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1. Introduction • In Indonesia only the larger microgrids seem to have an impact on the
energy mix target 2025.

• While smaller microgrids have less capacity, thus contributing relatively
a small amount to the total renewable energy mix, they however are
more suitable to reach isolated areas thus their potentials lie in the
increased number of implementations.

3



4

2. Why Off-Grid Is So Important

714 sites, 93,631 households and 29,567 kW
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https://geoportal.esdm.go.id/ketenagalistrikan/

http://remap-indonesia.org/#

• 714 sites, 93,631 households and 29,567 kW

• 973 sites, 107,182 households and 29,427 kW
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2. Why Off-Grid Is So Important

No. Province Total
Villages

# Villages with Electricity
Percent

agePLN1 Non-PLN2 Solar 
Light2

1. Maluku 1,233 871 294 68 100.00%

2. North 
Maluku 1,180 967 163 50 100.00%

• To achieve both mixed renewable energy mix and power 
quality targets, the PV microgrids can be a solution.

• The PV off-grids can help to improve attributes of energy 
access (capacity, availability, reliability, quality, and 
affordability), increase the electrification ratio, reduce the 
economic gap between rural and urban areas.
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• Most of disturbances in the distribution line is flickering lamp. 
• It is an indication of voltage instability in the distribution grid which 

might be caused by poor cable connection, high impedance in the 
distribution line, overload, and poor performance of voltage regulator 
including ELC in MHP. 

• Based on the survey only 20 among 117 sites that have access to 
electricians with low competencies on PV. Moreover, only 13 out of 63 
MHP sites have technicians who live in the (nearby) village

Endev Survey

• The survey successfully contacted 117 PV mini-grid sites. Among these 
sites, 84% were operational, while 16% were disrupted for PV and 23% 
were disrupted for MHP. 

• There were 38 PV mini-grids operating with problems and 19 sites were 
not operating at the time of survey. 

• Inverter disturbances were the most reported cases in PV mini-grids, 
followed by battery disturbances and lightning strikes. 

• Unavailability of local technical support might contribute to the high 
numbers of disturbances on PV mini-grids. 
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3. Actual cases
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3. Actual cases
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Planning Phase

1. The peak load was 3.5 kW in 2016, but 
since the energy access boosted the local 
economy, the peak load increased to 
6.5 kW in 2019

2. Due to the high discharging rate, 16 out 
of 120 batteries were damaged resulting 
in an inadequate battery voltage for 
charging.  

Another case: 
As the PV system was connected to the diesel generator as a hybrid, it made the 
specific fuel consumption (SFC) of the diesel generator not efficient. 

The PV inverter power was 100 kW while the nominal daily load was around 
200 kW. It is known that SFC diesel generator is typically optimum at 75-80% of 
the nominal rated capacity but degrades very rapidly when the diesel generator is 
operated below 40% of its rated capacity. 



3. Actual cases
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Design Phase

Windows
only 

Exhaust 
fan only

Air conditioning is mandatory for designing a battery room as per IEEE std. 937 – 2019 since the battery lifetime 
has a strong relationship to the temperature and humidity

Another case: 
• The 100kWp PV-diesel site 14 was designed for the isolated load condition, of which in the afternoon, the PV 

will cover the load, and in the evening, the load will be covered the diesel generator.
• The operator needed to manually switch between the PV system and diesel generators. Due to this 

inefficient way of operation, the PV system were not used anymore (availability and reliability MTF). As a 
consequence, the inverter, combiner boxes, and powerhouse slowly decayed over time



3. Actual cases
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Operation & Maintenance

One Battery 
String System

One Battery 
String System

To load & diesel generator 

The IEEE Std 1561 – 2019 
recommends applying two 
parallel strings of batteries for 
redundancy in case of 
maintenance. The second string 
provides at least some storage for 
continued operation

Another case:
• The energy generated from the PV system 

was around 550 kWh/day, but in 2015, this 
decreased to a maximum of 325 kWh/day.

• During a year of operation, the PV site 7 
degraded more than 40%. 

550 kWh
325 kWh



3. Actual cases
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Another case (Spare part): 

PV site 2 was not in operation due to IGBT failure, and PV site 3 was not in operational because of batteries 
failure (480 kWh/OPzS FIAMM LM 1000ah (120 pcs)) with the actual voltage is 112 V only, which is lower than 
the rated battery system voltage in the range of 192 - 240 V.



4. Potential Solutions
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Data Acquisition Unit

PV Panel

Battery System

Inverters

Energy meters & Relays

Routers

Local Monitoring System

Irradiance & Temperature

Remote Monitoring System

Online monitoring solution

The current, voltage, power, and energy are the 
main data to be monitored, but due to the 
technology development, the batteries and the PV 
panels lifetime can also be monitored.

PV Panel Lifetime Estimation

To reduce the visual checking time and to predict of 
the PV panel degradation, machine learning (ML) 
algorithms could be implemented. In [29], the 
authors proposed unmanned aerial vehicles (UAVs) 
with electroluminescence (EL) and ultraviolet (UV) 
fluorescence (FL) techniques to estimate the RUL of 
the PV modules. 



4. Potential Solutions
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Battery Lifetime Estimation

• The EIS injects a ripple current to the battery, 
and the battery output terminal voltage will 
respond to the current and the battery internal 
impedance can be obtained.

• The impedance of the battery has a strong 
relationship to the battery RUL which is 
typically the battery’s internal impedance will 
increase due to the cycle time

String Inverter vs Micro Inverter vs DC Optimizer

1. Lee, Y.; Park, S.; Han, S. Online Embedded Impedance Measurement Using High-Power Battery Charger. IEEE Transactions on Industry Applications 2015.
2. Guha, A.; Patra, A. Online Estimation of the Electrochemical Impedance Spectrum and Remaining Useful Life of Lithium-Ion Batteries. IEEE Trans. on Instrumentation and Measurement 2018.



4. Potential Solutions
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Load Forecasting

• Load forecasting strategies are part of the planning issues which need to be well estimated 

as a basis of PV, diesel generator, and battery sizing.

• While the short-time load forecast (STLF) needs to be calculated for the source load 

balancing and the energy fluctuation in the battery system.

• medium-term load forecast (MTLF) and long-time load forecast (LTLF) need to be accurately 

estimated at the beginning of the design phase since this estimation will affect the expansion 

area, spare, and space in the substation cubicles, inverter-diesel generator synchronization, 

and automatic switch.



5. Conclusion 

• First the lack of practical and technical knowledge and inadequate preliminary survey were 

observed. Second was the lack of local skilled personnel. Third the lack of O&M standards.

• It can be concluded that during the planning phase, load characterization didn’t anticipate (heavy) 

growth patterns thus PV and battery were undersized. Estimation strategies have to be 

implemented to ensure the correct sizing.

• During the design phase it was observed that local climate was often not considered. 

• Using a proper O&M standard or protocol, the degradation of the batteries could be taken into 

account, thus ensuring high energy generation. 

• Lastly, the technology recommendations are added in this paper to reduce the O&M costs and to 

keep the PV microgrid lifetime as long as possible such as online monitoring solution, PV and 

battery lifetime estimation, load forecasting, and PV inverters technologies.
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