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Electricity energy produced by 
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Abstract 
The co-operation, between hydro and thermal powered systems, during the short period to 

produce electricity to cope with consumer's demand during peak period is considered to be the most 
suitable and economical. The co-operation and distribution of the above mentioned (hydro-thermal) 
systems, during the peak demand, are based on data complied from Electricity Generating Authority 
of Thailand. The experiment can be done by arrange the two generating systems to station on the 
same site, for the purpose of coordinating to two systems to each other, to get result of the power 
plant characteristic constant will be used to generate the electricity during the peak period. 

Keywords: power generation, short-term hydrothermal, power 
system network, hydrothermal coordination 
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lu.m1nTlnr~iifrmJ~<l,lnTlnl~~1yJV:h~.J~~ 
~ , 

1mlnTl'Yh~lWlJ <l.J 1 ,.J,)m1 yJvhil:dJu.1tll u.~nl!tru::'lI<J.JnwhlJ1)u.-;hv ...... "o:S 

~W~'Y1l.Jlu.<lVl.J~m u.<l.J 

nl~.J1yJV:hliLViv.Jl'wnlJmlll~<l..1m,h'1yJV1l'll<l~~1"jj'1yJV1l 'il:L~u.Milmlll~<l~m'W~~~lU.1yJV1l 
~ 

iimlll~<l.Jm'L~ll,ru.mh~~JlL~ll<l ~ .. l1fu. lu.LL~i'l:lu. Ldmn~'lh~'lI<l~mlll~<l.Jm,nl~.J1yJV1l 
~~~~ (peak demand) mTI11lnu.~lmhvnl~~1yJV1l'IJ<l~h.J,)m1yJV1l ~<l.J1'li'Yl1WVlm'liTIll"jjl~dJ'\1, 
~ , 
<l~l..1llln L Yi<ll iLn~mllltl,:'V\U~ 1 U.L~<l.,j'IJ<l.J'Yl1WVlm~~iimlll'hLiJU.~<l.Jfhu.Jib 1 U.L:rr.J 

LI'I,l!t~l'Il~~fn <l~m,~l vnl~.J1 yJV1l L Yi<ll iL n~mllltl,:'V\ U~ 1 u.'Jh.Jmlll~ <l.Jm,nl~.J 1 v-JV1l ~~~~ 'il:: 
~ " , 

1 "jj'L ,..1,) m1 v-JV1lW ~~.JlU. Jl LLL'I: 1 ,..1,)m1 yJV1lW~.J.Jlu.mlllf<lu.'Yh.Jlu.~11lnu.L YiEl~~~w~.J..1lu.1 yJV1l 

Ldmb1'..1,)mJ~~El~1ll'Yhm,~~~w~~'1lu.1yJV1l~11lnu.wlJil~llll,n'lhvtl,:'V\u~L;}mw~.Jlu.1'.J,)m 
L 'V'JV:hfl113Ji'e1lt L~~ll1 LL~::'Yll1l'1''''ih~'' i. 'V'JV11~L -Wll"~ flGi u"11lJ~ fl.:Jnl1"uJr.JL1f'i. ~YJl ~nl1.J rJ",jl [J .. 
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nTH.jAiI'r'i~~~1\.1'ly.jYh111.1l1\.1'lJ1l~1·mrm'ly.jrl1'r'i~m\lJ1 

nu 11~im'ly.jrl1'r'i ~~~1\.1m1lJf1l\11 \l'lh~1:[J:LI ,n.fu 

... 
'YIf]aD 

n1'n:.Ja(;}~sr""1," 1 vHhi-;13JnwlIu" h";l n"i 1 yJ-N1~sr""1,"J1n1J h";ln"i 
1 yJ-N1~sr""1,"fl113J~u," 
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1~~nTi~R~~tr"",u.1yJvh'IJ1hl h,1,)'mhJw,~tr""lu.J, LL~:: h",)'m1yJW1~tr",nu..m1J 

f1lu. 'il:: 1 'liLL~u.nTiti iilJ1i",u. ~M11" 11 ~l"VI"b m til m"itl iilJ1im"i~" 1 u.m"iL ~'i~ 1J1L~u. 'il::~ 11,1 fil it" ii" 
m1J1rnJ,~ij1)[i1u.L~1lu.LL~::mmrnm'1J~1l"m"i1yJw''IJ11''~lJ1111f1 ~"'il::1~111lnmLiJu.~ml"nTl 

" " 
t1iilJ1im"ih,1,)'m1yJW11l.1.'Ji1,1ml1J~1l,1m"i1yJW1~",!~ (scheduled on peakday) l~ULL~mm"i 

t1l.jlJ1i,11u.L "i,1,)'m1 yJ .... hii'lmL1.J~ ~u.LL1.J~" M tllL VI ~~Vl1-l1ml1J~ l1"m"ir'il~" 1 yJvh'IJ 11,1 ~1 'l!L yJ .... h,x 1.1. hi 
ln~L~ ~,1nlJLL~u. ~11" 11 Vl1-l1mm rn,r, LL~::L %m ~~,1iJnTn1.J~ ~u.LL1.J~"rf"mm rnLL<l:: THn'IJ 11.J 

L %m ~~.J nl'il1 i~B" LtI~ ~u.LL1-Ju.m"i1.Jl.ilJ1im"i 1 VllJ1~ ~11.J LL1-Ju.L~1J~u.l mJ5nf1f" 

Short-term hydrothermal scheduling 

'IJ1llJL 'IJm::U::L 1<lliu.'il::B~ll.1.'Ji1" 1 11.1. ~"'il::l'il1 iLn~ri'V1u.~m"itll.ilJ1i"'U.LiJu.i1 hmil1 

