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 Penetration of hosting capacity in radial type power distribution systems aims 

to increase the voltage profile on the end customer side. The more electricity 

customers increase, the more electricity user load growth will increase. This 

results in a voltage drop on the end customer side in the radial distribution 

system, characterized by a voltage exceeding the minimum standard operating 

acceptable voltage. This paper aims to provide solutions to cases in radial grid 

type power systems in solve voltage drops. The addition of hosting capacity 

for distributed renewable energy generators is one of the goals to increase the 

capacity of the electricity system. This research uses the Ant Lion 

Optimization algorithm method to try to find the optimal location and capacity 

of Distributed Generation in the electric power distribution system. 

Penetration hosting capacity injects renewable energy generation in the form 

of solar cells. The simulation results show that the increased voltage profile in 

the electric power distribution system exceeds the minimum voltage drop 

standard. So that in reducing power losses in the radial type network. 
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1. INTRODUCTION  

The use of electrical energy every year has increased significantly. According to statistics on electricity 

users in the Special Region of Yogyakarta in 2014 amounted to 972,327 users, while in 2016, it increased by 

1,033,966 users. In the electric power supply system, PT. PLN uses a radial type distribution system. The radial 

distribution system has an advantage in its use, but the voltage fluctuations on the end of the end customer 

experiencing a voltage drop. For this reason, this research introduces distributed generation (DG).  

Distributed Generation (DG) is the penetration of generators spread in the distribution system. The 

method used is hosting capacity. The purpose of hosting capacity is to improve the voltage profile [1]. The 

distributed generation used is distributed energy resource (DER) from photovoltaic or sunlight. This data was 

obtained from Queensland university photovoltaic system. 

This research uses the method ant lion optimization (ALO) as an analysis of optimization methods. 

According to the paper [2], the ALO algorithm is inspired by the ant lion mechanism in hunting its prey. There 

are five hunting mechanisms such as: walking randomly, building traps, trapping in ant lion holes, ants slipping 

in holes, and rebuilding traps. 

Distribution generation hosting capacity (DGHC) or the addition of capacity in distributed generation is 

an optimization technique in the power distribution system to increase the capacity of distributed generators to 

connect to existing distribution systems. Many problems in radial distribution systems such as voltage drops, 

power losses, and not cheap costs. This is the basis for achieving these main objectives. Hosting capacity and 

voltage are used to regulate voltage in case of overvoltage or overvoltage, and under-voltage or voltage drop. 

This problem often occurs in distribution systems. Usually, it is because of a voltage drop caused by the use of 

electricity during peak loads. 
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In the end, the latest effective computational method to evaluate capacity addition is the problem of 

uncertainty of grid parameters and the connected multi generators being addressed [3]. Hosting capacity to find 

renewable energy uncertainties such as unbalanced phases is reconfigured with particle swarm optimization 

(PSO) [4]. The aim of the improvement approach is achieved better than the hosting capacity level, which can 

be used as the selection of conventional conductors under the same test conditions [5]. For the purpose 

framework, the effects of voltage deviation constraints, load growth, DG type, and network structure from 

Hosting Capacity (HC) are comprehensively studied using DG technology differences (such as from wind and 

photovoltaic) [6].  

On the other hand, on the previous research, the control strategy for distributed integration of photovoltaic 

(PV) and battery energy storage system in microgrid, reactive power optimization of distributed generation for 

voltage regulation of distribution systems, and reconfiguration of distribution network with DG using fuzzy 

multi-objective method has been investigated by [7][8]. Other than that, high PV penetration impact on 

European-based low voltage (LV) residential network has been researched by [9]. Besides that, load flow-

based voltage strategy indices for voltage stability and contingency analysis for optimal location of Static 

Synchronous Compensator (STATCOM) in distribution network with the integrated distribution unit has also 

been investigated by [10]. Thus, creating a gap between research in the West (Europe) and East (Asia) relating 

to hosting capacity, especially PV and the other resource of renewable DG (for instance: wind turbine) in the 

real LV system in Indonesia, more specifically in Yogyakarta that has never been studied before. In this study, 

we propose a study regarding a multi-objective case about hosting a Yogyakarta capacity distribution system 

with Ant Lion Optimization (ALO).     

