0.05 
P(MW) 

0.00 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

Loss (MW)0.40 

0.364
0.35 

y= 0.0173lx2-0.10667x + 0.19466 
0.30 

0.25 

0.20 

0.15 

0.10 

0.05 
P(MW) 

0.00 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

8.0 

8.0 
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y" 0.01756x2 -0.11843x + 0.23074 

035 Loss (MW) 
0.327 

0.30 

0.25 

0.20 

0.15 

0.10 

0.05 

P(MW) 
0.00 +------r----.----,------r---.,-------,,----.....------, 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

~tJ~ 7.18 fl111ri111";\Ji''IJ6'U1Ut_3 ' ..Hh'lty,iYvn1Jfhtila-3'l'i~1'iJln DG W ;¥1ill_3~ 3 

035 , Loss (MW) 

0.30 
y;: 0.01770x2 - 0.1245Ox + 0.25039 

0.25 

0.20 

0.15 

0.10 

0.05 

0.308 

0.00 +------,----r----,------r----.----,-------.---, 

8.00.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

~tJ~ 7.19 fl111lff1l')i'\.Ji''IJ6_3tila_3'l'i~1l,!ty'iYvn1Jfhtila-3'l'i~1~ln DG W ;¥1111_3~ 4 

0.30 1 Loss (MW) 

::: j 
I 

0.15 -1 
! 

0.10 

0.05 

y;: 0.01797x2 - 0.13644x + 0.29149 

0.275 

P 
0.00 +---...........----,.----,------,----.,------,,-----,------, 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 
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035 

0.30 

0.25 

0.20 

0.15 

0.10 

0.05 

0.00 

y=0.01871x2 - 0.16834x + 0.41342 

0.199 

P(MW) 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

0.25 

0.20 

0.15 

0.10 

0.05 

y= 0.01870x2-0.16815x+ 0.41279 

0.199 

0.00 +------,----r--.--,---.----r----r---~-,__-

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

P(MW), 
8.0 

ltJ~ 7.22 mllHY1J·n\.I1r1l6-3fh;;'~hHh1;!tyLiYf.ln1Jfhfhu-3i,"fh~ln DG W i111J-3~ 7 

030 1 Loss (MW) 
I 

0.25 ~ 
! 

::: 1 
0.10 ~ 

I 

0.05 i 

y=0.01797x2 - 0.13669x + 0.29216 

0.274 

l P(MW) 
0.00 I 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 
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0.30 Loss (MW) 

0.2550.25 
y= 0.01813x2 -0.14361x+0.31671 

0.20 

0.15 

0.10 

0.05 

P(MW) 
0.00 -l-----..---......---,.-----.----r----,.------.-----. 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

030 Loss (MW) 

0.25 . 0.254 

Y=0.01813x2 • 0.14382x + 0.31742 

0.20 

0.15 

0.10 j ~ ~0.110:::.0.05 8.9: O. .039 
P(MW) 

0.00 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

ItI~ 7.25 fl11lJd'lJn\rfi'tlo~nla~ '-wYlltllUlffVn'IJfilnla~ '-W,h1l1n DG w-ih1lJ~~ 10 
0.30 1 Loss (MW) 

0.25 
0.238 

y =0.01828x2 • 0.15019x + 0.34120 
0.20 

I 
0.15 -I 

! 

i 
0.10 i 

M51 
P(MW) 

0.00 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 
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0.30 

y=0.0178Sx2 - 0.13143x + 0.27337 

0.288
Loss (MW) 

0.25 

0.20 

0.15 

0.10 

0.05 

P(MW) 
0.00 +-----.-----,-----.,-----.----.------.------r--............. 


0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

,tJ~ 7.27 fl11lJftlJrrlnl'Uij~fhft~'rJThq\Ylat1n1Jfhfh~~'rJytl'illfl DG W i'11lJ~~ 12 
030 Loss (MW) 

0.25 y=0.0178Sx2 -0.13123x + 0.27273 

0.20 

0.15 

0.10 

0.288 

0.05 ~I 
. P(MW)

0.00 +------r----,------.,-------.------.-------.-----.---~, 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

~tJ~ 7.28 fl11lJftlJrrU1i''Uij~fhft~'rJytlq\YlaVn1Jfhfh~~'rJytl'illfl DG W i'11lJ~~ 13 

0.30 1Loss (MW) 
0.275 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

0.25 

0.20 i 
0.15 4 

t 

0.10 i 

y=0.01827x2 -0.14999x + 034046 

0.239 

=j p~
0.00 +-----.-----.----r----.-------.-----.----.-------, 
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Loss (MW) 
0.30 

0.25 

0.224 

0.20 y =0.01842x2 0.15646x + 0.36532 

0.15 

0.10 

P(MW) 
O~ j 
0.00 -l------.-----.----r------.-----.-------,..------r-----. 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

ltJ~ 7.30 fI11lJfflJli'\J..r'Ut},uhn~ '-W~l"lqJlifr.lf)mhfiu;~''VHhillf) DG W ,t11lJ~~ 15 

0.30 Loss (MW) 

y= 0.01799x2-0.13757x + 0.29486 

0.271 
0.25 


020 


0.15 

0.10 

0.05 

P(MW),0.00 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7,0 8.0 

ltJ~ 7.31 fI11lJfflJli'\J..r'Ut}~filn~ '-W~l"lqJlfffJn'IJthfiln~'-WTh~lf) DG wi11lJ~~ 16 

0.30 1 Loss (MW) 
I 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

0.25 
y= 0.0181lx2-0.14334x +0.31598 

0.20 

O.lS 

0.10 

0.05 

0.256 

O.OO+---~----.---.---~---,----r_-----r----~ 
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0.80 Loss (MW) 

0.70 

0.50 

y= 0.02095x2-O.25825x+0.845220.50 

0.40 

0.30 

0.20 

0.10 
~WoWE~~ll-&.e8'JI"'tr.trf.r'trnl~ 0.081 

~____~____~____~____~____~____~____~__~MW)
0.00 

0.0 1.0 2.0 3.0 4.0 5.0 5.0 7.0 8.0 

l,j~ 7.33 ml1Jff1Jittnr'\Jn':lfi1tl~ '-n~l1ltytfftJtimhfhtl~'-n~l'illn DG W ~111J~~ 18 

0.70 Loss (MW) 

0.50 

0.50 
y=0.02055x2- 0.24298x + 0.75477 

0.40 

0.30 

0.20 

0.10 

0.0 1.0 2.0 3.0 4.0 5.0 5.0 7.0 8.0 

l,j~ 7.34 ml1Jff1J'):r'IJ..r'\Jn~fhtl~'-n~l1ltytfftJtiUfhfhtl~'-n~l;l1n DG W .g111J~~ 19 

0.50 1Loss (MW) 

