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Real-Time Optimal Power Flow of South Sulawesi Network
System That Integrated Wind Power Plant Based on Artificial
Intelligence

Abstract. The development and utilization of technology are always directly proportional to the need for electrical energy. Real-time power flow
research is used to evaluate the effect of wind power generation fluctuations on existing conventional systems. This research was conducted on the
South Sulawesi electricity network system using Modified Improved Particle Swarm Optimization (MIPSO). The real-time results show that the power
loss in the conventional system that is interconnected with wind power plants is 63.9208 WM, less than the power loss in the conventional system,
which is 85.9440 WM. Likewise, the cost of the generating system connected to a wind power plant is $23368.6622/hour, lower than the
conventional system power of $23503.444/hour, reducing costs or efficiency by 0.5735%/hour. Real-time analysis of optimal power flow with MIPSO
can be used to determine the effect of changes in power generated by wind power plants on the conventional power grid system of Southwest
Sulawesi.

Streszczenie. Rozwdj i wykorzystanie technologii sg zawsze wprost proporcjonalne do zapotrzebowania na energie elektryczng. Badania przeptywu
mocy w czasie rzeczywistym stuzg do oceny wptywu wahan generacji wiatrowej na istniejgce systemy konwencjonalne. Badania przeprowadzono na
systemie sieci elektroenergetycznej Potudniowego Sulawesi przy uzyciu metody Modified Improved Particle Swarm Optimization (MIPSQO). Wyniki w
czasie rzeczywistym pokazujg, ze strata mocy w systemie konwencjonalnym, ktéry jest potgczony z elektrowniami wiatrowymi, wynosi 63.9208 WM,
czyli mniej niz strata mocy w systemie konwencjonalnym, ktéra wynosi 85,9440 WM. Podobnie, koszt systemu wytwdrczego podtgczonego do
elektrowni wiatrowej wynosi 233686622 USD/godz., czyli jest nizszy niz konwencjonalna moc systemu wynoszgca 23503,444 USD/godz., co
zmniejsza koszty lub wydajno$¢ o 0,5735%/godz. Analiza w czasie rzeczywistym optymalnego przeptywu mocy za pomocg MIPSO moze byc
wykorzystana do okre$lenia wplywu zmian mocy generowanej przez elektrownie wiatrowe na konwencjonalny system sieci energetycznej
potudniowo-zachodniego Sulawesi.. (Optymalny przepfyw mocy w czasie rzeczywistym w systemie sieci South Sulawesi, ktéry zintegrowat

elektrownie wiatrowag w oparciu o sztuczng inteligencje)
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Introduction

Nowadays, electrical energy is increasing along with
technological developments that demand that electrical
systems can work optimally. The variables used at optimal
power flow include quality, stability, reliability, and economy.
The generation system is expected to be able to
continuously flow quality electrical energy by the standard
voltage, and frequency levels that have been set at a low
cost. And if there is interference, then the system can return
to work normally.

Generally, the calculation of the Optimal Power Flow is
an effort made to increase the quality of the electrical
system from a technical and economic perspective. Optimal
Power Flow is a very important issue in operation, and
power system planning [1]. The methods used in the
calculations include the solutions introduced by Carpentier J
ante to the issue of economic dispatch in Bulletin of Society
Francaise Electricians vol. 3, pp.431-474, 1962. This
solution inspired several researchers in developing
formulations for OPF including, Non-Linear Programming
(NLP) [2], Gray-Wolf Optimization (GWO) [3], Power cones
[4]. ANN-based on PSO for Microgrid Optimal Energy
Scheduling [5]. And several methods based on PSO [6, 7].

This study uses data from the South Sulawesi system of
44 buses, 13 conventional generator buses, 2 wind power
generator buses, and the remaining 29 load buses. The
method used in calculating OPF is MIPSO.

Optimal Power Flow

The most commonly used optimal power flow to
minimize an objective function is F(x,u) which satisfies the
constraints g(x,u)=0 and h(x,u)< 0, where the function g(x,u)
for nonlinear equations (nonlinear equality constraints),
while the function Ai(x,u) is for inequalities (nonlinear
inequality constraints). The vector x is the variable voltage

magnitude, the phase angle, and the Mvar output from the
generator, a fixed value parameter such as the phase angle
on the reference bus, line parameter, and others. The
vector u is a control variable such as active and reactive
power [8, 9, 10].

Economic Dispatch Equation Model.

There are several models for calculating economic
dispatch in the electric power system [11, 12, 13]. The
formula used in calculating the cost for each generator is as
follows.

