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In restructured electricity markets, the consumers have various procurement strategies to supply their electricity demand
from alternative resources such as self-generating facility, bilateral contracts and pool market purchase. A hybrid
approach based on binary particle swarm optimization (BPSO) and binary imperialist competitive algorithm (BICA) is
proposed in this paper to find optimal procurement for large consumers with multiple procurement options. The solution
of these problems provides adequate information to obtain an electricity procurement problem for large consumers.
Also, the results are compared with ICA and PSO methods. Test results show that the proposed hybrid approach is more
effective and has higher capability in finding the optimum solutions in comparison with ICA and PSO methods. A case
study is used to illustrate the efficiency of the proposed hybrid approach.
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1. INTRODUCTION

Large electric consumers participate in the power market
to meet its electricity demand at the minimum cost,
buying from different trading floors via bilateral
contracts and even utilizing its own generating units. The
main problem facing any consumer is how to procure
electric energy from different sources with the lowest
cost [1] in the presence of the pool market price
uncertainty environment.

There is considerable literature addressing consumer
participation in energy market for purchasing of their
demand. The consumers and retailers need to purchase
their demand from power market that this problem is
studied in [2]. The optimal response of a consumer to the
pool prices is characterized in [3] in terms of load
elasticity. Demand-side bidding and purchase allocation in
two markets are discussed in [1] and [4], where the price
volatility is modeled using a stochastic process. The profit
maximization problem of a retailer for selling to the
customers considering the risk assessment is studied in [5],
where the uncertainty of load and price are modeled by
probability  distributions. The alternative energy
procurement options in energy market are available for
industrial customers are analyzed in [6]. Electricity
procurement by large consumers is addressed in [7], where
it is assumed that all required data are available without

considering the load and price uncertainties. A mean-
variance method is used to solve the previous problem in
[8]. The problem is addressed again in [9] and solved
through a scenario generation algorithm and a stochastic
programming method. In [10], a distribution company is
procured their electricity for minimizing the energy
procurement cost. Furthermore, the tolling contracts as
new energy source are used by consumer in [11]. A
theoretical framework for selecting the forward-contract
by Distribution Company for minimizing purchasing cost
is proposed in [12], subject to a cost-exposure constraint.
The alternative energy sources such as future contracts,
call/put options, and interruptible contracts are reviewed
in [13] that can use as new energy options. In particular,
the role of these options in mitigating the market risks and
structuring the hedging strategies for different agents are
analyzed. In [14], real and contractual assets are analyzed
to optimize the procurement cost considering the value-at-
risk (VaR) constraint. A stochastic optimization model for
determining the optimal forward loads and selling prices
for asingle retailer is proposed in [15]. In [16], a stochastic
programming methodology is proposed to determine the
purchasing power from forward contracts and power
market, and optimal sale price from retailers to the
customers based on the fixed pricing. In addition,
strategies such as call options and self-production facilities
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are considered in [16]. In [17], a self-financed hedging
portfolio consisting of a risk assessment using the VaR
constraint is studied. Moreover, a technique based on
Information Gap Decision Theory (IGDT) is proposed in
[18, 19] to assess the different procurement strategies for
large consumers to supply their demand from alternative
energy sources, e.g., pool market, bilateral contracts, and
even their own DG facilities. A fuzzy-based decision-
making system for procurement of electricity from
different sources is proposed in [20] that helps large
consumer to select the best trade of between the profit and
risk. Also, in [21], the second-order stochastic dominance
is developed for mid-term scheduling problems of the
large industrial consumers.

In this paper, the objective is to minimize energy
procurement costs by adopting an optimal strategy for
large consumers over a medium-term timeframe. Large
consumers, alongside utilizing their existing production
units, seek to fulfill future needs and manage price
volatility and risks associated with pool market prices
through bilateral contracts. The study focuses on a four-
week planning period, with each day divided into three
eight-hour intervals named valley, shoulder, and peak.
This hypothesis is chosen to balance the computational
load and the accuracy of problem-solving effectively.
Moreover, the average pool market prices during these
eight-hour periods are used as the pool price for each
interval, while the total hourly demand across all hours
within each period is calculated as the demand volume
of the large consumer.

