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1. Introduction 

Indonesia is the country with majority of people following Islamic Religion. Islam 

obligates the people performing prayer (shalah) five times a day. It is also strongly 

recommended that prayer is performed in mosque or mushalah.  According to some Islamic 

guidance additional reward is granted up to 27-time more for those doing prayer together 

(jama’ah) in mosque. Therefore, some Islamic persons normally get motivated to do prayer 

in mosque. The mosque is currently equipped with some facilities and, even in some places, 

the mosque is beautifully built with complete and luxury facilities. Beside requiring some 

care, the mosque also needs electricity for operation of devices in the mosque.   

The important devices required in the mosque are lighting and sound system. 

Lighting is necessary to make the room bright therefore making the prayer more 

comfortable. 
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 Emergency power supply is necessary for a mosque particularly 

when prayer is happening while power cuts. The important 

devices required to remain alive at this event are lighting and 

sound system. For this purpose, a battery is need to supply the 

devices, and the lighting and movement sensors that used to 

control emergency power supply. The battery is powered by a 

solar photovoltaic (PV) panel. The power supply switching 

between main power and battery is regulated by Automatic 

Transfer Switch. A 20 Ah, 12 Volt battery supplied by 50 WP solar 

PV panel is used to back up the power for 6 W LED light and 

sound system. The system is implemented on the Mosque of Al-

Bakri, Mojosongo, City of Surakarta. Research purpose of 

implementing this system is to solve the problem of power cuts 

during worship.  This research used survey and measurements 

methods. In conclusion of the implementing this system the 

prayer may continue even the electricity went out. 
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While the sound system is required to enable voice of Imam (leader of prayer) may 

reach the last lap of people joining the prayer. The number of people willing to join prayer 

together is currently increasing and the present of high-quality sound system is necessary. 

For some reason, the electricity supplying these devices is momentarily unavailable. If 

this happens while the prayer is going on, then it may make the prayer unmanageable. It 

is necessary to have an emergency power supply for these vital devices to immediately 

replace the supply so that the prayer may still be performed completely.  

This paper presents a scheme of emergency power supply that enables immediate 

replacement of power for lighting and sound system when the electricity from the grid is 

suddenly unavailable [1]. An equipment consisting of power generator, power storage, 

power converter, controller and switching devices are developed. This developed 

equipment will generate power and save it in a battery. When the electricity from the grid 

is suddenly went out, then the sensors will detect if the prayer is taking place. If no one is 

in the mosque, meaning that prayer is not taking place, then the system will not provide 

power for the light and the sound. But, if the prayer is going on in the night, then the 

system will provide both lighting and sound system. If the prayer is going on at the 

daylight and the electricity went out, then the system will only supply the sound system.  

Since the power saved in the battery is in the form of DC Voltage, and the power 

required by lighting and sound system is in the form of AC Voltage, an inverter is required 

to convert DC voltage from battery to supply the lighting and sound system. The transfer 

of power supply from electricity grid to the emergency power supply is carried out using 

Automatic Transfer Switch (ATS) that enables fast power replacement [2]–[4]. This will 

make the situation of prayer calm and people performing prayer can still concentrate on 

their prayer. When the electricity from the grid is again available, the ATS will quickly 

switch the power source back to the grid [5]. The equipment and how it works will be 

described in the following sections.  

Power is generated by solar photovoltaic by converting sunlight to electricity. 

Depending on the light intensity, the solar photovoltaic generates the power accordingly. 

This type of power generator is absolutely clean and does not requires operational cost. 

The investment cost is the problem of this power generator, yet its long lifetime that may 

be up to 25 years will compensate the shortcoming. Another drawback of this power 

generator is the dependence on sunlight availability causing it cannot generate power in 

the night or in the cloudy situation [6]. Therefore, the power generated by solar 

photovoltaic needs to be saved in the storage (battery) that may be used whenever 

necessary.    