In increasing photovoltaic as hosting capacity in real systems, methods can be used by equipment to 

improve management of low voltage systems with high PV penetration [11]. HC is used to find out how much 

DG capacity can be connected, so a separate grid technique is used with the Monte Carlo method. Hosting 

capacity to find out how many electric vehicles in charging can be accommodated on the distribution network 

[12]. HC is used to find out how much DG capacity can be connected, so a separate grid technique is used with 

the Monte Carlo method. Hosting capacity to find out how many electric vehicles in charging can be 

accommodated on the distribution network [13]. The purpose of the research in [14] is to determine the hosting 

capacity of the wind turbine of the control algorithm in the distribution system that can be easily applied in the 

existing distribution network. On the other hand, the following research also implemented ALO [15]. 

This research using the Ant Lion Optimization (ALO) method can be proven to be used in optimizing the 

optimal placement of Distributed Generation (DG). The resulting indicators such as increasing the voltage 

profile, reducing power losses, and determining objective functions such as the ENS cost, the development of 

the load line index (LLI). The Ant Lion Optimization (ALO) approach also has similar results when compared 

to other methods such as Genetic Algorithm (GA), Flower Pollination Algorithm (FPA), and Particle Swarm 

Optimization (PSO). Furthermore, the next section will be discussed related to research methods to further 

discuss how to examine the load flow, hosting capacity distribution system with ALO, constraints, and 

objective functions. 

 

2. RESEARCH METHOD  

Backward sweep starts from the furthest end of the network, the load current at the load point. Therefore, 

the current flowing in the channel is calculated according to the assumption or calculation of the voltage in the 

previous iteration. After calculating the current flowing in the channel, at the backward sweep, starting from 

the source point, the voltage from each bus point is updated. After the forward sweep, current injection 

compensation is calculated. Then the convergence criteria are adjusted to the point of voltage, load or line 

current, and input power to the network [16]. 

 

2.1. Backward Sweep 

In this iteration, the voltage from all points is assumed to be the same as the voltage at the main source. 

If there are multiple sources on the network, the compensation injection current at this source is valued zero at 

the first iteration. On the other hand, the voltage at each point and injection current ratio is calculated in the 

previous iteration. When each injection point and current is known, the current can be searched by [16] 

 𝐼𝑙𝑑𝑖 = [
𝑃𝑖 +  𝐽𝑄𝑖

𝑉𝑖
] (1) 

where Ildi is loading current in point I, Pi is active power requirements at a point I, Qi is reactive power 

requirements at the point I, Vi is the voltage at the point 𝑖. 
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2.2. Forward Sweep 

In forward sweep analysis, starting from the main source point where the voltage value is known, the 

impedance and current flowing in each channel are known, all the updated point voltages ignore other sources. 

Equation (2) is used to find the voltage and the know compensation injection current. If the compensated 

injection current is zero in the first iteration, the voltage at each point and the compensated injection current 

are calculated in the previous iteration. This is formulated as [16] 

 𝑉𝑖 =  𝑉𝑣𝑖  −  (𝑍𝑖 𝑥 𝐼𝐿𝑖) (2) 

where, 𝑖 is I, ..., N, Vi is the voltage at a point 𝑖, 𝑉𝑣𝑖 is the voltage at the top of point 𝑖, 𝑍𝑖 is the impedance of 

channel 𝑖, 𝐼𝐿𝑖 is current lowing in channel 𝑖. 
 

