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Abstract 
In line with the Indonesian Government's efforts to achieve decarbonization and net-zero 

emissions before 2060, the transition from fossil fuels to renewable energy sources has 

been increasingly pursued. One of the technologies employed is the hydrogen-to-power 

application, which promotes the utilization of photovoltaic generators, batteries, and 

hydrogen, particularly in Eastern Indonesia (PV-Hydrogen). The objective of this study is to 

obtain feasibility recommendations for the PLN (State Electricity Company) network in 

Sulawesi that will be used for distributing electricity generated from PV-Hydrogen through 

power flow studies, short-circuit current studies, and system stability analysis. This study 

was conducted to ensure the readiness and capability of the existing network in 

accommodating PV-Hydrogen generators. The power flow simulation results for the Selayar 

system indicate that under existing conditions, some end-of-feeder loads exhibit voltage 

drops still within the range above 18 kV, with the farthest point at Appatana having the 

lowest voltage at approximately 18.21 kV. The existing 20 kV network is generally ready to 

receive power supply from renewable energy generators, particularly PV-Hydrogen. To 

accommodate this integration, a switching substation or express feeder needs to be 

constructed to distribute power from PV-Hydrogen. The savings or reduction in carbon 

emissions resulting from replacing diesel power plants with PV-Hydrogen is approximately 

128,665 tons of CO2/year. 

How to cite: Udjianto, T., Sasono, T., Arasid, W., & Gisler, R. (2026). Readiness of PV-Hydrogen: An environmental sustainability analysis in 

Sulawesi. Journal of Environment and Sustainability Education, 4(2). 404–415. doi: 10.62672/joease.v4i2.238 

1. Introduction 
Electricity is currently one of the basic necessities and a strategic commodity for the government in 

improving public welfare, educating the nation, and promoting economic activities. In line with the Indonesian 
Government's efforts to achieve decarbonization and net-zero emissions before 2060 (Aditya et al. 2025; 
Maulidia et al., 2025), the transition from fossil fuel utilization to renewable energy sources has been 
increasingly pursued. One of the technologies employed is the hydrogen-to-power application, which promotes 
the utilization of photovoltaic generators, batteries, and hydrogen (Yue et al., 2021; Egeland-Eriksen et al., 
2021), particularly in Eastern Indonesia (PV-Hydrogen). The installation of PV-Hydrogen can serve as a 
sufficiently competitive solution in Eastern Indonesia, which currently relies heavily on diesel power plants 
(PLTD) (Shen et al., 2022; Adam et al., 2024). It is expected that with the installation of PV-Hydrogen, diesel fuel 
consumption can be reduced, resulting in a positive impact on carbon emissions and an increase in the clean 
energy mix. 

Sulawesi Province is one of the provinces that has islands where electrification largely depends on diesel 
power plants. However, this region possesses abundant solar energy resources that can be utilized for solar 
power generation. It is planned that diesel power plants will be replaced with PV-Hydrogen as baseload 
generators, which means additional batteries and hydrogen storage will be incorporated to enable 24-hour 
operation. 

Currently, several scientific publications discuss hydrogen production from renewable energy sources, 
installation of solar power plants with and without batteries, and interconnection of solar power plants with 
existing networks. Several previous research findings related to renewable energy generator interconnection, 
solar power plants, and green hydrogen production from renewable energy sources have been used as 
references in this study. 

https://creativecommons.org/licenses/by-sa/4.0/
https://portal.issn.org/resource/ISSN/3025-0714


Journal of Environment and Sustainability Education, 4(2), 2026, 404-415 

405 

 

The integration of hydrogen storage with renewable energy generators in the electricity sector with wind 
energy as the primary source, using LEAP-NEMO modeling (Elberry et al, 2021). The results showed a 69% 
reduction in CO2 emissions along with decreased fossil fuel consumption. For the calculation and design of 
hybrid solar power systems, reference can be made to Gumintang (2020), which describes the system design 
and equipment of hybrid PV systems. 

