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Abstract  

 

Distributed Generation (DG) from Renewable Energy Sources (RES) is widely applied in distribution 

systems or small-scale electric power networks. DG RES utilizes renewable energy sources such as PV and 

wind turbines. However, the intermittent and uncertain nature of renewable energy sources requires a 

mechanism to select and utilize them optimally. The aim of this research is to develop an optimization model 

for the use of renewable energy sources by determining the placement and size of optimal DG units sourced 

from renewable energy. Optimal placement and size decisions are obtained by considering emissions or 

pollution, power losses and voltage profiles in the electric power system. This research uses the Multi Verse 

Optimization (MVO) method, which is the development of multiverse theory and the big bang theory. The 

simulation in this research was carried out on the IEEE 33 bus distribution system. Simulation results using 

Matlab software show that the optimal placement and size of distributed generators from renewable energy 

sources can significantly improve the voltage profile and reduce electrical power losses. The optimal 

placement and sizing result for 1 DG injection is on bus 6, while when 3 DG injection, the optimal placement 

is on Bus 13, 24 and 30. This placement location is the same as the research results with other methods or 

algorithms. Optimizing the installation of three DG renewable energy sources using MVO by considering 

environmental factors was able to reduce emissions by 71.62 percent. Thus, there is a reduction in costs as 

environmental compensation of 71.60 percent in the IEEE 33 Bus system.   
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1. Introduction 

Electrical energy has become a primary need 

today. Electricity is generally generated from fossil fuels. 

As fossil energy decreases, it is necessary to look for 

alternative energy from renewable sources. This has 

triggered many things such as massive research and 

development of alternative energy sources. In addition to 

the limitations of fossil energy reserves, decarbonization 

is being driven to reduce greenhouse gas emissions 

caused by thermal power generation. The use of thermal 

power plants will threaten global climate change (Hlalele 

et al., 2020). Renewable energy sources are used to meet 

load needs in a sustainable and environmentally friendly 

manner (Liaquat et al., 2020). 

The acceleration of the application of technology 

to produce electrical energy from renewable energy is 

getting faster due to environmental factors. The effects of 

global warming due to fossil fuel power plants are 

increasingly widespread, causing poor air and water 

quality in urban and industrial areas (Binini et al., 2024). 

Global concerns about environmental impacts 

have driven technological advances to connect renewable 

energy sources to the grid and deregulation of the 

electricity market has shifted the attention of distribution 

system planners to grids connected to distributed 

generation. Reducing power losses and improving the 

voltage profile index in the delivery of electricity are also 

considerations in power system planning. Planners have 

made breakthroughs by building small generators near the 

load that are sourced from renewable energy. 

Renewable energy sources such as wind and solar 

have great potential to meet the world's electricity needs 

in a sustainable and environmentally friendly manner. 

------------------------------------------------------------------ 
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Wind turbines can convert wind power into electrical 

energy, while solar energy is obtained through 

photovoltaic panels that capture sunlight and convert it 

into electricity. Both energy sources have advantages in 

terms of abundant availability and very low carbon 

emissions. In addition, the use of wind and solar energy 

can reduce the use of fossil fuels and reduce gas emissions 

that contribute to the greenhouse effect and help 

overcome climate change. With technology continuing to 

develop, the efficiency and cost of energy production 

from these sources continue to increase, making them 

increasingly competitive with conventional energy 

sources. Wind and solar energy are stochastic phenomena 

that depend on several factors such as weather and 

climate conditions, wind speed, radiation intensity, and 

many other unpredictable factors (Binini et al., 2024). 

Generation units that rely on renewable energy are 

usually smaller and spread across the grid, which then 

gave rise to the Distributed Generation (DG) paradigm. 

DG is a distributed generator that is the main means of 

integrating the source of electrical energy into the 

distribution system (Al-Jumaili & Yilmaz Azlan, 2021). 

DG penetration has several benefits, including reducing 

power losses, increasing the voltage index value and 

improving power quality in the distribution system 

(Ahmad et al., 2019). Penetration of DG renewable 

energy sources in the distribution system contributes to 

emission reduction. 