i1111,1 (hour by hour) 'IJ11"m"irilLU~1yJWlrf"Vl11~lJU."i::lJlJ 1~~~U.!Iu.~B~11"m"iH,r'L~1ll'i,1i<l~ 
mmrnm"i1'liL%m ~~" 1 ill'B~~" l'il1 inmL%m ~~.J~h1u.m"i~~~r'il~,,1yJwl1u.1 "i",)'m1 yJWl 

w~".Jlu.ml1Jfl1u.<l~<l" 
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h.'J;)mL vJvh~t,lLmr,Liju,1 "l,l;)m~Hml11f1lu, L ~1l'Y'h 1 iLi;,,~t,lLmrl LLt1L u~[Ju,"l1..lLlJu 
" ~t,l·J1U L vJvh 1 u,m"l1LfI"i1:;"{iJqJ~1~L~ [J1L ~1l,lnlJm"lfl11J~ llm"luljlJ'1inwlJ 1l,l"l:;lJlJLvJWlfht~';):; 

~lJil~U,~lu,'lI1l~m"luljlJ'1im"l'Yl1~LfI"lM~fllLmf~1l~ rntnMrn:;'lI1l;) input-output 'lI1l~LL ~ ~~rilL U" 

~t~~luml11f1lu, 1mJ~rntnMrn::';)::Li~Ju, input ~LU~[Ju,LLUfl,lnlJ output Luu~,lniu 1"[J~ input ';):: 

nnl"lu,Ll11l11'll1l~ Baht per hour (B/hr) ~1mrl~,rn'lJ1l,lL~m~~~L'liurhu~ULUU, ilWi,111,l (tonlhr) 
'II 

LLfl:;,hwslJ'lR3J1rnLLn~ LUU, (Mfelhr). ~l~flJ output 'lI1l~ h~LvJW1,;)::Luurilt,lLvJW1~1l1ln3J1H 

U"l:; 1!J"lIufi"l:;1J1JL vJWlrilt~~"1f11m1l1';)~tlJu,1f1rntnMrn::'Yl1" input-output i~~llfll i mil u,"lU'lI1l" 
'lI "I \I 'lI 

'll1l11fl~~l3J1"lmU~!Ju,LUU, output ~l1li ~iiu"l::t[J'l5u3J1n 1 u,m"lulj~m"lrilL U" LvJwlL'liu,m"lL u~[Ju, 
" . 

curve LL~"~ml11ill~W!h:;~il,l input-output 1i 1l ~lu,JU~llm"l~~f1l11 HuljlJ'1im"lL tJu,~u,~l~flJ 
hm"lril~u,"f1rntnMrn:;'lI1l~ stream turbine units ,;)::U"i1n!JLUu,Ll11l11~H il~d • 

Input term 

H: Luu,mb[Jml11f1lu input (btulhr ~11l Mbtulhr) 

F: "i1mL~m~~,l LUU, input ~ii~,.bmuu BIhr 

Output term 

output term 'lI1l~wl,b!J';):;ril~U,flLiJU, P 

P: LUU,~U1[J'lI1l~rilt,lLvJW1~l1liii~u,miJu, (w.Mw.Gw) • 

'jt.l~ 2 flIlUrnl!fCU:: input-output "1l€JJ stream turbine generator .. . 
~1~flJh,l;)mLvJW1~t,l"luJl tnMrn:: 'lI1l" input-output ,;)::LL~fI"liiil,,"l~ 3 1"[J 

" 
rilt"lvJWl Ph LtJu~"niunlJ!r""i1m"lhfl'll1l,lJl 1t/w h (i,Jl) ::: tilf1,l~ LLt~:: q (Dtmm"lh1'l'll1l,l 

Jl) Luu,~~niu,nlJ Ph (rilt"lvJW1) 



m~llft91Yl ft~~1" 'vJvhi1lJri""!l~ 1 ~~im'vJihYl ft~~1"J1 
rilJl~~im'vJi'l1Ylft~~1"m1IJf!l"1",lh~~:!J:L1in~ 

q = q(Ph) (1) 

. Ph(MW) 
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1~'Y11"tJ~1J'iL~ElH'l~nTn1"LLI-I~"1~ l1hJ1rni1lf,,'\uJ~~1~flL,r1,r1JLl'1Elf't1Jl! ~::$j~lil[) 
LiJ~ MCM LLfl::tl~i'1JEr~n"l~'JJEl" MCMIMWhr Eli1J1[)'l~i1 ,h~flEl~lf"1~h"'lvlVhYH~',,i11i 
l1hnrni1 10 MCM L~ElI-I~~'I'Ii,1,)1~'lvlvh 100 MWhr i",r'\.l,flm1'JJEl"i1LiJ~ 0.1 MCMlMWhr 

li~~El 1 MWhr ~::HtJ11J1rni1 0.1 MCM 

1::1J1Jm11-1~~'I'Ii""1~'lvlvhhlJfl'\.l,'JJEl"11,,im'lvlvh'l'li""1~i1 n1J11..:Jim'lvlVl1'1'1i..:J 
~1~m1IJfil~LL~~..:J'lii..:J1tJ~ 4 If1[)n"wI.1.f1h~·h..:J'lvll'l"l'la..:J"1~m1lJfm.t.hmJLL'Yl~il[)YllUil PS LL~"1 .. " 
li~li'l[)'JJEl" h"im'lvlVl1'1'1i.m~i1LLl1~i'l[) PH 

Equivalent PHj PSj Equivalent 
hydro unit 

11 11 

steam unit 

® (D 

1 
PLj 

.J 
lLlf1 4 Hydrothermal system 
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nl'l'Iu,~li 

F = nm'llehlL.:B1JLV'&:ILUU,1Jl'YllilhJ..l (B/hr) 

N 

FT = "I F/ P) 
j=1 

jrITd1.. 

MinFT = InjFj 
;=1 

jmll~ 

qtor = Injq; 
;=1 

1~u q j = 5'il'nm'j"hOl'llehlJl~t1~tJm'1hll1JL 'YltJf1.1J,nu,h,l~n'l"1y.JvhV'l~.:JJ, 
II = -;ilU,1U,i113J.:Jlwril.:JL1Oll j" LLOl:: 

} 

j ma" 

T max 

j=1 

,nn~3Jm,~ (2) ~l3Jl,miiuu,Olln'l"tJ.:J,j'YJ.:Jrfiu, (Lagrange function) 1~LUU, 

L = FT + A, LLOl:: Minimize: L = FT + A, 
N 

FT = IF/P) 
j=! 