The integration of a 1 MWp solar power plant without batteries into the Sumbawa system. The results 
showed improved voltage profiles. An increase in short-circuit current occurred; however, it was not significant 
and could still be handled by the existing network (Alsafasfeh et al, 2019). 

The integration of a 3 MWp solar power plant without batteries into the existing PLN 20 kV network 
(Larasati et al, 2020). Load flow and short-circuit simulations were conducted, resulting in a bus voltage increase 
of 0.29%–0.93%. Short-circuit analysis showed a current increase of 1–37 A. The installation of a 3 MWp solar 
power plant was found to be feasible for integration into the existing 20 kV network. A similar study was 
conducted in Prameswara (2020) with a different capacity of 5 MWp. Several studies have also demonstrated 
the challenges of PV integration in distribution networks as well as the impact of high PV penetration on voltage 
profiles (Valdez et al., 2025; Zhou et al., 2024). 

The calculation, simulation, and optimization using HOMER of a 4.6 kW hybrid generator consisting of a 4 
kW PV and a 0.6 kW fuel cell, which was found to be adequate for meeting household electricity needs 
throughout the year (Ghenai et al, 2020). A comparison of hydrogen and batteries as energy storage media for 
the grid has been analyzed (Shahverdian et al, 2025). The aforementioned studies discuss the design of PV and 
fuel cell systems as well as the integration of solar power plants into the existing PLN 20 kV system with load 
flow and short-circuit analyses, without analysis under dynamic or transient conditions. 

Despite the growing body of research on PV integration and hydrogen energy systems, a significant 
research gap remains in the comprehensive assessment of grid readiness for PV-Hydrogen systems in isolated 
island networks of Eastern Indonesia. Existing studies either focus on grid-connected systems in developed 
regions or address hydrogen storage without evaluating its impact on distribution network stability, short-
circuit behavior, and transient response simultaneously. Furthermore, few studies have quantified the 
environmental sustainability benefits particularly carbon emission reductions resulting from the displacement 
of diesel power plants by PV-Hydrogen in the context of Indonesian off-grid island systems. This research 
addresses these gaps by providing an integrated technical and environmental sustainability analysis of PV-
Hydrogen readiness in the Selayar island system of Sulawesi, Indonesia. 

The novelty of this study lies in its comprehensive and simultaneous evaluation of three interdependent 
aspects of PV-Hydrogen integration into an isolated 20 kV island distribution network: (1) power flow analysis 
covering both steady-state voltage profiles at switching substations and end-of-feeder points, (2) short-circuit 
current analysis to verify equipment rating compliance under pre- and post-integration scenarios, and (3) 
transient stability analysis to assess dynamic system recovery under fault conditions all applied to the specific 
context of PV-Hydrogen with battery and hydrogen storage enabling 24-hour continuous operation. This 
integrated approach, combined with quantified carbon emission reduction analysis, distinguishes this work 
from prior studies and provides a replicable framework for assessing PV-Hydrogen network readiness in remote 
island systems across Indonesia and similar developing-country contexts. 

The objective of this study is to obtain feasibility recommendations for the PLN network in Sulawesi that 
will be used for distributing electricity generated from PV-Hydrogen through power flow studies, short-circuit 
current studies, and system stability analysis. This study was conducted to ensure the readiness and capability 
of the existing network in accommodating PV-Hydrogen generators. The expected benefit of this research is to 
provide knowledge and references for the utilization of renewable energy technology and as part of the effort 
to achieve net-zero emissions before 2060. 