1.1. Procedure and contributions

A review of past studies indicates that the issue of energy
procurement for large consumers using a hybrid
approach based on BICA-BPSO has not been explored.
This presents as a novel and valuable idea. In this
context, the innovative contributions of this paper can be
summarized as follows:

1. Development of a metaheuristic approach
based on BICA-BPSO to achieve an optimized
strategy for suppling the electricity demand of
large consumers.

2. Comparison of the outcomes of the proposed
hybrid approach with the ICA and PSO
algorithms, affirming the efficacy of the
proposed approach in comparison to these
methods .

1.2. Paper organization

The structure of this paper is outlined as follows:
Section 2 delineates a model for the procurement cost
function applicable to large consumers. Section 3
provides an overview of the ICA and PSO methods. The
hybrid approach utilizing BICA-BPSO is detailed in
Section 4. Section 5 discusses the results obtained from
numerical simulations, offering an in-depth evaluation
and comparison with the ICA and PSO methods. The
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paper concludes with Section 6, which summarizes the
key findings and implications.

2. MODEL FORMULATION

The electricity procurement cost function faced by a
large consumer is as following:

Minimize iiﬂ“ F +iﬂ,, P
=1 i=1

D
R Poi B T i

T 1)
JrZ(A19 x szg,i +Byy x Py +Cyy)
i=1

This equation represents the power procurement cost
for a large consumer. The cost function is composed of
three terms. The first term models the cost of power
purchase through bilateral agreements, while the
second term expresses the cost/revenue of trading with

the pool (Pp,i is free variable). Finally, the third term

of this objective function reflects the operational cost of
power generation by the DG owned by the large
consumer. Large consumer as operator face the
following constraints to optimize proposed objective
function:
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Power balance between the demand and the power
exchanged with the pool market, self-generation, and
bilateral contracts is illustrated by Equation (2). Each
bilateral contract that a large consumer forms with
major producers has minimum and maximum limits.
This limitation is depicted in Equation (3).
Furthermore, this actor must consider the production
constraints of its own generating unit in suppling its
demand. This constraint is represented by Equation (4).
In this context, the large consumer must optimize its
objective function, ensuring that the sum of the
electricity traded in the pool and the electricity
generated by its own DG (Distributed Generation) is
non-negative for all time periods. Equation (5)
demonstrates this constraint. It is also worth noting that
the power procured from bilateral contracts, as
indicated in Equation (6), must be positive.

3. BACKGROUND OF ICA AND PSO METHODS
In this section, the background of PSO and ICA
methods are presented in below subsections.

3.1. Background of Particle Swarm Optimization
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The PSO optimization algorithm is one of the most
fundamental metaheuristic optimization algorithms,
introduced in [22]. This algorithm falls under the
category of population-based algorithms and is inspired
by the collective intelligence inherent in particles
(birds). Its efficiency in various complex problems has
been established. However, due to the random nature of
this algorithm, there is a possibility of it getting trapped
in local optima. In this algorithm, each bird must adjust
its velocity based on its own personal best solution and
the global best solution of the group to reach a new
position in the search space. Accordingly, the position
and velocity of a particle in the search space are updated
by the following relationships.
Xi[+l — xlt +Vit+l (7)
V" =wV,' +Crand () (pbest’ — X!)
+C,rand() (gbest — X)

In these equations, X represents the position, V,'""" the

®)

velocity, and pbest; the best personal experience of the
i-th particle. Conversely, gbest models the best group
experience, rand() represents a random number

between zero and one, W denotes a weighting
coefficient between zero and one, and C, and C,

models two positive acceleration constants. The
movement of particle is shown in Fig. 1.

Search Space NPP
b
Current Velocity (Vt) GBPP

N

CPP: Current position of the particle
PBPP: Personal best position of the particle
GBPP: Global best position of the particle
NPP: New position of the particle

Fig. 1. Particle swarm optimization principle (PSO).