N 

¢ = Pload + Ploss - I ~ = 0 
j=l 

(2) 

(3) 

(4) 

(5) 

(6) 



nTl"fJi\~""'~~~1"'lvJvh11~n"'JJ8~ 11~,)m'lvJYh ..... ~~~l"Jl 
nlJ 11~,)m'lvJYh ..... ~~~l"'l1l~fll" 1U"lh~,:[J:t 1 ~li" 

N 

Ip) = Ph) + PSi 
;=j 

,nn~~ml, (6) LLf1:: (7) ';)::1~ 

Pload + Ploss - (Ph + PS) = 0 
J J 

,;)In (8) ~llJl'Hl L:n uu. Lagrange function L Uu. 

.lmllx 

L = 2)n jF(Ps) + A/Pload j + Ploss j - Ph j -:- PSi)] 
j=1 

1nwn. 

+ r[Ln;q; (Phj ) - qtot] 
j=l 

lu.'Ii'hlLlf1l j = k 

';)::1~~f1'IJ'hl~lJm, cqordination (hour k): LUl\ 

dq(Ph k ) + A 8Plossk = A 
f1lk dPh k 8Ph k 

k. k 
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(7) 

(8) 

(9) 

(10) 

(11) 

(12) 
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1 'U.nT~m::-;)lU 1 Vlflm::l'dl~ h~1vJWl,h H~l U~lVlfuL;m w~~ltElU~iII" L~mrilntil H , 
~lU~lVlfuL;m W~~~L ~lJ,r'U.'IJEl~ 1,~1vJWlLL~fl::LL v:~ flruilU~l1.h::nElUm'lHu 11'1~El-:l1 ,~1vJWl 

" ~ , ~ 

LLV:-:lU'U.LrilnWr11rl-:l1::UU [Kirchmayer, L.K. , 1959],[Allen J.wood, Bruce F.Wollenberg , 1984] 
~ .. 

'U.'U.flEl 

(13) 

~11.h::nEl1J'lJEl,1m,llfu 1m!t (penalty factor) 'IJEl-:l h,11vJWlLLV:,1~ k -;)::1i1um,nlVl'U."Vll 

1"u [Syed A.Nasar, 1990] 

L _ 1 
k -

l-(aPloss/a~) 
(14) 

1 iVl-;)l1rulmlvJLLiII"~mllJfflJ~'U.i'::Vlll-:l incremental cost rate (A) nu power output 

'IJ El-:l1 1-:11 vJvh -;)lnmlvJ,1l~5LLiII",1f1 ru~n l.!tru::Wull h~ 1 vJWl'Yf-:lillEl~LL V:~v::lliiu1i-:ll'U.11lJnWm-:l-;)il~ 
'U 'l ~ .. 

L1unll optimum economic operating point ~vild dJ'U.-;)il~~til'IJEl-:l incremental cost rate (A ) , , 
m-:ln'U.l'f-:lillEl-:lh-:lLvJvh J'U.~El LdmJ~u1im1~lUnl~-:lLvJvh~~"d v::rhliLiiilm'1..l~u1im"hu 
nl ~-:l1 vJWl~ll,::Vl viltill i~l UlJln~iIIil 

A, 
(S/MWhr) 

, 

k~( 
_I ~~t--PI(MW) 

A, 
($/MWllr) 

I 
c 

/ 
I 

~/ -

I ---- i Lt",·w) 
-_+~t- -

l~---. Pload + Ploss = PI + P2 

'juris ?~m'itl;;1J1imtL:S.JLf1'l""'Hnff@fLYiiJYhMfi11i~1FJwmi'1J 
v ~ ~ 

J' ..,. Q.o .d 
L'lfiJLWGlJUiJFJl1ff@ , 



nT'jH~~Yl~~ml'vHhillJn"'IJa~11~im'vlVllYl~~~1"Jl 
n1J1'l"~im'vlVllYl~~~1"mllJta"1wJhn:U:Ll"1.fu 
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'I'I~nnl'~~lEJr'h~,l1vlYll1~w A, = A, = ... = A. LilUnT~'I'Il~h A ,nmnmEl"i~,lniu difl 

'I'll fll'lJ fl" A 1~n~11tlLL'Y1UfllmaJmlaJiaJwwfnlJ~"ni'\.l,L vlfl'l'l1'lJU1~'lJfl,lr'h~,,1vllh;nn 1 ~"~m 
1vli'hLL~l'l::LL~"~~~~'I'I~,l,llU1vlYll1~nwrlJ1111"flcil"L'I'Im::~aJ~~~'I'I~nm~'lJfl"l'llmfl,li 

'\J , 

(Lagrange' sprinciple )~llJl'm'l'llfll~ L 'I'IlJl::~aJ~ ~~L 'I'I~ flunlJi~m~'Y11,J" rn~f'll ~~fl U.L~fl"'lJ fl"fll~" 
, '\J 

~~LLl'l::fll~1~~~L1EJnil Maxima and Minima l~EJ l~~l'l~W1rm"nu.i"'lflcil,ll u.L~fl,lm1~1 EJ 1 'I'Il'lmfl,J , , 
h"~m1vlYll';)::EJni"'lflcil,lm"~lEJl'1'1l'lmfl,,h,Jim1vli'hl~EJHNewton's method 