0.50 1 0.495 

y= 0.01955x2 - 0.20743x + 0.58784 


0.40 i 
I 

0.30 i 

! 
l 

0.20 1 
! 
i 

0.10 i 
i P(MW} 

0.00 I 
0.0 1.0 2.0 3.0 4.0 5.0 5.0 7.0 8.0 
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0.45 Loss (MW) 

0.40 Y=0.01916x2 - 0.18733x + 0.49539 

0.35 

0.30 

0.25 

0.20 0.194 

0.15 0.122j
0.10 ~ ~O.m, .103 0.089 

, 0 0.064 
0.05 

'lW8.8: ~(M~) 
0.00 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

~t1~ 7.36 f111lJfflJ-Whl1i'\Jij.:Jfh~'.:J 'vlVJ1~tyl~hJtillfhtil~.:J'vl.yh'illn DG W i11lJ.:J~ 21 

0.35 Loss (MW) 

0.30 

0.25 

y = 0.01848x2 - 0.15782x + 0.37208 0.223 
0.20 

0.15 

0.10 

0.05 i 
P(MW)

0.00 +-1-----.---,-------.-----.-----.----.-

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

~t1~ 7.37 f111lJfflJ-Whl1i'\Jij.:Jtil~.:J'vlVJ1~tylffmillfhtil~.:J'vlVJ1'illn DG w i11lJ.:J~ 22 

0.30 1Loss (MW) 

0.25 

020 j 
0.15 i 

I 
I 

0.10 i 
! 

y = 0.01798x2 - 0.13677x + 0.29239 0.274 

0.05 J 

0.00 +-I___.--__-.-__--.-___.--__-.-__---.___.--_P_{_M--,W) 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 
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0.35 Loss (MW) 

0.3070.30 

y =0.01770x2 - 0.12469x + 0.25090
0.25 

0.20 

0.15 

0.10 

0.05 

P(MW) 
0.00 

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 

l,1U'Hlln~ll111JlJ lYl"~hm~"~~11lJ.:ji:itilu~n~1.:jti'U III1l1'ih".:j1vlfh~1l1lJl~~YlJl'Uu~,,~ 
~11lJ.:j~.yhll1'fh".:j 1vlfh~qJlfff."'~fI.:j 1~lJln~'l~i:itil1l.il'rilti'U ~.:jff.:jLn~1~"ln~1l~ 7.16 - 7.39 lrlU 

lrnmltil'U1Wl'U'"1;;U~ 7 .2.3 'YIltilnl':i~lfJtll".:j 1vlfh~1l1lJl~fflJ"~1~till'U~lll.:j~ 7.2 

m'jH~ 7.2 tll".:j1vlfh~1l1lJl~fflJU"~tll".:j1vlfh~tylfff.J~~1~'l~l'Uu~"~~11lJ.:j 

3.029379157 0.03353884 4.028048049 0.03304474 

3.306994329 0.02964108 4.171927048 0.03388669 

3.448753463 0.03030224 3.749868871 0.03142512 

3.722034514 0.03203911 3.881064433 0.0323444 

4.428922909 0.03621914 6.236857017 0.05281567 

4.423798918 0.03638553 5.946556849 0.05055346 

3.727820372 0.03183009 5.247389494 0.04391596 

3.886176632 0.03223905 4.833537757 0.03999513 

3.89048826 0.03219227 4.195436295 0.03594322 

4.032851986 0.03300935 3.729583958 0.03176989 

3.609272373 0.03066528 3.45336241 0.03017833 
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0 

'il1fl~l'n:j~ 7.2 fl1nU;'1 1yJVjl~l'HlJl~fflJUffYl'l1~~'1'itJ~ 9.40 U~~nla'l1yJVjl1\lf.lJlffVh.!U~ 
,:, ... ..: ~ 0'" .I 1.s.1 d d 0'" 1-.1-~ dQI •~~'IS'11lJ'I'U'tl'lmw1'UU'lJ'Yl1fff.lJf.lJ1GJSf)'U1V yJl1Tru'l1lJ~fflJ flU mw fl1'j'iJ1Vfl1~'1 11111111'I1lJ1~fflJ UffYl'l 


1ft'~'1'itJ~ 9.41 


7 
 Pg(MW) 


6 


5 


4 


3 


2 


1 

Hour 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 


Loss (kW) 160 


140 


120 

___ Optimal Dispatch 

100 

-.-Optimal Contract 

80 


60 


40 


20 

Hour 

0 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 


'itJ~ 7.41 fhn1a'l1yJVjl1\lf.lJlffV~~1~t!Yl''lJu~~~-i11lJ'I 
'il1flltJ~ 9.41 lil'lJ1~<iYl11fl1'j~lVf;,a'l'yJVj1~nn.ll:fflJ '1'lJ~~:-i11lJ>3'i1~lili Hnla>3 1"Vjl 

" .
1\lf.lJlffV~Yl~'1 1~lJ1 flfl11 fl1l');'fff.lJf.lJl~'tl'U1V'yJ Vj1iimlJ1:fflJ 1YlVYfa>3 '11'lJ1yJVj11.If.lJlffV~~'tlYl1'lJ' 'lJ 

mtl1mmm~'I1a'liifh 0.835 U~~ 1.09424 MWh ~llJth~'U 4'1'i1::ail'lJ11Yfa'l>31'lJ'yJVj11.If.lJlffV~lfiYl~'lJ 
~Yl~'1'tJ'illflmtl1~'liii DO U~~ ii DO U~~lVn1a'l1yJVj1fl'l~~ 7.5 MW f)UH~UffYl'l'1'lJltJ~ 7.4 

fi'tl W\1HlJ1fl i'lJVI HtJnUfll'd'tl'l'illfltJ'I1liiifl111H.y'f)nnY'lJYlU~~1~rUV'Ul~V1n'U11f)'1rl' -vhiflfl11 
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"", ~ 1" '" tI 1,{ 1 .... ' ..I-~ ~ 1 .o!/ .... , J "I "" ~ll'U'Ufl1·n..,{) 'Hln~ '.i::: fJ'If'U~'HI~ ~fJfl1H'~"'~H\l1'U l1,"l~f.lJlt1fJ 'U'.i:::1J'lHI\lfJ\I :JJlMI'U'U {)fJ1\1 '.i 

~fl1:JJfl1'.i 'TI~lFJ1fJ~"" t,bfJ1.x~ fl1'.i I~:JJ~'U';ftI'U1'.i:::1J1J1TI~l FhfJ~1'H t.hfJ 1,r,r!'U'tll'Unff'VI1\1'.i:::UU 

\l1'Ht,hfJ'TlYh6~U;fJ::: (Smart Grid) 1'lf'U l'Ufl1'.i~H't1t11fl'.i\lfl1'.iiilflo!1~..,n\l\ll'U1T1~16fllt1ir;) 
.. .. Qf 41 QlQlQ

(AutomatIc Meter Reading) 1"'0'i{)\I'.i1J'.i:::1J1J'fl'.i{)'lJ1fJfl1'.i1~{)~U'.ifJ::: (Smart Meter for Advanced 
., 

Metering Infrastructure) '.i1:JJ..r\llfl'.i\lfl1'.ifffl1U'TlYh~{)flLL1J1J6fllt1ir;) (Automation Substation) l~fI 

fl1'.i ~H't1'U '.i :::1J1J~{)ff1'.iUa:::d'\lfl1'.i ~tlmWU1J1J6;)1tlmi jh1,r,tI{)tI1flfl'.i:::1J1J~ l'H'l,hfJ1T1Yh~ 
JI • , t 