3.2. Background of Imperialist Competitive
Algorithm

In the realm of optimization algorithms, the Imperialist
Competitive Algorithm (ICA) [23] stands out as a key
tool. This algorithm, operating on principles akin to
genetic algorithm and Particle Swarm Optimization
(PSO), commences with a set of initial solutions,
conceptualized here as 'countries’. These countries
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evolve and improve over time within the algorithmic
process. The foundation of this algorithm is built on
three main components: Assimilation, competition
among empires, and revolution. These elements enable
the algorithm to derive optimal solutions for various
problems, drawing inspiration from real-world social
and political structures, through a systematic and
repeatable process. Consequently, the algorithm seeks
the continuous improvement of these ‘countries' within
the search space of the problem, ultimately striving to
find the best possible solution. The fundamental
procedures of the algorithm are concisely outlined in
Algorithm 1. For a more comprehensive understanding
and additional details, readers are encouraged to study
reference [23]. Furthermore, the dynamics of each
colony within the algorithm are visually depicted in Fig.
2.

Algorithm 1. Imperialist competitive algorithm [23]
1: Initialize and Evaluate the empires

2: while Stop condition is not satisfied do

3: Assimilation of the colonies toward their
pertaining imperialist

4: if there is a colony in an empire which has a
lower cost than the imperialist

5: Exchange the positions of that colony and of
the imperialist
6: endif

7: Compute the total cost of all empires
8: Imperialistic competition

9: if there is an empire with no colony then
10: Eliminate empires which have no any
colonies

11: end if
12: end while

PC: Position of the colony
PI: Position of the Imperialist
NPC: New position of the colony

PC

Fig. 2. Movement of colonies toward their relevant
imperialist.
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4. PROPOSED HYBRID APPROACH BASED ON
BICA-BPSO

This section introduces the proposed hybrid
methodology, which integrates the Binary Imperialist
Competitive Algorithm (BICA) and Binary Particle
Swarm Optimization (BPSO), as referenced in [24]. In
other words, this paper employs the hybridized
approach of BICA and BPSO to enhance optimization
performance. In the standard ICA, there are only two
types of countries: imperialists and colonies. In the
proposed hybrid algorithm (BPSO-BICA) we added
another type of country called ‘independent’ country.
Independent countries do not fall into the category of
empires, and are anti-imperialism. In addition, they are
united and their shared goal is to get stronger in order
to rescue colonies and help them join independent
countries. These independent countries are aware of
each other positions and make use of swarm
intelligence in PSO for their own progress.

Based on these definitions, the steps of the proposed
algorithm are succinctly outlined as follows:

Proposed algorithm
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e Step6: Comparison of imperialist with the best
colony similar to ICA [23];

e  Step7: Competition for independency [23];

e Step8: Competition to colonize independent
countries [23];

e 3. if there is a colony in an empire which has a
lower cost than the imperialist then

o 4 Exchange the positions of that colony and

of the imperialist

5: endif

6: Compute the total cost of all empires

7:  Imperialistic competition

8: if there is an empire with no colony then

9:  Eliminate empires which have no any colonies

10: end if

11: end while

e 1. |Initialize and evaluate the empires and
independent countries
e  2: while Stop condition is not satisfied steps do
e Stepl: Assimilation of the independent countries
similar to ICA background[24];
o Update best personal experience of
independent countries
e Step2: Movement of colonies of every emperor
similar to PSO background [24];
o choose imperialist of every empire as
gbest of its colonies
o move every colony based on its gbest,
best individual experience, and current
position
o Update the best personal experience of
every colony
o Attitude of colonies toward their own
imperialist
o Update best personal experience of every
colony
e  Step3: Movement of imperialists of every emperor
similar to PSO background[24];
o Update best personal experience and

gbest® of imperialists

imp
o Update best personal experience and
gbest of imperialists

imp

e  Step4: Revolution similar to ICA background [23];

e Step5: Assimilation between imperialists and
independent countries similar to ICA background
[23];

The proposed algorithm flowchart is dedicated in Fig. 3
[24].

5. NUMERICAL SIMULATION

In this part, the numerical simulations are studied to
show the capability of the proposed approach to find the
optimality solution of procurement cost function of
large consumer.