Optimization techniques have been used for the 

placement of distributed generators on the power grid, 

thus allowing for the best allocation of DG. There are 

many approaches to decide the optimization of the 

location and size of DG units in small-scale power 

systems. Several factors that must be considered in the 

planning process for expanding the distribution system 

with renewable energy DG include the location, size, type 

of DG unit, and network technology, system capacity and 

protection (Hemeida et al., 2021). Optimization methods 

can be done using analytical or deterministic methods and 

metaheuristic methods. Analytical methods commonly 

used include the Lagrange Multipliers method, the 

Newton Raphson and Gauss Jacobi methods and other 

deterministic methods (Costa et al., 2019). The current 

trend is to use metaheuristic methods to maximize the 

utilization of renewable energy sources. Various types of 

methods and approaches used in DG optimization include 

the decision tree (DT) classification approach or decision 

tree, namely for the placement of several photovoltaic DG 

units using certain indices in an unbalanced distribution 

network. Bonobo Optimizer (BO) is used to find and 

locate and capacity of photovoltaic energy sources and 

capacitors in the distribution system (Pham et al., 2023). 

The use of artificial intelligence is able to integrate 

networks from many resources and distributed loads. 

Several algorithms that have been carried out in previous 

studies include the Genetic Algorithm (GA) (Das et al., 

2021), the firefly algorithm (FFA) combined with the 

crow search (CS) optimizer used to obtain the optimal DG 

size (Hlalele et al., 2020), phasor particle swarm 

optimization (PPSO) (R. Nasser et al., 2021), Salp Swarm 

Optimization (SSO), SSO is a modified GA to find 

profitable locations and sizes of distributed generation 

units (Kola Sampangi Sambaiah & T Jayabarathi, 2019), 

(Davoudkhani et al., 2023). Geometric Mean 

Optimization (GMO) algorithm combines the unique 

properties of geometric mean operator in mathematics 

with power loss sensitivity index to perform various 

optimizations on distribution networks such as 

reconfiguration optimization, DG unit allocation with 

optimal power factor (Kamel et al., 2023). Constriction 

Coefficient Particle Swarm Optimization (CPSO) 

(Rathore & Patidar, 2021), PSO-GWO Approach (Suman 

et al., 2021), Improved Gray Wolf Optimization (IGWO) 

(Khan et al., 2024), Flower Pollination Algorithm 

(Ramshanker et al., 2022). 

Optimal placement and sizing of PV considering 

PV inverter capability using Archimedes optimization 

algorithm (AOA) (Janamala & Radha Rani, 2022). 

Modified Harris Hawk optimization (MHHO) algorithm 

is used for location connection, source and location of 

energy storage system and optimal management of 

microgrid in smart distribution network (Poshtyafteh et 

al., 2024).  

In this research, the authors optimize the 

placement and size of photovoltaic DG and wind turbine 

using Multi Verse Optimizer (MVO) algorithm method to 

reduce power losses, improve voltage profile and reduce 

emissions. The search process in the MVO algorithm 

consists of two main stages, namely the exploration stage 

and the exploitation stage. In the exploration stage, the 

MVO algorithm focuses on searching for the solution 

space widely to find various possible solutions that may 

not have been explored before. The purpose of this stage 

is to ensure that the algorithm does not get stuck in local 

solutions and has the opportunity to find the optimal 

global solution. Meanwhile, in the exploitation stage, the 

MVO algorithm focuses its search on improving the 

solutions that have been found during the exploration 

stage. At this stage, the algorithm tries to maximize the 

quality of the solution by conducting a deeper search 

around promising solutions. By dividing the search 

process into these two stages, the MVO algorithm can 

balance exploration and exploitation, thereby increasing 

the chances of finding the optimal solution (Karthikeyan 

& Dhal, 2017). 

 

2. Materials and Methods 

2.1. Materials  

The data or input variables needed in this study 

include optimization data, MVO data, IEEE 33 bus 
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system data, PV specification data, wind turbine 

specification data, and emission data. The simulation in 

this study uses Matlab software.  

The IEEE 33 bus distribution system is one of the 

test systems that can be used to simulate and analyze 

electric power distribution systems. The IEEE 33 bus 

distribution system consists of 32 channels and 32 loads. 

The IEEE 33 bus distribution system used consists of an 

active power load of 3.715 MW and a reactive blood load 

of 2.3 MVAR. All loads are supplied from the main grid 

(bus 1), which is the only source in the system. The 

voltage of the IEEE 33 bus distribution system is 12.66 

kV. Figure 1 shows a single line diagram of an IEEE 33 

bus system as a representation of a radial distribution 

system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Single Line System IEEE 33 bus. 

