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Abstract—The proliferation of renewable energy sources,
particularly wind farms, is rapidly gaining momentum owing to
their numerous benefits. Consequently, it is imperative to
account for the impact of wind farms on transmission expansion
planning (TEP), which is a crucial aspect of power system
planning. This article presents a multi-objective optimization
model that utilizes DC load flow to address the TEP challenge
while also incorporating wind farm uncertainties into the model.
The present study aims to optimize the expansion and planning
of the TEP in the power system by considering investment and
maintenance costs as objective functions. To achieve this, a multi-
objective approach utilizing the shuffled frog leaping algorithm
(SFLA) is proposed and implemented. The proposed objectives
are simulated on the RTS-IEEE 24-bus test network. The results
obtained from the proposed algorithm are compared with those
of the Genetic Algorithm (GA) to assess and validate the
proposed approach.

Keywords—Wind farms; Transmission Expansion Planning
(TEP); multi-objective optimization model; Shuffled Frog Leaping
Algorithm (SFLA)

NOMENCLATURE

Abbreviations

TEP Transmission expansion planning

SFLA Shuffled frog leaping algorithm

Parameters and variables

Cij The cost of new lines among buses i and j
Nij The number of new lines among buses i and j
NOij The initial lines between buses i and j

lij The length of new lines between buses i and j

CM, CO | The maintenance and operation costs

S Intersection matrix for buses

f Power flow vector

r Resistance of lines

gij Vector of the power generation

d Load demand vector

fij Power flow between lines in buses i and j

0i Voltage angle in bus i

. INTRODUCTION

A. Aims and Related Research

During the past few decades, problems have existed in the
electric power generation sector in a traditional system, such as

high production costs, environmental effects, high losses and
low reliability [1]. Hence, distributed generation systems have
been used in such systems, which are installed in the vicinity of
consumption centers and have lower power, loss, and cost, as
well as more reliability than traditional forms of electric energy
generation. Wind energy is one of the energy sources that have
received a lot of attention [2]. Investigating the effects of wind
energy resources on power networks from various aspects,
such as uncertainty and uncontrollability of generation power
compared to conventional sources of energy production, has
been studied as one of the important challenges in this field [3].
In addition to these cases, the distance from demand centers
and the strong dependence of wind turbine production capacity
on wind speed should be added as the biggest obstacles to the
use of this energy [4]. The objectives of transmission
expansion planning (TEP) in the power system are twofold: to
plan power systems that ensure a dependable energy supply to
customers and to identify optimal locations and methods for
investing in new transmission lines that will facilitate reliable
energy supply to customers. Additionally, TEP involves the
operation of load growth based on demand forecasting [5].
Hence, to implement of reliable energy supply the increase the
generation share of wind farms compared to the total
generation of electric energy in the traditional systems [6], [7],
it is necessary to have a reliable supply of energy in order to
maintain customer satisfaction in the power system planning
with regard to uncertainties [8], [9].

The research of the power systems considering different
areas like power plants, transmission and distribution grids are
assessed in this subsection. In research [10], energy
optimization with TEP considering power generation of
renewable energies such as solar power and wind turbines is
proposed. Authors in study [11] installed and sized the solar
panels and storage systems in the transmission lines with
consideration of the power loss reduction reported. The
operation of the generation units in the power plants by using
the unit commitment approach is proposed in [12]. In (Moreira
et al,, 2017), the economic dispatch approach for energy
scheduling in the power plants is used. The planning and
operation modeling in the power grids with maximizing
reliability is studied in [13]. The article in [14] presents an
economic approach to power flow analysis, taking into account
factors such as fuel costs in power plants and the operation of
units during peak demand. Meanwhile, [15] models power
flow with a focus on the cost of transmission lines and
incorporates the use of Flexible AC Transmission Systems
(FACTS) to enhance voltage index. The modeling economic of
the microgrids for TEP and power grids for covering the
uncertainty of renewable energy is studied in [16].
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B. Contributions

This paper presents a multi-objective optimization model
for TEP in the power system, taking into account the operation
of wind farms. The objective functions based on investment
and maintenance costs are modeled for implementing TEP in
the power systems. The shuffled frog leaping algorithm
(SFLA) is proposed for solving the optimization approach. The
expansion of the wind farms in the TEP is modeled based
uncertainty approach. The DC power flow is considered for
TEP with wind farm operations. Hence, the contributions of
this paper can be summarized as follows:

1) Proposing multi-objective modeling for TEP in the
power system considering wind farm participation.