2.3. Ant Lion Optimization Algorithm 

Ant Lion Optimization (ALO) is inspired by nature with an algorithm created by Seyedali Mirjalili in 

2015. The ALO algorithm mimics the hunting mechanism of ant lions in nature. According to [17][18], there 

are six main rounds for hunting to kill prey, such as channel i: 

 

1. Ant Run Randomly 

Ants that walk randomly can be formulated as 

 𝑋(𝑡) = [0, 𝑐𝑢𝑚𝑠𝑢𝑚(2𝑟(𝑡1)−1), 𝑐𝑢𝑚𝑠𝑢𝑚(2𝑟(𝑡2)−1), . . . . , (2𝑟(𝑡𝑛)−1)] (3) 

where cumsum is a cumulative calculation of sum, n is a maximum number of iterations, t is steps of random 

travel such as  

 𝑟(𝑡) = {0 𝑖𝑓 𝑟𝑎𝑛𝑑<0.5
1 𝑖𝑓 𝑟𝑎𝑛𝑑>0.5

 (4) 

where, rand is a number generator between [0,1]. A random walk can be made to enter into the search space 

can be written as 

 𝑋𝑖
𝑡 =

(𝑋𝑖
𝑡 − 𝑎𝑖)𝑥(𝑑𝑖

𝑡 − 𝑐𝑖
𝑡)

(𝑏𝑖 − 𝑎𝑖)
+ 𝑐𝑖

𝑡 (5) 

where ai is the minimum value of the random walk of the variable, bi is the maximum value of the random walk 

of the variable ith, 𝐶𝑖
𝑡is the minimum value of the ith variable in 𝑖𝑡ℎ iteration, 𝑑𝑖

𝑡 is the maximum value of the 

variable ith in the tth iteration. The location of the ants depends on the compatibility of the given matrix function 

such as 

 𝑀𝑎𝑛𝑡 = (

𝐴1.1   𝐴1.2   …  …   𝐴1.𝑑

𝐴2.1   𝐴2.2   …  …   𝐴2.𝑑

:           ∶       ∶      ∶       ∶
𝐴𝑛.1   𝐴𝑛.2   …  …   𝐴𝑛.𝑑

) (6) 

 𝑀𝑎𝑛𝑡 = [

𝑓([𝐴11   𝐴12   …  …   𝐴1𝑑)

𝑓([𝐴21   𝐴22   …  …   𝐴2𝑑)
:                                               
𝑓([𝐴𝑛1   𝐴𝑛2   …  …   𝐴𝑛𝑑)

] (7) 

where MOA is the matrix displays matching values from the ant's matrix location MANT. If ants and antlions 

are hiding in the search room, then the corresponding location and matching matrix is given as 

 𝑀𝑎𝑛𝑡 𝑙𝑖𝑜𝑛 = (

𝐴1,1   𝐴1,2   …  …   𝐴1,𝑑

𝐴2,1   𝐴2,2   …  …   𝐴2,𝑑

:           ∶       ∶      ∶       ∶
𝐴𝑛,1   𝐴𝑛,2   …  …   𝐴𝑛,𝑑

) (8) 

 𝑀𝑂𝐴𝐿 = [

𝑓([𝐴11   𝐴12   …  …   𝐴1𝑑)

𝑓([𝐴21   𝐴22   …  …   𝐴2𝑑)
:           

𝑓([𝐴𝑛1   𝐴𝑛2   …  …   𝐴𝑛𝑑)

] (9) 

where MOAL is a matrix that displays matching values from the location of the ant lion. In the real depiction, it 

can be seen in Fig. 1. 
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Fig. 1. Ants Walk Randomly 

 

2. Build Traps 

Building Traps to get a higher probability of capturing ants, a roulette wheel is used. This mechanism 

identifies the most suitable ant lion [19]. For more details, it can be seen in Fig. 2. 