In the proposed problem, the each day is divided into
three load levels denoted as valley, shoulder and peak,
as presented in Table 1. Multiple bilateral contracts are
available in power market whose should be selected by
decision maker of large consumer at the beginning of
the study horizon. The maximum and minimum
quantity of energy along with energy price of twelve
bilateral contracts is presented in Table 2. According
the Table 2, two contracts are available for each week
while four contracts are available for the entire month.
Also, six contracts are available for peak periods and all
load level. Table 4 presented the data of self-production
unit. Furthermore, the Fig. 4 shows the load profile of
large consumer. Finally, the Fig. 5 shows the pool
market prices in the study horizon.

The proposed algorithm is implemented using the
MATLAB 7.0 software and the computing time for
solving the problem and finding the optimality solution
is in 60 seconds in a PC with Intel(R) Core(TM) i3-
2330M CPU 2.20GHz 2GB RAM.

The proposed hybrid approach is applied to minimize
objective function (1) subject to constraints (2) to (6)
considering the estimated pool market prices. The
energy procurement cost using the proposed hybrid
approach is $ 10,015,354. The numerical results show
that large consumer should be procured 1.8255 % of
electricity needs from the self-production unit, 20.5521
% from bilateral contracts and 77.6224 % from the pool
market.
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likelihooh to possess it
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| Assimilation of the independent countries on Step 1 | No

l | Competition to Colonize I ndependent Countries on Step 8 |
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Movement of colonies of each empire based on Step 2
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| Assimilation of the imperialist countries |

Revolution of colonies on Step 4 [
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5 cost of the gbest of independent countriesTs T
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15 cost of the gbest of independent
countries is greater than cost of the
ghest of imperialist contries?

Fig. 3. Proposed Hybrid Methodology Flowchart.
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Fig 4. Consumer Load Profile over Study Horizon [24].
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Fig 5. Projected Pool Market Price Data across Study Horizon [24].
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Table 1. Categorization of Daily Load Levels [24].
Hl = ~f o] | w| o~ ool S| d| 923895331 Y8
VIV IVI IV IV I IVI VIV IV ]%X]|x]|x]|x|x|x|x|x|x|x|x|x|x|x| x| x
S| x| x| x| x|x|x|x| x| V| IV |]x|x]|x|x |V VI IVI|I|V]|x]|x]|x|x |V |V
Pl x| x| x| x| x|x|x|x|x|x |V IV | VI|V]|]x|x|x|x |V |V I|VI|I|V]x]|x
H: Hours of the day V: Valley S: Shoulder P: Peak

Table 2. Specifications of Bilateral Contracts [24]

Contracts Ci C Cs Cs Cs Cs Cs Cs Co Cuo Cu Cu
Min. (MW) 10 15 10 15 15 10 15 10 15 10 15 10
Max. (MW) 35 25 35 25 50 40 50 40 50 40 50 40

Price ($/MWh) 4197 47.15 5375 51.1 3477 4416 56.02 4844 4637 60.97 52.65 63.58

==1BPSO ===BICA Hybrid BICA.BPSO| 4

Best Cost (§)

I I
200 300 400 500 600
Iteration

Fig. 6. Comparison of the Objective Function Across
Iterations for Three Different Methods.

Table 3: Usage Periods of Bilateral Contracts [24].

Usage period Validity level
2 Week
S
€ 5 2 2 i 5 v s p
o = o F x @
C1 v x x x x v v v
C v x x x x x x v
Cs v x x x x v v v
Cs v x x x x x x v
Cs x v x x x v v v
Cs x v x x x x x v
Cy x x v x x v v v
Cs x x v x x x x v
Co x x x v x v v v
Cio x x x v x x x v
Ci x x x x v v v v
Ci2 x x x x v x x v

Furthermore, the Tables 5-7 presented the purchasing
energy from pool market, self-production unit and
bilateral contracts using the conventional ICA, PSO and
proposed hybrid approach, respectively.

Moreover, the results of proposed hybrid approach in
comparison with conventional ICA and PSO methods

are presented in Table 8. According to Table 8, the
energy procurement cost using the proposed hybrid
approach is lower than the conventional ICA and PSO
methods. Also, the proposed hybrid approach is more
efficient and the results are optimality in comparison
with conventional ICA and PSO methods. Finally, the
convergence of the proposed hybrid approach in
comparison with conventional ICA and PSO methods
are shown in Fig. 6. According to Fig. 6, the proposed
hybrid approach reached the optimality solution in less
iteration in comparison with conventional ICA and PSO
methods. Also, the convergence of the proposed hybrid
approach is faster in comparison with ICA and PSO
methods.