2) Implementing TEP by investment and maintenance
costs.

3) Utilizing shuffled frog leaping algorithm (SFLA) for
solving problems.

4) Modeling wind farm based on uncertainty approach.

Il.  TEP FORMULATION

The inability to accurately predict the load due to the
uncertainty of power generation, such as wind energy, leads to
the introduction of new technologies in electrical energy
generation. Hence, wind farms, due to the randomness of the

F 3

e

Vol. 14, No. 12, 2023

generation power in their generation, cannot be ignored.
Therefore, the modeling of these uncertainties in the planning
of power systems will lead to the creation of stronger planning
that can meet different conditions [17]. It should be noted that
the uncertainties of the network structure make the decision-
making process difficult. In traditional planning, the main goal
is to minimize investment costs [18]. However, in modern
planning, several different goals are optimized simultaneously,
and traditional methods are not able to provide acceptable
solutions [19].

A. Wind power modeling

The amount of power produced by wind farms is
contingent upon the speed of the wind. As a result, the power
output of a wind turbine differs significantly from that of a
conventional energy generation unit [20]. Hence, modeling
wind power is formulated by the "power-speed” curve in Fig. 1
and other parameters of the turbine. Also, modeling wind
turbines is formulated by Eq. (1) [20].

Active Power Output

1i"'rn:ln 1i"'rr

Fig. 1. Wind turbine "power-speed" characteristic.

B. Objective functions formulation

The objective functions, such as investment and
maintenance costs, are minimized to TEP in this section. The
modeling of the objectives is as follows:

1) Cost of investment: The modeling investment
considering constraints for this objective is as follows:

n
minf . = ZCij x1 <N
it @)
Subject to:

Sf +g =d 3)

f,—r(N+N,)6 -6)=0 Vi, j,n (4)

0 if v <V,
R, )= Puwr X[\%] if Vg, Sv <V,
wT - r cin
Puwr if VvV, <v<v,
0 if V, v )
Wind Speed
Veo
[F| < (N + Ny OF ™ Vi, j.n
%)
max ..
OSN”SNij Vi, j,n ©
max H -
Oggijggij Vi, J,n o

Where constraints in Eq. (3) and Eq. (4) are power flow
balance and power flow in branches i and j, respectively, the
constraints in Eq. (5) and Eq. (6) limit the power flow and limit
of the number lines i and j, respectively. Constraint in Eq. (7) is
active power generation by units in buses i and j.

2) Maintenance and operation costs: The second
objective is to minimize the maintenance and operation costs
of the TEP:
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minf,=> C, N, +C,N;
i ®)

In objective function in Eq. (8) first and second terms are
maintenance and operation costs, respectively.

Il.  OPTIMIZATION METHOD

This study uses SFLA as an optimization method to solve
the objective functions. SFLA is modeled based on the
population of frog groups or memeplexes to find food. This
method addresses the creation of frog populations as part of
local and global strategies and objective functional changes
based on the replacement of existing frogs. SFLA can be done
by following these steps [21], [22]:

1) Population generation: Randomly generates a
population "p", considering each frog's position and search
space.

2) Creation of the memeplexes: The frogs must be evenly
distributed in the memeplexes, taking into account their fitness
function, where the population of frogs as m memeplexes with
n frogs isp = [m x nJ.

3) Update frog location: Frogs in memeplexes are
updated based on their best and worst locations from local
search. Then the worst frog (Qw) is updated with the best frog
(Qb) in each memeplex and the whole memeplex with the best
frog (Qgb):

QF' =0, +rand x(Q,-Q,) g
Q" =Q, +rand x(Q,, -9, ) (10)

Here, 0 <rand <1 is a random number. With (9), the worst
frog Q,, can be upgraded by placing the best frog Q. In this
step, if Q,"" is better than Qw, Qw is replaced by Q,"™";
otherwise, Qw can be replaced with Eq. (10) by the best frog in
the Qg, memeplex. To find the optimal solution of SFLA, this
process is performed for all iterations and memeplexes. The

Vol. 14, No. 12, 2023

taSince objectives are optimized in this study
simultaneously. The frontier solutions will be obtained. The
energy operator must determine the optimal solution for
objectives in the frontier solutions as a decision maker. Hence,
the max-min fuzzy method is proposed for a determined
optimal solution as follows [23], [24]:

0 otherwise
I'(f,(9)= M fm<f (9)< ™
1 f™>f (9) a1
max{min r'(f,(9)} )

Here, I" (f; ($) and f,($) are membership functions or
solutions in zth objective and value of objective at 3th frontier
solutions, respectively. Also, to determine the optimal solution
in frontier solutions maximum and minimum procedure is
presented in Eqg. (11). In Eqg. (12), a high rate of minimum
solution is introduced as the optimal solution.

