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 The high potential for renewable energy in the North Sumatra region, 

especially the coast of the Belawan area, needs to be exploited properly.  

The design will be carried out to explore the potential in coastal areas by 

carrying out simulation models of microgrid systems and hybrid system-

based electricity installations. The method that will be used is to find the 

accuracy of strategic location points by considering the weather around the 

plant. The aim of determining strategic and ideal microgrid installation 

location points is useful in building a reliable system when fluctuating 

climate conditions occur so that it will have a significant effect on energy 

balance and energy conversion. The potential for installation construction 

will be carried out with a hybrid system using power sources from 

photovoltaic (PV), wind turbines and diesel generators assisted by HOMER 

pro software. Real measurement results in the field were obtained for the 

installation of a hybrid-based microgrid system on PV with a DC output 

power of 618.80 W with measurements in sunny weather conditions, then 

the potential wind speed on the wind turbine reached 5 m/s and the potential 

use of a diesel generator reached 40% with a power output capacity 1 kW. 
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1. INTRODUCTION 

The high potential for developing renewable energy source installations in the Sumatra region 

should be exploited appropriately [1]–[3]. This is inseparable from the depletion of fossil fuels in the future 

and the shift of the world community towards awareness of environmental impacts that are cleaner than 

pollution [4]–[7]. The most efficient technology is installed according to community needs in meeting current 

electricity availability with an integrated system in operation and control using a microgrid system [8]–[11]. 

Then, to develop the electrical power supply to be more optimal, a hybrid system was added, which means it 

is the most ideal combination in supporting the power increase system and reliability system in the microgrid. 

[12]–[15]. The coastal area of the city of Medan, especially in the North Sumatra region, is a strategic area if 

a hybrid model-based microgrid system is installed involving the integration of photovoltaics (PV) sourced 

from solar energy, wind turbine installations sourced from wind energy and also the installation of diesel 
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generators [16]. Coastal areas include areas that have quite high intensity of sunlight and also have wind 

speeds which can later be a solution in moving wind turbines continuously [17]–[19]. However, irregular 

weather fluctuations in the city of Medan based on data from the meteorology climatology and geophysics 

council (BMKG), have caused the percentage of potential power output of renewable energy installations to 

decrease. Therefore, the study for the installation was diverted to the point with the most potential, namely 

the coastal area, for the installation of an integrated hybrid system from renewable energy [20]. The potential 

impact that will result is the stability of electrical power which is very influential in the use of electrical 

energy and also the effect of being free from shadows which will make the conversion of energy from the sun 

more optimal [21]–[23]. The microgrid technology that will be used is compatible with inputting potential 

local renewable energy resources such as solar and wind power. Then this system will be able to provide 

distributed generator connectivity as a buffer unit, and the loads are interconnected with each other [24]–[26]. 

The hybrid microgrid installation system also has advantages in terms of economy and efficiency compared 

to other microgrid architectures [27], [28]. However, microgrid injection on microgrid performance must be 

reviewed because it affects the overall dynamic performance of the microgrid [29]–[31]. Then also, it should 

be noted that with the increasing need for electricity every year and conventional energy reserves getting 

smaller, it is impossible to depend completely on conventional energy [32]. Therefore, it is necessary to 

conduct an analysis first on new and renewable energy power plants to find out whether the power plants are 

efficient and able to replace conventional energy power plants in the future [33]. The potential that will be 

reviewed is the PV installation system, wind turbine and diesel generator installations carried out in the 

coastal area of the city of Medan. 

 

 

2. METHOD 

The model simulation will be carried out with 3 power generation system configurations, namely, 

PV system configuration, wind turbine and diesel generator. Meanwhile, the battery is used as backup storage 

when there is a voltage drop caused by the intensity of sunlight. The method is carried out by serving in the 

field using a lux meter, anemometer with validation margin of error testing using an Android application. 

Then the experimental data is carried out in real time in the field by installing PVs in the coastal zone. In a 

diesel generator installation, it operates and produces electrical power using fuel injection, with estimates not 

being the main generator. PV systems and wind turbines are the main energy supply sources for residential 

areas. The simulation used uses HOMER pro software and for PV energy conversion analysis uses real field 

data with a PV output power installation of 650 Wp. HOMER Pro software is used to design and simulate 

microgrid systems with the advantage of being able to estimate the technical feasibility and energy 

conversion of previous developments in renewable energy production. Simulations using HOMER pro 

software for microgrid system configuration in the coastal area of Belawan, North Sumatra are shown in 

Figure 1. 