r;l1il £h"~1 m,.tl~lJ1i"lU.~l EJl1l'l::'Y11,J 1 vli'h'illlJ'I'I ~nLf'I'll!t!f'll~'ilfI~EJ 1 ~111'l::'Y11" 1 vlYll 

pload = 800 MW LLl'l::~ incremental fuel cost Lilu.~lJm~~ (15) - (17) 

dFI = 7.92 + 0.003124 PI = Al 
dPl 

dF 2 = 7.85 + 0.00388 P2 = ,,1.2 
dP 2 

dF 3 = 7.97 + 0.00964 P 3 = ,,1.3 
dP 3 

1.1'li1n-nfl,l Newton's method ';}::1~tll'ilEllJ'lJfl"~::lJlJ~aJm~Lilu 

PI 369.6871 

P2 315.6965 
= 

P3 114.6164 

A 9.0749 

pI +p2+p3 = pload 

369.6871 MW+315.6965 MW +114.6164 MW = 800 MW 

(15) 

(16) 

(17) 

(18) 

L V;u1~il~llJi~nTi Newton's method h,l~m1vlYllJ"3LL ~,l~llJl'H1~lEJnl~,l1vlYll~ 

1111:: 800 MW l'ilEJh"im1vlYll~1 Pl'ii1EJf'i1~,,1vlYl1L"rhnlJ 369.8871 Mw.h,,~m1vlYll~2 P2 

~lEJnl~,l1vlYllLYhnlJ 315.6965 MWLLl'l:: h"im1vlYll~3 P3 ~lEJnl~"hJyhL YhnlJ 114.6164 

MW 
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bmUlJL'YiU1Jn1Jl~ Lagrange's principle &tl~11Jm'l~lUh('l~Yll.,,'l~lhm)J~~n 

b~'ll!r;j~l~~f(~ U 1 i A '1H)"''Yln 1 'l.J"m'l~vhb Yhn\.b~"'~l)Jl'ln~l~('lLU('lUm'l~i'iWll'i~"''''l\.b 'l~vh;nn 
~ , 

h.,,"m'l~vhLL~('l:;LLvi.,,'lWl1W1UL~lJ-;)ln~l~l'lHl'" A 

1 - A - 7.92 2 _ A - 7.85 1 _ A - 7.97 
P - 0.003124 ,p - 0.00388 ,p - 0.00964 

(19) 

pI + p 2 + p 3 = 800 MW (20) 

LrlllLL'Yl\.b~l P1-P31\.b~lJm'l~ (19) t'l"lu~:lJnTl~ (20) M~l A = 9.074902408 

l.h~l A LL'Ylmh1\.b~)Jm'l~ (19) "il::'l~ 

pI = 369.6871 MW ,p2 = 315 .6965 MW ,p3 = 114.6164 MW 

llG'l:: A = 9.074902408 

L V;\.b 'l.r-.hJ"'~El.Jl~m'l~lU 11'\~~Yll.J'l~Yll1 i~~ ~l'i1f~L ~nEl\.bn\.b~.JJ\.bl~nwlJ El." 

A, = A, = ... = A, ~"'LiJ\.bl~m'l~~n.rEl"'~l)Jl'lnu.l)JlHn1Jm'l~lUh~W1Yll.,,'l~YllM 

';]:;H'l:;1J1Jlm"'']hu'l~Yll'lJEl'" n~~. 1\.bL'lJWI~\.b~ 4 ~llL'lJWlmflL~UEl lW1UHLi\.b'Y1l"b~WlHl" 
~lU~"'~L~EllJ lu." 2 h.,,"m'l~Yll'lJ\.bl~ hqj1J\.bU~ 230 kv )JlYhnl'l-;ll('lEl"'nl'l~i'iWl'V'l~"''''l\.b'l~Yll 
'i'llJn\.b 1i BB LL'Yl\.bh.,,"m'l~Yll'V'l~"''''l\.bJlL~El\.bl1iJ'V'l('l,1i SK bL'Yl\.bh.,,"m'l~Ylll'i~"''''l\.bJlL~El\.b 

~ 

l%1n~,1i MM LL'Yl\.bhl"m'l~Yll'V'l~"''''l\.bmllJfEl\.bLLlJL)Jl:;, TA LL'Yl\.b~mit'l~YllbL'l"'~'" 230 kv 
~ 

""'1'\l~mn, PL LL'Yl\.b~mit'l~YllbL'l"'~'" 230 kv ""'~l~wl!rrnl('ln, NS ~mit'l~YllLL'l"'~'" 230 kv 
~ , ~ 

"",~l~l\.bm~l'l'l~ LL~~"'~"''l1J~ 6 LL~:;'l1J~ 7 
~ ~ 

'l1JLL1J1J-;ll('lEl..l~1 h.,,"m'l~Yll'V'l~"''''l\.bJl BB r.Ji'iWll'i~m\.b'lv-JYll'i'llJn\.bn1J 1 'l""m'lv-JYll 
~ 

l'i~"''''l\.bmllJfEl\.b MM 'l1J~ 61~u~'llEllJ~&tl~11Jh.""m'l~vh~.,,d 
~ ~ 

BASE: 100 MY A 
Equivalent steam system: 

2 
Ci(Bahtlhr} = O.0005Ps + O.003Ps 



dCi 

dPs 

nTHJ~'il~ ;i'~~1'll'lvJw111lJnWlJ~~ 1 mJm'lvJwl~ ;i'~Jl'll\h 
nul"J~m'lvJwl~;i'JJl'llmllJf~'111wrilJ1=tJ:tl~li'll 

= lOPs + 0.3 PU. 

HydropJant: q(MCMlhr) = 0.372 * Ph 

o < Ph < 7.312 PU. 

Total water discharge - 28.95 3MCM 

2 } 
Ploss = 0.0185Ps - O.0014PsPh + 0.0199Ph + 0.0091Ps 

+ 0.0191Ph + 0.0281 PU. 