IV. NUMERICAL SIMULATION

In this section, TEP studies have been carried out using the
proposed algorithm in the MATLAB software environment in
a system with a 4 GHz CPU and 6 GB RAM using DC load
flow. The RTS-IEEE 24-bus test network is used for
implementing TEP considering wind farm installation. In Fig.
2, the RTS-IEEE 24-bus test network with wind farms is
shown. The wind speed based on average value is shown in
Fig. 3. As should be mentioned, the TEP time study is
considered for ten years. The average wind speed is considered
in the simulation, and data from the wind farm is presented in
Table 1. The two wind farms have the same data. Also, load
demand data is listed in Table Il. Information on the generator
units and test network are extracted from study [25]-[27].

process of the SFLA is presented by Algorithm 1. TABLEL  WIND FARM DATA
Algorithm 1: Process of the SFLA. Parameters Value
Algorithm 1 pseudocode of the SFLA PN, WT 10 MW
1. Start Vr 10 m/s
2. Create population of P frogs, randomly; Vein 3m/s
3. Calculate fitness function of the i frog;
4.  Sort the frogs based on their fitness; Veo 16 mfs
5. Distribution of the frogs by m memeplexe and n frog (P = NWT 35
mxn);
In each memeplex; TABLE Il.  LOAD DEMAND DATA
Determine Xg and Xy;
Improve the Xy, position using Egs. (11) and (12); Bus Demand (MW) Bus Demand (MW)
Repeat for number of iterations; 1 323 10 586
i iti isfied?
?{toppmg critical satisfied? 2 292 13 796
es
End 3 541 14 583
Else=go to step 2 4 223 15 950
5 212 16 302
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Fig. 2. RTS-IEEE 24-bus test network with wind farms.
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Fig. 3. Wind speed in test network.
A. Results Analyse Scenario B) Implementing TEP with wind farms.

To examine the impact of various conditions on the
outcomes of resolving the TEP issue utilizing the suggested
algorithm, the ensuing scenarios were analyzed and executed
on the 24-bus RTS-IEEE test system. The scenarios are as
follows:

Also, in this study, the proposed optimization approach is
compared with the Genetic Algorithm (GA) for verification
and confirmation of the SFLA. In Fig. 4 and 5, frontier
solutions of the objective functions for scenarios A and B by
comparing SFLA with GA are shown, respectively. The
Scenario A) Implementing TEP without wind farms. obtained optimal solution by fuzzy method for the first and
second objectives by SFLA in scenario A are equal to
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$11996.3 and $768.6, respectively. The optimal solution
generated by GA yields a first objective amount of $12453.3
and a second objective amount of $796.4. These results of the
SFLA represented more convergence of the optimization for
TEP in scenario A than GA. The value of the optimal solutions
in scenario A, by the fuzzy method for SFLA and GA, is equal
to 0.46 and 0.43, respectively.

On the other side, with implementing TEP with wind
farms, the results of the objective functions in Fig. 5 are more
optimizer than scenario. In scenario B, the SFLA algorithm has
yielded optimal solutions of $11153.4 and $750.6 for the first
and second objective functions, respectively. It's visible with
the installation of the wind farms; expansion of the
transmission lines for supply load demand is optimized than

Vol. 14, No. 12, 2023

scenario A. Furthermore, the utilization of GA in scenario B
results in a decrease in the values of both the first and second
objective functions. These reductions of the objective functions
in scenario B are due to more generation capacities, dropping
power flow in lines, and increasing line capacities in meeting
load demand.