1fl'.i \lff!l\1Yftl!lt1 '.i {)\li'un ~:::ff1:JJ1'.i f:l~1 fJ 'TI~l1,r~1rtTI~l u~1'Uff.fIn:::ii11J1:)f{):JJ~{) n1J'.i:::1J1J1TlYll 

'Hnn (Islanding Mode of Operation) hwl~ DG 6'UI~tlfl1'.i141t1'.i::: lfJ'lftl'~\I~~~lm!cl,rnnHl'U 

'H1,ltl!1fJtll'U'.i:::1J1J'TlYll~Ovdl'Hi'1JOtllflfl (Microgrid) 

mil \I 1 '.i~fll:JJ 'li'O\lln~~ ~f1fif.lJli'l'UL'VIflt1fl'IJ{)\I'.i :::1J1J VSPP V\I~6n'H a1fJIi'1t11i'1fJn'U~~:::9i{)\I~ 
fl1'.i1iV'.i{)\li'1J !'lftl fl1n1\lUNtlfl1'.i~lVnl~\I 'TlYll w ff.fln:::~;\I'IJ{)\I'.i:::1J1J~1nTl Yllua:::fl11:JJ!{)tI 

., .. 
11:JJntl (Combined Heat and Power; CHP) ,';tll'U1'.i\1\11t1U1flla fl1'.ii~fl1'.i,;f{)L..,a\lfla{)~~tI. ., 

o til ~ QI 4 ~ QtI 4 ~ d GlEft 
UNtlfl1'.im~\lm\ll'.i:::1J1J"nVfl1l{)\I LtI{)\I~lm'l1{)1..,a\l '.i:::1.fI'VI 'I11:JJ1aua:::fl1~'lf1m'" ~~LlJtI 

,I Q d ~ 4 • .qtl"" ..... 1 Q 4 cv t , :l! 
!'I1{)!..,a\l~ln'lf1:JJ1a~\lf:l{)11:JJ '.i:JJ1W~ln~ 'U'.i{)1Jq~fl1'.iNafl'HtI\I fJnfl1{)fJ1\1 l'lftl una1Jua:::'I11'Utt{)V 

!it a ";atl'" ~ ~I" .... J , .... tI"" tI -'I tI 2 .J. a
llJtI'I11:JJ1a'VI:JJ '.i:JJ1WmlJ~ln~'lJtI{)~n1J '.i:JJ1Wfl1'.i tln'll11Ua:::fl1'.i tlntt{)fJ fll:JJq~fl1a ~\I"'1J11:JJ 

JI • JI. 

VSPP 'UtI1~1'H~!;;fJ\lm\l'.ilfJlvh,rtl ii~ffnvm..,' tI fl1'.ioO~ml:)f{)L..,a\ldl'.i{)\llYf{) Nafl1T1Yll'UlfJ11( 
,. 

fla{)~..r\lil{)~l\1!Y;V\I"'{) 'tI~htlfl'l~~1m"D\lu1111dl'Hi'1J vSPP muh:::l.f1'V1 !'litl 1H 1T1Ylln\l11t1 

td .eft QI 4' Q ~ '" J ,4 'QI Q t;I dod I"" Jfl1~~ln'IJtI::: 'H'.i{)l.!afffl1 ffl:JJ1'.if:lNaflfl1~ ~{)m\lfl{)LtI{)\lUfl{)fl'.i lfl1'.i Naflfl1~n:JJfllt1{) fJ ~1t1m~tI 

~\I~{)\ljjfl1'.inm~1J'lltlt.i\lnm~1J1~tltI;:JJ1W~:JJ1n"'{)~\I~:::l~:JJfl1'.iNafl'TlYll'l( 9t\I~::a;:ftl11('llV\lfl\l 

~{)\lmffVfl1'.i1itl6n:JJ1myt{)1,rff1:JJ1'.if:l'~'.i:::1JlINafl 'TlYll~ln DG 1..vln~tI'.i:::lt1'1f..r~\I~~ 



.... 
11nn8 

11nt'l'1t.1I1Q::~OU.T'UOll'U:: 

.. 
fll'J4i11U'U'U'!in'ilIiTUfll'jNilfl i-n~lUlJlJ'Jh';nJijU6 (Distributed Generation) ih~o:IJ~otilJ 

o • ~".I.'-I"" ,. iI .,:..1..,. 1 : 1 ,. ..;...... ~".UI
'j::lJU'il1'H1J1U nnn :lJU1J111J:IJ'il::l'n:IJ'U1J0fUnfl 1J01J1flfl 'YI~ 1..1 1 flHfll'J'YINafl'naH11J nm1ua:: 

m1:IJ~01J'hJJtilJ (Combined Heat and Power; CHP) ua~1flHfll'j~Nilfli-n~11flv1~rH;~Hu 
51 Sf 

'Hl,fUl1VlJ (Renewable Energy) 'il1flNafll'j'YIflffOlJUlJlJ~laO~11Jn1J1~uil 'nU';h11~ti1""~fll'jNilfl 
Sf • 

i-n~l'UO~ DG fl1JJff~~1"0'U1vi-n~lua~li~lVOOflJJ11\Jna1'il~~ ijNam~'YIlJmh~~~~o'n""~~l\J 

'-n~1~~liYv1\J'j ~lJlJ~l'H'lhu'-n~l 1flvti1""~fll'jNilfl'-n~1'U0~ DG ~1~JJ4\J'il1flfhhiJJ1fl'il::vh1M' 

'n""~~11..1'-n~lffwliYt.l'UO~'j::lJlJafla~'1I 'il\Jm::Yi'~ti1li~fll'jNilfl'-n~1 JJ1fltl~fl1'Hi1~'il::ijNafh1M'.. " 

'n~~~11..1 i -n~1\1~lfft.l1~JJ4\J :IJ1flfli 1flO\J~',jij DG m::lJ11Jfll'J~flfl1'j 'n~~~1\J'-n~l\1~liYu~~mil1 
., 51 

11J'YI1~'YItrl':l6ff1JJ1Hl4i11U\J fll'j '~11~ 11..1,j'\J flO \J fll'J 11~Ur-l1J11a::4i11U\J fl1'j w. L1a19"i~ .. ., 
tl~ u11i1fl1'j ~flfll'J 'lo~'U0~fi1U'H'li~fll'j loJ10JJ~0'j::lJU um~'UlJ1fl'U0~ff~ty1"0'U1t.li-n~11\J 

~\JflOlJflln1~UNlJ ff1JJ1'j oafl'n""~~ll..1 \1t"1l,iYt.la~'~JJ1fl ~~~'fflJ00~11JU'YI~ 7 'Uo~ '!i1t.l~ 11J1~ml'UlJ 
4 ~~ iI d • 0 ... • 0 '" .: ~.'-I ..;
tH '~Ufffl~1'Hl111J11 m'n1::fll'jfl111J1Jfll'j1\Jff1\J'U0~fll'j'YI1tY~~1C)10'UUJ ,-nn1'Y1l11:1J1::ffJJff1JJl'JO 

ih1M''n~~~11..1i -n~1\1~,fft.l1\J'j~uuafla~ '~:IJ1fl u~mh~i'j~fllJJil 'il~,jlJV~ i,jijfl1'jOOflflll'j ::1iiUlJ 