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')"tliL1J1J-;ilflEl..l~2 h..lim'll'Jwl'l'-I~..l..llU.Jl SK ~fl~'I'I~']·J1U.'ll'Jwl'l'llJnu.n1J h"im'll'Jvh 
" 'I'I~..l..llu.mllJfElu. MM ')"tl~ 7 hwiJ'JJmJmh~~1J h"im'll'Jwl~"if 

" " BASE: 100 MVA 
Equivalent steam system: 

2 
Ci(Bahtl hr) = O.0005Ps + O.003Ps 

dCi 
- = lOPs + 0.3 PU. 
dPs 

Hydroplant: q(MCMlhr) = 0.5 * Ph 

o S Ph S 5 PU. 

Total water discharge = 40. 77MCM 

2 } 
Ploss = 0.0098Ps - 0.0002PsPh + 0.0386Ph + 0.0041Ps 

+ 0.0023Ph + 0.0021 PU. 
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1. ~1''H).Jh"im1wvh~~.J.J1U.Jl BB LLL'l::h.Jim1wvh~~.J.Jlu.mll.)'t'i)u. MM 

"itl~ 6Yil.Jlu.~llJnu.L ~i)~1[Jlm::Yl1.J1wvhmlJ Load Pattern l~W~~mllJ,nlJL~[J~~l[J~.J 
'IJ 'IJ U 

2. ~1L'li),jh.Jim1wvh~~.J.J1U.Jl SK LLL'l::h.Jim1wvh~~·mu.mllJfi)u. MM 

"itl~ 7 Yil,nu.~llJnu.L~i)~1[Jm"i::Yl1,j1wvhmlJ Load Pattern l~[J~~mllJ~ruL~[J~~l[J 
'IJ 'IJ U 

~1[J~.J (Ploss = 0) 

4. ~1L'li)"h.Jim1wvh~~,mu.Jl SK LLL'l::h.Jim1wvh~~.J.Jlu.milJfi)," MM 

"itl~ 7 Yil"lu.~llJnu.L ~i)~1[Jm"i::Yl1.J1wvhmlJ Load Pattern 1~[J1ai~~mllJ~ruL~[J~ 
'IJ 'IJ U 

~1[J~,j (Ploss =0) 

5. ~1L'li)"h,jim1wvh~~,j"1U.Jl BB LLL'l::h.Jim1wV11~~".Jlu.mllJfi)u. MM 

"itl~ 6 Yil"1u.~llJnu.L~i)~1[Jm"i::Yl1.J1wV11~llJ Load Pattern l~[J~~mllJ~ruL~[J~~l[J 
" " U 

~.JLLL'l::l'1~L'li).JLtl~[JU.~l r = 1.5,r = 2,r = 3 ~llJfh@\lJ 
6. ~1L'li).Jh"im1wV11~~""1U.Jl SK LLL'l::h,jim1wV11~~.J.Jlu.mllJfi)," MM 

"itl~ 7 Yil.Jlu.~llJn,"L~i)~1[Jm"i::Yl1,j1wV11mlJ Load Pattern l~[J~~mllJ~ruL~[J~~l[J 
" 'IJ U 

~.JLLL'l::l'1~L'li),jLtl~[JU.~l r = 1.5, r = 2, r = 3 mlJ~l@\lJ 

88 

/ '-.. 

( 

TA 

NS 

Load 

MM 

" \ 

PL 

'itJ~ 6 hJ.Jm!wYhw;JJ1UJ', BBLLiiI::hJ.Jm!wYhw,rJJ1UfI111Jf€JU MM 
u 

wf€J1J r fl'mhlJ 1 WYh 



m1~a'11~~~~1\\1vJihhl,Jf)\\,lIu~11~;)m1vJi'h~~m\\Jl 
rlU 11~;)m1vJi'h~ ~~~1\\mlIJ1u\\ 1\\'lh~1:EJ=L1"li\\ 

MM SK 

WAD 

'iurl 7 fr"irm1rJYhwf/~.J1UJ1SK LLf/::[.i.Ji)m1rJYhwf/-".J1Uml~i€Ju MMWi€J~rfl'r"'lhll!rJyh .. 

Load Pattern: 
Time Period P' load (MW) P' load (PU) 

01:00-06:00 300 3 

06:00-07:00 100 

07 :00-08 :00 160 1.6 

08:00-09:00 250 25 

09:00-12:00 400 4 

12:00-13:00 150 1.5 

13:00-17:00 370 3.7 

17:00-18:00 350 3,5 

18:00-22:00 200 2 

22:00-23:00 400 4 

23 :00-24:00 170 L7 

24:00-01 :00 200 2 
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____ -- fa i+l 

Proj.ectnew 
r value 

"itlrls IyJfi{"lf1f.,~i A - r iteration ihvdiJ hwlrothermal.rchedulillg 
~ . 



nTH-Ili'i1'Yi ~~~lulI'H'hjllJnU'lJ ~~ 11~i m'l yJ Wl'Yi ~~~lU "i', 
nu 11~im'lyJwl'Yi~~~lum~lJ1~ul U'lilnZUZL 1.1iu 

Base =100MVA 
Power demand=3PU.or=300MW 
Invl 
ps(PU I ph(PU. I Lambda 1 Lambda2 plass(PU.) 
.014 3.293 .438 A38 .307 
Total water discharge(MCMI=7.351 
gamma=l 
Lambda=.438 
Power demand= 1 PU. oro 1 OOMW 
Inv2 
ps(PU. I ph(PU. I Lambda 1 Lambda2 plass(PU. I 
.009 1.062 .396 .396 .071 
Total waler discharge(MCMI=7. 746 
gamma=1. 
Lambda·. 396 
Power demand=1.6PU.or=160MW 
Inv3 
ps(PU I ph(PU) Lambda 1 Lambda2 plass(PU.) 
.01 1.708.407 A07 .119 

ph(PU.I Lambdal Lambda2 plass(PU.) 
.01 1.708 A07 A07 .119 
T alai waler discharge(M CM 1=8. 381 
gamma=1. 