1.1. Power Flow Study  
Power flow calculation essentially involves computing the voltage magnitude and phase angle at each bus 

under steady-state conditions with balanced loads (Akindadelo et al., 2024). The results of this calculation are 
used to determine the active and reactive power flowing through the network. The magnitudes of active and 
reactive power in the network are determined by the power generated by the generators and the power losses 
in the network. Power flow calculations are required to determine whether the power generated by PV-
Hydrogen can be properly distributed within the power system. There are several methods for solving power 
flow calculations, including the Gauss-Seidel method, the Newton-Raphson method, and the Fast-Decoupled 
method (Nur & Kaygusuz, 2021). 
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1.2. Short-Circuit Study 
Short-circuit current studies are required to verify or select equipment ratings and determine relay 

settings (Vafadar et al., 2023). A short circuit in an electrical power system is an abnormal connection (including 
arcing) with relatively low impedance, whether intentional or unintentional, between two points at different 
potentials (Boukezata et al., 2021). Short circuits are also commonly referred to as faults. Short-circuit faults can 
occur due to insulation breakdown caused by overvoltage, either from internal or external sources (such as 
lightning strikes). 

During a short-circuit fault, the current flowing through the network exceeds the operating current limit 
(rated current) of the system. Short-circuit faults not only damage equipment or circuit elements in their path 
but can also cause voltage rises on unfaulted phases and overvoltage at certain locations (Xin et al., 2023). If a 
short-circuit fault is allowed to persist for an extended period in a power system, several undesirable effects 
may occur, such as reduced stability limits for the power system, damage to equipment near the fault caused by 
unbalanced currents or low voltage produced by the short circuit, and potential explosions in equipment 
containing insulating oil that may cause fires endangering personnel and damaging other equipment. 

There are several types of short-circuit faults in electric power systems, including symmetrical or balanced 
faults (three-phase/LLL and three-phase-to-ground/LLLG) and unsymmetrical or unbalanced faults (single-
phase-to-ground/LG, double-phase-to-ground/LLG, and phase-to-phase/LL) (Gebru et al., 2022). 

1.3. System Stability Study 
System stability study is an analysis of the response of a network/system to disturbances that may occur, 

such as loss of generation, faults, and sudden load changes within seconds after the disturbance (Liaqat et al., 
2024; Wang et al., 2025). The objective of this study is to ensure and determine that the system can return to its 
original condition after a disturbance occurs. 

2. Method 
The network readiness study for supporting PV-Hydrogen began with the collection of generation data, 

load data, PLN electrical network data, PV documentation data, and planned connection point locations. 
Subsequently, identification of planned PV construction locations and their distances to connection points was 
carried out. After complete data collection, the next stage involved data processing and single-line diagram 
development for simulation activities. During this stage, the collected data including load, generation, and 
network data were re-examined for relevance and consistency, then classified or grouped based on data 
similarities. The data groups were then verified and validated to ensure their suitability for the research. 

Subsequently, single-line diagram modeling was performed along with the input of simulation parameters, 
such as the method used, number of iterations, and criteria or scenarios employed. The Newton-Raphson 
method was used to solve the load flow equations in this study. In the next stage, load flow, short-circuit, and 
transient simulations were conducted. For the load flow and short-circuit simulations, two scenarios were 
established: before and after PV-Hydrogen integration into the existing network. 

After the existing electrical network data were collected, single-line diagram modeling was performed, 
followed by the input of network data, distribution transformer loads, and cable data into the software. Two 
simulation software tools were employed in this study: ETAP (Electrical Transient Analyzer Program) version 
19.0 and DIgSILENT PowerFactory version 2022. ETAP was used primarily for load flow and short-circuit 
analysis, while DIgSILENT PowerFactory was used for transient stability simulation, given its advanced dynamic 
modeling capabilities for distributed energy resources and inverter-based generation. Both software platforms 
are industry-standard tools widely used for power system studies. The simulation convergence criterion was 
set to a tolerance of 0.0001 per unit, with a maximum of 99 Newton-Raphson iterations for load flow analysis. 
The base MVA was set to 100 MVA and the system frequency was 50 Hz. Parameter settings, criteria, iterations, 
and simulations were then configured and executed. The simulation steps are shown in the Figure 1. 
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Figure 1. Simulation Procedure Steps 

2.1. Design Criteria 
The criteria used include a voltage drop not exceeding 5%. For short-circuit analysis, the criterion requires 

that the short-circuit current must not exceed the short-circuit current rating of the installed equipment or 
protection devices. Transient simulation was conducted to determine the ability of the existing system to 
withstand disturbances and return to normal operation under the PV-Hydrogen scenario with battery and 
hydrogen storage systems. 

