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"""""' Thi:s J)IIpef' prt:sentll on opt.1I11Z11tion t.l(lhniquQ to torlllllate the probiu of 
optl ..... hybrid <lOCIIbinat1on or "'IIfI"".ble and conventional ~ ays~. :be 
l1n.r progr.-ln& tld\niq,n 1a uaed to .01v. thb probla . Thb :edlnl~ 
offer:s the poulbllity to analyze the lMIIllIittvi ty of the opt irol :solution 
to ct'\iInle:l In till! input data withcut reaolvln& t he pr obleaJ for !MIen new 
value. This property ia utilized to perfora a ~en:s ltivlty anelr:s~ to the 
po&Sl~ cIlan&eS in the dtUrent OllIIt ooefrtcientll on the lIart,lcl p,lIt l on of 
each ~ystos to _t tOe loed dealand . 

The ooonan.\()JIl l1mitaticm or wide apr"Ud WIll of r_aDl"' ...... O' acuroe-a 
:Ire IInIIlrz"" by ",nluatln& the CQl.t of unit "*'1S:f ~ .p.\nsL tt'l! 
follow!na toplC:S' -

• the pricing pollcy of """'1"1)' :IfIIH!\I to and P-I~haelll11 rn. the tltllity. 
• The ....... SY U$O st.r et<!BY With <lOII$1<.Wretion of .llnlrteble 1_ .~le 

tnlllteotd of rhed 1* !:~1",. 
• T~ capacity o! storage ~yateM. 
.. The I'8ted POI<'!l" of th", tie-Une. 

""""'''". ----
~b!t of thO'! cil!velopinl ec:un~ .. lftS ere poor In cm,oent!.OII.ll rCJS."lIl_ru~ 
~ end he... to i..q)ort t'Uel with thlri... measor rOAlan .. ~dIiIr"e 
reaervtol. There appear to be only two tedYI.1eally r .... lble solutiON! to 
their C!nCl'g)' probl=. O:>e u a oon:I1tX:lt :a b r ;e CfI:ltral nuclear pa..'e' 
plan:.a !IIld. power tr:anui3.1llon ;ond dbtr ibut. l on networi< . The oth.- Is ;). 
Oeoentl'aliHd ::nt<a o( ~ ~ ',li M "'l"lp:llOOta ir .. t.alle<l t.o :S1.l;)l)1y the 
r-I"'.e load:s . The re1uct.anc:le to u:se ruc:lear C!OOI"I)' II b&3ed (0"1 a _ of 
(aeto'"' rellt-.l to b el< of publlc aocept.anat because or f*"OIl'tI(I r lLk of 
e<:eldllnts, 1anl-ta"al \/lUtes. .,d tual~e rele:1C1n3hi", to .c ' r'"u 
prol1f"I~lan. Abo. the oos ta of ra>eloor wa.su dl~pc:M'el !lnd clean up OOIIIb 
of ill nuclar 1'C:<:1dent have hiatorl lllllly not. bP.en run" tr.e ludt!d In tho 
ltOQIIa:Uc evaluatiOllS. 

L1.II1te (0"1 the u=oe or ~lIle eneI"p .sources 02.u'"1fI& Lo'le r_inder or t!I13 
Oft\LII'y will not lik .. l y be teo:mlC31 a" operatl.ollBl but rether' eooocn1c [IJ. 
The i~" of US.'ina u.. C!CXIfIIWic benertts obtained rra. r erteWabl ... 
enerC'l' :ICUr'<>eS. ....... tht.,. ore ope~ alor.pl~ eonventlonal f0G3tl and 
1Q:1~ p1ent.f;, 13 ~hlld In .delencO'! (2). hraJlal e t al. [3J hIVe 
~~ed lin .r!"lelent. ..u.odclogy to ",,,,,luate the ~eal 11m1t.attons 
., .... 11 a$ the r:ur&!1tlI1 lII;Ioot. of the .sam ~l port<e.- ~1"t.eD (ST'i'S ) e.:I 

• _ble e-wrC aouree 011 the lIt111ty ~ relllDl1it.y 1I."Id opO'!r:atlna _t. The econat1c 111l11taUon 1Ia..s fOf'lll.l!.ned by evaluoUr" the IRooal 
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The SI!~ oon3tralnt'~ 