'~V1tiUfll'jtil'HlJfl'j lfl1fll'n""~~llJ1flV1~Nam::'YIlJIl1\J'n""~~11J\1t"1l1iYu~lnfl4\J11J'j::lJlJ vh1M'ti'0~ 
ijfll'jlllU'j::aiit.llJ1J1~ ff1\J ,;10 lmnfl1'j ~U1'ff\JOtY1JJ1'jO1.n1l'il~~ 

ffl'HllJ fl1'j~flfll'j 1\Jfffl11::'il~~ 1\Ji19~,j\J fll'j i-n~lill'~JJfl'j::'Hil'fltl~il~'Hl'Uo~fll'j~ij DG 

'~OJJ~otiU'j~lJlJ~1'H'lilUJJlfl41J ua::~p.h\JJJlill'~JJijfll'j4i11U\Jfll'jU1~1~0~ ''If\J ~0~'U01M' DG ~hv 
til~~i-n~11~JJ41J'HlOafla~l\JUH'th~nal 'j1JJ,f~fll'j1M' DG lI'j::lfi'YICV~1m il'ff'tht.l~lt.l'HlOrU 
til""~'-n~11ffijOlJ11..1 1J1~'If1~L1a11~JJ4\J !1:l\JI\\J U~fll'j4il'U\J fll'J ~o~'Uo~~mil1,j~,,j'\J~ r-la'Uo~

q 

m ~~\J '\J'j::ulJ 1flvv~i,jillll'j::liilJtl~'n~~~llJ'-n~1\1t"1l1iYV U~fl1'j~',jij'j::liit.llJ 'jo~ru,h1M'fll'j 

4il1U\Jfll'j w. nal'il"i~ 1;101M' DG ffl:1J1'jomlJfJJJfll'j~lt.ltil""~i-n~11\Ju~a::'th~mnillff~ 

4i11U\Jfll'j l\J~fl'l':lw.::~o~'Uo un::m::vhillm'nl::1m~fll'j~i,j'j ::1J'UlJlflfln~lutil""~ i -n~lU'lh!O\J 

(Non-firm Contract) cj~'illflNnfll'j'YIflffoui\JU'YI~ 7 'nlJil11ifll'j~flfl1'j W. nal'il~~ fflJJ1'jmil1M' 

'n""~~1\J'-n~lffWlffUafla~ illJJlflfli1'\J~\Jflo\J fll'j11~UNlJ Oth~ i'j ~fllJJfll'jU1ill ffU\J1'Y11~fll'j.. " .. 
1I5mi'il"i~v~ij.u'0~ltiflcj~ti'0~fll'jfll'j1~m~JJ1~JJOflJJlfl l'If\J DG ~1~140''nil~;bJJ1a ''If1J 'lfl\Jti'Ot.l 

UflalJ Ua~filC)1;}1f11'n ,1:l\J,4m'nil~ 9::1\0~fhi1~tl~.u'O~lnfl11J'YI Hu5u~9"i~~fflrl~1J1~lI'j::fll'j 

http:1t"1l,iYt.la
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II 

1..Iom11ilo'lnofO\htifltlnfi'Uo~fllHfUfIili-A1 lW i H ili-A1t1'.i:lilVl ClIP 'Uo~ lH~l1..11l1f1111ii 

ofo;htiflft'l1..1tTflU11..111l0tll1J1W'n~~~l1..1V11~m11Jf 01..1 ~~o~iimhU'f01vttJ~ 1~01f'11..1 m::1.J11..1 flll 
II ... 

NUfl1l1f1111 n1JQ~ofo~ltifl'U0~t1l1J1W6'OfJ 11..1U~11::t1flllNUfI 1.T111;1.J lHili-A1ti~111..1i01l1.yj'~ 

Un111.Jl"1..I14m'nu-3iiofo~ltiflft'l1..1t1l1J1W14m'nU-31,10~'lniifll'jU.,j~~l1..1l1t11Un111.J u11::11..1mw 

i l ~ ili-A1~1ffj1CJS;1Il1'najO'Vt1.JofO ~ltiftft'11..Ifll'j9ftl~1.Jfj1CJS 1~0'M'iitll1J1W1J1n'n0~'::NUfI ili-A11M' 

ift'o~l~~m,1o~ L"1..I~1..I 
1..Ion'ln~mh11J1un'1flll~11'n1..lflllU11::9ftfll'j1..l itJ1.J1fJtr1..l1~tJ11,10~ti1.Jfll'j1l1 DG 1111f'1 M' 

lnfttll::ifJ~,r"l~tlftiim11J~11"1..I0~H~~ l~OlO~ i'1.Jti1.Jl::1.J1.Jilivh~ofJ (Microgrid) ~'::liift~1..I11..1 
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% This program obtains Bus Admittance Matrix for power flow calculation 
% "Optimal Power Dispatch of Small Power Producers to Reduce Real Power 

Loss in Distribution System" 

basemva = 100: accuracy = 0.0001; maxiter = 100; lamda=l; 

j sqrt(-l); 

nl = linedata(:,l); nr = linedata(:,2); R = 1inedata(:,3): 

X linedata(:,4); Bc = j*linedata(:,5); a = linedata(:,6); 

nbr length(linedata(:,l)}; nbus max(max(nl}, max(nr»; 


z R + j*X; %branch impeance 

y ones(nbr,l) ./Z; %branch admittance 


Vm=O; delta=O; yload=O; deltad=O; 

c=O;d=O;Nslackb=O;Nloadb=O;NPV=O;NQV=O; 

% Defined column of Busdata 

for k=l:nbus 


n=busdata(k,1);kb(n)=busdata(k,2); Vm(n)=busdata(k,3); 
delta(n)=busdata(k,4);Pd(n)=lamda*busdata(k,5); 

Qd(n}=lamda*busdata(k,6); 
Pg(n)=lamda*busdata(k,7); Qg(n} = 

busdata(k,8);Qmin(n)=busdata(k,9); 
Qmax(n)=busdata(k,lO);Qsh(n)=busdata(k,ll); 

if Vm(n) <= 0 Vm(n) = 1.0; 
else 	delta(n} = /180*delta(n); 

P(n) (Pg(n)-Pd(n»/basemva; ~j Form.ulated P 
Q(n) (Qg(n)-Qd(n)+ Qsh(n»/basemva; % Formulated Q 
S(n) = P(n) + j*Q(n); % Formulated S 

end 
end 
for k=l:nbus 

switch kb (k) 
case 0 

ang1eindex(k) = c + 1; ~ bus angle index 
c ang1eindex(k}; 
vo1tindex(k) = d + 1; % bus voltage index 
d = voltindex(k); 
Nloadb N10adb + 1; 

case 1 

Nslackb = Ns1ackb + 1; 


case 2 
ang1eindex(k) = c + 1; ~ bus angle index 
c angleindex(k); 
NPV = NPV + 1; 

end 
end 
Nbangle = length(find(angleindex»; 
Nbvolt length(find(vo1tindex»; Matrix to convert 
Matbangle = find(transpose([angleindex}»; % Jacobian to real 
Matbvo1t = find(transpose([vo1tindex}»; bus index 