3. Results and Discussion 

3.1. Simulation Modeling 
Simulation modeling was performed under three scenarios: the current year, and the year 2029 before and 

after PV-Hydrogen integration into the existing Selayar 20 kV system. The Selayar system before PV-Hydrogen 
operation is shown in Figure 2 with the circuit breaker in the "opened" position. 
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Figure 2. Power Flow Simulation Before PV-Hydrogen Operation. 

The Selayar system simulation after PV-Hydrogen operation is shown in Figure 3 with the circuit breaker 
in the "closed" position. 

 
Figure 3. Power Flow Simulation After PV-Hydrogen Operation 

3.2. Power Flow Analysis 
Simulations were performed for the existing year 2022 with a peak load of 7.2 MW, and for the year 2029 

before and after PV-Hydrogen connection to the Selayar system with a peak load of 7.81 MW. The simulation 
results for voltage values at each switching substation are presented in Table 1. 

Table 1. Power flow results before and after PV-Hydrogen integration 
Switching Substations/Buses Bus Voltage (kV) 

Existing 2022 Load 2029 Hydrogen Solar Power Plant Operation 2029 
Deutz #1 19.19 18.85 19.19 
Deutz #2 19.23 18.92 19.23 
Cummins 19.23 18.89 19.23 
Mitsubishi 19.23 18.89 19.23 
PV Existing 19.25 18.92 19.25 
Bus Benteng#1 18.98 18.61 19.09 
Bus Benteng#2 19.13 18.78 19.17 
Bus Benteng#3 19.08 18.72 19.17 
Bus Tahabira 18.91 18.53 19.25 
GH Harapan 18.73 18.33 19.04 
GH Batangmata 18.98 18.61 18.94 
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Based on the table above, the voltage at the switching substations/buses of the existing Selayar system is 
generally in satisfactory condition. The voltage at each switching substation remains above an average of 19 kV. 
In 2029, with the load increasing to 7.81 MW, a voltage decrease occurs; however, the values remain above 18 
kV. When PV-Hydrogen is integrated in 2029 with an annual load of approximately 7.81 MW, the simulation 
results show voltage improvement at the switching substations/buses. The lowest voltage occurs at Bus 
Benteng, which has the largest load. The PV-Hydrogen generator is planned to be connected at the Bus Tahabira 
connection point. Under the current existing load conditions, the voltage at the planned connection point is 
approximately 18.91 kV. In 2029, due to the increasing load, the voltage drops to 18.53 kV. This value is still 
satisfactory as it remains above the 10% voltage drop threshold. When PV-Hydrogen is integrated into the 20 
kV network, voltage improvement occurs at the switching substations, including at Bus Tahabira, reaching 19.25 
kV. According to the Minister of Energy and Mineral Resources Regulation No. 2 of 2015 concerning the Sulawesi 
Power System Grid Code, the normal voltage range is between -10% and +5% of the nominal value; therefore, 
the voltage values before and after PV-Hydrogen integration remain within normal limits. 

Furthermore, to assess the Selayar system's capability to serve loads, the end-of-feeder voltage at the 
farthest load points was observed. The end-of-feeder voltage selection results for the Selayar 20 kV system are 
presented in Table 2. 

Table 2. End-of-feeder voltage for Selayar 20 kV system 
End Load Bus Voltage (kV) 

Existing 2022 Load 2029 The entry of the Hydrogen-PLTS in 2029 
Bonehole-Tripper 18.91 18.53 18.86 
Patori/Pelabuhan Pamatata 18.86 18.47 18.80 
Barurasa-15052 18.86 18.47 18.80 
Kambuno-BR70161 19.01 18,64 19,03 
Bisorang 18.99 18.62 19.05 
Apatana-BR70087 18.63 18.21 18.91 
Pelabuhan Patummbukang 18.64 18.22 18.93 

 

The end-of-feeder voltage in the Selayar system below 18.7 kV is located at the southernmost part of 
Selayar Island in the Apatana area (BR70087) with a value of 18.63 kV, representing a voltage drop of 
approximately 6.85%. This load is the farthest, located approximately 26.44 km from the Harapan switching 
substation. 