 

2.2. Methods 

This research uses a simulation method using 

Matlab software with the following steps: (1) Modeling 

DG Renewable Energy, (2) conducting a power flow 

study, (3) conducting optimization using the Multi Verse 

Optimizer algorithm to determine the optimal placement 

and size of DG renewable energy sources in the IEEE 33 

Bus distribution system with the objective function of 

power losses, voltage profile and Emission Reduction 

Benefit. Flowchart of proposed algorithm is shown in 

Figure 2. 

In this paper, the multi-objective method uses 

weighted summation as Equation (1). 

  

InflationBest_Universe = A + B + C               (1) 

 

where A is power loss weight, B is voltage profil weight 

and C is emission reduction benefit weight. 

   

    

 
 

Figure 2. Flowchart of the proposed algorithm. 

 

2.2.1. Modeling DG Renewable Energi 

In this research, the output power probability 

model is used to extract the coefficients. These 

coefficients are calculated using mathematical 

expectations. These coefficients are a key aspect of the 

probability characteristics of the distribution. 

Mathematical expectations are the weighted average of 

the probabilities of all possible values. The procedure for 

calculating these coefficients can be done in the following 

steps: (1) Collecting the required measured historical data 

from a particular area such as wind speed, radiation 

intensity, and so on, (2) Fitting the known distribution 

function to the achieved data, (3) Obtaining the output 

power distribution function that matches the renewable 

DG characteristic data in the previous step, (4) 

Calculating the expected value, or capacity of the 

achieved output power distribution function. The 

computation and use of these coefficients enable planning 

to use the same renewable energy sources as non-
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renewable energy sources in power system planning 

(Taha et al., 2022).  

2.2.2 Power Flow Study 

Before determining the location and size of DG, 

the first step that needs to be taken is to determine the 

power flow formula in the system. This step is very 

important in gaining a deep understanding of the 

distribution of voltage, current, and power losses 

throughout the electrical system. By knowing these 

values accurately, we can plan the placement and capacity 

of DG more effectively and efficiently. The power flow 

equation will provide a clear picture of how electrical 

energy flows through the network, as well as the points 

where significant power losses occur. This information is 

a crucial basis in the planning process, because 

determining the optimal size and location of Distributed 

Generation Renewable Energy Sources (DG RES) can 

reduce power losses, improve voltage quality, and ensure 

that renewable energy sources are used in the most 

efficient way. Thus, determining the power flow equation 

is an initial step that cannot be ignored in designing a 

distribution system that integrates DG. 

In the process of installing DG RES in the electric 

power system, it is important to understand the power 

flow in the distribution system. The equations that appear 

in the power flow analysis are non-linear equations, 

which require an iteration method to solve. The data 

generated from the power flow calculation study includes 

the magnitude and phase angle values of the voltage at 

each bus, as well as the flow of active and reactive power. 

Electric power system. The data needed to perform power 

flow calculations includes channel data and bus data, 

which includes the type of bus, whether the bus is a 

generator bus or a load bus. If a bus has a generator or 

generator, then the bus is called a generator bus. 

Conversely, if the bus only has a load, then the bus is 

called a load bus. 

Power flow studies provide a comprehensive 

picture of how electrical energy is distributed across the 

network, and enable the identification of critical points 

where power losses or voltage quality degradation occur. 

This information is essential for planning the optimal 

placement and capacity of DGs, with the aim of 

improving system efficiency and minimizing energy 

losses. With a deep understanding of power flows, we can 

ensure that DGs are integrated in the most effective way, 

supporting the stability and reliability of the power 

system (Al-Shamma’a et al., 2024). 

 

2.2.3 Optimization using Multi Verse Optimizer 

The optimization method used in this study is the 

Multi Verse Optimizer. Each universe in the Multi-Verse 

Optimizer (MVO) algorithm contains a unique inflation 

rate. This inflation rate serves as an important parameter 

that affects the performance and behaviour of the 

universe. Using this inflation rate, the fitness value of 

each universe can be calculated. This fitness value is then 

used to assess how well the solution represented by the 

universe is in solving the given problem. A universe with 

a higher fitness value indicates a better solution, while a 

universe with a lower fitness value indicates a less 

optimal solution. Thus, the inflation rate plays a crucial 

role in the evaluation and selection process of solutions 

in the MVO algorithm. The positions of the universes 

have been updated using wormhole existence probability 

(WEP) as in Equation (2) and travelling distance rate 

(TDR) as in Equation (3). 

