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Abstract

Purpose: Finding the best situation for the expected profit by each of the participants (players) in the secondary auction
market of financial congestion transmission rights.

Methodology: From the point of view of game theory, finding at least one Nash equilibrium point for this competition
takes into account the various constraints of the secondary auction market.

Findings: This paper study the issue of financial transmission congestion contracts then uses the game theory to analyze
the short-term (weekly) secondary FTR markets, in which the players manage the transmission risk through optimal

biddings.

Originality/Value: Congestion risk management is one of the most important topics of transmission network
management in restructured power systems and electricity markets in the world, especially markets based on regional or
local pricing, whose main tool is transmission financial contracts. In the other scientific articles published so far, mainly
the modeling and analysis of the primary auction markets of transission congestion financial rights have been discussed,
and the secondary auction markets of these contracts, which have a different pattern, have not been scientifically
analyzed. The main innovation of this article is to pay attention to this issue using application of game theory.

Keywords: Restructured power system, Electrical energy transmission, Electricity market, Congestion risk management,
Financial transmission rights, Game theory.
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Figure 1- General flow chart of the proposed method.
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Table 1- Description of different simulation modes.
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Table 2- Summary of simulation results in case (1).

5250.281
90000
1310.271
42.927
3940.011
100

0

0

90000
Egoe

5.8
1750.094
30000
436.757
6.829
14.309
1313.337
8.319
33.333

5.8
1750.094
30000
436.757
6.829
14.309
1313.337
8.319
33.333

5.8
1750.094
30000
436.757
6.829
14.309
1313.337
8.319
33.333

(%) oolazwl 8,50 aslo joo s 00 Lim yin Sgs S
(8) aolo,l 3 JS ay,5 5l eosS S, anl o g0 Sgu lade
() ooS S, Lawgs oaoolizu! e yus oyl 50

(8) FGR sls,,8 05 5 51 ,Uasl 550 Sgu 500
(8/MW) FGR sls 1,5 sl (golpainn cad

(MW) FGR sls,l 3 sl goloinn cud )b

(8) Op-FTR sls,1 3 05 5 51 JUasl o )50 Sgu yl500
(8/MW) Op-FTR sl 3 sl s (goloiinn cuod
(MW) Op-FTR sls 1,3 (sl (golpain oo,
(8/MW) Ob-FTR sl 3 (gl (goleiiinn Cunud
(MW) Ob-FTR sls,l 3 gl golpin cud b
wloyw J5

(8) pBases,s

JUsl o515 e csloola |5 s ik o ol st

(D) Sl 10 (63 wdunis ol aods Y Jgus
Table 3- Summary of simulation results in case (2).
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Table 3- Continued.
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.Table 4- Summary of simulation results in case (3).

- 5.9 5.9 5.9 (%) oolizusl 5550 a3lo yus dy 00 S s S g s
3256.834 592.152 1184.303 1480.379 | (8) Wols,l,3 JS 0y )5 5l eaiSeS il jlawl s jge s lade
55000 10000 20000 25000 (8) oS 8y Lansgs oadoslazul ale pus (150
0 0 0 0 (8) FGR sls 1,8 055 51 )Uaxil s 50 350 500
. . - - (SIMW) FGR sls,1,3 (s (g3l Consd
0 0 0 0 (MW) FGR ols,13 (sl solgiing cod bo
3256.834 592.152 1184.303  1480.379 (8) Op-FTR sls 1,8 0 5 5l Uazil 5 )50 95 1500
- 8267 8.267 8.267 (S/MW) Op-FTR sl | 8 (gl (golpiin cood
83158 1512 30239  37.799 (MW) Op-FTR sls )18 (52 golpiing byl
0 0 0 0 ($/MW) Ob-FTR sls,l 8 (sl solpidon cuoud
. . . . (MW) Ob-FTR sls,) 8 (sl (soleiing cud b
0 0 0 0 oy JS
55000 10000 20000 25000 $) pBasses,s
Eyoe Cc B A JEsl o515 (o glaslo )8 argsl 15k 5o o550
(F) Sl o (g 3lwdnncis guls s -0 Jgoe
Table 5- Summary of simulation results in case (4).
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Table 6- Summary of simulation results in case (5).
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Table 7- Summary of simulation results in case (6).
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Table 8- Summary of simulation results in case (7).
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Table 9- Summary of simulation results in case (8).
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Table 10- Summary of simulation results in case (9).
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Table 11- Summary of simulation results in case (10).
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Table 12- List of symbols and abbreviations.

CAISO

CRR
DA

ERCOT

FG
FGR
FTR

HTSO
HVDC
IEM
I1ISO
LMP
MCP
MISO
NLP
PIM
PTR
FTR PTP

PTDF

SFT

SMD

TO

TR

TSO

California independent
system operator

Congestion revenue right
Day-Ahead

reliability council of Electric
texas

Flow-gate

Flow-gate right

Financial transmission right
Hellenic transmission system
operator

High voltage direct current
Internal electricity market
Independent system operator
Local marginal price
Market clearing price

ISO Midwest

Non-linear programming
Pennsylvania—new jersey—
maryland

Physical transmission right
Point to point financial
transmission right

Power transfer distribution
factor

Simultaneous feasibility test

Standard market design

Transmission owner

Transmission right

Transmission system operator

m

o Q = w»w

(MW) y

® o
(MW) P
o (MW)

n ($IMW)

Injection bus in obligatory FTR

Withdrawal bus in obligatory FTR
Injection bus in optional FTR

Withdrawal bus in optional FTR

First bus of a flow-gate in FGR
End bus of a flow-gate in FGR
Generator bus in a bilateral contract

Consumer bus in a bilateral contract

Set of candidates obligatory FTRs
Set of offered obligatory FTRs
Set of candidates optional FTRs
Set of offered optional FTRs

Set of candidates FGRs

Set of offered FGRs

Desired quantity for FTR

FTR price per MWh

Electrical power

Desired quantity for FGR

Nodal price (LMP)

Percentage with of the load n that is being
supplied by generating bus m

Shift factor of line i-j respect to ending
buses

Participant revenue for obligatory FTR
between injection bus m and withdrawal
bus n

Participant revenue for optional FTR
between injection bus k and withdrawal
bus |

Participant revenue for FGR in the flow-

gate between buses s and r corresponding to

a bilateral contract with generating bus g
and load bus d
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