Table 4. Information on the DG Facility [24]/
Cf&é\‘xl')ty Ay, (8/MW?h) | By, (8/MWh) | C, (9)
100 0.02 34 0

6. CONCLUSION

In this paper, the mid-term energy procurement
problem of large consumers is considered. The power
market, self-production unit and bilateral contracts are
used as available alternative energy sources by large
consumer' decision maker. The four weeks is
considered as mid-term time horizon and each day is
divided into three eight-hour periods, namely peak,
shoulder and wvalley. For solving the energy
procurement cost optimization, a hybrid approach
based on BICA-BPSO is proposed in this paper. Using
the proposed hybrid approach, the energy purchasing
from power market and self-production unit are
determined. Also, some of available bilateral contracts
are selected and set by decision maker of large
consumer. Furthermore, in the numerical simulation,
the results of proposed hybrid approach are compared
with conventional ICA and PSO methods. The
comparison results show that proposed approach is
more efficient. Also, the results are optimality in
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comparison with conventional ICA and PSO methods.
Finally, the convergence of the proposed hybrid
approach is faster in comparison with conventional ICA
and PSO methods.

NOMENCLATURES:

D.

max
o

RTin

Adg ! Bdg 'Cdg

Variables:

Table 5. Comparison of Energy Procurement Outcomes from Pool Markets Using Three Different Methods.

Load at time [MW]

Maximum power pertaining to
contract | at time i [MW]
Minimum power pertaining to
contract | at time | [MW]
Coefficients of operation cost
function of self-generating facility
Number of time periods [hours]
Forecasted pool market price at
time ! [$/MWh]

Energy price of contract I at time
I [$/MWh]

Indices:

Constants:

B
N
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Procured power from the self-
generating facility at time ' [MW]
Procured power from the pool at
time ' [MW]

Procured power from the bilateral
contract | at time | [(MW]

Total procured electricity from
bilateral contracts at time period
' [MW]

Binary variable, which is equal to
1 if the bilateral contract !is
selected and 0 otherwise.

Time (hour) index
Bilateral contract index

Number of bilateral contracts
Number of production blocks of the
self-generating facility

Methods Proposed Method ICA method PSO method
/Day Level 1l Level2 Level3 Levell Level2 Level3 Levell Level2 Level3
1 1838.01 2084.71 1568.75 1818.01 2076.71 1768.75 1784.01 2076.71 1568.75
2 1853.67 2139.25 1539.18 1833.67 2119.25 1735.18 1853.67 2139.25 1535.18
3 1837.26 2043.26 1528.18 1817.26 2014.26 1783.18 1781.26 2014.26 1503.18
4 1704.69 1833.98 1246.61 1684.69 1813.98 1446.61 1680.69 1766.98 1246.61
5 1548.37 1647.68 968.15 1548.37 1647.68 1168.15 1528.37 1647.68 968.15
6 1653.97 2022.78 1547.12 1653.97 2096.78 1739.12 1653.97 2016.78 1539.12
7 1766.28 2099.16 1584.89 1840.28 2066.16 1778.89 1820.28 2066.16 1578.89
8 2260.27 2606.58 2040.80 2260.27 2506.58 2304.80 2260.27 2606.58 2024.80
9 2289.91 2574.76 2019.62 2269.91 2494.76 2203.62 2259.91 2494.76 2003.62
10 2280.16 2473.28 1997.05 2260.16 2553.28 2181.05 2215.16 2473.28 1981.05
1 2069.64 219452 1762.02 2141.64 226452 1986.02 2119.64 2284.52 1706.02
12 1991.80 2079.21 144335 1991.80 2099.21 1627.35 1991.80 2099.21 1527.35
13 2036.09 2478.43 2032.06 2112.09 2558.43 2216.06 2112.09 2478.43 2016.06
14 2288.10 2619.59 2051.44 2268.10 2519.59 2235.44 2288.10 2519.59 2035.44
15 2298.15 2626.40 2416.05 1878.15 2146.40 2185.05 2252.15 2646.40 2385.05
16 2324.83 2597.75 239421 1864.83 2129.75 2170.21 2264.83 2629.75 2370.21
17 2317.30 2606.86 2379.18 1897.30 2106.86 2139.18 2317.30 2506.86 2339.18
18 2196.56 231522 2089.44 1776.56 1815.22 1868.44 212556 2215.22 2068.44
19 2025.67 2098.32 1796.67 1625.67 1698.32 1568.67 2025.67 2092.32 1768.67
20 2089.59 254579 237329 171759 2098.79 2163.29 211459 2498.79 2363.29
21 2297.03 2597.76 2406.17 1897.03 2143.76 2189.17 2253.03 2543.76 2389.17
22 2273.36 267492 242486 2311.36 2574.92 2624.86 2331.36 2574.92 2424.86
23 2357.34 2556.07 2404.74 2337.34 2556.07 2604.74 2276.34 2556.07 2404.74
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24
25
26
27
28