𝑊𝐸𝑃 = 𝑚𝑖𝑛 + 𝑙𝑥 (
𝑚𝑎𝑥−𝑚𝑖𝑛

𝐿
)                            (2) 

 

 𝑇𝐷𝑅 = 1 − (
𝑙1/𝑝

𝐿1/𝑝)                                         (3) 

 

where l is the current iteration, L is the maximum 

iteration. min, max are constants (min = 0.2, max = 1). p 

is the constant accuracy of exploitation. The best universe 

is one that contains more WEP values and less TDR 

values.  

The optimization process using MVO begins with 

exploration, which consists of: First, initialize the 

universe data using random numbers (0-1) with the 

following universe element arrangement: 

Universe: Element 1 – Element 2 – … nth Element 

Element 1 (Odd): Size of the 1st DG 

Element 2 (Even): Location of the 1st DG 

Element n (Odd): Size of the nth DG 

Element n (Even): Location of the nth DG. 

Second, convert the results of the power flow 

analysis before optimization into the best universe 

inflation data initialization using Equation 1.  

The third and fourth stage are calculating the 

wormhole existence probability (WEP) and traveling 

distance rate (TDR) values using Equations (2) and (3).  

Fifth stage, the results of the universe initialization 

are limited according to the input data of the upper limit 

(Ub) and lower limit (Lb) so that all the random results of 

the universe will always be between the values (Ub) and 

(Lb) using Equation (4). 

 

              Ub > Universe > Lb   (4) 

 

Next, convert the universe values into new bus 

data using Equation (5) and (6). 

 

   𝐷𝐺𝑠𝑖𝑧𝑒(𝑛) = 𝑛𝑡ℎ𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑒 𝐸𝑙𝑒𝑚𝑒𝑛𝑡 (𝑜𝑑𝑑) × 𝐷𝐺𝑚𝑎𝑥      (5)   

  𝐷𝐺𝑙𝑜𝑐(𝑛) = 𝑛𝑡ℎ𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑒 𝐸𝑙𝑒𝑚𝑒𝑛𝑡 (𝑒𝑣𝑒𝑛) × 𝐵𝑢𝑠𝑚𝑎𝑥      (6)   

                      

Using the above equations, the universe values can 

be converted into the nth DG size and the nth DG location. 

This results in a new data bus with the addition of DGs, 
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corresponding to each universe value linearized using the 

above equation. 

After the exploration phase is complete, each 

universe is exploited based on the inflation value 

generated during the exploration phase. The exploitation 

process in MVO consists of: 

1) Sorting the inflation values from largest to smallest. 

2) Normalizing the sorted inflation data. 

3) Selecting and accumulating the ordered inflation 

values to obtain a new universe value. This is 

expected to find a universe value with a much smaller 

inflation output and lead to a convergent inflation 

value. 

4) Next, the universe value is updated again by selecting 

using the (WEP) value combined with calculations 

using the (TDR) value. 

In the exploitation phase, the universe value is 

updated twice, resulting in a new universe value for the 

next iteration, thus getting closer to the universe value 

that produces the most optimal output. If the mass value 

does not reach ≥ the iteration maximum, the process 

returns to exploration for the next iteration. Once the 

mass value is ≥ the iteration maximum, the new best 

universe is obtained, which serves as the MVO 

optimization planning recommendation. 

After obtaining the best universe value resulting 

from the maximum number of iterations, the best universe 

value needs to be converted into bus data. From this bus 

data, the DG bus size and location values are derived, 

which are recommendations from artificial intelligence 

calculations using the MVO method. 

 

2.2.4 Objectif Function 

This study discusses multi-objective optimization 

of intermittent renewable energy sources. Optimization is 

carried out in the form of optimal size and optimal 

location. Power loss reduction, voltage profile index 

improvement and emission reduction are discussed in this 

study. 

 

2.2.4.1 Power Losses 

An important aspect of the distribution system is 

low power losses. One of the objectives of using DG in 

the distribution system is to reduce power losses along the 

distribution network. Active power losses in the radial 

distribution system can be obtained using Equation (7). 

(Umar et al., 2020). 

