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ARTICLE INFORMATION ABSTRACT

Original Research Paper This study is concerned with optimizing the daily operation of a solar power plant equipped with
Received 01 August 2015 thermal energy storage system (TES). The modeling is performed by solving a set of non-linear
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governing equations and is verified through comparison with the literature. "Maximum
production period" and "maximum revenue" constitute the objectives of the optimization study
which are first considered individually (as two single-objective problems) and are then
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gg{;ﬂﬁj;mm Power Plant considered simultaneously (as a multi-objective problem). Genetic Algorithm (GA) is employed as
Thermal Energy Storage System the optimization tool. The results of the first objective (maximum production period) shows a 7
Modeling hour increase in the daily production time as a result of employing the TES system. This occurred
Optimization through saving energy during times of high solar radiation and using the stored energy for
electricity generation during times of low or zero solar radiation. The results of the second
objective (maximum revenue) indicate 13.5% increase in the produced profit as a result of
employing the TES system. This improvement was resulted from saving energy during times of
low electricity price and using the stored energy for maximum electricity generation during times
of high electricity price. Finally, in the multi-objective study, 5 hour increase in the production
period and 8.1% increase in the revenue were simultaneously obtained as a result of a proper

tradeoff between the two objectives.
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1- Concentrating Solar Plants, (CSPs)
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4- Life Cycle saving

5- Andasol_1

6- Parabolic Trough

7- Heat Transfer Fluid, (HTF)

8- Direct Normal Irradiation, (DNI)
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1- Levelized Cost Of Energy, (LCOE)
2- Solar field, (S.F)
3- Non Linear Programming, (NLP)
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1- Logarithmic mean temperature difference

251

Qunsr = 0.386 DNI —20.94 (1)
ool lp 5 Gl Glacuadee sl gurde> b polis

Gob st Dd> ole)F (6550 abbie 09290 [15] gz ye o wieluns

ab salyd 1 T s 5 e, sles (il cel (2) ala,

ch,s.F = mHTF,s.F(hout,s.F - hin,S.F) (2)
houtsr § Rinsr L,5 JWsl Jlw 0,2 &5 Murpsre (2) alal, o

2 o5l b Sygo a4 oS 00y (29,5 5 69959 laIl Soke 5

[16] o5 0 w3 5

Loy jlwo usd sy g oS> Y olro —2-2

Sed 05 g Oy e 93 Jold g et e £55 5] Sleo S s
0f9y o @lS Gl ol sl (Sl Jawe oes Sy Sl
Oibre ool ddise 29 [14] wilioe Clie Sai g undyeB lass
Yolas J17] 5,00 s52g oy 3 (65, W1 w555 5 00y ke SLelS
e L0 Gld 5 Ol S il Gln 3P s px Ol8
2048 Cul S5 4 p3Y g walys (6) b (3) Luly, e (silwe s
49 dpdee S8 5L llyh ol ki SVl (camgiasdls ol
ol s BB 555 Iy 4 (o,

Mceyar = Mce —ms - At (3)
My crae = My, +ms - At (4)
Mcerae - Ucerar — Mce - uc = —Mg - At - hg, ()
My cvae - Unerac — Mue - ug = Mg - At - hgy (6)

10 o less 15 09> 1394 s (o3 Sl Swade


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.11.5
https://mme.modares.ac.ir/article-15-3053-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.10275940.1394.15.10.11.5]

Heos39axe Slga 9 Jagl 031 Jula duag

e pS 633l S)we pa D plamn &3 uexe S 3uib y9d ol 9 8 o SLbdwdb 3 pShos ilwdisg 9 Siwd e

hyrrs” = —18.34 + 1.498Tyrp 37 + 0.00138T2 . v (24)

132LogisST Juws 59 oSl ¥ olze ~3-3-2
1oty 1) (20 (25) Laly, s oo i psm i alie

QEC = mHTF,BOP(hHTF,3” - hHTF,4) (25)

0'98QEC = mf.w(hl’ - hl) (26)

. My

QEc = (UA)des,Ec(m L )OIBATlm,Ec (27)
f.w,des

_ (Turrz-Tyv) = (Turra-Th)

ATlm,Ec B | (THTF,3”—T1’) (28)
n( (Tarra-T1)
hyrra = —18.34 + 1.498Ty 1 4 + 0.00138T 15 4 (29)