2345.49
2221.70
2023.72
2062.37
2345.76

2550.22
2275.49
2102.80
2559.23
2624.26

2390.84
2094.61
1797.63
2398.37
2434.75

2245.49
2201.70
2043.72
2142.37
2325.76

2531.22
2314.49
2118.80
2524.23
2572.26

2570.84
2291.61
1997.63
2598.37
2627.75

2345.49
2127.70
2023.72
2162.37
2345.76

2631.22
2234.49
2138.80
2524.23
2572.26

2370.84
2091.61
1797.63
2398.37
2427.75

Table 6: Comparison of Energy Procurement Outcomes from the DG Unit across Three Methods.

Methods Proposed hybrid approach ICA method PSO method
day Levell Level2 Level3 Levell Level2 Level3 Levell Level2 Level3
1 0 92 100 20 100 100 54 100 100
2 0 0 96 20 20 100 0 0 100
3 0 71 75 20 100 20 56 100 100
4 0 0 100 20 20 100 24 67 100
5 0 0 100 0 0 100 20 0 100
6 0 94 92 0 20 100 0 100 100
7 74 67 94 0 100 100 20 100 100
8 0 0 100 0 100 20 0 0 100
9 0 20 100 20 100 100 30 100 100
10 0 100 100 20 20 100 65 100 100
11 92 90 60 20 20 20 42 0 100
12 0 20 100 0 0 100 0 0 0
13 76 100 100 0 20 100 0 100 100
14 0 0 100 20 100 100 0 100 100
15 0 20 69 20 100 100 46 0 100
16 0 32 76 60 100 100 60 0 100
17 0 0 60 20 100 100 0 100 100
18 0 0 79 20 100 100 71 100 100
19 0 20 72 0 20 100 0 26 100
20 48 53 90 20 100 100 23 100 100
21 20 46 83 20 100 100 64 100 100
22 58 0 100 20 100 100 0 100 100
23 0 100 100 20 100 100 81 100 100
24 0 81 80 100 100 100 0 0 100
25 0 59 97 20 20 100 94 100 100
26 20 36 100 0 20 100 20 0 100
27 100 65 100 20 100 100 0 100 100
28 0 48 93 20 100 100 0 100 100

Table 7. Comparison of Results for Energy Procurement through Bilateral Contracts Using Three Methods.

Contracts - Method
Hybrid ICA PSO
C, v v v
C, v v v
Cs x x x
Cs v x v
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Cs v v v
Cs v v v
Cs x x x
Cs v v v
Co x v x
Cuo x x x
Cuy x x x
Cp x x x
Table 8. Analysis of the Proposed Hybrid Approach Outcomes in Comparison with ICA and PSO Methods.
Results Proposed Method ICA PSO
Objective function ($) 10015354 10100009 10035793
Percent procurement from pool (%) 77.6224 76.0410 77.1217
Percent procurement from bilateral contracts (%) 20.5521 21.8124 20.6006
Percent procurement from DG units (%) 1.8255 2.1466 2.2777
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