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On equilibrium in electricity markets considering forward contracts and loop flow constraints
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Abstract: Loop flow constraints are the important peculiarities of electric power systems, and it is meaningful to analyze the impact
of loop flow constraints on electricity market equilibrium and generators’ strategic forward contracting. A joint Cournot equilibrium
model for strategic forward contracting and spot market competition is proposed by taking loop flow constraints into account. This
model can be reformulated as an equilibrium problem with equilibrium constraints and be solved by a nonlinear complementarity
method. A numerical example is presented to verify the effectiveness of the proposed model and solution method. The results show
that loop flow constraints are more relevant to electricity market equilibrium and generators’ strategic forward contracting. If
neglecting loop flow constraints, error price signals and unreasonable results may be derived.
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BEMRTHE T A Eﬁmmuﬁ%@ A= ZieNé}/?i
HATEHE, Ho 6 =580 19 B AR B X
FAETAILE, AL S, ZO,ZieNé',. =1, WRKHEH g
HRPUAENE f BT T REA k, NIZHE I,

T 24355 T35 %4 A B B A BT A RS
e f B, REEETHAPMELA-f): LK
&N SR IACEY AT A RN £, B
F‘B‘Zﬁﬁ%ﬁfﬁ%kg(f—%o Elt, KeLpi @
ZZTHERRBRIFER y, ATRZRN:
Vi =k8(f—2ieN6i/ii) M
ERE B, ZEREREHAAERSENTF
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Fig.1 Illustrative example system M 2 HAJ LB, MEREXEFRENY

3 HBIGH

A5 ER (18] HEREM 4T SEINEE D,
AAXBEETIN 0.1 Q, IAMYN AP
B ZNNAREMBES R 0. 25, WA A
FTRRBAEFEY A 1008/MWh, T 1 FI R 2 18
FERBEHRI R K 0.528/ MWh)®, F545 3 FIFim 4
WER B R 0. 658/ MWh)°. WTHIZHTER
AREH, REE LHEMTE AL HRENA,
HXNEH SN g, KREE2HAEMTHA2HER
LA, EXXNEH AR g, . RER 1 FIRER 2
FINLAEASHWE | FiR.

F1 ZRNBARASE
Tab.1 Technical data for generators

s AR W BB HATR
B /$ /MW /MW
1 0.175g% +10g;, 200 0
2 0.225¢2, +10gq,, 200 0

FR=FEI: ORBAEE, Rixs&HEE
LB B RN EMA RN 50 MF; QB BERET & 1

R, REBWLARSSEHEaRRE, RERE
FHEANZSBAM. ZRABERN, HEdFR
FHEEMEM, 13 RPHERN, REH 1 NAFSEEHR
92.2 MWh FF&2]9.0 MWh, RHHE 2 KWEFRBEEH
By 76.8 MWh 3N 81.8 MWh; T 24 LEFHER, &
HE 2 &R eEH 76. 8 MWh FRHEE] 39. 8 Mih, &
B 1 KERBEMNH 92. 2 MWh TREZ] 86.5 MWh.
AT, FEIRREIME, REFPERXZESMY%
FHEMEH X, REHEMNBENEBRESE54RAXS
HIE = 2R AEE . BA% BT EHRLY
WA, 13 8¢ 24 RMEMARRAEDTUE, REHHN
AFBERYAZEN, BRI KBHERTHNE
BEAT h SR M TSRS .

MFE 2 FERFEH, ZEBABRBMANR, HXF
TAHEZNFELRL, 313 KEHMARN 5, #
AW A BEH 222.4 MWh TFEE] 180. 8 MWh,
Y24 RAEMARN 15 MW B, BATSHKAEEH
222. 4 MWh FREE] 193. 8 MWh, WL, %BHEHR
i, FHEEMBRELEBAREHE, TR

R 2 ZEHFEEIRRMALRA R IHELER

Tab.2 Equilibrium result with or/and without loop flow constraints

A RIFBERMAR X RIFHFRAR
13 kPR E 24 LRFHZE 13 ZRPHZE 24 SipAE
THE /150 /15N HE /15MW /15MW
Tl 61.8 61.8 61.8 61.8 63.8 61.9
®RKE a2 61.8 61.8 61.8 61.8 49. 4 71.6
/MQh FE3 49.4 49.4 49.4 49.4 31.9 41.8
Fif4 49. 4 49. 4 49, 4 49.4 35.7 18.5
RHih REAE 1 121.6 121.6 121.6 121.6 70.7 118.1
/MQh REH 2 100. 8 100. 8 100. 8 100. 8 110. 1 75.7
AR B EHRE 1 92.2 92,2 92.2 92.2 9.0 86.5
/MWh RHd2 76.8 76.8 76.8 76.8 81.8 39.8
ikl 67.9 67.9 67.9 67.9 66. 8 67.8
A HiE2 67.9 67.9 67.9 67.9 74.3 62. 8
/ ($/MWh) FA 3 67.9 67.9 67.9 67.9 79.3 72.8
4 67.9 67.9 67.9 67.9 76.8 88. 0
124 15.9 45.1 11.8 18.9 -8.1 22. 4
TR 13 2 44.0 14.7 48.1 41.0 15.0 33.8
i 23 & 22.2 41.4 37.4 22,1 23.1 11.5
24 2% 32.7 42.7 13.4 35.8 29. 4 15. 0
344 16.7 6.7 36. 0 13.7 6.3 3.50
b 4::8: 1 08 RELE L 4449. 4 4449, 4 4449 4 4449, 4 3141.2 4385, 5
/% R 2 3547. 1 3547.1 3547. 1 3547.1 4352. 4 2704. 8
HEBEH/$ 11570.9 11570.9 11570. 9 11570. 9 10231. 2 10705. 3
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REBIFBEMA, 24 13 LM AE N 50 MW
B, RER BT A BT AR 12 70 13 BiEH
KW 450k 15.9 MWh F0 44 MWh; 34 13 8RBk
ERMAE TN 15 WE, KBE1IHTA1ED
fEHnER 12 F 13 HERIREH /157K 45.1 Mih
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TAHENAZEWN. BEEFEFRA, 413 &%
RMAR TR 15 WE, HTZHEERNLAR,
12 REEIRFE ARBAE R SE n, B R 1 FIKH
AR AGE 12 #7013 k%, HARSBE Y
PE TR, FETHHPETABEMPAR. 7T
xR HLRE 2 F 24 ERAE A BRI FIE LSS LR
i, HHEERT L, FEPTEAE BRI, BE
HEEEREREERAL, TR THNHHERE
I IRE L

LRI, ZRABBAMANR, HRHEL 13
KB AEMARN 15 MW, KBEH 2 RS KT
FoBHZE R FIE I, X BH 2% R P2 A B SR Ak
AHREEN, AT HERFINLER K ST
HEE M TR IRAR ORI

FEREME, LRSI A TR E 5
BHATH, MREMARE, AEERIBEREEE
KBRS & Rl RN A E B 45 R F W K
FIZER. BXRWE, ETE s ESs
P SRBERAT A B YR B B BE R IR BB X — L 1 &R
SHEERE, FUETREBHEAEENER.
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