Ybus zeros(nbus,nbus); % initialize Ybus to zero 
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% formation of the off diagonal elements 
for k=l:nbr; 

Ybus(nl(k),nr(k»=Ybus(nl(k),nr(k»-y(k)/a(k); 
Ybus(nr(k),nl(k»=Ybus(nl(k),nr(k»; 

end 

% formation of the diagonal elements 
% formation with tap a:l in the reverse sides of tap l:a 
for n = 1 :nbus 

for 	k = l:nbr 
if n1 (k) ==n 
Ybus(n,n) = Ybus(n,n)+y(k)/(a(k)A2) + Bc(k); 
elseif nr(k)==n 
Ybus(n,n) = Ybus(n,n)+y(k) +Bc(k); 
else, end 

end 
end 
Ym abs(Ybus}; teta ang1e(Ybus); 
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% Power flow calculation by Newton-Raphson method within PQ Limit 
% "Optimal Power Dispatch of Small Power Producers to Reduce Real Power 

Loss in Distribution System" 

maxerror 1; converge = I: 
iter = 0; 

%%%%%%%,%%%% %% %%%%%%%%\ Start of iterations%%%%%%%%%%%%%%%%% % 

while maxerror >= accuracy & iter <= maxiter % Test for max. power 
mismatch 

JacobI zeros(Nbangle); 

Jacob2 zeros(Nbangle,Nbvolt): 

Jacob3 zeros(Nbvolt,Nbangle): %Initializing Jacobian matrix 

Jacob4 zeros(Nbvolt); 


iter iter+l; 

%Formulated elements of Jacobian matrix Jl 
for mrn l:Nbangle 

for n l:nbus 
m Matbangle(mrn)i 

if n-=m 
JacobI (mrn,mrn) = JacobI (mrn,mrn) + 

Vm(m)*Vm(n)*Ym(m,n)*sin(teta(m,n)- delta(m) + delta(n)); 
else ,end 

end 
end 
for mrn l:Nbangle 

for nn l:Nbangle 
m Matbangle(mrn); 
n Matbangle(nn); 

if n-=m 
JacobI (mrn,nn) -Vm(m)*Vm(n)*Ym(m,n)*sin(teta(m,n) delta(m) 

+ 	delta(n)); 
else ,end 

end 
end 
%Formulated elements of Jacobian matrix J2 
for mrn l:Nbangle 

for nn l:Nbvolt 
m Matbangle(mrn); 
n Matbvolt(nn)i 

if n m 
Jacob2(mrn,nn)= 2*Vm(m)*Ym(m,m)*cos(teta(m,m)); 
for k l:nbus 

if 	k -= m 
Jacob2(mrn,nn)= Jacob2(mrn,nn)+ 

Vm(k)*Ym(m,k)*cos(teta(m,k) delta(m) + delta(k)); 
end 

end 
else , end 

end 
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end 
for mm = l:Nbangle 

for nn = l:Nbvolt 

m = Matbangle(mm); 

n = Matbvolt(nn); 


if n-=m 
Jacob2(mm,nn)= Vm(m)*Ym(m,n)*cos(teta(m,n)- delta(m) + 

delta (n) ) ; 
else ,end 

end 
end 

%Formulated elements of Jacobian matrix J3 

for mm l:Nbvolt 
for nn l:Nbangle 


m = Matbvolt(mm); 

n = Matbangle(nn); 

if n m 


for k l:nbus 
if k -= m 

Jacob3(mm,nn)= 
Jacob3(mm,nn)+Vm(m)*Vm(k)*Ym(m,k)*cos(teta(m,k)- delta(m)+delta(k)); 

end 
end 

elseif n-=m 
Jacob3(mm,nn)= -Vm(m)*Vm(n)*Ym(m,n)*cos(teta(m,n) delta(m) + 

delta (n) ) ; 
else ,end 

end 
end 
%Formulated elements of Jacobian matrix J4 
for mm = l:Nbvolt 

m = Matbvolt(mm); 
Jacob4(rnrn,mm)= -2*Vm(m)*Ym(m,m)*sin(teta(m,m)); 

end 
for mm l:Nbvolt 

for n = l:nbus 
m Matbvolt(mm); 

if n-=m 
Jacob4(mm,mm)= Jacob4(rnrn,rnrn)- Vm(n)*Ym(m,n)*sin(teta(m,n}

delta(m) + delta(n}); 
else ,end 

end 
end 
for mm = l:Nbvolt 

for nn = l:Nbvolt 

m Matbvolt(rnrn); 

n Matbvolt(nn); 


if n-=m 
Jacob4(rnrn,nn) -Vm(m)*Ym(m,n)*sin(teta(m,n) delta(m) + 

delta (n) ) ; 
else ,end 

end 
end 
Jacob=[Jacobl Jacob2;Jacob3 Jacob4}; 
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%----------------------------Finished Jacobian Session---------------- 
-----------% 

% Calculated P & Q at each Jacobian bus 
Pcal zeros(l,Nbangle); 
for mm l:Nbangle 

m = Matbangle(mm); 
for k = l:nbus 

Pcal(mm) Pcal(mm}+ Vm(m}*Vm(k)*Ym(m,k)*cos(teta(m,k)- delta(m) 
+ 	delta (k» i 

end 
Psched (mm) =P (m) ; 
DelP(mm) Psched(mm) - Pcal(mm); 

end 
Qcal = zeros(l,Nbvolt); 
for nn = l:Nbvolt 

n = Matbvolt(nn); 
for k = l:nbus 

Qcal(nn)= Qcal(nn)- Vm(n}*Vm(k)*Ym(n,k}*sin(teta(n,k)- delta(n) 
+ 	delta (k) ) ; 

end 
Qsched(nn)=Q(n); 
DelQ(nn) = Qsched(nn) - Qcal(nn)i 

end 
%----------------------------Finished Calculatd P & Q----------------- 
----------% 

% Updated angle and voltage each iteration 
Delmat = inv(Jacob)*transpose([DelP DelQ]); 
for mm = l:Nbangle 

m = 	 Matbangle(mm); 
ang(mm) = delta(m); 

end 
for nn = l:Nbvolt 

n = 	 Matbvolt(nn); 
volt (nn) Vm(n); 

end 
angvolt = Delmat + transpose([ang volt); 
for m l:nbus 

for 	nn = l:Nbangle 

n Matbangle(nn}; 

if n == m 


delta(m) = angvolt(nn)i 

else , end 


end 
end 
for m 1 :nbus 

for 	nn = l:Nbvolt 

n Matbvolt(nn)i 

if n == m 


Vm(m) = angvolt(nn+Nbangle); 

else end
I 

end 
end 

for 	n l:nbus 
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if busdata(n,2)==2 