A review of the end-of-feeder voltage at the power supply feeders in the existing system shows satisfactory 
values, remaining above 18 kV. When additional load is added in 2029 before PV-Hydrogen integration, the end-
of-feeder loads experience voltage drops; however, the values remain above 18 kV. At the farthest point, Apatana 
(BR70087), under the 2029 load condition, the voltage is 18.21 kV, representing a voltage drop of approximately 
8.95%, which is approaching the critical value. Without the addition of new generation, the voltage will continue 
to decrease. When PV-Hydrogen is integrated into the Selayar system in 2029, the farthest feeder will experience 
voltage improvement to 18.91 kV. 

From the power flow simulation study, it can be concluded that the integration of PV-Hydrogen generally 
improves the voltage at end-of-feeder loads. These results are consistent with previous studies showing that the 
integration of photovoltaic generators in distribution networks can improve voltage profiles and reduce power 
losses in the system (Alsafasfeh et al., 2019). The voltage improvement due to distributed generation 
integration, particularly at end-of-feeder points, has also been confirmed through studies on radial distribution 
networks, where optimal PV penetration significantly enhances voltage quality (Valdez et al., 2025). The 
magnitude of end-of-feeder voltage improvement is significantly dependent on the location and capacity of the 
PV-Hydrogen generator installed. 

The voltage improvement at end-of-feeder points also indicates that additional load on the feeders can be 
more readily accommodated, thereby supporting load growth or customer additions. This phenomenon of 
voltage improvement and increased feeder capacity due to renewable energy generator integration is consistent 
with findings from solar power plant interconnection studies on 20 kV distribution networks, which 
demonstrate that appropriate generator location and capacity positively impact the overall system voltage 
quality (Larasati et al., 2020; Prameswara et al., 2020). 

The improvement in end-of-feeder voltage and switching substation voltage indicates that additional load 
capacity can be added to the feeders. The greater the end-of-feeder voltage, the greater the load that can be 
added to a feeder. The limitation for additional feeder load can be determined by considering the end-of-feeder 
loads from each feeder at the same switching substation, the downstream switching substations, and the end-
of-feeder voltage at adjacent switching substations. 
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3.3. Short-Circuit Analysis 
The integration of PV-Hydrogen into the Selayar system will affect the magnitude of short-circuit currents 

in the system. The increase in short-circuit current due to the addition of renewable energy generators in 
distribution networks is a well-studied phenomenon. Studies on short-circuit analysis of grid-connected PV 
power plants have shown that the fault current contribution from PV inverters is limited by the inverter capacity 
itself (Vafadar et al., 2023). Furthermore, the impact of distributed generation on short-circuit currents and fault 
detection in distribution networks has also been comprehensively analyzed (Boukezata et al., 2021). 

This is because for every power addition to the system, the short-circuit current will increase. The short-
circuit current increase study was conducted by comparing the short-circuit current of the existing Selayar 
system with the Selayar system after PV-Hydrogen addition. Short-circuit currents were only reviewed at 
switching substations or buses estimated to be significantly affected by PV-Hydrogen integration. 

Short-circuit current is related to the magnitude of power source capacity and the distance of the short 
circuit from the power center. In isolated electrical systems, short-circuit currents are typically relatively 
smaller compared to those in interconnected networks between power centers. 

The Selayar 20 kV system configuration generally consists of radial feeders with one or several power 
centers operating in parallel. Due to its radial configuration, distant power centers are often not interconnected. 
The weakness of this system is that when a fault occurs at one point, other points downstream will not receive 
electricity supply. 