 

 

 
 

Figure 1. Microgrid system in a hybrid model of renewable electricity generation in coastal areas 

 

 

3. RESULTS AND DISCUSSION 

Configuration and analysis of energy production operating using a renewable energy system with a 

hybrid integrated microgrid system in coastal areas in North Sumatra, Indonesia. The microgrid system with 

a hybrid model is research targeting the Belawan area, located on the coast of North Sumatra. In terms of 

natural resource potential and enriched with the availability of wind and solar power, energy conversion can 

be carried out optimally. To operate the HOMER pro software simulation, it is necessary to prepare several 

required data, including load requirement data, weather condition data and technical data for each system 

component. The tracking location for microgrid sites on the coast of North Sumatra is shown in Figure 2. 
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Figure 2. Microgrid system tracking location in the coastal region of North Sumatra 
 

 

3.1.  Potential of the Belawan coastal area 

The coastal area is a very strategic location in the development and design of integrated microgrid 

systems. To fulfill the supply of electrical energy and optimize the supply of electrical power, the target area 

for optimization is the coast of the Belawan area. Simulation design of renewable energy that will be supplied 

to meet electrical energy needs in coastal areas with alternative energy sources, namely PVs, wind turbines 

and integrated diesel generators. The research that will be carried out is specifically regarding the use of solar 

energy to produce maximum electrical energy using solar cells by reviewing the layout position and tilt angle 

of the PV. Measurements of the tilt angle of the PV panel, the direction of the angle of incidence of the sun, 

the current and output voltage of the solar cells need to be carried out using spatial solar eclipse simulation. 

The results of testing the optimal potential intensity of sunlight showed that the maximum intensity of 

sunlight was from 10.00 am to 03.00 pm. The location of potential points of sunlight intensity on the coast of 

North Sumatra is shown in Figure 3. 

The cartesian coordinate system point location was installed to show accuracy in finding installation 

points for the proposed Belaewan coastal microgrid system from the five main components of PV, wind 

turbine, converter and diesel generator while the battery as power storage remains optimal.  

All integrated components installed are connected via AC or DC bus. This type of demand load is connected 

to the AC bus for residential loads. Cartesian coordinate system is used to determine the accuracy of 

microgrid systems and two-dimensional coordinates used to represent points in a flat plane. This coordinate 

system simulation can determine the position of a point in a flat plane with more optimal accuracy as shown 

in Figure 4. 
 

 

 
 

Figure 3. Location of potential points of sunlight intensity on the coast of North Sumatra 
 
 

3.2.  Potential sources of solar energy 

The importance of measuring solar potential by looking at the intensity of sunlight or measuring the 

amount of incoming light is needed by simulating the surface temperature of Medan cities and also global 
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irradiation. Using this simulation helps to see the intensity of sunlight in various conditions such as sunny, 

cloudy and overcast. The accepted temperature for the intensity of solar radiation for the coastal areas of 

Medan city is almost 40 degrees Celsius, but this temperature will of course affect the energy conversion 

generated by PVs as shown in Figure 5. 

 

 

 
 

Figure 4. Cartesian coordinate system location point 

 

 

 
 

Figure 5. Potential for hot surface temperatures in the coastal area of Belawan, North Sumatra 

 

 

3.3.  Potential speed of wind energy 

The drive for a wind turbine requires wind with a vertical axis of rotation or a horizontal axis.  

The potential for wind energy is very abundant, especially in the coastal areas of Belawan, North Sumatra. 

This can of course be used as a renewable energy source to fill electricity needs if exploited properly. One of 

the effects of the number of wind turbine angles on power and coefficient of power (COP) can increase 

electrical energy conversion d. The measurement results using wind speed simulations are still relatively low 

with a force reaching 5 m/s. Simulation of test results using a horizontal wind turbine. Figure 6 shows the 

potential location of wind speed and wind turbine installations in the coastal area of the Belawan area. 