Jge iy slo o 5l jeae 5l an Ol 4o oals sl jlad cdl jlads

oS ol (b Jlade K,y cabasly ol 45 09 oz (30) alaly g0 4 o
5sn (e ol Ll 5o L2 28l (Sl b )

P, = Py = kep (rigy)? (30)

oy p Sl Y olre -4-3-2
Aol go g8 0, es p WS> SV ol caimo L (34) i (31) Laslg
(Mturvine) 395 Sgyin] pleaily ol alal, Seles (31) Wolas
797 T 5 (he) (2o, o ik (ST hy) 59959 T (]
ol (B3 5) Sazg il Ll 5o

h2 - h3 (31)

Meurbine = 7~ 7
turbine hz _ h3 s
Saggmnl gledily (b bulys 5zl oS, 0S5 cdl o

239500 5ant (32) bl &0 4 (5

— mf.w
Nturbine = nturbine,ref[l - (0-19 - 041 (m )
fw,des
. 2
mew
+0.218( -
(mf.w,des> )] (32)

)'1 oolaiwl L Lo ey ‘G>|)b Ja.a‘).w )'1 C)B o, Sles bl yo
L-’f‘“ P (6999 oo Lhgy (pl 0005 0 J S e L g,

[4] o520
ol ( T )2 (33)
Pzz,ref - P32,ref mf.w,des
)l 58 Geyg S Ole sl
Wiurbine = 1w (hy — hs) (34)

ymilasS oS> Y olee -5-3-2
30 L 0/08 sgu> jguilaiS Lid woas s o jeuwslasS jo JLud cél

Oy 1) HemilsS 4l 2B Bu oS S5dige (B8 5 o0l a8 S Ll
i) oo sty (37) B (35) Ly, cplplo ules oo S 5 gl mobe

P, = P; (35)
T4 = Tsat@P4 (36)
hy, = hsgp, (37)

ol ﬁ,fl: SYolzo -6-3-2

Oypod (795 5 639y Il Dol s Grey (Bras ol

10 o lests 15 09> 1394 s (oRIde Sl Swade

At o= (Trea-Tsa) = (Tureo-Tso)
Im, TES In (THTF,l—Ts,l) (11)
(Tarr2-Tsz2)
B g A L) laasls Jlail sla oo glp 5, 5 oy o3les Volao

B (13) 5 (12) Loy, &g 4 (1 JSa o oo oslolas

MyTES.F — MuTF,BOP T MHTF.TES (12)

MyTFBOP * hHTF,4 + MyTFTES hHTF,Z
= MyrrsF - NinsF (13)

Ol adei G oSl WY olee -3-2

G55 A o Ol S 50 (gandygd Gl 5l ol ole)S (655
b 0SSl S oS98 5o osliiul 9550 Ol S 09800 (So 2SI
5 o3edlS ey B Wse wilie (S e 50 oo s
B adg w0l oo G50 (nl eaims JoSis Lol sl ey
ol o525 )93l nlsl gy g ) nlegisST Al by ()l Jos an
aeo e Jast ol arly o9, lo S 55 5

S g ooy oS> SYolae -1-3-2
Fud g 3,Sles o oSl OYoles cams lis (17) & (14) L,

[14] sl oo
QS.H = mHTF,BOP(hHTF,?, - hHTF,3’) (14)
O-9SQS.H = Mgy (hy — hyr) (15)

P S ol of 4 My ¢ Myrrgop Qs ‘(15) 9 (14) Ly, ;o

My Gisu @ Jo)l 5855 (02 85 g S o LS Jlasl IS
9 hyTr3 ML’@" Q‘ﬁs J*Js-’ o (*.—”‘) J‘L‘: JLW’ > Tr 9 Q‘53
hy s hur 5 yam psm (25,5 5 69935 3 sy slT eaimo ) Lis hyre 3
yd e Bl s SR s (29 9 60955 0 2l (ST Sl
oo Gl peadlee e Wse iz ole)S leadly Sl 0/98
S s o S gt (sles GO L Jone e S 5 Shas

D5l g s Ol Jla]

. The
Qsu = (UA)gessu(c = )* AT\ s 1 (16)
Mg w,des
AT, _ (THTF,3—T2) - (THTF,3’—T1”)
ImSH — (Turr3-T2) (17)
|n(—'
(THTF,3’—T1”)