The Selayar 20 kV system has one power center, namely the Tangkala diesel power plant and the existing 
PV plant, which are interconnected to supply loads on the switching substation feeders for several load center 
locations: Benteng, GH Harapan, and GH Batangmata. 

Short-circuit simulation was performed using 2029 loads before and after PV-Hydrogen integration into 
the Selayar 20 kV system. The short-circuit simulation results are presented in Table 3 and Table 4. 

Table 3. Short-circuit currents without PV-Hydrogen 
No Switching Substations/ Buses Short circuit current (kA) 

L-G L-L-G three-phase 
1 Deutz #1 0.825 0.886 0.657 
2 Deutz #2 0.797 0.837 0.651 
3 Cummins 0.797 0.837 0.651 
4 Mitsubishi 0.797 0.837 0.651 
5 PV Existing 0.802 0.866 0.647 
6 Bus Kota Benteng#1 0.753 0.778 0.637 
7 Bus Kota Benteng#2 0.749 0.823 0.646 
8 Bus Kota Benteng#3 0.755 0.781 0.637 
9 Bus Tahabira 0.667 0.669 0.612 
10 GH Harapan 0.406 0.368 0.496 
11 GH Batangmata 0.5 0.467 0.547 

 

Table 4. Short-circuit currents with PV-Hydrogen 
No Switching Substations/Buses Short circuit current (kA) 

L-G L-L-G three-phase 
1 Deutz #1 0.937 1.28 0.796 
2 Deutz #2 0.898 1.179 0.786 
3 Cummins 0.898 1.178 0.786 
4 Mitsubishi 0.897 1.179 0.786 
5 PV Existing 0.902 1.214 0.781 
6 Bus Benteng#1 0.873 1.154 0.777 
7 Bus Benteng#2 0.899 1.196 0.784 
8 Bus Benteng#3 0.874 1.149 0.776 
9 Bus Tahabira 0.832 1.098 0.758 
10 GH Harapan 0.444 0.485 0.602 
11 GH Batangmata 0.516 0.564 0.656 

 

It can be observed that the highest short-circuit current remains below 2 kA. Meanwhile, the short-circuit 
breaking capacity for protection systems such as medium-voltage circuit breakers (CB) typically has a minimum 
rated breaking capacity of 12.5 kA. Therefore, the short-circuit currents presented in the tables above are within 
acceptable limits, and the system can still accommodate additional PV-Hydrogen generators. 



Journal of Environment and Sustainability Education, 4(2), 2026, 404-415 

411 

 

3.4. Transient Stability Analysis 
Transient stability analysis is used to ensure that the Selayar system is capable of recovering when a 

disturbance occurs in the system. Disturbances may include faults at buses, switching substations, or partial loss 
of generation. 

The scenario used in this stability analysis is when PV-Hydrogen has been integrated into the Selayar 
system network, with a fault occurring at the Bontomatene bus (one of the points closest to Benteng) and a fault 
at the farthest point from the Benteng switching substation, which is the load center area. The frequency during 
Bontomatene bus three-phase fault can be seen in Figure 4. 

 
Figure 4. Frequency during Bontomatene bus three-phase fault 

When a fault occurs at the Bontomatene bus, the system attempts to handle the disturbance and return to 
a new stability point. The fault occurs at the 8th second; subsequently, observed at the Benteng switching 
substation/bus as the load center, the frequency surges by 1.5% from its nominal value, or approximately 50.75 
Hz, and then fluctuates toward a new stability point for approximately 10 seconds. The largest surge occurs 
momentarily at the 8.15th second, and the largest frequency dip occurs at the 8.30th second with a value of 
99.5% of the nominal value, or approximately 49.75 Hz. 

The frequency variation between 49.75 Hz and 50.75 Hz is still within normal limits for achieving system 
stability. It can be stated that the Selayar system is sufficiently stable in handling disturbances. According to the 
Minister of Energy and Mineral Resources Regulation No. 2 of 2015 concerning the Sulawesi Power System Grid 
Code, in emergency or fault conditions, the system frequency is permitted to decrease/increase within the range 
of 47.5 Hz–52 Hz. Figure 5 show a voltage during Bontomatene bus three-phase fault. 