 

𝑃𝑙𝑜𝑠𝑠 = ∑ 𝑃𝑖 − 𝑃𝑙𝑜𝑎𝑑                                                     (7) 

= ∑ 𝑔𝑘

𝑁𝑖

𝑘=1

[(𝑡𝑘𝑉𝑖
2) + 𝑉𝑗

2 − 2𝑡𝑘𝑉𝑖𝑉𝑗𝑐𝑜𝑠(𝜃1 − 𝜃2)] 

                 

where Ploss is the amount of power loss, Pi is the power 

on the generation side, Pload is the power on the load side, 

Vi is the voltage at bus point i, Vj is the voltage at bus point 

j, Ni indicates the number of branches, gk is the 

conductance on branch k and θi is the voltage angle at bus 

point i, θj is the voltage angle at bus point j. 

The objective function relating to power losses is 

expressed in Equation (8). 

𝐹1 = 𝑚𝑖𝑛 ∑ 𝑔𝑘

𝑁𝑖

𝑘=1

[(𝑡𝑘𝑉𝑖
2) + 𝑉𝑗

2 − 2𝑡𝑘𝑉𝑖𝑉𝑗𝑐𝑜𝑠(𝜃1 − 𝜃2)] 

 

      (8) 

 

2.2.4.2 Voltage profile 

The integration of DG RES units into the electric 

power system is carried out to increase the voltage profile 

index on all buses. The magnitude of the voltage on each 

bus is expected to optimally reach 1 pu. The voltage 

profile is written as Equation (9) (Umar et al., 2020): 

 

                 𝑉𝑝 = 𝑉𝑟𝑒𝑓 − 𝑉𝜋               (9) 

 

where Vp is the voltage profile index and Vref is the 

reference voltage. The objective function related to the 

voltage profile at each bus is found using Equation (10). 

 

                             𝐹2 = 𝑚𝑖𝑛(𝑉𝑝)                        (10)

   

 

2.2.4.3 Emission Reduction Benefits 

Compared with traditional DG, the installation of 

renewable energy DG is cleaner and pollution-free, thus 

reducing the system cost in terms of environmental 

protection throughout the life cycle. This cost reduction 

is the cost that can be avoided to utilize the environment 

after utilizing the output power of renewable energy DG 

instead of burning fossil fuels called Emission Reduction 

Benefit (ERB) as expressed in Equation (11). (Deng et al., 

2023).   

𝐶𝐸𝑅𝐵 = ∑(𝑃𝐷𝑅𝐵 . 𝐸𝑚𝑖𝑖 . 𝐸𝑛𝑣𝑖)

4

𝑖=1

 

where PDRB is the annual power output of renewable DG 

in the distribution system; Emii is the emission of four 

different pollutants in generating 1 kWh of electricity 

with fossil fuels and Envi is the associated environmental 

cost required to exploit the environmental damage caused 

by 1 kg of each pollutant. 

 

3. Results and Discussion 

In this research, the optimization of DG RES unit 

placement and sizing to obtain power loss reduction, 

emission reduction and voltage profile index 

improvement is done using the MVO algorithm method. 

The advantage of the MVO algorithm is that it can 

(11) 
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converge in a small number of iterations. The simulation 

results shown in Figure 3 show that this MVO converges 

in the 2nd iteration with the best inflation of 0.526. 

 
 

Figure 3. Convergent curve of MVO. 

 

3.1. Case Study Without DG 

Base case (initial condition without DG) is the 

initial condition of the simulation on the IEEE 33 bus 

distribution system before conditioning/optimization is 

carried out, especially for DG placement optimization. 

This study serves as a comparative case after 

conditioning/optimization. The initial condition of the 

system before the DG RES is installed is the running load 

flow to obtain the voltage index value on each bus, reduce 

power losses in the system and the amount of power that 

should be supplied to the main grid. 

The power flow simulation carried out in the case 

study before the installation of DG RES, resulted in the 

amount of active power loss in the IEEE 33 Bus 

distribution system reaching 211 kW and the amount of 

reactive power loss reaching 143 kVAr. These data 

indicate the level of network efficiency before the 

integration of renewable energy sources. Power flow 

simulation is important to understand the basic conditions 

of the system before changes or additions of new energy 

sources are made. Based on the simulation data before the 

installation of DG renewable energy sources shown in 

Figure 4, it can be seen that the active and reactive power 

losses are quite significant, indicating great potential for 

increasing efficiency through the use of renewable 

energy. Reducing these power losses will not only 

increase network efficiency but will also contribute to 

reducing operational costs and increasing the stability of 

the electric power system as well as reducing 

environmental impacts in the form of reduced emissions. 