Qcal (n) = 0; 

for k = l:nbus 


Qcal(n)= Qcal(n) Vm(n)*Vm(k)*Ym(n,k)*sin(teta(n,k)
delta(n)+delta(k»: 

end 

Qg(n) = Qd(n)+Qcal(n)*basemva-Qsh(n); 

if Qg(n)< Qmin(n) I Qg(n» Qmax(n) 


if Qg(n)< Qmin(n) 

Qg(n) = Qmin(n); 


elseif Qg(n» Qmax(n) 

Qg(n) = Qmax(n); 

else end 
kb (n) 0; 
Q(n)=(Qg(n)-Qd(n)+ Qsh(n»/basemva: 
c 0; d 0; 
for k=l:nbus 

switch kb (k) 
case 0 

angleindex(k) = c + 1; i bus angle index 
c = angleindex(k); 
voltindex(k) d + 1; % bus voltage index 
d voltindex(k); 

case 2 
angleindex(k) c + I: % bus angle index 
c angleindex(k): 

end 
end 
Nbangle length(find(angleindex»; 
Nbvolt = length(find(voltindex»; % t1atrix 

to convert 
Matbangle = find(transpose([angleindex] »: ~Tacobian 

to real 
Matbvolt find(transpose([voltindex]»: bus 

index 
maxerror 1; 

else , end 
else, end 

end 
maxerror = max(abs(Delmat»; 
end 

%% 	 %%~%%% .............. End While Loop ................. % ~% 


if 	iter == maxiter & maxerror > accuracy 
fprintf('\nWARNING: Iterative solution did not converged after ') 
fprintf(' " iter), fprintf(' iterations.\n\n') 
fprintf('Press Enter to terminate the i~erations and print the 

resul ts \n') 
converge = 0; pause, else, end 

if 	converge -= 1 
tech= (' ITERATIVE SOLUTION DID NOT CONVERGE'); else, 
tech=('Power Flow Solution by Newton-Raphson Hethod'); 

end 
V Vm.*cos(delta)+j*Vm.*sin(delta): 
deltad=lBO/pi*delta; 



1l1flNU1f1 f1 7 

i==sqrt(-l): 

k=O: 

P = zeros(l,nbus): 

for m 1 :nbus 


for k = 1: nbus 
P(m)= P(m)+ Vm(m)*Vm(k)*Ym(m,k)*cos(teta(m,k)- delta(m) + 

delta (k) ) : 
end 

end 
Q zeros(l,nbus); 
for n = 1 :nbus 

for k = l:nbus 
Q(n)== Q(n)- Vm(n)*Vm(k)*Ym(n,k)*sin(teta(n,k)- delta(n) + 

delta (k) ) i 
end 

end 
for n = 1 :nbus 

if kb(n) == 1 

k=k+1i 

S(n) P(n)+j*Q(n); 

Pg(n) = P(n)*basemva + Pd(n); 

Qg(n) Q(n)*basemva + Qd(n) - Qsh(n); 

Pgg(k)=Pg(n): 

Qgg(k)==Qg(n); june 97 

elseif kb(n) ==2 

k==k+1; 

S(n)=P(n)+j*Q(n); 

Qg(n) Q(n)*basemva + Qd(n) - Qsh(n); 

Pgg(k)=Pg(n); 

Qgg(k)==Qg(n); % June 1997 


end 
yload(n) = (Pd(n)- j*Qd(n)+j*Qsh(n»/(basemva*Vm(n)A2); 
end 
busdata(:,3)=Vm'i busdata(:,4)=de1tad';loss=sum(P)i 
Pgt sum(Pg); Qgt == sum(Qg): Pdt = sum(Pd)i Qdt = sum(Qd); Qsht 
sum (Qsh) ; 
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% Formulated Curl of Power loss by angle and voltage magnitude 
% "Optimal Power Dispatch of Small Power Producers to Reduce Real Power 

Loss in Distribution System" 

CurlPLa zeros(Nbangle,l); 

for 	m = l:Nbangle 
k = Matbangle(m): 
for 1 l:nbus 

if k -= 1 
termkl Vm(k)*Vm(l)*Ym(k,l)*sin(teta(k,l) 

delta(k)+delta(l)); 
termlk = -Vm(k)*Vm(l)*Ym(k,l)*sin(teta(k,l) 

delta(l)+delta(k)); 
CurlPLa(m,l)= CurlPLa(m,l) + termkl + termlk; 
PPP(m,l) termkl + termlk; 

end 
end 

end 

CurlPLv zeros(Nbvolt,l); 

for 	m l:Nbvolt 
k Matbvol t (m) ; 
for 1 = l:nbus 

if k 1 
termkl Vm(l)*Ym(k,l)*cos(teta(k,l)-delta(k)+delta(l)): 
termlk Vm(l)*Ym(k,l)*cos(teta(k,l)-delta(l)+delta(k)); 
CurlPLv(m,l)= CurlPLv(m,l) + termkl + termlk; 
VVV(m,l) = termkl + termlk; 

end 

end 

CurlPLv(m,l)= CurlPLv(m,1)+2*Vm(k)*Ym(k,k)*cos(teta(k,k)); 


end 


CurlPLav = [CurlPLa;CurlPLv]; 

CurlPloss = inv(transpose(Jacob))*CurlPLav; 
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% This program prints the power flow solution in a tabulated form 
% on the screen. 

%clc 
disp(tech) 
fprintf('Maximum Power Mismatch %g \n', maxerror) 
fprintf('No. of Iterations %g \n\n', iter) 
head =[' Bus Voltage Angle ------Load----- ---Generation--
Injected' 

No. Mag. Degree MW Mvar MW tvlvar 
t.!Jvar ' 

, ] ; 
disp(head) 
for n=l:nbus 

fprintf(' %5g', n), fprintf(' %7.3f', Vm(n)), 
fprintf(' %8.3f', deltad(n)), fprintf(' %9.3f', Pd(n)), 
fprintf(' %9.3f', Qd(n)), fprintf(' %9.3£', Pg(n)), 
fprintf(' %9.3f " Qg(n)), fprintf(' %8.3f\n', Qsh(n)) 

end 
fprintf ( , \n' ), fprintf ( 'Total ' ) 
fprintf(' %9.3f', Pdt), fprintf(' %9.3f', Qdt), 
fprintf(' %9.3f', Pgt), fprintf(' %9.3f', Qgt), fprintf(' 

%9.3f\n\n', Qsht) 
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% This program is used in conjunction with LFNewton 

% for the computation of line flow and line losses. 