The hybrid sy;stem h subjected to several 00I'I3tn!int s. ihc Itoaln 1~ 
constraInts can be developed a" (oll:IWs: 

~~ bolanCe eon3t.raints: 

it an)' ho.Lr , \:.here t.. It POWC'l' b.llarioo bet10leen the i ftPJt pew .. (.5TPS, "''[S, 
d isohIIrcinl of the 3torege systea, and po;er purd'l~ frau Ulfl utility) 
.~ the output power (chorgi"6 of the storace ~YSt«l, the 1)CWer' 1:Ie1l1ng to 
the utility, and the 10Dd dealnd). Thi.s oor.str"lnt. is given by: 

'llhere , 

1P1.\. ' ' net- A. ... WP U ' (til tI + ~(CHli- DCilu ) 

... (t (t1E11 - U~l) = Eli --- (I) 

the oyollabl e I n:tal a t.ion In U:e Slfa.500 1 durin g t he hoJr· i, K .... / !II • 

the ne t:. effioiency of the ST?S . 
2 

the decia ion va r iable r epresenting tho collect or ar ell, n . 

the output PQlet" or the ..,1nl1 gl:frerlltor (WC) I n the III1t3SO"l 1 at the 
hoJr 1 , l'w. 

tho efrtci WICY of lne of tie- l1lHt. 

a (!.ec.bton variable representing the oudl~r of wind generiltors. 

the ef~lclcncy of the stor.l&e systetJ. 

a deciston VIIrlable representing the power to the st.ora~ sy'ten; 
(ch.lrslng clij)E:cit y> ilt the nc... r i in t he se~son I, :.:v. 

I a dec ldon YIIriable !"iIprasentinK the pOrfer troa t."e ;storage 4Y1Un 
(dbc:Mr,tna: ot.p~tty) a t the hour i !n the $ea~ l,kw . 

II dee~1on varLnble reprosent ina the util ity pcMer"" outp.lt at the 
~.our J In t he seaSa'! 1 (purch8.'led pc7oIet"I , 1'"01 . 

a doel.!a'I vari able rcpr cscnUr:g the power inpu~ to the utility at 
the ho.Ir t I n the .... $On 1 (selU ng pC'toIer ) , kw. 

tho e l ectric l oad denl!nd at ti'lc hour 1 1n t hl! .se3SOfl 1 , 1( .. . 

~r2!~ per 
'l"hcl c:apltal cosl per uni t CIIpooity t enr;!s t.o go down 115 the capac:i ty 
i :'lcr eaes ( 6). "f\lt3 phenlllllOa rlltriots U-", designer or t h o plane-r. So the 
opt1tl1ulion !!Odel nat include Lhe m d flll:!l &nd the rUn1m.J~ per~153ibla 
po.tl!r rllina . Alao t he cost vector of the objective function ohould be 
chan&ecI t o 1ncl\l()o til. nEN CODt valuc# . Tho ratoo PQle r o f thc STPS (PST ) 
should be vea~ t.h.:ln or equol t o the ud~ oot put of tho STPS at Ol~ y 
hour , th.is COO:I t r llint u 61",,:1 by: 

PSf
r 
, " • 

~, 

AI' oClX ~ 

PST ~ ; 

"'I'let 
"'" PST1l3X 

. , <>, 
, J) 

'" 
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Wnere , 

Arm" 
PST I!\3X 

t he nax1mm IIvllilBble iMollltiOl1 va lue during the year, Kw/m2. 

t he J71;Jxill1llD permi3s1ble rated pcuer of th~ ST?S, lw. 

The rat ed power of the \oIind system (~l,(j ) should be greater t han or' equal 
t o t he IJaxi!lVlll out put of the wind genera£-::Irs. 'ih i3 constrai nt i s gi ven by : 

""r ~ P. ... , . " 
P' ~ P''''U "'" 
"""r < ""'rna, , 

l-ihere, 

P' .. lG
max 

: thc mlIxlmulD permi.:53ibl e r atoo pOtIer of the 'flES, Kw. 