 

 
Fig. 2. Ants Build Traps 

 

3. Trapped in an ant lion anethole 

The mathematical equation for trapping ants is given according to the following equation 

 𝑐𝑖
𝑡 =  𝐴𝑛𝑡 𝑙𝑖𝑜𝑛𝑠𝑡

𝑡 + 𝑐𝑡 
(10) 

 𝑑𝑖
𝑡 =  𝐴𝑛𝑡 𝑙𝑖𝑜𝑛𝑠𝑡

𝑡 + 𝑑𝑡 

where, 𝑐𝑖
𝑡is the minimum value of all variables at ith iteration, 𝑑𝑖

𝑡is the maximum value of all variable on ith 

iteration, 𝑐𝑡is the minimum value of all variables for ith ant, 𝑑𝑡is the maximum value of all variables for ith 

ant. 

 

4. The ants slip towards the ant lion 

To move the ants toward the ant lion, the ant lion shoots sand out. Mathematically, it can be modeled as 

 𝐶𝑡 =
𝑐𝑡

𝐼
 

(11) 

 𝐷𝑡 =
𝑑𝑡

𝐼
 

where I is 10𝜔 𝑡

𝑇
,  t is the current iteration, T is the maximum of iteration numbers. 

 

5. Catch prey and rebuild the hole 

The last stage of the hunting behavior of an ant lion is to catch an ant that reaches the bottom of the pit 

and then return to renew the position from the last position by 

 𝐴𝑛𝑡 𝑙𝑖𝑜𝑛𝑗
𝑡 = 𝐴𝑛𝑡𝑖

𝑡     𝑖𝑓    𝑓(𝐴𝑛𝑡𝑖
𝑡) > 𝑓(𝐴𝑛𝑡 𝑙𝑖𝑜𝑛𝑗

𝑡) (12) 

 

6. Elitism 

The most important thing about the evolution of algorithms is finding the best main solution. This can be 

modeled by  
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 𝐴𝑛𝑡𝑖
𝑡 =  

𝑅𝐴
𝑡 + 𝑅𝐸

𝑡

2
 (13) 

 𝑝𝑜𝑝𝑢𝑙𝑎𝑠𝑖 = (𝑑𝑔𝑚𝑎𝑥 − 𝑑𝑔𝑚𝑖𝑛)𝑥 𝑟𝑎𝑛𝑑( ) + 𝑑𝑔𝑚𝑖𝑛  (14) 

where, 𝑅𝐴
𝑡 , 𝑅𝐸

𝑡  is walk randomly around ant lions with roulette wheels 

 

7. Constraints 

a. Constrains Power Balance 

The balance of power as a limiting function can be formulated by [1] 

 𝑃 + ∑ 𝑃𝐷𝐺 = 𝑃𝑑 + 𝑃𝑙𝑜𝑠𝑠

𝑁

𝑘=1
 (15) 

where 𝑃𝑙𝑜𝑠𝑠 is active power loss, 𝑃𝐷𝐺  is the DG Capacity. 

 

b. DG Capacity Constraints 

The optimization results must also meet the availability of DG capacity limits by the standard 

capacity intermittency. However, in [1], the DG capacity limits are stated as 

 40 < 𝑃𝐷𝐺 < 168,000 (16) 

where the value of the photovoltaic DG capacity limit is when the maximum power is generated. The 

DG data is generated based on real-time monitoring from the Queensland university photovoltaic. 

 

8. Multi-Objective Function 

a. Minimize Power Losses 

In minimizing the power loss due to voltage drop, it can be formulated as 

 𝑃𝑙𝑜𝑠𝑠 = ∑ 𝐼𝑖
2𝑅2

𝑛

𝑖

 (17) 

where 𝑃𝑙𝑜𝑠𝑠 is active power loss, Ii
2 is the amount of network flow, R2 is the magnitude of distribution 

network resistance. 