(1) Fr=Xl1FP)

() F(P) = a; + bP; + ¢;P?

where :

FT - total generation cost ($), Fy(P) - input-output cost
function of generator i ($/hour), a; b, c; - cost coefficient of
generator, n - number of generating units, i, P; - output of
generator i (MW), i - index of dispatchable units.

Calculation of power balance using the formula:

@) =1 Pi=Pp

Limitation of generating capacity with the following
formula
(4) Pmin SPiS Pmax
where :

P; pine Pi max — Maximum, and minimum the power output of
generator i.

PSO, MPSO, and MIPSO

In 1995, Kennedy and Eberhart compiled a new
algorithm called Particle Swarm Optimization which is
abbreviated as PSO [14], They imitate the pattern of life of a
group of animals, such as fish, birds, and other animal life
groups. The PSO formula is as follows.
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(6)

Pl =
id =
vk + cirf(Pbestt, — xk) + c,rf (Gbestk — xK)
and
K+l _ Lk k41
(7)  xig " =xjqg+vig
where :

vid - particle velocity i dimensions d at k, v/ - particle
velocity i, dimension d at k+1, xik - particle position i
dimensions d at k, x;/"' - particle position i dimensions d at
k+1, v r* - random value between 0 and 1, ¢, ¢, -
acceleration coefficient, Pbest, - best position of local
particle i on k, Gbest;; - global best position of particle i on .

In 1998, Shi and Eberhart modified PSO known as
Modified Particle Swarm Optimization (MPSQO) by applying
inertia weight to maintain the balance of local and global
searches to provide good performance on PSO [15, 16, 17].
The dynamic equation of PSO, velocity is modified to:

@®) v =wol + cirf(Pbestt, — xk) +
c,7¥(Gbestk — xk)
with,
. Wmax—Wmin \ -
(9) w() = Wigx — (T)L
Where :
(w)i - inertia weight on i, w,,,. — w,,;, - inertia weight from
start to finish, i,,,.- maximum epoch, i — current.

Clerc M (1999) applied the constriction factor known as
Constriction Factor Based Particle Swarm Optimization
(CFBPSO). These improvements and modifications aim to
ensure a trace in the PSO algorithm for faster convergence
[18, 19, 20, 21]. The dynamic equation of PSO, velocity is
modified and improved to:

(10) vt = CF vk + c;r{(Pbest,
c,7¥ (Gbestk — xk)

—xf) +

with
11 CF= — 2
() |2—¢th2—4<p|
and

Q-citc;,and @ >4

Figure 1. Single line electricity network system for South
West Sulawesi

Materials and Method
Materials

This study uses data from the Southwest Sulawesi
Electrical System which is interconnected with wind power
plants in Sidrap and Jeneponto Regencies. Generator

buses, namely Pinrang, Sidrap (wind power plant), Suppa,
Barru, Borongloe, Tello, Tallasa, Jeneponto (wind power
plant), Punagaya, Sinjai, Makale, Sengkang, Palopo, Poso,
the remaining 29 buses are load buses, Bakaru is slack
buses.

The first analysis uses conventional generator data,
namely as many as 13 bus generators. And the second
analysis uses conventional data systems that are
interconnected with two wind power plants, namely Sidrap
and Jeneponto Wind Power Plant.

The single-line electricity network for the South-West
Sulawesi system can be seen in Figure 1.

Method

The method used is MIPSO. In this study, the variables
studied are active power, losses, and generation costs.
Simulations were carried out on hourly data to determine
the effect of wind power plants on the variables studied.

To further clarify the stages of the research carried out,
a research flowchart is made which can be seen in Figure 2
below.
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Figure 2. Research flow chart

Results and Discussion
This study simulates conventional data systems and
conventional data integrated with wind power plants.

Simulation Result of Conventional System
The results of the conventional system simulation can
be seen in the following table.

Table 1. Simulation results of the conventional 13 bus generator
system

Generators Power Generation (MW)
Bakaru 216.9000
Pinrang 9.1785
Suppa 20.6880
PLTU Barru 59.9670
Tello 150 6.7015
Borongloe 10.5140
Tallasa 60.1060
Punagaya 126.4700
Sinjai 6.3010
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Sengkang 222.2900
Makale 12.4760
Palopo 4.5536
PLTA Poso 77.8520
Total Power Generation (MW) 833.9976
Total Load (MW) 748.0600

Losses (MW) 85.9440
Generation Cost ($/hr) 23503.4442

The results showed that the highest generation of the
Sengkang bus generator was 222.2900 MW, while the
lowest was the Palopo bus generator of 4.5536 MW. The
total power generation is 860,6950 MW, with a total load of
748,0600 MW, and a power loss of 85.9440 MW. The
generation cost is $ 23503.4442.