 
Figure 5. Voltage during Bontomatene bus three-phase fault. 

When a fault occurs at the Bontomatene bus (see Figure 5), the voltage at the Benteng switching substation 
experiences a momentary drop followed by a surge and fluctuation for 8 seconds to reach a new equilibrium. 

Subsequently, a simulation was conducted with a load trip condition at the ice factory, located at a 
considerable distance from the Benteng load center. The impact of this trip on the system was then reviewed 
from the Benteng switching substation/bus load center perspective and the system's ability to handle the 
disturbance. The frequency during ice factory load trip can be seen in Figure 6. 
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Figure 6. Frequency during ice factory load trip. 

When a trip occurs at the distant ice factory load with a capacity of 50 kVA, the system attempts to handle 
the load trip to achieve a new system stability point. The disturbance occurs at the 15th second; subsequently, 
observed at the Benteng switching substation/bus, a very small frequency fluctuation occurs, approximately 
0.015% of the nominal value, or approximately 50.0015 Hz, and then fluctuates toward a new stability point for 
approximately 7 seconds. 

The frequency variation is still within normal limits for achieving system stability. It can be stated that the 
system is sufficiently stable in handling disturbances. According to the Minister of Energy and Mineral Resources 
Regulation No. 2 of 2015 concerning the Sulawesi Power System Grid Code, in emergency or fault conditions, 
the system frequency is permitted to decrease/increase within the range of 47.5 Hz–52 Hz. Figure 7shown a 
Voltage during ice factory load trip. 

 
Figure 7. Voltage during ice factory load trip 

When a trip occurs at a load far from the generation center (Figure 7), the voltage at the Benteng switching 
substation experiences a voltage surge followed by fluctuations tending to decrease toward a new stability 
condition over 7 seconds. Before the disturbance, the Benteng switching substation voltage was 18.955 kV; 
when the disturbance/trip occurs at the ice factory load at the 15th second, the voltage surges to 18.993 kV and 
then settles to a new stability point at 18.97 kV. The highest voltage surge during the trip is approximately 0.2%. 

3.5. Selayar System Readiness Analysis 
The challenges faced in PV-Hydrogen generator integration are varied, ranging from land availability, 

existing network technical conditions, technological aspects, and others. Similar challenges have been 
experienced in small island electrical systems in various countries, where hybrid renewable energy system 
integration requires proper sizing analysis to ensure system reliability and efficiency (Tsai et al., 2020). The use 
of hydrogen storage in off-grid systems has proven to be a viable solution for implementing reliable renewable 
energy systems in remote areas (Noro & Uchiyama, 2021). 

From the perspective of the existing Selayar system readiness for PV-Hydrogen integration, the 
assessment considers the existing conditions and equipment ratings whether they are sufficient for PV-
Hydrogen addition or whether replacement, uprating, or additional special facilities such as switching 
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substations at planned connection points are required, ensuring that PV-Hydrogen generators do not disrupt 
the existing electrical system. 

The connection point determination was made by considering the shortest distance from the existing 
network substation to the planned PV-Hydrogen location and the technical readiness of the existing network. 
Two options exist for PV-Hydrogen interconnection: constructing a switching substation at the nearest location 
or installing an express feeder to the nearest existing switching substation or nearest generator. The most 
feasible option, considering the required line length to the existing connection point, is to construct a switching 
substation at the nearest location to the planned PV-Hydrogen site. The switching substation construction will 
require main equipment consisting of outgoing and incoming panels as well as other supporting equipment. 