Lambda=.407 
Power demand=2.5PU.ar=250MW 
Inv4 
ps(PU.) ph(PU.) Lambdal Lambda2 plass(PU.1 
.012 2.714 .426 .426 .227 
Talal waler discharge(MCMI=9.391 
gamma=1. 
Lambda=.426 
Power demand=4PU. or=400MW 
Inv5 
ps(PU) ph(PU.) Lambda 1 Lambda2 ploss(PU I 
.016 4.501 .464 .464 .517 
TOlal water discharge(MCMI.14. 414 
gammaal. 
Lambda=.464 

pIOdd(PU.1 
3. 

plaad(PU.) 
1. 

plaad(PU.) 
1.6 

pload(PUI 
1.6 

pload(PU.) 
2.5 

pload(PU.) 
4. 

discharge(M CM Ih I 
1225 

discharge(MCMlhl 
.395 

discharge(MCMlh) 
.636 

discharge(MCMlhl 
636 

discharge(MCMlh) 
1.01 

discharge(MCM/hl 
1.674 
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Time Ps Ph Ploss Pload 

period (pu.) (pu.) (pu.) (pu.) 

01:00-06:00 0.014 3.293 0.307 3 

06:00-07:00 0.009 U)62 0.071 I 

07:00-08:00 0.010 1.708 0.119 1.6 

08:00-09:00 0.012 2.714 0.227 2.5 

09:00-12:00 0.016 4.501 0.517 4 

12:00-13:00 0.010 1.599 0.110 1.5 

13:00-17:00 0.015 4.131 0.447 3.7 

17:00-18:00 0.015 3.889 0.403 3.5 

18:00-22:00 0.011 2.150 0.161 2 

22:00-23:00 0.016 4.501 0.517 4 

23:00-24:00 0.011 1.818 0.129 1.7 

24:00-01:00 0.011 2.150 0.161 2 

Total water discharge (MCM) 28.953 

y (Gamma (BahtIMCM)) I 

Time Ps Ph Ploss Pload 

period (pu.) (pu.) (pu.) (pu.) 

01:00-06:00 0.038 3.425 0.463 3 

06:00-07:00 0.024 1.021 0.045 I 

07:00-08:00 0.027 1.689 0.116 1.6 

08:00-09:00 0.034 2.772 0.305 2.5 

09:00-12:00 0.050 4.884 0.934 4 

12:00-13:00 0.027 1.575 0.102 1.5 

13:00-17:00 0.046 4.421 0.767 3.7 

17:00-18:00 0.043 4.125 0.669 3.5 

18:00-22:00 0.030 2.157 0.187 2 

22:00-23:00 0.050 4.884 0.934 4 

23:00-24:00 0.028 1.804 0.132 1.7 

24:00-0 I :00 0.030 2.157 0.187 2 

Total water discharge (MCM) 40.77 

y (Gamma (BahtlMCM» I 



n"H.J~'iI~ a~~1,"1vJvhhlJn,"'w~ 1 mJm1vJwl~am\'l1rl 
nlJ h~im'vJwl~a~~l,"mllJf1l," lU'lil~1=tJ:L 1 ~1:," 

Time Ps Ph Ploss Pload 

period (pu.) (pu.) (pu.) (pu.) 

01:00-06:00 0.007 2.993 0.0 3 

06:00-07:00 0.007 0.993 0.0 I 

07:00-08:00 0.007 1.593 0.0 1.6 

08:00-09:00 0.007 2.493 0.0 2.5 

09:00-12:00 0.007 3.993 0.0 4 

12:00-13:00 0.007 1.493 0.0 1.5 

13:00-17:00 0.007 3.693 0.0 3.7 

17:00-18:00 0.007 3.493 0.0 3.5 

18:00-22:00 0.007 1.993 0.0 2 

22:00-23:00 0.007 3.993 0.0 4 

23:00-24:00 0.007 1.693 0.0 1.7 

24:00-01:00 0.007 1.993 0.0 2 

Total water discharge (MCM) 26.196 

y (Gamma (BahtIMCM)) 

Time Ps Ph Ploss Pload 

period (pu.) (pu.) (pu.) (pu.) 

01:00-06:00 0.020 2.980 0.0 3 

06:00-07:00 0.020 0.980 0.0 I 

07:00-08:00 0.020 1.580 0.0 1.6 

08:00-09:00 0.020 2.480 0.0 2.5 

09:00-12:00 0.020 3.980 0.0 4 

12:00-13:00 0.020 1.480 0.0 1.5 

13:00-17:00 0.020 3.680 0.0 3.7 

17:00-18:00 0.020 3.480 . 0.0 3.5 

18:00-22:00 0.020 1.980 0.0 2 

22:00-23:00 0.020 3.980 0.0 4 

23:00-24:00 0.020 1.680 0.0 1.7 

24:00-0) :00 0.020 1.980 0.0 2 

Total water discharge (MCM) 35.05 

Y (Gamma (BahUMCM)) I 

<l .; y .; 
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Time Ps Ph Ploss Pload 

period (pu.) (pu.) (pu.) (pu.) 

01:00-06:00 0.D35 3.268 0.303 3 

06:00-07:00 0.029 1.041 0.070 I 

07:00-08:00 0.031 1.687 0.117 1.6 

08:00-09:00 (UJ33 2.690 0.224 2.5 

09:00-12:00 0.039 4.473 0.512 4 

12:00-13:00 0.030 1.578 0.108 1.5 

13:00-17:00 0.D38 4.104 0.442 3.7 

17:00-18:00 0.037 3.862 0.399 3.5 

18:00-22:00 0.032 2.127 0.159 2 

22:00-23:00 0.039 4.473 0.512 4 

23:00-24:00 O.!l31 1.796 0.127 1.7 

24:00-01:00 0.032 2.127 0.159 2 

Total water discharge (MCM) 28.72 

y (Gamma (BahtlMCM)) 1.5 

Time Ps Ph Ploss Pload 

period (pu.) (pu.) (pu.) (pu.) 