Real-Time System Simulation Results

The results of the real-time optimal power flow research
using the South West Sulawesi data system which is
interconnected with the Sidrap and Jeneponto Wind Power
Plants show fluctuating results, this is caused by the
intermittent power of the Wind Power Plant. The Sidrap
Wind Power Plant (table 2 generator number 4) is highest at
17.00, which is 33.22 MW, and the lowest generation
occurs at 08.00, which is 0.00 MW. Meanwhile, the highest
generating power of the Jeneponto Wind Power Plant (table
2 generator number 10) at 03.00 is 29.84 MW, and the
lowest generating power is at 09, 10, 11, 12, 13, namely
0.00 MW. For more details, the power generation system
that is interconnected with wind power plants can be seen
in Table 2 below.

Table 2. Real-time simulation results of the South West Sulawesi network system connected to wind power plants

Pow er Generator (MW) Total P | Pload P Generation
Time [ 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 oy | o) Losses Cost (§/hr)
Bakaru |Pinrang [Suppa |Wind Sd |PLTU Barru | Tello 150 (Borongloe | Tallasa | Punagaya [Wind Jp [Sinjai |Sengkang |Makale Palopo |PLTA Poso (MW)

1 | 60.72] 6.38] 19.04 0.35 64.42| 1577 17.05] 9541 103.11 6.41| 458 257.76] 6.31] 7.25 140.79] 805.34(748.06] 57.28] 23312.71

2 | 57.09] 9.07] 31.43 0.39 72.81)  18.01 13.58| 86.16 57.30] 8.74| 4.90| 298.87 12.45| 5.06 136.58] 812.44(748.06| 64.38] 22454.67

3 | 69.41] 11.40] 22.91 2.33 58.53] 12.12 19.21| 67.30 93.70| 29.84| 3.87| 24717 6.91| 5.11 166.56] 816.37(748.06] 68.31| 22741.57

4 | 67.99] 5.82| 28.79 2.50 38.68) 18.26 9.70] 69.29 93.96| 14.58] 5.81| 309.27[ 6.91| 547 134.23] 811.28[748.06] 63.22] 23262.71

5 | 72.24] 6.25| 23.47 0.67 53.82| 24.95 19.06| 75.28 8146 8.5 519| 271.08] 5.15| 6.40 163.25[ 816.43|748.06| 68.37| 23226.63

6 | 88.99] 6.64] 26.90 2.05 52.90[  11.55 12.24] 60.10 92.56| 14.55| 6.86] 292.61[ 827 1.71 133.59] 811.49(748.06| 64.38] 22454.67

7 | 72.08] 7.51] 30.91 0.35 64.33] 1671 6.17| 84.47 95.19| 18.48| 4.95| 25222 979 4.48 139.31[ 806.95|748.06| 58.89| 22535.72

8 | 7212 6.17| 19.70 0.00 58.31] 16.19 9.44| 64.44| 10079 4.47| 7.16| 326.95| 541 2.84 113.15] 807.14[748.06] 59.08] 24430.73

9 | 7712 8.31| 23.89 0.71 66.32]  17.90 16.83| 87.46 75.78]  0.00] 5.16] 305.90] 9.99| 6.56 99.88[" 801.81|748.06] 53.75] 22653.11

10 | 69.70] 15.77| 25.97 0.09 4569|  15.25 15.60| 81.25 85.97[ 0.00| 2.53] 28536 854 5.04 163.27[ 820.03|748.06| 64.38] 24054.02

11 | 83.62] 8.57| 20.81 0.73 47.49|  17.72 9.23| 57.67 90.19[  0.00] 6.15] 33537 6.77] 2.30 128.28[ 814.89|748.06| 66.83| 25030.82

12 | 82.86] 8.74| 28.69 0.89 21.97| 21.51 14.12| 62.54 90.54| 0.00] 9.13] 31559 12.27| 7.60 140.30[ 816.75|748.06| 68.69 24199.02