(5) 

(6) 

m 

r ne rGted Cllpacity of the tie line (CTt) .should be greater t han or equal to 
t he Ill3xiJrun pOIo'er of buying or se l li ng ) energy at any bour. Th is constraint 
1s given by: 

=11 ) OO
li 

_ .• ( 8 ) 
/ 

C1l.
li 

) US
li -- (9) 

/ 

C11.
li < CTL"" 

(10) , 
Where en. 1" the maxifl1!m permissible capacity of the tie Une , 1\w. 

~~_~~~ constraiQts~ 

I II des igning a hybrid coubinat ion of renewable energy sy.steo .... ith en~rgy 
storage and energy i nter change faci l iti e3 wi th t he uti l ity through the ~le­
line , the energy balance constralnt" 1DJ3t be :;atiaficd all over t he y'~r . 
TIlo energy balaneo insures a continuity of feeding t he load demand along 
the year. This balar:e~ i s s atisfied by determining 0 suitabl e size fer the 
atorage system. Th is size al l ows to d isplace the energy fr~ t he por iods of 
exces s energy to t hat of energy deficiency. The i nitlal and final stored 
e net'gy le-vels should be the same . This guarantccs thc r epeat abili t y of the 
opti~ schedule. This constr aint is given by: 

--- \1 1) 

Where tu' tlJ< are the charging ar.d di!;.charging peri ods , HcoJ'S. 

The stored @nergy c<lnnot exceed the capacity of the &tor.lBC systetJI (WB) . 
This constra i nt is given by: 

J 
) X 

/ 1= 1 
(12) 
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SubJe<:t t o 

j al, "'1 H 

the linNr ooeN'iCIOlt . 

• dcocldon va r b blo r~e3el'ltlr, the hy~ld aenentlQl 1. 

a :!ltIck '/arh.ble . 

tne bWl.nj wefnclent. 

t.IM J'I'.aer of dce\:J IQ1 variables. 

~a UilelU" provlmlina:JrObt.e. DI Y bo rcprc~~ in Jllii lrlx notation as 
faUOIa , 

\thera, 
( , J 

"'" [U J 
[S J , " 

[ A ] (iJ C1.( Ujrsi =( b l 

an H" )! IIJIItrtx of eoefftclcnt.3 af t. .. Initial : ableau. 
an J1111 _trlx of h)'t r ld pcwvr gener ation, 
en HIM 0011.)' . t r 1l. 
an U"' .. t1'1l of IIlp(ll( vc r l!.blelli . 
an H"' /IIItr1l or bondlns o~rnolents . 

- '''' 

Any !IIltrl x ... can bI :lUbd1~ lded or ~rtlt1oncd Into ill I'IIIIIter of _u..r 
5UCQatrloee. If oonrOf"'Clble mtl"lces are partitioned In ; ~tibl. 
t~hlon . the aubinalrl(11!3 call be treated }.IlIt;)S If they ...... re scaler 
el..,..,~ when p.trrOl"lllini Ule oper"ations ot addition ami ault.lpl1catlQ1. or 
cOI/r"se, the order oc tlw produot.:J 1s not arbitrary, lI.$ It WCIolld be \11th 
atal&rs i 

(Al(lCj .. [ U ](S ]a- b 

I '" 1 I "2 J j - , 
1 110" 1 

+rules]: [OJ 

( A, 1 [ 1(;, 1 '" [ ... " 1 ( Il:Z I • ( U ) ( S 1 2 ( b 1 

Th. s~lex _thad II)ves f rail one baa10 r_lble sclJUon to onother to.­
~v1ng the value or tlw! cbj&eUve !'Unction at cacti ltent l Olll uatl.l tile 
opta.al solution (rlnlll t.bl..-u or U...:- procrMai",l is ,-e.1Iilhed. 1M 
rlnal tabluu has the rollodnl ront, 

(A, ] . , [A I ][00, ].[1 ,l- 'U
Z 

J(II:,,]..( A, ) -1 (U )(S].; A, )- ' (b I 

( u ] [ Ill , ] • [ ":J j [ tc"l .. ( B I ( S ] • [ B ] (.II ) 

The knOol ledge o f the ( B ] _Vh wl U be: uRf'IIl In ftnd! ns the ~It!vlty 
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Cc.w l t1«ll ca ),...I _,1 I r u.. I-..: tr <I U>e bioi. _101>1000 '" the 
n ... 1 101uU"" Is not to t. _ pC. _ uoord_ till _ """'-I .oow.I_ 
a ft toot doi' ....... 1Md 111. I.he ~ nil U. la_ III. T~ __ ... 0... ~ 
t.:amd$ on b ... """ _. __ ~. ~ 