Fig. 6 and Fig. 7 depict TEP implementation in scenarios A
and B using SFLA and GA in the RTS-IEEE 24-bus test
network. The orange lines represent optimal TEP solutions to
meet load demand while considering economic power
generation from the units. The implementation of the TEP by
SFLA in both scenarios leads to reduce investment costs and
maintenance and operation costs in comparison with GA.
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Fig. 4. Objectives in scenario A.
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Fig. 6. TEP in scenario A. a) GA and b) SFLA.
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V. CONCLUSION

As a result of the escalating load growth and the integration
of renewable resources into the power system, TEP has
become an unavoidable issue. This article addresses the TEP
problem as a multi-objective optimization problem, taking into
account the presence of wind farms. Specifically, the study
investigates the effectiveness of the SFLA on the modified
RTS-IEEE 24-bus network. The proposed method aims to
minimize investment and maintenance costs. Comparative
analysis between SFLA and GA demonstrates the superiority
of the former in achieving the desired objectives.

In comparison to other models, a significant advantage of
this particular model lies in its investment and maintenance
costs, which align with the fundamental objectives of TEP.
Consequently, it is imperative to incorporate the cost of
investment and maintenance as a component of fixed costs,
given their crucial role in the planning process of power
systems. Furthermore, the inclusion of wind farms in TEP-
related matters will progressively enhance the performance of
power networks in accordance with the load demand rate.

REFERENCES

[1] Han, L., & Yu, H.-H. (2023). An empirical study from Chinese energy
firms on the relationship between executive compensation and corporate
performance. Nurture, 17(3), 378-393.
https://doi.org/10.55951/nurture.v17i3.356.

[2] Rehan, R. . (2022). Investigating the capital structure determinants of
energy firms. Edelweiss Applied Science and Technology, 6(1), 1-14.
https://doi.org/10.55214/25768484.v6i1.301.

[3] Lak Kamari, M., H. Isvand, and M. Alhuyi Nazari. "Applications of
multi-criteria decision-making (MCDM) methods in renewable energy
development: A review." Renewable Energy Research and Applications
1.1 (2020): 47-54.

[4] Molamohamadi, Z., and M. R. Talaei. "Analysis of a proper strategy for
solar energy deployment in Iran using SWOT matrix." Renewable
Energy Research and Applications 3.1 (2022): 71-78.

[5] Beiranvand, A., et al. "Energy, exergy, and economic analyses and
optimization of solar organic Rankine cycle with multi-objective particle
swarm algorithm." Renewable Energy Research and Applications 2.1
(2021): 9-23.

[6] Salek, Farhad, et al. "Investigation of Solar-Driven Hydroxy gas
production system performance integrated with photovoltaic panels with
single-axis tracking system." Renewable Energy Research and
Applications 3.1 (2022): 31-40.

[7]1 Norouzi, N., & Bozorgian, A. (2023). Energy and exergy analysis and
optimization of a Pentageneration (cooling, heating, power, water and
hydrogen). Iranian Journal of Chemistry and Chemical Engineering.

[8] Norouzi, N., Ebadi, A. G., Bozorgian, A., Hoseyni, S. J., & Vessally, E.
(2021). Energy and exergy analysis of internal combustion engine
performance of spark ignition for gasoline, methane, and hydrogen fuels.
Iranian Journal of Chemistry and Chemical Engineering, 40(6), 1909-
1930..

[9] Jovijari, F., Kosarineia, A., Mehrpooya, M., & Nabhani, N. (2023).
Exergy, Exergoeconomic and Exergoenvironmental Analysis in Natural
Gas Liquid Recovery Process. Iranian Journal of Chemistry and
Chemical Engineering, 42(1), 237-268.

[10] N. G. Ude, H. Yskandar, and R. C. Graham, “A comprehensive state-0f-
the-art survey on the transmission network expansion planning
optimization algorithms,” IEEE Access, vol. 7, pp. 123158-123181,
2019.

[11] Abed Almoussaw, Z., Abdul Karim, N., Taher Braiber, H., Ali Abd
Alhasan, S., Raheem Alasadi, S., H. Ali Omran, A., Tariq Kalil, Z., V.
Pavlova, I., & Alabdallah, Z. (2022). Analysis of geothermal energy as

[12]

[13]

[14]

[15]

[16]

[17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

Vol. 14, No. 12, 2023

an alternative source for fossil fuel from the economic and
environmental point of view: A case study in Irag. Caspian Journal of
Environmental Sciences, 20(5), 1127-1133. doi:
10.22124/cjes.2022.6093.