13 [102.01] 5.74| 19.03 3.16 50.96] 17.01 14.62| 72.44| 10652 0.00] 6.51| 258.92[ 11.41| 0.32 140.10[ 808.77(748.06] 60.71| 24670.63
14 | 68.84] 5.60| 22.90 5.29 53.01 4.37 10.26] 80.77] 108.33| 5.69| 6.50] 290.67| 6.91| 4.67 137.10[ 810.91(748.06] 62.85] 24374.70
15 | 63.09] 6.64| 32.41 6.16 49.04|  15.04 13.35( 79.12| 104.63] 1.54] 7.11| 289.41| 6.00[ 5.85 126.93[ 806.32[748.06] 58.26| 23178.41
16 | 73.60] 9.03] 23.21 9.59 62.68]  14.65 14.07| 69.03 98.46) 9.80| 9.44| 258.82| 6.56| 1.98 151.01] 811.93[748.06] 63.87| 23117.01
17 | 75.47| 17.55| 32.56) 33.22 50.11 9.36 11.42[ 70.07 90.89| 0.36] 891 25027 9.33] 6.34 136.30[ 811.19[748.06] 63.13] 21720.24
18 | 90.59] 6.17| 19.22[ 11.79 37.84 8.40 16.13| 53.53| 104.17] 9.89| 531| 304.34[ 8.10[ 1.42 137.82[ 814.72[748.06| 66.67| 24709.52
19 | 72.88] 5.46| 19.04] 1511 38.30 8.87 14.59( 78.51 95.08] 12.70| 5.75] 279.48| 7.60| 7.88 156.34[ 817.60|748.06| 69.54| 23463.13
20 | 83.03] 8.17| 24.10] 19.66 4516  11.91 16.39| 74.70 80.12| 6.39] 6.49| 294.73[ 453 4.60 131.09[ 811.08|748.06| 63.02] 22558.34
21 [ 102.89| 5.77| 25.13| 23.63 31.57| 18.54 14.30[ 34.43| 11539] 3.55[10.15| 284.94| 8.30 5.67 128.14[ 812.42[748.06| 64.36] 24545.43
22 | 7750 6.99] 12.97| 21.88 65.30 6.54 15.27| 81.22 57.79] 19.97| 8.84| 275.84[ 11.37| 6.93 149.12[ 817.53[748.06] 69.47| 22040.10
23 | 56.47| 11.77| 21.04] 23.25 51.07| 17.17 20.14| 77.64 90.13| 20.22| 2.74| 25594 968 3.32 149.76] 810.33[748.06] 62.27| 21217.15
24 | 7211 7.81| 547| 18.14 26.31|  13.10 16.32[ 70.97| 120.35] 11.41[10.42| 250.74| 12.19| 5.83 170.28] 820.46(748.06] 72.40| 24896.86
Comparison of Simulation Results The  comparison  simulation results  between

Simulation results of conventional system data and
systems that are interconnected with wind power plants can
provide information about the effect of wind power plants on
power flow in the system. More details can be seen in Table
3 below.

Table 3. Comparison of simulation results of conventional systems
and interconnected systems with wind power plants.

Conventional Conventiongl
No Generator System + Wind
System
Power Plants

1 Bakaru 216.9 75.5178
2 | Pinrang 9.1785 8.2219
3 | Suppa 20.6880 23.3166
4 | PLBT Sidrap - 8.4148
5 | PLTU Barru 59.9670 50.2758
6 | Tello 150 6.7015 14.6209
7 | Borongloe 10.5140 14.1290
8 | Tallasa 60.1060 72.2425
9 | Punagaya 126.4700 93.3920
10 | PLTB Jeneponto - 8.6133
11 | Sinjai 6.3010 6.4360
12 | Sengkang 222.2900 283.3857
13 | Makale 12.4760 8.3651
14 | Palopo 4.5536 4.7765
15 | PLTA Poso 77.8520 140.5492
Power Generation (MW) 833.9976 812.2571
Load (MW) 748.0600 748.0600
Losses (MW) 85.9440 63.9208
Generation Cost ($/hr) 23503.4440 23368.6622
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conventional systems and conventional systems that are
integrated with wind power plants can be used as an
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Figure 3. Generating power graph indicator of system
quality.

The research that has been done shows that there is an
improvement in the quality of the system after
interconnection with wind power plants. Two variables can
be seen from the simulation results, namely power loss and
generation costs. The power loss in a conventional system
that is interconnected with a wind power plant is 63.9208
WM, lower than that of a conventional system of 85.9440
WM. Likewise, the cost of generating a conventional system
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that is interconnected with wind power is lower at $
23,368,6622 / hour compared to the conventional system
which is $ 23,503.4440/hour. The comparison results above
show that there is a decrease in generation costs by
0.5735% per hour.

This graph is the average value of the real-time
simulation results. The graph above shows that the highest
generating power is the Sengkang generator. The total
power of the conventional system is 222.2900 MW, and the
interconnected conventional system is 283.3857 MW. While
the lowest power generation is Palopo.

Conclusion

1. The reduction in generation costs in conventional
systems that are interconnected with wind power plants
is caused by the supply of power from wind power
plants.

2. The decrease in power losses is due to the more even
distribution of power after interconnection with wind
power plants.

3. It is necessary to do further research on real-time
analysis of the interconnected system of wind power
plants.
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