The simulation results without DG RES integration in 

Figure 4 below show that there are 21 buses or 63.6 

percent experiencing undervoltage or voltage below 0.95 

pu. 

 

 
Figure 4. Voltage Profile IEEE 33 Bus Distribution 

System before DG RES addition. 

 

Figure 4 shows the condition of the voltage profile 

in the IEEE 33 Bus distribution system. The bus with the 

lowest voltage index is obtained at bus 18, which is 

0.903810 pu, and the highest voltage index is seen at the 

slack bus or at the source bus, namely bus 1, which 

reaches a voltage profile of 1 pu. 

In the case study before the addition of DG, there 

was no emission reduction and emission compensation. 

The amount of emissions before the addition of DG is 

shown in Table 1. 

 

Table 1. IEEE 33 Bus system emission and 

environmental values before DG addition. 

 

 

Table 1 shows that the type of emissions or pollutants 

produced in the IEEE 33 bus distribution system are 

carbon dioxide (CO2) which is 4.199 tons per hour. While 

the type of pollutant produced the lowest is carbon 

monoxide (CO). The total amount of emissions produced 

is 4.270 tons per hour. The environmental costs that must 

be incurred in the IEEE 33 Bus distribution system are Rp 

1,236,000 per hour. The highest environmental 
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expenditure costs are obtained from sulfur dioxide (SO2) 

pollutants which are Rp 537,000 per hour. The lowest 

environmental costs are carbon monoxide (CO) which is 

Rp 14,000 per hour. 

 

3.2. Case study Addition of 1 DG RES 

Based on the results of the power flow simulation 

after adding one DG RES unit, the reduction in real power 

losses in the IEEE 33 Bus distribution system reached 111 

kW and the reduction in reactive power losses fell to 82 

kVAr. 

Figure 5 shows the voltage profile at each bus in 

the IEEE 33 bus distribution system under simulation 

conditions with the installation of one DG unit of 

renewable energy sources (DG RES). From the figure, it 

can be concluded that by adding one DG unit to the IEEE 

33 Bus distribution system, the voltage profile of each bus 

experiences an improvement in the voltage profile, so that 

the lowest voltage previously only 0.903810 pu increased 

to 0.942428 pu. Thus, the addition of one DG unit can 

increase the voltage profile by 0.038558 pu. The 

installation of one DG RES unit to the IEEE 33 Bus 

distribution system has not been able to create a voltage 

profile on all buses in normal conditions. There are still 6 

buses with undervoltage conditions below 0.95 pu, 

namely buses 13 to 18. 

 

 
Figure 5. IEEE 33 Bus System Voltage Profile after 

addition of one DG. 

 

However, the condition of the bus with the lowest 

voltage profile remains at bus 18 and the condition with 

the highest voltage profile at the source bus is bus 1 at 1 

pu. The condition of the bus with the lowest voltage 

profile is because the bus is far from the source and the 

location of the DG unit installation, while on Bus 1 it 

always has a value of 1 pu because it functions as a slack 

bus or source bus and without load. 

Figure 6. Showing a graph of the voltage index on 

each bus in the IEEE 33 Bus distribution system in the 

simulation of conditions without DG RES injection and 

conditions after the addition of one DG RES. Figure 4 

below shows a significant increase in the voltage of each 

bus after the addition of one DG, especially on buses that 

are still undervoltage. 

 

Figure 6. Voltage Profile Graph of IEEE 33 Bus 

Distribution System before adding DG and after adding 1 

DG. 

 

In the case study after the addition of one DG, 

there is a reduction in emissions and emission 

compensation. The amount of emissions after the addition 

of one DG RES unit is listed in Table 2. 

 

Table 2. Emission and Environmental Values of IEEE 33 

Bus Distribution System after adding 1 DG RES unit. 

 

 

Table 2 shows that the type of emission or pollutant 

produced in the IEEE 33 bus distribution system is the 

most carbon dioxide (CO2) which is 1.375 tons per hour. 