 

 

 
 

Figure 6. Potential wind speed and wind turbine installation in the coastal area of the Belawan area 
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3.4.  Potential fuel generator installation 

Microgrid specifications in the Belawan coastal area use fuel price adjustments with a capacity of  

1 kW with an estimated usage of 40% due to prioritizing renewable energy generation. Then the high cost of 

diesel generators further reduces generator fuel consumption as well as reducing gas emissions to help supply 

power to the load. Therefore, the design of a hybrid system in a microgrid is a particular choice as a better 

option than a system using a generator. Diesel generator utilization and fuel efficiency curve are shown in 

Figure 7. 

The use of diesel generators does not reach 100% because it is a supporting factor as a backup 

electricity source that can be used to meet electricity needs that cannot be met by renewable energy sources. 

Therefore, the efficiency fuel consumption calculation is calculated using output power estimates for a 

reference capacity of 1 kW with the application of household electricity supply in the coastal area of 

Belawan, North Sumatra. The components used in the configuration are analyzed in the utilization of the fuel 

consumption efficiency curve shown in Figure 8. 

 

 

  
  

Figure 7. Fuel curve efiiciency Figure 8. Curve Efficiency fuel consumption 

 

 

3.5.  Photovoltaic energy conversion testing 

Retrieving solar energy conversion system data from PVs aims to monitor the conversion and 

system reliability resulting in a more optimal microgrid system output. The panel used has a capacity of 650 

Wp with a polycrystalline type connected in parallel. The optimization system still uses the PV position when 

conditions are flat. This energy conversion is still not optimal, but the initial research was set with PV 

conditions at 90o to the direction of the sun, but later to make the PV installation conditions more optimal,  

a tracker system will be used and supported by calculating azimuth angles and elevation angles. The data 

entered is the coordinates of the Belawan Coastal area, North Sumatra, taking into account longitude and 

latitude. The results of energy conversion in coastal areas using real field measurement data and then 

converted using assisted applications are shown in Figure 9. 

Based on the graph of the accumulated output frequency of PV energy conversion installations in 

the coastal area of Belawan, North Sumatra, the DC voltage frequency graph in Figure 9(a), the output results 

from the intensity of sunlight using lux meter reached 162,000 lux. Then in Figure 9(b), when measuring PV 

conditions in a flat position, the DC voltage output is 45.4 Volts with a standard deviation of 1.72. During the 

monitoring period, the output voltage on the PV showed irregularities in the coastal areas of the Belawan area 

due to weather fluctuations. Then the data is displayed as in Figure 9(c). In the current graph, the peak DC 

current is 13.63 A with a standard deviation of 3.704. For the last image, Figure 9(d), it is a source of energy 

conversion using maximum conditions occurring at 2.00 pm, amounting to 618.80Watt DC with a standard 

deviation of 166,904 with flat PV installation conditions. During the monitoring period, the output power of 

the PV showed irregularities due to climate change, resulting in changes in power caused by sunlight not 

being focused on the surface of the PV. 
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(a) (b) 

 

  
(c) (d) 

 

Figure 9. Graph of accumulated output frequency of PV energy conversion installations in the coastal area of 

Belawan, North Sumatra; (a) frequency of lux meter output, (b) frequency of PV voltage, (c) frequency of PV 

current, and (d) frequency of PV power 

 

 

4. CONCLUSION 

Based on the potential of the microgrid system by modeling hybrid PVs, wind turbines and diesel 

generators using simulation results in the HOMER Pro software, the greatest potential is by installing PVs 

because the intensity of sunlight is very high. This is still in a flat position, where energy conversion should 

be more optimal by using an active tracking system to find the sun's focal point. Then the potential of wind is 

also very promising as an energy reserve to supply more electricity loads than diesel generators. The results 

of real data measurements in the field obtained data for the intensity of sunlight reaching 162,000 lux, 

measuring PV conditions in a flat position with a DC voltage output of 45.4 Volts with a standard deviation 

of 1.72, a peak DC current of 13.63 A with a standard deviation of 3.704 and also the output power 

Maximum conditions occurred at 2.00 pm at 618.80 Watt DC with a standard deviation of 166,904. This is 

still not optimal because when the sun is perpendicular to the surface of the PV panel, clouds cover the 

surface of the panel so that peak power is obtained at 2.00 pm which should occur in the time range from 

11.00 am to 1.00 pm. The intensity of the wind speed measured in the Belawan coastal area reaches 5 m/s so 

that the installation of a wind turbine can produce optimal electrical energy. 
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