A. Garcia-Cerezo, R. Garcia-Bertrand, and L. Baringo, “Enhanced
representative time periods for transmission expansion planning
problems,” IEEE Transactions on Power Systems, vol. 36, no. 4, pp.
3802-3805, 2021.

Shevchenko, V., Soloviev, A., & Popova, N. (2021). Energy and
economic efficiency of corn silage production with flat grain of soy bean
on reclaimed lands of upper volga. Caspian Journal of Environmental
Sciences, 19(5), 947-950. doi: 10.22124/cjes.2021.5272.

Y. Wang et al., “Transmission network dynamic planning based on a
double deep-Q network with deep ResNet,” IEEE Access, vol. 9, pp.
76921-76937, 2021.

A. Arabali, M. Ghofrani, M. Etezadi-Amoli, M. S. Fadali, and M.
Moeini-Aghtaie, “A multi-objective transmission expansion planning
framework in deregulated power systems with wind generation,” IEEE
Transactions on Power Systems, vol. 29, no. 6, pp. 3003-3011, 2014.

A. Khodaei and M. Shahidehpour, “Microgrid-based co-optimization of
generation and transmission planning in power systems,” IEEE
transactions on power systems, vol. 28, no. 2, pp. 1582-1590, 2012.

G. C. Oliveira, S. Binato, and M. V. F. Pereira, “Value-based
transmission expansion planning of hydrothermal systems under
uncertainty,” IEEE Transactions on power systems, vol. 22, no. 4, pp.
1429-1435, 2007.

J. A. Aguado, S. Martin, C. A. Pérez-Molina, and W. D. Rosehart,
“Market Power Mitigation in Transmission Expansion Planning
Problems,” IEEE Transactions on Energy Markets, Policy and
Regulation, 2023.

F. Chen, J. Liu, M. Zhao, and H. Liu, “Congestion Identification and
Expansion Planning Methods of Transmission System Considering
Wind Power and TCSC,” IEEE Access, vol. 10, pp. 89915-89923, 2022.

Bakhshipour, A., Bagheri, 1., Psomopoulos, C., & Zareiforoush, H.
(2021). An overview to current status of waste generation, management
and potentials for waste-to-energy (Case study: Rasht City, Iran).
Caspian Journal of Environmental Sciences, 19(1), 159-171. doi:
10.22124/cjes.2021.4506.

M. Eusuff, K. Lansey, and F. Pasha, “Shuffled frog-leaping algorithm: a
memetic meta-heuristic for discrete optimization,” Engineering
optimization, vol. 38, no. 2, pp. 129-154, 2006.

A. Alghazi, S. Z. Selim, and A. Elazouni, “Performance of shuffled
frog-leaping algorithm in finance-based scheduling,” Journal of
computing in civil engineering, vol. 26, no. 3, pp. 396-408, 2012.

S. Dorahaki, A. Abdollahi, M. Rashidinejad, and M. Moghbeli, “The
role of energy storage and demand response as energy democracy
policies in the energy productivity of hybrid hub system considering
social inconvenience cost,” J Energy Storage, vol. 33, p. 102022, 2021.
H. Chamandoust, G. Derakhshan, S. M. Hakimi, and S. Bahramara,
“Tri-objective scheduling of residential smart electrical distribution grids
with optimal joint of responsive loads with renewable energy sources,” J
Energy Storage, vol. 27, p. 101112, 2020.

R. Minguez, R. Garcia-Bertrand, J. M. Arroyo, and N. Alguacil, “On the
solution of large-scale robust transmission network expansion planning
under uncertain demand and generation capacity,” IEEE Transactions on
Power Systems, vol. 33, no. 2, pp. 1242-1251, 2017.

C. Ordoudis, P. Pinson, J. M. Morales, and M. Zugno, “An updated
version of the IEEE RTS 24-bus system for electricity market and power
system operation studies,” Technical University of Denmark, vol. 13,
2016.

R. Ucheniya, A. Saraswat, S. A. Siddiqui, S. K. Goyal, and N. Kanwar,
“A wind farm modeling in IEEE-24 bus reliability test system on
DIgSILENT power factory,” in 2020 International Conference on
Intelligent Engineering and Management (ICIEM), IEEE, 2020, pp.
477-483.

891|Page

www.ijacsa.thesai.org