While the type of pollutant produced the lowest is carbon 

monoxide (CO) which is 0.002 tons per hour. The total 

amount of emissions produced is 1.398 tons per hour. The 

environmental costs that must be incurred in the IEEE 33 

Bus distribution system are Rp 405,000 per hour. The 

highest environmental expenditure costs are obtained 

from sulfur dioxide (SO2) pollutants which are Rp 

176,000 per hour. The lowest environmental costs are 

carbon monoxide (CO) which is Rp 5,000 per hour. 

Reduction in emission value of 67.26% after the 

addition of one DG is shown in Table 3. So that the 
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injection of one DG RES into the system can reduce 

environmental costs as emission compensation by 

65.80%. The simulation results show that the addition of 

one unit of renewable energy DG to the IEEE 33 bus 

distribution system can reduce emissions by 2,872 

tons/hour and save environmental costs of Rp 831,000 per 

hour. 

 

Table 3. Percentage reduction of emissions and 

environmental costs after adding 1 DG RES to the IEEE 

33 Bus Distribution System. 

 

Emission value 
Without 

DG 
1 DG 

Percentage 

Reduction 

(%) 

Emission 

(Ton/Hour) 
4,270 1,398 67,26 

Environmental 

Cost (Rp-

Million) 

1,236 0,405 65,80 

 

 

3.3. Case Study of Addition of 3 DG 

In the case study of adding three DG RES units to 

the IEEE 33 Bus distribution system, optimization was 

carried out specifically to obtain the optimal location and 

size of the DG. There are three main parameters measured 

in this case, consisting of electric power quality, economy 

and environment. Based on the results of the three DG 

simulation, the location of the DG placement is on Bus 13 

with a capacity of 1.12 MW and Bus 24 with a capacity 

of 1.228 Bus 30 with a capacity of 1.408 MW so that the 

total capacity of the three DGs is 3.756 MW. Based on 

the results of the power flow simulation carried out after 

installing three DG RES units, there was a change in 

active power losses in the IEEE 33 Bus distribution 

system to 73 kW and a change in reactive power losses to 

51 kVAr. 

Figure 7 shows the voltage profile graph of each 

bus in the IEEE 33 bus distribution system under 

simulation conditions with the injection of three DG 

renewable energy (DG RES). Based on Figure 7 above, it 

can be concluded that with the addition of three DG units 

in the IEEE 33 Bus distribution system, the voltage 

profile of each bus experiences an improvement in the 

voltage profile, so that the lowest voltage previously only 

0.903810 pu increased to 0.973116 pu. Thus, the addition 

of three DG units can increase the voltage profile by 

0.069306 pu. The injection of three DG RES units in the 

IEEE 33 Bus distribution system produces voltage profile 

conditions at all buses in normal conditions or not buses 

with undervoltage conditions below 0.95 pu. However, 

the condition of the bus with the lowest voltage profile 

remains at bus 18 and the condition with the highest or 

best voltage profile at the source bus, namely bus 1, is 1 

pu. The condition of the bus with the lowest voltage 

profile is caused because the bus is far from the source 

and DG injection location, while on Bus 1 it always has a 

value of 1 pu because it functions as a slack bus or source 

bus and has no load. 

 

 
Figure 7. Voltage Profile of IEEE 33 Bus Distribution 

System after addition of 3 DG RES. 

 

Figure 8 shows the voltage index graph on each 

bus in the IEEE 33 Bus distribution system with 

simulations in the first condition, without DG RES 

injection, the second condition with one DG RES 

injection, the third condition with two DG RES injections 

and the third condition with simulations on three DG RES 

injections.  

 
 

Figure 8. Voltage Profile Graph of IEEE 33 Bus 

Distribution System before adding DG and after adding 

1, 2, and 3 DG. 
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Table 4. Emission and environmental values of IEEE 33 

Bus Distribution System after addition of 3 DGs. 

 

The simulation results show a significant 

increase in the voltage of each bus after the addition of 3 

DGs, especially on bus 18 and bus 33. The simulation 

results also show no decrease in the voltage profile on the 

bus after the addition of DGs. 

In the case study after the addition of three DGs, 

there is a reduction in emissions and emission 

compensation. The amount of emissions after the addition 

of three DGs is shown in Table 4. 

 

Table 4 shows that the type of emission or pollutant 

produced the most in the IEEE 33 bus distribution system 

is carbon dioxide (CO2) which is 1.192 tons per hour. 