[19] azye 4 Lgiyo Laly, 51 oslinul b T (JLST 5 005 (wgemdes
D9 50 (et

hyrrps = —18.34 + 1.498Ty 1 5 + 0.00138TF 1 5 (18)
hHTF,3’ == —1834 + 1'498THTF,3’ + 0'00138TI-21TF,3’ (19)
391 plsl Jowo p o5l @Y olro -2-3-2

g ] (24) 6 (20) Ly, Ll et g i alia

QEV = mHTF,BOP(hHTFB’ - hHTF,3”) (20)
0'98QEV = Mgy (hyr — hyr) (21)
. o,

QEV = (UA)des,Ev L )O'BATlm,EV (22)

(mf.w,des
= (Turra-T1) = (Turesr-Ty)
AT]m,EV - |n((THTF'3,_T1”) (23)

(THTF,3”—T1’)

1- Steam generator, (S.G)

252


https://dorl.net/dor/20.1001.1.10275940.1394.15.10.11.5
https://mme.modares.ac.ir/article-15-3053-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-03 ]

[ DOR: 20.1001.1.10275940.1394.15.10.11.5]

Heos39axe Slga 9 Jagl 031 Jula duag

e pS 633l S)we pa D plamn &3 uexe S 3uib y9d ol 9 8 o SLbdwdb 3 pShos ilwdisg 9 Siwd e

oSl B85 jlome Bl g0 CHESG Sz g SlabBSS oS 5 (s,
oS5 il g 005 i 3 S e 4 Jlste Jud 00 1 e
g oo a3 S Ll 0 %80 Ll
Adadai> S el peo adud l eolaiul b aduaais (gl
Shos 55 o 4831 0298 0l 15,25 oo S0 il 53Liiyo b
dasnizr iyl So a4 (Jyene S S w4 690
ool e ) laws (Dlsz (n e (8L Glrd o5 Sl ol oS
Slae g0 ol isdoe a3lin Zeil ager b L a5 ans e ) 1,
5l Wl e
Silbocdpe ool (45)) Gp lae S &5 S 1
Q23 o plais] Comen slacl 4 bl
Apas; bl gle o |y Sl g9 &5 o Shee 2
S o Lais
2 &S ogbige ooy plaBl as, S Slex e 4 ol oSl cpl o
ObL 5 05bse el BlE plo 4 o lagl o oglie slaai Gl
aegame Glyiear aib Lo 1) 1w, cim 4 ok o8 (blis o 65!
s g ] gy LB L Uy
&l 3o ol sloSles o Sloe o9 5 S35 o oS ilisee J>1 e
ol 0 o pi5 [25-21]

Sl (i il -4
OB W bawgs il 5 Silwdde slapt oSl (6 Fgnels asli
L aslae 3o,k )l ol gilu Jow (idu ol 0wl s sl allie
o308 SR ke 90,5 o miwciono [14] oz ye 15 29250 b
45 Ol ady it 4 Lol (89 (0 5 5 (b Sl s
SYolae ol5iwd plmw 40 (639,9 (ylgieds Wbl oo 4l p p,54LS 594
loas 03,91 1 Jgaz ;0 55 8,90 sloools plw .0gd oo Jlee! (g5l Jow
50 ) [14] ez e 0 00 @l @l 5yl (g5lu e 5l Jol> b
Bl glin ol el 00 dnlio 2 Jgaz 5 (b Lyl 4y gy o
5 ol Siladoe Ol Fmgmae Dolis J¥s jliams oo (LA ) (oelie
o5 030l & plsise Ju 0y iy ooy Ol 050 0 [14] az e
ilmdas o (Gila S5k piso ez 5) ol )0 09290 (28 slaailgs
o5 ol sl

SbosS Ol Sd Sypon 2 sz 5 Gantyen aps sl
Ol oy itu g oad Jlol (ol S le 4 gand o> plawe ) Jel>
Sedes i (b Ll b

&= &9y S -d

b5 (53lwo pp3d i 3929 (o bl gl s - 1-5
e &8 )5 515 )0 ole)S (g3l s 9 o g 5 &S anl il o
Juol Ol adgs ise 4 andyor Ol 5l Jels ole S 6551 S
Wil D979 Ganbys> b a5 olapley jo kalyd cpl o 05l o
O a8 (al s L) (il i lagles 5o (Jg 4135 e ples adgs
Sy ges ddg Sl (Conl jlome Jlax I a8

1- Non-dominated sorting Genetic Algorithm, (NSGA 1)
2- Pareto front
3- Solar multiple
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