, lltD_ lb ) ~o.o 

To _ u.o 1-," fIIf eI I I n' _1_ vitllo • I" ~ _t.or MIl 
__ l ~ U\e C _ . IIIU1C11l . ..... 1 ... u.o hill U~I'" po ......... 
_ to ooqwaI nt _1_ "I\h U. ~.I.u "'lttpll ...... • 1.'I1 objoootl ... 
t'\InotlOll ;,quat !"" _ toot trw .... ~ ....... 1.t'JW;t. _u, ... _ I I ,.......,.. 
_ II~I_ . oc.l_ tIIM _ .......t..'~ ",*1011 -arl_ ..... ..nabl. 
to til. llut.o. 

~~lnl t.I><l ~I.,.I • • ~IUpl\ ... )\ ...... 17. 

'!I\erft 1I111.a.." bo 0 l\qIl&I ...t.tIpU .. t" __ <ill" . n-..r .... , 
UIe _t.ar at l\qIl ....... IU'1!'ll .... !.I _I o:.r.t.o<I ... ""a-, ~ , WI. 

1l>o tnllllpoM of " ..... _ .... ,.,.t , _ t. -....oJ br \be •• 1atlanMIPI 

,,'.-,,-
~,... C IS \be .... _t.or of u. oI:>jo<:t h o """'~I ......... flOl_. ,.,..""­crt.,. ... l tob'.' , 01 II-. ftr1ota. tIIaI. _ to til '-Ie In til. ... .......a 
t.~l.GEJ . r... __ of nUl_ r<it' ~ { .or WI''''' (~) 1Jo '"'" 010101«1 to 
~ ... r ... t_ the pre,O""1 

!JI~, "" ..... I.he ~ I.a r _bt.:l v lUl __ 1ft ~ t.Mt oio 
not on .. ~ I_tty fIIf \hi ~ .. 10 tile OPU ..... l '-1.&, ... "qI).oit 

t:. roll .... "'" ~I:on£lp; 

, . - { b
1 

: 11'"\ I 
bll l'l'Z " ,: I 

I ~. I 
~_ W ela I b C _ _ • W. """"'d I l.<e 

""""" tv.. ob.loooU.. 1'.....,., .... 
, O<1Ild .... tolor..... "I UIcout 

To ~ u.. _Ioipla ..... 1_1 ... ~ ...., _10 .... 10111. X in ~ 
Ulbl _, \17 ;. ;., ,;;; ....... 17 _. ,.,.. tho orl&1 oal tobl _ . .... ..11 .... 1 .. , 

_ (zn 
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Cj, .. , - ._ .... _ <1- _ -,..yo, .. - =,-
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___ <I ...................... ,..., .. .--s.. 1"Iwo .... 
on ...... '.,. . .• <1_ .,.""""',, .. __ ,_ '.'=. 

"".~ I 

,,_ ... Im,, __ 

• c. .. , .. ' • " - I.! 

"I!o __ ,,_ .. ", ....... _ ............ _, .. __ 
-.-. ..... II _____ ... . , " __ , ... .-
ot_ , ... _"._ ... ,.,_ .. " ..... ___ _ 
'c..., _to ... .., ..... "1""11" _ '<>I.1<>oI.Jolo_'" " _ --, 

c •• C .,,'. <00 
o~., '.', ,\" 

""" ....-- of .... _u., .. _ .. to .... :u .. .... 4""'M __ "" 
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_ .,!aI_I"" _ ... U'nod -.. t. _I_~ I» 011_ ..... 
_ ~ "" • ~I ... I l-' _. ""'I _. __ I-'U .. 
..... n.. t"olUol'" <Iat..o at "AS ...... Ill'S .... t .... rn:. (9), 

• I.arIIo """_D' .."". ' .. __ n= ,= ..... , 
• 0!5....". _'- .. ...., .. l.S .. .. Z/.1 .... 
· t~ -sF ""~I ~ _It, fl,O"", .f 3iIll """"I to 2IIe .UU'" _ --. · """'-4_ 11'< at 1O _. 
• _, .. I _1.0 at $8l91kv ('91011 , . 19!10 • 
• 50S (, , n-.. _ .. ''1:1 ........ . 
• .....-oJ t.onK, ........ at" 7·SJ poor .... , 
• 'Q . ~l .... "'" • ......" 1"1II.e. 
' :Iol.ar __ I ... !-.-I .... ".. lno.! ......... 