 

b. Cost of energy not Supply 

In this condition, DG can be used to return power to the interference branch distribution section 

and increase the reliability of the distribution system. So, the distributed generator system is optimally 

implemented to reduce the cost of the distribution system in customer damage. In this study, reliability 

is modeled in the CENS of the distribution system [19]. Cost of energy not supplied (CENS) defined 

as 

 𝐶𝐷𝐺
𝐸𝑁𝑆 = ∑ 𝑥 ∑ 𝑥𝜆𝑖𝑥𝐿𝑖𝑥𝜌0

𝑖𝑛𝑡𝑥

𝑁1

𝑗=1

(
1 + 𝐼𝑛𝑓𝑅

1 + 𝐼𝑛𝑡𝑅
)𝑖−1𝑥𝑡𝑖𝑥𝐷𝑗

𝑁𝑏𝑟𝑎𝑐ℎ

𝑖=1

 (18) 

where, 𝐶𝐷𝐺
𝐸𝑁𝑆is energy costs not supplied/year, N1 is number of grid branches, Li is distribution system 

length branch length distribution system branch, ti is the time taken for the change of interference, 

𝐶𝐷𝐺
𝐸𝑁𝑆is energy costs that were not supplied in the first year, 𝜆𝑖 is the rate or rapid failure of the branch. 

The variable, 𝜆𝑖 is 
𝑡ℎ𝑒 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑖𝑛𝑡𝑒𝑟𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑑𝑢𝑟𝑖𝑛𝑔 𝑎 𝑐𝑒𝑟𝑡𝑎𝑖𝑛 𝑡𝑖𝑚𝑒 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙

𝑡ℎ𝑒 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑡𝑖𝑚𝑒−𝑙𝑎𝑝𝑠𝑒 𝑜𝑓 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛
 and the variable 𝐷𝑗 is load 

requests at the point j. 

 

c. Reducing the cost of using DG 

The cost of using DG is included in the investment 𝐶𝐷𝐺
𝐼𝑛𝑣𝑠), operation 𝐶𝐷𝐺

𝑂𝑝𝑒𝑟
) and maintenance 

costs 𝐶𝐷𝐺
𝑀𝑎𝑖𝑛). The cost of using DG can be defined with 𝐶𝐷𝐺

𝐼𝑛𝑣𝑠 ($/MWh) will be paid in advance, and 

it is related to the purchase and installation of each DG [19]. It can be calculated with 

http://issn.lipi.go.id/issn.cgi?daftar&1368096553&1&&
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 𝐶𝐷𝐺
𝐼𝑛𝑣𝑠 =  ∑ 𝐶𝑖

𝑖𝑛𝑣𝑒𝑠𝑡

𝑁𝑑𝑔

𝑖=1

 (19) 

where, 𝐶𝑖
𝑖𝑛𝑣𝑒𝑠𝑡 is purchase and installation costs from i-th DG units. 𝐶𝐷𝐺

𝑀𝑎𝑖𝑛 in ($/MWh) is an annual fee 

that displays interest rates and rate increases and can be modeled as [19] 

 𝐶𝐷𝐺
𝑀𝑎𝑖𝑛 = ∑ 𝐶𝑖

𝑚𝑡𝑛

𝑁𝑑𝑔

𝑖=1

 (20) 

where,  𝐶 𝑖
𝑚𝑡𝑛 is maintenance costs from ith DG and can be calculated as  

 𝐶𝑖
𝑚𝑡𝑛 = 𝐶0

𝑚𝑡𝑛𝑥(
1 + 𝐼𝑛𝑓𝑅

1 + 𝐼𝑛𝑡𝑅
)𝑖−1 (21) 

where, 𝐶0
𝑚𝑡𝑛 is initial maintenance costs (value = 0). 

 

d. Load Line Index 

Load Line Index (LLI) an index of the possibility of increasing the burden in the future. 

According to [20], growth in the number of channel loads every year around 1%. So, in this study, by 

testing the IEEE Standard Radial Distribution type system can find out the development of loads bus 

for the next 20 years. Load Line Index (LLI) can be formulated as 

 𝐿𝑖 = 𝐿𝑜𝑥(1 + 𝐿𝑔𝑟𝑜𝑤𝑡ℎ)𝑖−1 (22) 

where Li (Load Increment) is a large increase in busload, Lo is expensed during the first year, Lgrowth 

is load growth every year. 

