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Table (1): The benefit of producing companies for different proposed strategies
Ll il o slpiin laslid 2 gy eI, 35w () sz

GEN #1 1 2 3

GEN #2.3 BG1 BG 2 BG 3 BG1 BG 2 BG3 BG1 BG 2 BG 3
1,1 32,215.2 -452.1 2,032.54 - - - -3,452.1  31,326.1  29,564.3
1,2 17,3482  11.302.14 23.1 21,369.2 35,591 -329.3 -3,269.3 35.369 30.658
1,3 35,124.8 10,254 -1045 23,4313 40,3253 -965 33,600.5 45,954 -832.3
2,1 - - - 34,697.4  -369.5 29.365 -5,863.2  34,.761.2 31,452
2,2 57,321.2 -1658.2 -325 43,9526 3,651.6 15,120.6 -5,426 38,621.3  30,365.1
2,3 59,861.6 -4,574 -953 43,256.3 19,8524  -1652.3 7,695.5 57,1264  6,482.6
31 - - - - - - 46,854.1 -412.8 35,752
3,2 62,321.5 -974.3 381.4 49,832.7 -1862.3  15,632.1 | 49,365.2 621.4 42,387.2
3.3 - - - - - - - - -

BG1: Benefit of Genco #1

Sl 4 e @l (g jledianS (gl a5 conl (Sitle pie o M(h) 6195 Cwdle

[h] wgi oo oslizul h celus jo olf 0l b ol

IMW] i cels s ol woly 29,5 ol Pih)

IMW] h ceba s ol ooy (255 ol St Py ()

IMWI b ol 5 ol aoly s ol Jiom <P (B)

[h] cosl 059y Gigals ch el o ol axlg a5 Sy wawe Si(h)
Al 25 Ol o 1 &yg0 50 o8 e (650L pite S TN H)
sl yii ol Ssly Ssb 5 h celis s

TRV PE LA SUV ) VPR VY LAWK VYW ) I

el jo ol aly 509 ) Sjg0 50 &5 el 5L paie S5 1V (h)
ROWH ARV |

P epll azly oos 1 &g j5 a8 cl (6,00 piie S :Wij(j’h)
el igels el (gl anls o g 00l 0 el gl
sl o ‘ﬁﬂ azly g 1 &yso jo a8 cadl 6,0b e S :Y(h)
03 Jle o h celos

@l o pli aly g T ojg0 50 a5 ol 500 piie S5 Zi(h)

Lol 004y igels h el

[$/MWh] h cels s 65,0 oo : A (D)

[$/MWh] h celes 5 552 55, ceass :lL(h)
[$/h] plf axly ool an e Ay
[$/h] plj ozl 0,5 Gigals anzze G
h] el wxls os: Shgels ooy Sl DT
[$/MWh] alf asly saiie anze oll Ssb o Fr ()

li asly (s lalely 4 w5 ai S Al ols ol 4 s e K
[$/MWh]
&3l 430wl S slaalols slaws ND
o s ane anse ol slaoSsl sl NL

IMW] ol asly a6 s Sl <P,

IMW] el axly (25,5 ol Joloo <Py
IMW/h] .o sy o2als s 25 RD)

IMW/h] ol soly il s ¢ RU;

el 921y 45 laciels slass pay3SLe) 5 S o3l 4 ool S ¢S,

(3L Ghsals g5 oo

by (s IMW/h] (aff a1y 5,8 Gigals o £, SD
1- Risk Seeker IMW/h] ol oty 53,8 s, s &5 SU;
2- Risk Averse . .
3- Risk Neutral IMW] el sy iz aiuje ol S5l oo Ty
4- Mixed- Integer Linear Programming [h] cosgs orisg, lazl )s ol axly a5 Gloj o : U
5- Independent System Operator Wl of .
1h] . ' : by Jslas UT;
6- Forecasted Market Clearing Price [0 2=y o9 o9, ol o UTy
7- Forecasted Energy Price
8- Forecasted Reserve Price b piito
9- Market Power 5 el aly site atise s il sl sl &5 (s eite 18, (), 1)
IMW] 555 oo oslizd ol S sl h el
&l

[1] P. Attaviriyanupap, H. Kita, "New bidding strategy formulation for day-ahead energy and reserve markets based on

evolutionary programming", Elec. Pow. and Ene. Sys., Vol.27, pp.157-167, 2005.

[2] A. Badri, S. Jadid, "Optimal bidding strategies in oligopoly markets considering bilateral contracts and transmission

constraints”, Elec. Pow. Sys. Res., Vol.78, pp.1089-1098, 2008.

OA)



Journal of Transactions on Electrical Technology — Vol.2 —-No.7- Autumn 2011

WA ol - Cdno)led —pgs Jlo = G s 5108 0 Siegk delilad

[3] A. Borghettia, S. Massucco, F. Silvestro, "Influence of feasibility constrains on the bidding strategy selection in a day-
ahead electricity market session", Elec. Pow. Sys. Res., Vol.79, pp.1727-1737, 2009.

[4] S. Soleymani, A.M. Ranjbar, A.R Shirani, "New approach to bidding strategies of generating companies in day ahead
energy market", Ene. Conv. and Mana., Vol.49, pp.1493-1499, June 2008.

[5] S. Soleymani, A.M. Ranjbar, A.R. Shirani, "Strategic bidding of generating units in competitive electricity market with
considering their reliability", Elec. Pow. and Ene. Sys., Vol.30, pp.193-201, 2008.