01:00-06:00 0.057 3.243 0.300 3 

06:00-07:00 0.048 1.020 0.069 I 

07:00-08:00 0.051 1.665 0.115 1.6 

08:00-09:00 0.054 2.666 0.221 2.5 

09:00-12:00 0.062 4.444 0.506 4 

12:00-13:00 0.050 1.556 0.106 1.5 

13:00-17:00 0.060 4.077 0.437 3.7 

17:00-18:00 0.059 3.835 0.394 3.5 

18:00-22:00 0.052 2.105 0.157 2 

22 :00-23 :00 0.062 4.444 0.506 4 

23:00-24:00 0.051 1.774 0.125 1.7 

24:00-0 1:00 0.052 2.105 0.157 2 

Total water discharge (MCM) 28.488 

y (Gamma (BahtlMCM)) 2 



n,.rr.JA~'I'IA~mI1wYh11lJllwlJil~11~im1w-N1'1'1Am\l..r1 
r1U 11~im1 W-N1'1'1 A~~1\1m1lJfD\ll \I'Ihn:u:I 1 in.fu 

Time Ps Ph Ploss Pload 

period (pu.) (pu.) (pu.) (pu.) 

01 :00-06:00 0.100 3.193 0.293 3 

06:00-07:00 0.087 0.980 0.067 I 

07:00-08:00 0.091 1.622 0.112 1.6 

08:00-09:00 0.096 2.619 0.215 2.5 

09:00-12:00 0.107 4.388 0.496 4 

12:00-13:00 0.090 l.5l3 0.103 l.5 

13:00-17:00 0.105 4.023 0.428 3.7 

17:00-18:00 0.103 3.782 0.386 3.5 

18:00-22:00 0.093 2.060 0.153 2 

22:00-23:00 0.107 4.388 0.496 4 

23:00-24:00 0.091 1.730 0.121 1.7 

24:00-0 1:00 0.093 2.060 0.153 2 

Total water discharge (MCM) 28.029 

r (Gamma (B.htIMCM)) 3 

./ .. ~ ~ • .. '" 1 " . 
VlT'i1dYl 7 r.lilnt'H1f1G1ehjYJ Lfl1I7nnl'HJ1G1fJ.JY1 5 WfJ "/ff17 r = 3 BahrlMCM 

Time Ps Ph Ploss Pload 

period (pu.) (pu.) (pu.) (pu.) 

01 :00-06 :00 0.071 3.380 0.451 3 

06:00-07:00 0.051 0.992 0.043 I 

07:00-08:00 0.056 1.656 0.1\2 1.6 

08:00-09:00 0.065 2.732 0.297 2.5 

09:00-\2:00 0.089 4.822 0.911 4 

12:00-\3:00 0.055 1.543 0.098 1.5 

\3:00-17:00 0.083 4.365 0.748 3.7 

\7:00-18:00 0.079 4.073 0.652 3.5 

18:00-22:00 0.060 2.\2\ 0.\8\ 2 

22:00-23:00 0.089 4.822 0.911 4 

23:00-24:00 0.057 1.771 0.127 1.7 

24:00-0 1:00 0.060 2.\2\ 0.\81 2 

Total water discharge (MCM) 40.\99 

r(Gamma(BahtlMCM)) 1.5 
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Time Ps Ph Ploss Pload 

period (pu.) (pu.) (pu.) (pu.) 

01 :00-06:00 0.104 3.335 OA40 3 

06:00-07:00 O.o?8 0.963 0.040 I 

07:00-08:00 0.084 1.624 0.108 1.6 

08:00-09:00 0.096 2.693 0.289 2.5 

09:00-12:00 0.128 4.761 0.888 4 

12 :00-13 :00 0.083 1.511 0.094 1.5 

13:00-17:00 0.120 4.310 0.730 3.7 

17:00-18:00 0.115 4.021 0.636 3.5 

18:00-22:00 0.089 2.086 0.175 2 

22:00-23:00 0.128 4.761 0.888 4 

23:00-24:00 0.085 1.738 D.123 1.7 

24:00-01:00 0.089 2.086 0.175 2 

Total water discharge (MCM) 39.638 

y (Gamma (BahtIMCM» 2 

Time Ps Ph Ploss Pload 

period (pu.) (pu.) (pu.) (pu.) 