 

e. Multi-Objective 

The main multi-objective function of this study case is equal with several loss reduction functions, 

energy not supplied function, DG investment function, and Load Line Index (Li). It can be written as 

 𝑂𝐹 =  𝑃𝑙𝑜𝑠𝑠 + 𝐶𝐷𝐺
𝐸𝑁𝑆 + 𝐶𝐷𝐺

𝐼𝑛𝑣𝑠 + 𝐶𝐷𝐺
𝑀𝑎𝑖𝑛 + 𝐿𝑖 (23) 

where, 𝑂𝐹 is the objective function,  𝑃𝑙𝑜𝑠𝑠 is the amount of power loss, 𝐶𝐷𝐺
𝐸𝑁𝑆 is energy costs that are 

not supplied, 𝐶𝐷𝐺
𝐼𝑛𝑣𝑠 is investment costs, 𝐶𝐷𝐺

𝑀𝑎𝑖𝑛 is maintenance costs, 𝐿𝑖 is bus load growth for the 

coming 20 years. 

2.4. Flowchart of this Research 

The Steps in Distributed Generation are using Ant Lion Optimization based on Fig. 3. It can be explained 

as follow. Start – The first step is creating a simulation program. Initialization - The second step is an 

initialization, which is used to introduce parameters or what is commonly called a header. Initialization must 

have value because the initial program will be called a programmable function. Load flow code - The baseload 

flow program is used to read the distribution system created. This program is to determine the value of buses 

and branches in the distribution system. The data want to look for on the bus are active power(P) and reactive 

power (Q) to find out the feeder load profile. ALO code - The ant lion optimization (ALO) program can be 

explained in simple terms as follows: reads all feeder and load data in the destination distribution system. Then, 

find the best DG location by random method on the roulette wheel. Initialize position/solution and maximum 

looping=100, with minimum DG capacity=40kWP and maximum capacity=16800kWp. Then get a 

convergence curve or fitness curve in the objective function of minimizing power losses. Constraint - The 

constraint function to determine the level of repair voltage profile of at least 0.92 PU and a maximum of 1.05 

PU. Objective function - This objective function serves to determine the direction of the intended simulation 

results. This function is to reduce the power loss resulting from the addition of a new DG. 

 

3. RESULTS AND DISCUSSION  

Ant Lion Optimization algorithm (ALO) can be applied to DG penetration optimization techniques with 

Hosting Capacity theory. The research conducted 3 case studies. The first section is a comparison with other 

methods. The next is case study 1 and case study 2. This study uses the IEEE standard radial distribution system 

and the real distribution system from the Bantul substation.  
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Fig. 3. Flowchart Hosting Capacity using Ant Lion Optimization 

 

3.1. Compare other Methods 

This is a study to compare another simulation method for optimal distributed generation, as we can show 

in Table 1. From the results obtained from the simulation, that the value of the reduction in power losses in the 

Ant Lion Optimization method ±0.8 kW. This can be compared with other methods such as FPA, GA, PSO 

with competitive convergence value. So, the Ant Lion Optimization (ALO) method also has a good 

convergence for the function of reducing power losses with a single Distributed Generation. In [21], 

represented some references about the genetic algorithm and particle swarm optimization for optimal 

distributed generation. Based on the results of the comparison, the Ant Lion Optimization approach method 

can be applied in the optimization of the optimal determination of Distributed Generation (DG). 