Based on the simulation results, the Selayar 20 kV system is generally in good condition and ready for the 
addition of a 5 MW PV-Hydrogen generator. Under existing conditions, distribution transformer loading is still 
below its nominal rating. Conductor wire or cable loading is satisfactory with no overloading. In 2029, the 
simulation results show that the existing network condition remains satisfactory. There is a significant voltage 
drop at the farthest end loads; however, it remains above the required standards. The integration of PV-
Hydrogen results in voltage improvement of the existing system. Equipment ratings such as circuit breakers, 
busbars, and cables/wires remain adequate since the short-circuit current is below the equipment rating of 12.5 
kA. 

3.6. Energy Savings Analysis 
A 5 MW PV-Hydrogen generator is planned to be installed in the Selayar system. Operationally, this PV-

Hydrogen will operate at 5 MW during the day and 1.5 MW at night. This is achievable through the hydrogen 
storage system. With this concept, PV-Hydrogen will supply a minimum of 1.5 MW of electricity to the system 
continuously for 24 hours. The concept of 24-hour PV-Hydrogen operation supported by hydrogen storage is 
consistent with the hydrogen-to-power principle recommended by the International Renewable Energy Agency 
(IRENA) as one of the key strategies for achieving the 1.5 degrees Celsius climate target (IRENA, 2020). Under 
these conditions, PV-Hydrogen can replace the role of diesel power plants. 

As a simple example, with an average per-unit generator capacity in the Selayar system of approximately 
900 kW, PV-Hydrogen can fully replace 2 diesel power plant units with an installed capacity of 1.8 MW, and 
during the day, several diesel power plant units can be shut down, such as 3 units of 1,000 kW or 4 units of 900 
kW capacity. Replacing diesel power plants with PV-Hydrogen will result in a potential reduction in diesel fuel 
consumption, leading to decreased carbon emissions. The potential for carbon emission reduction from 
replacing diesel generators with renewable energy and green hydrogen-based generators has been extensively 
studied. According to International Energy Agency (IEA) data, the emission intensity of hydrogen production 
from electrolysis using solar energy approaches zero, significantly lower than fossil fuel-based hydrogen 
production, which reaches 10–14 kg CO2/kg H2 (IEA, 2023). The economic feasibility of green hydrogen has 
also been improving with decreasing electrolyzer and solar panel costs (Li & Taghizadeh-Hesary, 2022). 

The magnitude of carbon emission reduction is estimated based on PV-Hydrogen operation during the day 
at 5 MW capacity and at night at 1.5 MW capacity with a capacity factor (CF) of 80%, yielding an annual energy 
production of 22.776 GWh. Assuming a diesel specific fuel consumption (SFC) of approximately 0.322 kWh/liter 
and a biodiesel emission factor of approximately 1.83 kg CO2/liter, the CO2 produced is approximately 129,576 
tons CO2/year. Meanwhile, the carbon produced from PV-Hydrogen is approximately 911 tons CO2/year. The 
savings or reduction in carbon emissions from replacing diesel power plants with PV-Hydrogen is 
approximately 128,665 tons CO2/year. 

4. Conclusion 
Based on the calculations and analysis conducted, it is concluded that the existing conditions show that 

some end-of-feeder loads have voltage drops still within the range above 18 kV, with the farthest point at 
Appatana having the lowest voltage at approximately 18.21 kV. The integration of PV-Hydrogen into the Selayar 
20 kV system will improve the system voltage. The system voltage improvement is significantly observed, with 
nearly every voltage at switching substations and end-of-feeder points showing improvement. This also 
indicates that additional load can be added to nearly all feeders. Overall, the electrical facility additions or 
modifications that should be made when PV-Hydrogen is integrated into the system include outgoing and 
incoming panels at the new switching substation. If an express feeder is used, an incoming panel needs to be 
added at the existing switching substation or bus. The short-circuit study shows that under existing conditions, 
the short-circuit current when the Selayar electrical system is operated in isolated mode has a maximum value 
below 2 kA. Furthermore, PV-Hydrogen will ensure stable electricity supply for 24 hours with the presence of 
battery and hydrogen storage systems. A system with storage capability that can operate stably for 24 hours is 
well-suited for isolated 20 kV systems such as the Selayar system. 
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