SLT = 0; 

fprintf ( '\0') 

fprintf (' Line Flow and Losses \n\n') 

fprintf(' --Line-- Power at bus & line flow --Line loss-
Transformer\n' ) 

fprintf(' from to MW Mvar MVA MW Mvar 

tap\n' ) 


for n 1 :nbus 

busprt 0; 


for 	L = l:nbr; 
if busprt 0 
fprintf (' \n'), fprintf (' % n), fprintf (' ~9. 3f', 

P(n)*basemva) 
fprintf('%9.3f', Q(n)*basemva), fprintf('~~9.3f\n', 

abs(S(n)*basemva» 

busprt = 1; 

else, end 

if nl (L)==n k = nr (L); 

In = (V(n) - a(L)*V(k»*y(L)/a(L)~2 + Bc(L)/a(L)~2*V(n); 


Ik = (V(k) - V(n)/a(L»*y(L) + Bc(L)*V(k); 

Snk V(n)*conj(In)*basemva; 

Skn V(k)*conj(Ik)*basemva; 

SL Snk + Skn; 

SLT SLT + SL; 

elseif nr(L)==n k = nl(L); 

In = (V(n) V(k)/a(L»*y(L) + Bc(L)*V(n); 

Ik = (V(k) - a(L)*V(n»*y(L)/a(L)~2 + Bc(L)/a(L)~2*V(k); 


Snk V(n)*conj(In)*basemva; 

Skn V(k)*conj(Ik)*basemva; 

SL Snk + Skn; 

SLT SLT + SL; 

else, end 


if n1(L)==n I nr(L)==n 

fprintf("H ',k), 

fprintf('%9.3f', real(Snk», fprintf(' 9.3f', imag(Snk» 

fprintf('%9.3f', abs(Snk», 

fprintf('%9.3f', real(SL», 


if nl(L) ==n & aIL) -= 1 

fprintf('%9.3f', imag(SL», fprintf(' 9.3f\n', aIL»~ 


else, fprintf('S~9.3f\n', imag(SL» 

end 


else, end 
end 

end 
SLT = SLT/2; 
fprintf(' \n'), fprintf(' Total loss , ) 
fprintf('%9.3f', real(SLT», fprintf(' 9.3f\n', imag(SLT» 
%clear Ik In SL SLT Skn Snk 

http:fprintf('%9.3f
http:fprintf('%9.3f
http:fprintf('%9.3f
http:fprintf('%9.3f
http:fprintf('%9.3f
http:fprintf('%9.3f
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Abstract 

The framework of planning for scheduling biomass based 
Distributed Generator (DG) to reduce real power loss in a 
distribution system is proposed in this paper. The proposed 
methodology is formulated as an optimization problem with 
considering limitation of energy supply. A linear 
programming in accordance with sensitivity factors; real 
power loss to apparent power injected from synchronous DO, 
is adopted to solve for the optimal solution, which is the 
annual scheduled plan of 00. A 38-bus radial distribution 
system is examined to verify the potential of the proposed 
method for implementing in a real system. 

Keywords: 	 distributed generator. limit energy supply, real 
power loss, distribution system, sensitivity. 

1. INTRODUcnON 

Biomao;s energy has significant impact to energy policy and 
management of several agricultural countries including 
Thailand, which is recognized as one of the world leaders in 
agricultural production and export [I ]-[3]. Biomass resources, 
especially agricultural residues e.g., bagasse, rice husk. palm 
oil wastes, and wood residues are abundant in the country. 
Traditionally, biomass has been burned for using as energy 
source in rural of Thailand for decades. Rice husk can be used 
as heat source in the brick-manufacturing industry and as 
bedding material for animals. Besides. rice straw and bagasse 
are already used as raw material in pulp and paper 
manufacturing process. It is also extensively used for various 
applications e.g., animal feed, compost. and soil conditioner 
on agricultural land [4]. 

In 2002. the Very Small Power Producers (VSPPs) program 
was established under Thailand's energy policies in 
supplement to the existing Small Power Producers (SPPs) 
program. The VSPPs program allows a generator of a private 
entity, state agency, state-owned enterprise or an individual 
with his own generating unit to sell no more than 10 MW of 
electrical power to the distribution utility. Connecting to the 
grid may be accessed through distribution or sub-transmission 
lines of the Provincial Electricity Authority (PEA) or 
Metropolitan Electricity Authority (MEA). Objectives of the 
additional program are to promote efficient use of domestic 
natural resources which will help decrease expenditure from 
imported fuel [5]. In addition, others key objectives are to 
promote optimum use of energy by using efficient electricity 
generation, and to alleviate the government's investment 
burden in the electricity generation and distribution systems. 
However, preliminary regulations trial by various government 

agencies regarding energy related affairs have not been fully 
verified. This provides the opportunity for researcher to 
propose administered strategies and technologies to 
compatible with the new paradigm. 

According to the main objectives of VSPPs program, 
production of electricity has to use renewable energy 
resources. e.g. biomass or biogas, photovoltaic, wind and 
micro-hydro. Although amount of these energy resources 
depends mainly on government policies and drought, however 
it can be forecasted after harvest season with high degree of 
accuracy [6]. Rice husk and bagasse are by products of the 
rice milling and sugar cane processes, which can be stored for 
a future use [3]. Since VSPPs program was launched. bio
energy has more valuable as a result it became a competitive 
energy source for electricity production industry. From [5], 
biomass-based power plants have the most impact to the 
system consisting of 53 projects with installed capacity of 720 
MW. These are 42.1 % of the total number of the existing 
SPPs's projects. which contributes to 82.6% in term of 
capacity signed under the Power Purchase Agreement (PPA). 

According to the size and connected location. generators 
under VSPPs program can be classified into a broad definition 
of DG. This kind of generation has significance impacts to the 
system both in a normal operation and transient state. In a 
steady state view point, benefits of using DG to reduce loss 
and improve voltage profile are basically interested [7]-[9]. In 
literatures, this can be achieved through both the planning and 
real time operation procedures. From planning perspective, 
selecting the optimal type, size and location of the DG are 
interested in literatures. These schemes always have limitation 
for a real implementation in practice. For example, in 
Thailand. gaining benefits from DG under VSPPs program 
through planning stage cannot be implemented owing to type, 
size, and location of DG are normally proposed by private 
sectors without intervention from the government agencies. 
Thus. enhance benefits use from DG in real time operation is 
very is very interested scheme. 

In this paper, the scheduling plan for dispatching biomass 
based Distributed Generator (DG) to reduce real power loss in 
a distribution system is proposed. This is a real power 
management scheme, which can be applied in real time 
operation. It is formulated as an optimization problem with 
considering limitation of energy supply. A linear 
programming together with sensitivity factors of real power 
loss to apparent power are adopted to solve for the optimal 
solution, which is the annual scheduled plan of DO. A 38-bus 
radial distribution system is examined to verify the potential 
of the proposed method for implementing in a real system. 

n1'StI,~,"'J'Iln1'SlIl~11'11f1""'''''h"i",~ 33 (EECON-33) 1-3 i'll11"" 2553 i""iAllu",l,ui iAlAr! U9D. "'1. "nSl. 

The 33mElectrical Engineering Conference, 1-3 December 2010, Organized by KMITI.., CMU, MUT II' 
453 

mailto:daroj@hotmail.com


2. PROBLEM FORMULATIONS 

Consider a system comprised N buses. Subscripts G, P and 
Q are denoted for generation bus, real and reactive power 
respectively. The superscripts min and max represent 
minimum and maximum values. The calculation framework 
can be described as follow; 

2.1 	 Real Power Loss Sensitivity Factors 
Real power loss of a system can be expressed in (1). 

N N 
Ploss =L:L:IVoIIVI>UYal>!cos( Bol> 00 +01» (I) 

11=11>=1 

where 
IVai and IVI> Iare the voltage magnitude at bus-a and b, 

IYab I is the magnitude of elements of bus-admittance 

matrix, at row-a and column-b, 

Bab is the angle of Ylib • and 

On and 01> are the angle of Vo and V I> respectively. 