• ''''' IW .. "", • ....."". 
• t<Ul. -sF 0'":><' '' 15" _" r-a- 011",,1 , . )OJ.S 001111 .. _ --. • ... _ life at 30 ,.... . 
• COlI'''' _1.0 or $1.66(,..1n< ('!/IOI1 I. 1190. • __ ...... _____ ... " at _,,",,I _ .... 
,.,. 1«>:1_ 

., IhoU""I ...... '" ""'" ...... 

noo _,bbl. 001 .. '_J.lI .. do .. Wal ... 110<" I, OGl.-. 2 01 ~1o 

I ...... _\.01:01. wi"" .... M"I _ I ...... 1.0 00'=_)1000 at ...... I. 

:-... ""'""14 _I",.. f or 1>.o11ai1 -.r ,_ tao "'Ill., ( oC , I .... 1 ... _ 10 

1 I. two _I..1<0Il ""'_ 01 _!II" \.0 IiIe .... 111" ', ' nil of _I. I. -,. 
_ ,--1 ... aI tJ\ot optl.olutloo _\ ... _ ......... 0 ........ ~n9. _ -.. , .. " __ }eal.,....... 1_01 _. 1it':'I, .... 

.... ,"'" _ 41 1 a1r1I or "'" ........ .,-. .... ..ut .. """.... '. 
aI _ ....... WI uttll". n.o 01001.01", ..-,,,,100 or ",11 __ \.II. 
\110 .- _ <II .... STl':'l ... _ CPs:.I. ___ at';lt3IP1C,J, 

t.IJO _1\, aI "'" ~ .,..,. !leI. tho -,I, at <1M " .. 11 .. CC!l.1 
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Table 6 
--,'--~--<-----r;:------'-' 

: l ! ! --~--- '1 --n!_~~~~_ l 1 
,Period, STES! I'/ES! t1a 'd1sch us t US 1"""'1 : I ( M' ... ) I ( Hw ) !c(~ } ; 0-1"1 ) ': nlw) : (Hw) Ulwl l 
I----~r-:-:__r------r-----r-----~-,----I 

108-10: 7. 79 I ~ . ~ ! - I - i - :16.21:25·°1 
:10-(;2 :10 .02, 2 .0 \ - - 11li,02 [27.00125 .0, 
I02-()lj I' 7.79 I 2.0 I I - - 1'0.21 120 .01 

/

'04-06 ~.!I!) I 3.0: I I - 22.35:30 .0: 
00-08 I 3.0: I I 1'6.99120. 0\ 
08-10 I I 6.0 : : : ,18.99125.0: 
10-00 I 8 ,0 I : 1 116.99 [25 .0! 

1
00-02 I 7.0 : I \12.99,20 .0, 
02-01l : I 5 .0 I : , : 9.99: 15. 01 

\04-06 i 3·0 'I : 'I : 10.491 13 . 5: 
106-08 UI5 I 2 .0 : 1' 18.55:25.01 
: I I: I I I 
---~-----------------------------
A = 371 00 III , PST

r
= 10 .0 ~M, N = 100, P\.(ir= 10 . 0 tfrJ 

WB = 0. 00 !:l-.'h, en. = 30.00 ~r,~ , Me = 43 . 398 ~1I'Mn 

Table 8 

I ! "'~-iia----r-T-i-.-L-i~~-f--- I' 
'Period' STES 1 WES --~' ----'---' Load 
I' : (Iiw) (Mw ) char . l'disCh. : US I VB 1m,.): 

: (1M) ( Hw) I [~) I (Mwl: : I-- r--r:;-;--r----r:-:--r- r---r--I 
,03-10 7.79, IL611 - I 3·56 I - 9. 0 :25 ' 01 
/I(),..{J2 10 . 011: 9.28 '13.32 I - - 9.0 :25 . 0 
102-04 7. 79 I 9.30 I 11.91: 9· 0 :20.0: 
,0~06 ~ . 1.I6 113 . 95 ; 20 . 59; 9.0 :30.0: 
:06-08 18 .60 I I I lo ll :20 . 0: 
i08-10 :32 .50 , 7.50 : I - :25.0; 
,10-00 127 .89: 2.89 : I 125 .01 
iOO-02 '131 .20 :n.20:' 20.0: 

