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Abstract

Every year, many blackouts occur all over the world as a result of natural disasters which cause many
economic losses and impose a lot of costs on electricity network in order to restore the network.
Therefore, definition of resilience concept and efforts for the resilient performance of power grids
intensified. One of the important things in the design of resilient power networks is to provide the
required capacity of the system by considering the issue of resilience, which is considered in this
paper. Considering the economic reasons, the presence of more capacity providers will create
competition and improve the efficiency of the market, so demand-side management resources should
also be used in the capacity market. Considering that the stable and efficient presence of demand-side
management resources in the capacity market is possible only with the participation of load supplying
companies, which are considered retailers in this paper, the parameters affecting their behavior and
how they interact with the two market segments (market management and consumers) should be
modeled on both sides of the market. Therefore, in this paper, it has been modeled and evaluated how
the retailer's participation in the capacity market is and to what extent it can be effective in reducing
reliability and resilience costs in the capacity market. It is natural that the retailer's profit in this
business should also be calculated and it should be ensured that the retailer will be present in this
market with an acceptable profit so that the network will also benefit from his presence. Numerical
results have shown that using the retailer as a provider of demand-side resources in the capacity
market will reduce outage costs by 1.5%, equivalent to saving $297,638 per year. Meanwhile, the
retailer will also benefit from this business on an average of $3716 per day.
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Figure (1): Types of temperature-consumption graphs related to consumers of countries with different weather conditions [34]
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Considering the assumptions including cost parameters, scenarios of variables, risk parameters and FOR (block 1)

A4
Random generations including proposed price to DR and EE, selling price in market and amount of self-generation (Block 2)
\ 4
> Counter of iterations (block 3)
v
Counter of initial population members (block 4)
v
Counter of scenarios (block 5)
v
Providing proposed prices and fines to DR and EE (Block 6)
L2
Calculating the customer’s participation in retailer program (Block 7)
v
Calculating the retailer's capacity, considering the self-generation (Block 8)
v
Determining the retailer's winning capacity and calculating the retailer's profit (Block 9)
N The last
scenario?

Yv

Calculation of retailer's objective function considering all scenarios (block 10)

The last
member?

VA 4
Selecting top members and applying GA operators (Block 11)

The last
iteration?

Printing the optimal results (block 12)
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Figure (4): The flowchart of problem solving from the retailer’s viewpoint
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Peak load prediction in the season (Block 1)

v
Determining optimal index of blackout probability by operator (Block 2)

v

Determining min and max amount of capacity purchase (block 3)
v
Receiving bidding from providers (block 4)

2
Drawing capacity curve and determining amount of purchased capacity based on network need (Block 5)

Distributing the capacity
economically based on reliability
index (block 6)

Evaluating the conditions of weather events (Block 7)

\ 4

Y LOLE<LOLE*

Is there another seller to
provide capacity?

Provide a list of sellers to correct the economic capacity distribution (Block 8)

v

According to limitations, distribute the capacity economically to satisfy the desired index of blackout rate (Block 9)

v

Determine the capacity prices in the capacity market (Block 10)

v

Calculate the purchasing capacity of each customer by equation (11) (Block 11)

v
Calculate the indices and the final cost (block 12)

v

Cad b 150 510 0w dawgi 150 gl Glodadg,y ((B) JSS&
Figure (5): The flowchart of market operation by capacity market operator
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Table (1): The characteristics of DSM resources and self-generations [34]
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Table (2): The characteristics of scenarios about parameters with uncertainties
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Table (3): The characteristics of generators in 30-buses IEEE standard test system
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Table (4): The characteristics of loads in 30-buses IEEE standard test system
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Table (5): The characteristics of lines in 30-buses IEEE standard test system
Qo Vo oSOl bghas wledb! :(0) Jgoo

owibsT, O 0 ;Lo owilsT, o 0 ;Lo oS o 0 lolt

FOR FOR FOR
(Coigp) | s | ke (Caig ) | oo b (Caigy) | Gt | bs
SN | YV-TY L29 |+ | - vos Y L1s | +V | -c0va VY L1
ceN | xeye VO-YY L30 | oV | cNFe- VY L6 | <V | -)80v V¥ L2
eV | vas YY-YE L31 | +) | - Yo0d \Y-\F L17 | o) | epvry Y-f L3
PR Y Y YYoYE L32 | +V | cpve¥ Y10 L18 | =V | c¥VA Yof L4
cev | vy YE-Y0 L33 | +V | <paAv \Y-\ 8 L19 | ++) | paAy Yoo L5
SN | ¥A Yo-Y# L34 | -V | opaav VE-10 L20 | +V | epvEY = L6
SN | YAy YO-YV L35 | «V | -pavy VoY L21 | oV | eeENE f5 L7
cev | yase YY-YA L36 | <)V | -YVAD VO-1A L22 | ooV | e s o-Y L8
N Y YN YV-Y4 L37 | +V | opvay YA-14 L23 | +) | eeAYe -V L9
eV | oesevy YY-v- L38 | +V | «esA ya-y. L24 | oV | eofYe $-A L10
O N IR Ya-v. L39 | N | e¥ed- yeoy. L25 | )N | e ¥eA xl L11
PR Y P A-YA L40 | =) | - -ATO Yeo1Y L26 | -V | 005 gy - L12
N AT F-YA L4r | +V | -vER Yooy L27 | oV | e ¥eAs a1\ L13
SN AT LY Yooy L28 | oV | e -y L14

Table (6): Load scenarios in 30-buses IEEE standard test system
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Figure (6): The curve of consumption-temperature in the case study
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Table (7): Simulation results from the retailer’s viewpoint
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Table (8): Simulation results from the consumers’ viewpoint
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Table (9): Simulation results from the operator’s viewpoint
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Figure (7): Optimal price of retailer in the capacity market in trade with consumers and market operator
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Figure (8): The amount of profit and risk index of retailer in trade with consumers and market operator
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Figure (9): The amount of consumers’ participation in demand response program
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Figure (10): The amount of consumers’ participation in energy efficiency program
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Figure (11): The amount of consumers’ profit in trade with retailer
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Table (10): Results comparison with [34]
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Table (11): Results comparison between GA and other optimization algorithms
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