 

Table 1. Review Related Optimal DG in Case IEEE 33-bus Test System 

Methods DG location DG size (kW) 
Losses 

(kW) 

Ant Lion Optimization 6 2554.23 ±0.8 

Flower Pollination Algorithm 6 2588.7 0.2 

Genetic Algorithm 11 1.5 0.1063 

Particle Swarm Optimization 8 1.1768 0.1053 

 

3.2. Case Study 1 

This section uses the IEEE 33-bus standard test system in Fig. 4 that is modeling radial type networks 

according to the IEEE standard. From the data result, the IEEE 33-bus is used as an experimental simulation 

before using real data on a radial distribution system. Network data and connected load data based on the IEEE 

standard are used in data analysis without changing the form and data structure that is in the IEEE 33-bus. 

The results of the value profile voltage before the addition of DG and after the presence of DG are shown 

in Fig. 5. One of the objectives of the optimization carried out in this study is to increase the stress profile. The 

simulation results carried out on the IEE 33-bus standard radial system shows good results in increasing the 

voltage profile using the Ant Lion Optimization method. As in Fig. 5, the green indicator shows the voltage 

profile before being given Distributed Generation (DG), while the blue indicator results after being affected by 

single Distributed Generation (DG) penetration. The increase in the voltage profile is shown on bus 18 with a 

value of 0.968 PU, which can be increased to 0.987 PU so that the results obtained to meet the standard in 

customer voltage distribution. 
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Fig. 4. The 33-bus Network Structure 

 

 
Fig. 5. The 33-bus Voltage Profile Value 

 

The consistent curve in Fig. 6 is the suitability curve shown for the Ant Lion Optimization simulation 

results. Convergent is shown to achieve the objective function of reducing power losses in the system. Besides 

that, the objective function is also displayed in Fig. 6. The iteration results show that it is 0.02 kW at the time 

of the 12th iteration and converging. Because of that, it is known that the convergence characteristics of the 

Ant Lion Optimization Algorithm can show the iteration results that do not take long to reach convergence. 

The indicator of success in reducing is shown from the y-axis as a function of the amount of power loss and 

the x-axis by the number of iterations carried out until it reaches convergence. 

 

 

Fig. 6. Losses Optimization Convergence Curve 

 

This part is discussing losses in each bus in the IEEE 33-bus feeder by optimization. Fig. 7 represented 

active and reactive losses in each bus element. It shows that power losses have a large power loss value, and it 

will affect the voltage profile. The value of active and reactive power losses is high due to the long distance at 

the initial bus position of the line, where the power loss value is obtained by (16). 
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Fig. 7. Losses each of Bus 

 

3.3. Case Study 2 

Case study 4 is used as the implementation of a real distribution system. The Data were taken from PT. 

PLN Unit Pelayanan Pelanggan (PU3) in Bantul Substation. This substation has a capacity of 3051.93 MVA 

with a high voltage of 150 kV. This step-down transformer converts the 150 kV to 20 kV voltage which is used 

as a distribution system to load centers. This study uses data feeder 11 as a whole or the output of the step-

down transformer three feeder section five. The voltage profile value observed in this study is a distribution 

system of 20 kV. This 20 kV value is considered as the database for the analysis of the maximum voltage 

profile of 1 PU (Per Unit). Fig. 8 represents a feeder distribution system for radial type. 

 

 
Fig. 8. Single Line Diagram in a Radial Distribution System 

 

The simulation results conducted that the optimal placement of DG on bus 17. On bus-17, which has not 

added DG, the voltage value is 0.92 PU, and it is followed by a decreased bus voltage value. Then after 

additional the optimal DG placement with the addition of the 17 bus, the voltage correction value on bus 17 is 

0.97 PU. In the addition of 1 DG, the value of the voltage on the bus 26 to 36 is still 0.957 PU. It can show in 

Fig. 9. The objective function is calculated based on (15) to minimize power loss. The results of this simulation 

show that the value of power losses can be minimized when starting the first ten iterations. The highest power 

loss value is 4.88 kW, then it can be minimized to 4.66 kW during the 10th iterations. It can be shown in Fig. 