[6] A. Azadeh, S.F. Ghadrei, "A new GA- approach for optimizing bidding strategy viewpoint of profit maximization of a
GENCQO', 5th Inte. Conf. on Adv. in Pow. Sys. Cont., IEEE/HIMA, pp.225-230, 20009.

[7] G.K. Toh, H.B. Gooi, Y.S. Tsan, "Optimal price bidding strategy for competitive electricity market in Singapore", IEEE
Tran. on Pow. Sys., Vol.45, No.1, pp.18-23, Mng 2007.

[8] X. Wang, X. Gao, "Generation bidding strategies for marginal price based power market", IEEE Trans. on Pow. Sys.,
Vol.16, No.1, pp.15-22, 2001.

[9] P. Kanakasabapathy, K. Shanti Swarup, "Optimal bidding strategy for multi-unit pumped storage plant in pool-based
electricity market using evolutionary tristate PSO", IEEE/ICSET, Vol.46, No.3, pp.95-10, 2008.

[10] M. Blake, "Game theory and electricity markets", Drayton, Analytics research paper series, Feb. 2003.

[11] J.M. Arroyo, A.J. Conejo, "Optimal response of a thermal unit to an electricity spot market", IEEE Tran. on Pow. Sys.,
Vol.15, No.3, pp.1098-1104, Aug. 2000.

[12] G. Morinec, F.E. Villaseca, "Optimal generator bidding strategies for power and ancillary services using game theory",
IEEE Trans. on Pow. Sys., Vol.16, No.3, pp.402-408, Aug. 2008.

Wil )z asdllas 0590 e Jow 4 bg e Dl A Cawgw

Table (A1): The information related to the power network
D5)d8 ALl 4y bgs e oMbl (A1) Jgo

Line  From To R X Limit
No. bus bus Pu Pu) MW)

1 1 2 0.10 020 17.78
2 1 4 0.05 020 4252
3 1 5 0.08 030 45.57
4 2 3 0.05 025 19.13
S 2 4 0.05 0.10 52.62
6 2 5 0.10 030 35.46
7 2 6 0.07 0.20 48.20
8 3 5 0.12 026 32.12
9 3 6 0.02 0.10 66.63
10 4 5 0.20 0.40 10.81
11 5 6 0.10  0.30 8.420

Table (A2): The FMCP values for one day for different hours of the day in two markets
b g o el Oyso 4 55, Sy gl FMCP j0lis (A2) Jsax

Hour FEP FRP Hour FEP FRP
H $/M Wh  $/M Wh H $/M Wh $/M Wh
1 18.5 3.70 13 21.9 6.57
2 18.8 3.76 14 22.2 6.88
3 19.0 3.80 15 22.2 6.90
4 18.9 3.77 16 21.7 5.45
5 18.7 3.74 17 21.6 5.40
6 19.0 3.80 18 21.5 5.37
7 19.3 3.86 19 21.5 5.37
8 19.7 3.94 20 214 6.00
9 19.9 3.98 21 21.7 6.51
10 20.3 4.06 22 22.5 6.75
11 21.4 6.42 23 23.0 6.71
12 21.7 6.51 24 23.5 6.59
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Table (A3): The linearised variable cost function of each 3 units in the 3 blocks
Ssb aw oy aw ja 0ol Lt e anje @b {A3) Jeax

No.

Lower

Upper

S Block (MW) (MW) Slope
BLOCK#1 50 250 38

GENCO#1 BLOCK#2 250 48 35
BLOCK#3 486 600 41

BLOCK#1 30 155 39
GENCO#2 BLOCK#2 155 340 37
BLOCK#3 340 455 42

BLOCK#1 30 85 38
GENCO#3 BLOCK#2 85 160 39
BLOCK#3 160 230 40

Table (A4): The information related to the producing units studied
aslllas 550 oot slbamly 4y bgy o Sledlbl (A4) Jsoz

No UT; DT; C; P, P SU; SDj RU; RD; A S;
' (h) (h) ®  ~w) Mw) MW) MW) MW/h) MW/h)  ($) (h
GENCO#1 10 9 120 600 50 170 160 60 50 3494 11
GENCO#2 9 8 100 455 30 130 115 45 35 2445 11
GENCO#3 9 8 95 230 30 120 110 40 25 1222 11
Table (AS): The available information related to the hourly load demands of 3 distributing systems
I3 OIS A G..cL.: L slolas 550 40 35250 Dled] (AS) Jsox
Hour HLFD1 HLFD2 HLFD3 Hour HLFD1 HLFD2 HLFD3 Hour HLFDI HLFD2 HLFD3
H MWh MWh MWh H MWh MWh MWh H MWh MWh MWh
1 50 52 40 9 183 145 140 17 250 229 191
2 80 60 55 10 183 175 140 18 246 221 191
3 110 95 90 11 220 209 160 19 246 225 186
4 120 110 95 12 240 220 183 20 243 222 186
5 118 105 94 13 246 220 183 21 248 222 190
6 130 123 100 14 250 233 194 22 258 226 200
7 145 140 105 15 254 232 198 23 262 241 204
8 145 145 110 16 250 228 198 24 265 250 205
HLFD1: Hourly Load Forecasted of Disco #1
Table (A6): The available information related to driving cost functions of 3 units
axly aw ,2 5llel, 4 e ali 050 10 3525 ledlbl {A6) Jgax
No. K K’ K’; K" K’; K® K’ K’ K’; K" K'Y
GENCO#1 520 1040 1450 1768 1975 2080 2131 2158 2194 2225 2236
GENCO#2 367 728 1015 1237 1382 1456 1491 1510 1535 1557 1565
GENCO#3 173 363 507 618 691 728 745 755 767 776 782
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