To obtain aPia,,! iJPk and aPia.. ! iJQ k • we first calculate 

iJPlo,,! iJOk and aPlos.! iJlVk I defined by (2) and (3). 

iJPloss = l:[iJPloss • iJP.. + iJPI",s . iJQu] (2)
aOk lid iJPu iJOk iJQII iJOk 

and 

(3) 

(4) 

where the terms iJPlns.,! iJok and iJPlos.! iJ IVkI can be 

obtained from (5) and (6) respectively. The [J] is a Jacobian 
matrix used in a traditional Newton-Raphson power flow. 

iJPloss = 
OOk 

aPoI,oss 
iJ Vk l 

:t IVkl/VaIlYkalsin(Bkn -Ok +00) (5) 
n=J..",k 

= 	 :t IVallYkalsin(Bka Ok +00) 
n=I... k 	 (6) 

+21Vk /lYkk IsinBkk 

The term iJPloss! iJPt and iJPtoss IOQk are real power loss 

sensitivity factors due to an incremental change of real and 
reactive power at bus-k. which can be solved from (4). 

2.1 Loss Minimization of a Specified Period 
Minimizing real power loss for a specified time period T 

with considering energy limit can be stated as below. 

~ '" (iJPIOSS.h P iJPloss.h Q )Minimize 	 "-- "-- --- g.h +--- 8.h (7) 
h=18EG iJPg.h aQg,h 

subject to 
N 

SSChi L: Sij 	 (7a) 
j=I.# 

r 
Er =L:(Pg.h xh) (7b) 

h=1
pr" $ Pg $ Pg"ut: (7c) 

Qri
" $ Q II $ Qrll

' (7d) 

Vtin $ Vk $Vtru (7e) 

The objective function of (7) is to minimize real power loss 
for a specified period T according to real and reactive power 
dispatching. Equality constrains (7a) are power flow balancing. 
Equality (7b) is an energy limited supply constraint amount of 
ET for a specified duration T. The duration of T may be 
selected based on a cycle of a load profile e.g., daily. weekly 
monthly or seasonally. The inequality constraints (7c) and (7d) 
are to ensure that the injected real and reactive power are 
within specified limit, whereas constraint (7e) is to confirm 
that all bus voltage magnitude are within an acceptable range. 

2.3 Global Loss Minimization 
The objective function (7) presented in section 2.2 ha<; to be 

applied under a long enough period to obtain a global solution. 
However, load profile in a real system is periodical by nature 
thereby the extended condition to solve for a global solution 
by using a load cycle is described in this section as below. 

For the real power loss minimized using (7): denoted 
as L1Lr; the total real power loss L of an extended period can 
be calculated from (&). 

(&) 

For an incremental change of power L1Pg.h + jL1Qg.h added 

to the solution of objective function (7), the adjusted total real 
power loss L + L1L is change to (9). 

E (L1L OPloss.h L1P iJP/css.h L1Q )
x r + iJP g.h +a-Q s.h 

L+L1L= g,h g.h (9) 
(Er + L1Pg.h) 

Subtract (&) from (9), we obtain the changed real power loss 
L1Las stated in (10). 

iJPIOSS.h "P iJPloss.h L1Q L1Lr )E x ( ~LJ g.h +a-Q g.h-T
L1L = g.h g.h r (10) 

(ET + L1Pg.h) 

The optimal solution of (10) must be satisfied the condition 
state in (II). 

iJPloss.h "P aPlo.rs.h An L1Lr 0 
---LJ g.h +---u;!.g.h --- (11 ) 

iJP8 .h iJQ g.h Er 

A linear programming is used to obtain the optimal solution. 
However, due to limit of the page, the algorithm and flowchart 
for solving cannot be presented in this paper. 

•.. 

E 
' 


C 
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3. TEsT SYSTEM 

A 38-bus radial distribution system from [9] as shown in 
Fig. I is adopted as a tested system. 
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Figure I Network topology of a 38·bus radial distribution system 

4. NUMERICAL RESULTS 

In the simulation. we adopt some assumptions, which can 
be described as follow; 

• 	 cycle of a daily load profile as shown in the appendix is 
used in the study. 

• 	 00 is committed to a system all the time with 
capability of injecting power within its lower and upper 
limitations until its energy resource is empty. 

Details of simulation with the obtained results can be 
described below. 

4.1 Impact of DG Placement 
To evaluate the broad-view impact of DG placement 

contribute to a system loss, the simulation is performed by 
connecting DO at each bus with power injection at its full 
capacity 10 MW. The obtained result of loss reduction in this 
case is shown in the appendix. For convenience, the daily loss 
reduction is illustrated in Fig. 2. 

600 kWh 

500 

300 

200 

0111111 I 
2 3 4 5 6 7 8 91011121314151617181920212223242526272829303132333435363738 

Bus No. 

Figure 2 Daily loss reduction of connecting 10 MW DO at each bus 

4.2 Optimal Daily Loss for a Specified Energy Reserve 

In this case, we first calculate the minimal loss for an 
allocated energy-supply on a daily basis. The obtained result 
can be shown in Fig. 3. 
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Figure 3 Percentage of Loss Reduction 
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From Fig. 3, it reveals that the trend of loss reduction in 
percent compare with its based-case is quite similar regardless 
from the location of DO. Moreover, the reduction of the 
system loss is depended on the limitation of energy supply. 

4.3 Generation Scheduling 

Scheduling plan for DO is varied according to the location 
of DO and its energy reserve. In the Simulation, DO at bus No. 
37 has the most impact to reduce the system loss. Daily 
scheduling of this unit according to a specified amount of 
energy reserved can be shown in Fig 4. 

Figure 4 Optimal Dispatching ofDG at Bus No. 37 

4.4 Optimal Loss Reduction and Generation Scheduling 

The optimal scheduling plan for DG can be calculated 
according to the proposed methodology as presented in section 
2.3, which can be shown in Fig. 5. 
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Figure 5 Optimal volume of energy dispatch 

It should be noted that the optimal scheduled energy are 
quite the same regardless of the connected location of 00. 
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The percentage of additional loss reduction at the optimal 
scheduling of Fig. 5 can be shown in Fig. 6. 
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Figure 6 Percentage of additionallQSs reduction from the based case 

5. CONCLUSIONS 

In this paper, framework for scheduling biomass based 
Distributed Generator (DG) to reduce real power Joss in a 
distribution system is proposed. The optimal solution is the 
annual scheduled plan of DG with considering limitation of 
energy supply. Applying the proposed method to a 38·bus 
radial distribution system, the additional loss reduction is 
about 13·20% compare with the based case without planning. 
This verified that the proposed method has a potential to 
implement in a real system. 
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