While the type of pollutant produced the least is carbon 

monoxide (CO) which is 0.002 tons per hour. The total 

amount of emissions produced is 1.212 tons per hour. The 

environmental costs that must be incurred in the IEEE 33 

Bus distribution system are Rp 351,000 per hour. The 

highest environmental expenditure costs are obtained 

from sulfur dioxide (SO2) pollutants which are Rp 

152,000 per hour. The lowest environmental costs are 

carbon monoxide (CO) which is Rp 4,000 per hour. 

 

Table 5 shows that there is a reduction in emission 

value of 3,058 tons per hour or 71.62 percent after the 

addition of three DGs. So that there is a reduction in 

environmental costs of Rp 885,000 per hour. So that the 

injection of three DG RES into the system can reduce 

environmental costs as emission compensation by 71.60 

percent. 

 

3.4 Method Validation and Comparison of Simulation 

Results 

Validation of the MVO method on the IEEE 33 Bus 

distribution system was validated by comparing it with 

other methods that have been carried out by researchers 

and other researchers. The comparative methods include 

PSO, IA, Hybrid, SOS, NeSOS, and GA (Umar et al., 

2020). For comparison and validation, Table 6 shows the 

optimal location and size of DG using the MVO method 

and other methods.  

Table 5. Percentage reduction of emissions and 

environmental costs after adding 3 DGs to the IEEE 33 

Bus Distribution System. 

Emission value 
Without 

DG 
3 DG 

Percentage 

Reduction 

(%) 

Emission 

(Ton/Hour) 
4,270 1,212 71,62 

Environmental 

Cost (Rp-

Million) 

1,236 0,351 71,60 

 

In addition to location and size, the percentage 

of power loss reduction with various methods is presented 

in Table 6. Table 6 shows the optimal location and size of 

DG in the IEEE 33 Bus system. The simulation was 

carried out with three conditions, namely simulation 

without DG, simulation of one DG, and simulation of 

three DG. 

In the simulation of the installation of one DG 

RES unit on the IEEE 33 bus distribution system, the 

MVO algorithm searches to get the most appropriate 

location and size of DG in order to obtain the smallest 

power losses and emission as well as an increase in the 

good voltage profile index. Based on the simulation 

results with the installation of one DG unit, it shows that 

the optimal DG placement using the MVO method is on 

Bus 6 with a reduction in power losses from 211 MW to 

111 MW or a reduction in power losses reaching 47.39 

percent. The optimal placement in the MVO method is 

the same as the placement of the PSO, Hybrid, IA, SOS, 

and NeSOS methods, namely both located on Bus 6. In 

the simulation of the placement of 3 DGs using the MVO 

method on the IEEE 33 Bus distribution system, it was 

able to reduce power losses by 65.40 percent.  

 

This percentage is lower when using the PSO 

method, IA method, SOS method, and NeSOS, but higher 

than the Hybrid method and GA method, Based on the 

comparison in Table 6, it can be seen that the highest 

percentage of power loss is with the IA method, which is 

61.62 percent. Based on the simulation results with the 

addition of several DG RES on the IEEE 33 bus 

distribution system using the MVO algorithm method, it 

can be concluded that the use of the MVO method in the 

condition of adding one DG obtained a higher percentage 

of power loss reduction than other methods. However, in 

the condition of three DGs, the MVO algorithm method 

is lower than the Hybrid and PSO methods but higher 

than the IA and GA methods. The percentage of power 

loss reduction using MVO can be greater if the number of 

universes is increased 

Emission 

Value 

Emission Type 
Total 

SO2 NOx CO CO2 

Emission 

(Ton/Hour) 
0,011 0,007 0,002 1,192 1,212 

Environmental 

Cost (Rp-

Million) 

0,152 0,132 0,004 0,063 0,351 
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4. Conclusion 

Optimal placement of renewable energy source 

DG units based on MVO algorithm simulation on IEEE 

33 bus distribution system with one DG unit scheme 

located on bus 6 with a size of 3.64MW, three DG unit 

scheme located on bus 13, bus 24 and bus 30 with sizes 

of 1.228 MW and 1.408 MW respectively. The highest 

percentage of power loss reduction using MVO compared 

to other methods was obtained in the one DG unit 

allocation scheme, which was 47.39 percent each. The 

reduction in emission value after the addition of three 

DGs was 71.62 percent. Thus, there was a reduction in 

environmental costs of 71.60 percent. The advantage of 

the MVO algorithm is that it can converge in a small 

number of iterations 
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