10 and Fig. 11. 
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Fig. 9. Voltage Profile Yogyakarta, Bantul Substation 

 

 

Fig. 10. Losses Optimization 

 

 
Fig. 11. Losses in each of Bus 

 

We know that the ant lion algorithm can use for looking optimal placement of distributed generation hosting 

capacity for radial distribution networks. In Table 2, we can show ten simulations, and the result gets optimal 

location and capacity constantly. 
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Table 2. Optimal Capacity and Location for Yogyakarta Distribution Network in 10 Simulation Algorithm 

No Iteration Ant Lion Optimization DG location DG size (kWp) Reduction loses (kW) 

1 1 99 17 3110.63 0.108 

2. 2 99 17 3110.63 0.108 

3. 3 99 17 3110.63 0.101 

4. 4 99 17 3110.63 0.10 

5. 5 99 17 3110.63 0.03 

6. 6 99 17 3110.63 0.01 

7. 7 99 17 3110.63 0.03 

8. 8 99 17 3110.63 0.05 

9. 9 99 17 3110.63 0.02 

10. 10 99 17 3110.63 0.08 

Standard deviation 17 3110.63 ±0.8 

 

The results obtained in Table 3 are the comparisons of the results for the application of the Ant Lion 

Optimization method to the IEEE standard distribution system. From Table 3, it is found that the results can 

increase the lower voltage profile index increases properly. Because of that, we can reduce power losses for 

convergent values. The results obtained for the Distributed Generation capacity in a long radial system require 

a large capacity to increase the minimum voltage profile. The 33-bus puts DG on bus 6 with a capacity of 

2554.23 kWp, on the 69-bus distributed system on bus 61 with a capacity of 1889.65 kWp, and on the 85-bus 

radial, the system is placed on bus 8 with a capacity of 13760.87 kWp. One of the objective functions used is 

the development of busloads for the next 20 years.  

 

Table 3. Test Results of the IEEE Standard System 

Parameters 33 bus 69 bus 85 bus 

Power Factor 0.85 0.85 0.85 

Optimal Bus 6 61 8 

DG Capacity (kWp) 2,554.23 1,898.65 13,760.87 

∆ Power Loss (kW) 0.05 1.4 0.6 

𝑽𝒎𝒊𝒏 p.u. with DG 0.986 0.989 0.97 

𝑽𝒎𝒊𝒏 p.u. without DG 0.968 0.965 0.88 

𝑽𝒎𝒂𝒙 p.u. with DG 1 1 1.01 

Addition of Load Bus 39-bus 83-bus 95-bus 

Load Line Index (LLI) 1.1818 1.2028 1.1176 

 

4. CONCLUSION 

In this study, the authors can conclude as follow. From the 33-bus system testing, the optimal DG capacity 

is 2554.23 kWp with a location on bus 6. In the 69-bus system test, the optimal DG capacity is 1898.65 kWp 

with the location on bus 61. At the 85-bus system testing, the capacity The optimal DG is 13760.87 kWp with 

location on bus 8. In testing the real system on feeder 5, Bantul Substation obtained an optimal DG capacity of 

3110.63 with bus location 17. Adding DG to the 33-bus system can increase the voltage profile from a 

minimum voltage of 0.968 PU to 0.986 PU. Adding DG to the 69-bus system can increase from a minimum 

Voltage of 0.965 PU to be 0.989 PU. The 85-bus system can raise the voltage profile after adding DG from a 

minimum voltage of 0.88 PU. to 0.97 PU. In testing the feeder 5 Bantul substation after adding DG can increase 

the voltage profile from 0.92 PU. to 0.97 PU. Ant Lion Optimization Algorithm can be applied to the multi-

objective function. The objective functions are optimal Distributed Generation(DG) location and capacity, 

Optimum losses, ENS value, and load line index (LLI). Ant lion optimization can also enhancement voltage 

value with a constraint minimum of 0.96 PU and a maximum of 1.05 PU. 
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