01:00-06:00 0.169 3.248 OA18 3 

06:00-07:00 0.131 0.906 0.037 I 

07:00-08:00 0.140 1.561 0.100 1.6 

08:00-09:00 0.157 2.616 0.273 2.5 

09:00-12:00 0.203 4.643 0.846 4 

12:00-13:00 0.138 IA49 0.087 1.5 

13:00-17:00 0.191 4.204 0.695 3.7 

17:00-18:00 0.184 3.921 0.606 3.5 

18:00-22:00 0.147 2.018 0.165 2 

22:00-23:00 0.203 4.643 0.846 4 

23:00-24:00 0.142 1.673 0.115 1.7 

24:00-0 I :00 0.1~7 2.018 0.165 2 

Total water discharge (MCM) 38.545 

y (Gamma (BahtlMCM» 3 



nTHJ~'il~~~~l\.l'lWYhhIJfl\.l'llu~11~im'lwV11~~~~l\.lJl 
n1Jl,.~im'lwV11~~~~l\.lmll.J'1'1ml\.1'lh~l=tJ=Ll~1~\.I 

Time A, A, 

period 

01:00-06:00 0.438 0.438 

06:00-07:00 0.396 0.396 

07:00-08:00 0.407 0.407 

08:00-09:00 0.426 0.426 

09:00-12:00 0.464 0.464 

12:00-13:00 0.406 0.406 

13:00-17:00 0.456 0.456 

17:00-18:00 0.450 0.450 

18:00-22:00 0.415 0.415 

22:00-23:00 0.464 0.464 

23:00-24:00 0.409 0.409 

24:00-0 I :00 0.415 0.415 

Time A, A, 

period 

01:00-06:00 0.372 0.372 

06:()(H17:00 0.372 0.372 

07:00-08:00 0.372 0.372 

08:00-09:00 0.372 0.372 

09:00-12:00 0.372 0.372 

12:00-13:00 0.372 0.372 

13:00-17:00 0.372 0.372 

17:00-18:00 0.372 0.372 

18:00-22:00 0.372 0.372 

22:00-23:00 0.372 0.372 

23:00-24:00 0.372 0.372 

24:00-01:00 0.372 0.372 
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y (Gamma) Total water discharge 

(Baht/MCM) Qtot(MCM) 

y ~ 1.5 28.72 

Y = 2 28488 

Y ~ 3 28.029 

y (Gamma) Total water discharge 

(BahtlMCM) Qtot(MCM) 

y = 1.5 40.199 

Y = 2 38.545 

Y = 3 39.638 

Lii~it1-<Lrl1l A, = A, mlJ~~nnlltl~~~l1-<L:a~L~m;-:i!m~~f~l~1UnT'ic.JiI~'Y'i~~~l1-<1y.J;·hillJnWlJ1l~ 
~1l~ 1 ,,],]m1y.Jy,h~jj~rn~lJ~LL~n~h~n1-< ~tl 1 ,~,]m1y.JYl1'Y'i~']~l1-<l-hn1J 1 ,,],]mL y.Ji'll'Y'i~~.Jl1-<mllJ 

1tl1-<1,~,]m1y.Ji'l''Y'i~']~'1-<Jl ~lJl"l'yhl~1'151,~,]m1y.Ji'll'Y'i~~~l1-<mllJ1m .. l1-<nllc.JiI~rh~~1y.Ji'llL~ 
l-i'tltJfl~LL~~~ l~tJ,h Ps 'lJtl~ h~,]mLy.Ji'll'Y'i~~~l1-<mllJftlw;nnmll~~ 1-10 mlJ~liu'it~"il::l-i'tltJnll 
Ph ~ tlrh~~1y.Ji'll~c.JiI~M"illn 1 'l~,]m1y.Ji'll'Y'i~']"l1-< Jl'Yln'ril~mlJ1-<fi1ljjmllJl.h::~U~L:fElL 'Y'iil'] 11-< , 
nl'lc.JiI~rh~~ 1 y.Ji'll ~~11J 1 'l~,]m1y.Ji'll'Y'i~~~l1-<mllJftl1-<L ii~it1-<~l tJ L ~tl~"ill n c.JiI~Thi,j 1 y.Ji'lll-i'tl tJfl~ 
t!tllJ H'Yli''Y'itJlmLLfl::L:fElL 'Y'i~" l1-<nl'lc.J~~l-i'tl tJfl,]Ltl~lmLfl::"illnm'll~~ 13-14 "il::'Y'i1JllLrltl 1,n 'l,],]m 

'ly.Ji'll'Y'i~.J']l1-<JlL ; m.ulij'Y'ifl ~~tl 1'151 'l~,]m1 y.Ji'll'Y'i~,j"l1-<JlL~ tl1-<1%1ii~Yhnl'lc.Ji\~'Y'i~~"l~ 1 y.Ji'll 
'II 

~llJn1Jh,j,]m'ly.Ji'll'Y'ii"~l~mllJftlULL~l~l y (Gamma) ~L~lJit~"il::jjmlJlmJl'lllJ~hflL'Ill,yU 
L 'Yltlf'lUUt'l~t'l" J~~tl"il:: HJll ~nl'lc.J~~'Y'i~~~l~1y.Ji'll'lJtl" h",]m1y.Ji'll'Y'i~""l~Jlfl~fl~ 1 ~m'lc.Ji\~ 
'Y'i~.J,n~'ly.Ji'll11lJn~Lrltl~l y (Gamma) l-i'1ltJt'l~"il:;~1l,j HmlJlmJlI1lJ~hfH'Ill'llW 'Yltlf'lull 

L ~lJit1-<Lntl 1 iJl ri~lJl nitwl"il::'t'h 1 iL ii~mllJtl'l::~ U~ 1 ~ 1 'l~,]m1 y.Ji'll'Y'i~"~l1-<mllJftl~L ~lJlJl nit~ 1tl 

~ltJL 'Y'i'll::lll 'l,],]mLy.Ji'll'Y'i~~"l~Jl"il::c.Ji\mh~,]'l y.Ji'll1~L ~lJIJlnit~l iYl"ill'lrn'~~''l'~~ 5 U'llrl~ 
~~rll tJ~'lil,jL It'll 24:00-01:00 jj Pload LiJ~ 2 pu LLfl:: r (Gamma) = 1.5 L mtJw Yi tJunumll']~ , 



nTH.Jl\'i1~~~~lU'v.JVhilIJ11U'1l<l~11~,)m~yJYll~~~~luJl 
n u 11~,)m'l yJYll~ ~~~lUmllJf<lu 1 \l'Jh~1: v:t 1.1 ~U 
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7 1J'l.11~L'\'~111u~'lIl~L1l'llLLI'l::Pload L~Uln1.l.~1l~'lIl~L1l'll 24:00-01:00 n Pload Lih 2 pu LLI'l:: , 
y (Gamma) = 3 ~1'lJ1l" Ps 11.l.m'l~~5 LiJ1.l. Ps = 0.032 pu LLI'l:: Ph = 2.127 pu ~1"'1U~1'lJ1l~ Ps 

h~1'1~~7 LUU. Ps = 0.093 pu LLL'l:: Ph = 2.060 pu mlJ~l~u~",r1.l.Lii1lHJljJl'lllUlu.m'~~<il 
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