1
02....Ql1 18.59 I' 3. 59 I' ,15.0: 
04--06 13.95 a .1l5 : 13 . 5: 

to6-OS 4. 1I5 i 9· 3 I : 2. 25 9.0 125 . 01 
I _________ ~----- 1 ._1 
A " 37 00 III , PSTr " 10.0 H'rI, N = 1.165 , ~I"= 1I6.5 h i 

W3 " 1l03Jll Kl.{:1, en. = 10 . 0 l-M , MC = 51l. 637·($/HWh 

Table 7 

I ---j----T--r-~m----r Ti e- Une i - i 
?ariod

l
l srts : VIES 'lch~;-:-~h.": -LG-l-ua-'ILoad; 
, (It.-l) I (r~ .... ) (1-:'1): CM .. ,) I (I-tw) I (Mw), (Hwl: 

.------y------r------r------T------r------r-----;----1 
:00-1(11 8.l19 : 5.0 : 1.51 : I :15.0: 
: 10-02110.9 1 '110. 0 1

1
0 .91 : 'I 120 '°1 

102-04 : 8.49 10 . 0 - 11.511 30·0, 
:011-06 : 1I.85 :15. 0 i 20.1'), illO.o: 
106--05 I i 15 . 00 , 15 . 00: ,30 .0 
:00-1 0 : ,30.00 110 . 00 ! 120.0 
:10- 00 'I PIO.OO i20 •oo I 120 . 0 
100-02 :35 .0 120.0 , ,15.0 
:02-011 :25.0 10. 0 : i 15.0

1
. 

:04-06 , : 15.0 [1.5 - I ,13·5 
:06-08 11j.85 110.0 15 . 15, 130.01 
, " I I 
' ------~ ~' -----'-------'-----'--
A = lIQ!j16 ro , PSTr " 10 .9 ~~, N = 500, PWGr : 50. 0 ~I 

lm " fi6658 Kl<h , m = 00 .0 KW, Me " 50.005 S/ffifn 

Tlible 9 
;----r-----i ---: ---T- ·. r-' 
, , , , WE ,'hE: Llne, \ 
IPeriod'1 .ms: WES :~Td13ch- iUs--r-1 -liBl Lood I 
: , Ow) i (M;.1l 1 nlo.-li I (I't./) ' i (tN) , UII-I) (Mw) 1------<---- , -<------[------~-T-T:---I 
108-10 11 7.79 ! 1I. 39! - 3.82 i - I 9 . 0 ,25 . 01 
,1 0-02 10.02 1 8 .78

1

' 2 . 8 - 1 - I 9. 0 125.0: 

1 02--O~ 7 .J9 i 8 . 78 t 3.113,20. 0: 
04-06 ti.tl6,13.'7 3. 37 19.0130.01 

:06-08 113.18 15 . 82 9.0 - 1'2O .0! 
108-10 126 . 35 7.65 9.0 25 '01 
i1O-OO :35.13 10.13 I 25 .0 
100-02 :30.7~ 10.711 i 120.0 
,02-0~ :21.95 6·95 I 15.0 
:Oll_06 113.17 0.3313. 5: 
j06-08 I 1I.1I5 I 8.76 2 . 77 ! 9·0 25 .0\ 
---------2------------- -
A = 37 100 III , PST : 10 . 0 MW , Ii "" 439 , P-"'-:::;r"' 1I).9 toM 

lIB = 35191 K'..rn. en. = 10 . 011'.1, He = IIS . l 118 $/HWh 
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this pooper preaentoS arI optt.Ulltign t..eeh.. .. lque ~ rQ"lLllllte the pn;JI)I-m ~ 
tiM opt1aa hytrld ,-in.tlon of r_IIble ~ oonventlor.al ....,. 
~yftt_ . lhh tochnlque eft .. , the poaatbtllt.y to _lYZe the _lthtly 
ot t.he optl.al ~lutlcn (Uu! pllrt.lal1l8t1on at .. r:tI ayatCIl to chanp In 
the (!1(ter.nt _I. ooerridenU , UW ctwlpll In the Ioed~, and. the 
cMn&*S 1n tho IliIIllablUty or the .--able ~!D' ~. 

In eroer to enoounI4l!! the wi .. Sl)r.:i use or thft renewable: I!lWO nate., 
thllY ~ld take the ')(!nn:.aps o( U:e prodllloo4 r~1rilli utilities to 
purlll\a:)e bade M1 8..all.el:>le eU1e611 _~83' trca their generatl(lrl (Altp.lt .1. 
t.lr ~rket; prl:~ . An op-;:1:ac prlc:inc policy can dlr.ct the ~ 
havlnl renewbl" en.~ ~_ ~ M11 ..... U to the utll1tt lit it.:I ~ 
10lid hour" ..,d pun:halle -v !'rOIl l1:e utUlty .t It.a otr-t)e8k 1Icr.ln . Thl.a 
interaction can 1q;or'oVI the -10lI0' t)t the con~r e,.r;y aaur_ lind allo 
C3fl iaprove the ... U.tIliityor the I.Itllltl' Vid. AIIIO, the lIIIOIIOCies til t.'" ene!"1Y pI"OCb::ed rro:. the r..nb!.e -*'1)' lI)'stem:l '*l IN: ~......t 1f 
tIw IIUlIt.QCIr:r 1<»:1. can ~ll' anlrt.eble 1c.d xtln.l" to oIrcr optt:u. eaercr 
~ atrltelY . 

( 11 11. 'J . PBtapOft arid P,R. IWtt1Jet~, -lItllity Interconnection eSj)8f'lena. 
<lith an operatlna cenU.l Bt.atiOO "'-.shed photovoltalo ploot", I!Il:, 
Trans., Vol. P.u-IOII , 110. 8 , ~t 19a5, pp. 2020-0l025. 

I 2J J. E. J . CiotU'lll, "Eccnc.1c ",,"=mt or the nmGltable ~ 
saJreea- , In: PrQc .. Vol. 127, Part .t , J\lne 19110, lIP. 2'19-i88. 

( 31 S.A . fe.rgnaJ., I'U, .T.nt..,- lind A. E. El • .uty -rap.et or solar tJiensl 
pc;.HH' plantll on eaoolW(Y!WId .... lhblUty or utility IIYIltar', 1m PIIp«' 
~t.t at tho 1986 s.- lMtina, 86 ;;Mo;68--3. 

II ] S. l. 'farttW- . 1\. A. TantIN)' .nd A. E. El-Alf'y ~Lil:I.I:a dHliIl of 
8t.n~ .lonlI solllr tharm.l power 8'S~ wIth rell.billty oonatralnt- , 
lEEE paper prellantlld.t t!I!l 1986 S-r :*tinl, &6 3Wl6g-1 . 

( 5] .Io.T. lL.lda . l . Martina , H. JfIIIU5, aM J . CliaDco, "SQ.or,. 
r el1abll1ty in • ~loed v1nc..ao1a--nyoro systa:- , l£EE !r.n •• • Vol. 
P15-- 102, 11(>. 6, JUlIe 1983. PSI . 1515-15020. 

[ 6J G. L. J ohnMn ~Ind enIlI'&l' SY3t .. -, ?rIUlUce-lioil1 , Ine . • Enal....-ood 
Cllft'll , New Jer!ll!!1 , 1985. 

( 1] H.G . JOIhbIklou (WId R.8. Put-t.gen, "Optla1utlm tq:J1C!1 ... lattICI to _1'1 
pa4f' pt'CICU<:t1ot1 r.e1l1tl .. aper'1Itil1l WIder ..-g Ij)Ot. I!rle11l1 
palle!_~ , .IW ~8pfII' pre&e<ltcl at the 1966 ~ HMt1n6. e6 ZlQ02-'1. 

[ 8J c . MdUUan, "I"..u-tlC111 I)nlv-.ln&- , JDhn !t1l1lY & Sms, Inc •• 
Secon(! ..uUm, Ifw TorIe, 1970. 

[ 91 teater for .~le R8IOoU'CfMI, .. ft~la .... D In cUI." , Van 
IIc.-trRrld , .. Ir.hold Inc:" tIew fork, 1961t. 