Beside the sunlight is sometime unavailable, the light intensity is not always 

constant. This implies that the voltage generated by solar PV not constant. Therefore, the 

voltage should be regulated such that, it is sufficient to enable power flowing to the storage 

[7]. It should be noted that power can only be saved to the battery if the voltage reaches 

minimum level. For this purpose, a Solar Charger Controller (SCC) is employed to custom 

the voltage allowing power flowing to the battery. This device also works to check the 

battery capacity in comparison with the power saved. If the capacity of battery has been 

fully occupied, then it will discontinue charging. Continue supplying power to the fully 

charged battery may lead to destructive effects in terms of thermal, electrical and 

mechanical [4], [8], [9].  

The saved power will be used for supplying power for lighting and sound system. 

An inverter is required for converting DC power from battery into customized AC power 

for lighting and sound system [10]. 
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It is not only converting DC to AC power, but also regulating the voltage and 

current assuring that the requirements of sound system is satisfied [11]. The sound system 

is about expensive device where supplying it with constant voltage will present excellence 

sound and giving long lifetime. Therefore, the power supplied to the device should meet 

the requirement [12]. For lighting loads, it is not quite necessary to have a very precision 

power. The lighting system may still work with power slightly different with the 

requirement even with a bit lower quality. However, since the lighting and sound system 

are supplied through the same inverter, the power going to lighting system will have the 

same quality with that going to sound system. The operation of inverter is controlled by 

ATS determining when the inverter should supply the power for lighting and system.  

Automatic Transfer Switch (ATS) is the equipment responsible for replacing the 

source from electricity grid to battery. If the electricity went out, this equipment detects 

this problem followed by checking if there is any person in the mosque. If there is person 

in the mosque, meaning that a prayer is taking place, then a command is given to the 

inverter to convert DC power from battery to supply sound system. If prayer is performed 

at the night where the dark situation is detected, then the lighting system will also be 

supplied. Otherwise, only sound system that only be supplied. The transfer of power source 

should be quick enough to assure people together doing prayer will not be bothered and 

they may still focus on their prayer [13]. Once the electricity from the grid is again 

available then ATS will switch back the source to the grid. 

Battery is one of the system components saving the power generated by solar PV. 

The saved energy in battery will be discharged to supply the load based on the command 

from ATS. Therefore, the battery proceeds the cycle of charging and discharging, which 

includes some electrochemical reversible conversion process. This cycle may achieve some 

number depending on the battery quality [14]. However, for the time being the 

performance of battery will get lower and after some time this will be very low that may 

not sufficiently keep the power. If this stage is achieved, then the battery replacement is 

necessary [15]. 

The abovementioned description of the proposed system is schematically given in 

Fig.1. indicating how every component is interconnected. This system has been 

implemented on the Mosque of Al-Bakri, Mojosongo, City of Surakarta and has performed 

normally. Some simulation emulating the electricity shut down has been tested. Different 

conditions have also been simulated including the presence of people and the light 

intensity representing night or daylight. It was also observed that the system has 

proportionally respond the situation.  

 
Fig. 1. The scheme of Emergency Power Supply for Mosque 
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Research purpose of implementing this system is to solve the problem of power cuts 

during worship. The problem of power cuts can be solve, particularly for lighting and sound 

system. The people can continued following Imam’s instruction and focus on their prayer.   

The investment cost to establish the system is affordable. The operation cost is 

quite minimum, and the maintenance cost is very low. The solar PV may reach long 

lifetime and the battery may need replacement after 2 years. The prototype it is already 

test and work properly. This may be similarly developed and implemented in a number of 

mosques. The investment cost may come from the donation from Moslem people.  

2. Method 

For implementing the design as indicated in Fig. 1, some activities are design. The 

sequence of activities is show by the flowchart at Fig. 2. The first step to do is site survey, 

aimed to get the detail of the building and determine position of the system. The sunlight 

intensity was also be measured and the position of the panel was determined. The request 

to the Authority of the Mosque was also proposed.  

 

Fig. 2. Flowchart for establishing Emergency Power Supply for Mosque 

From this first step, some following measurements might be carried out. These 

include the power capacity of electricity from the grid, the light capacity related with the 

space to be illuminated, the power requirement of sound system. Only two types of load 

that are considered in this project. As previously discussed, these loads are the vital 

devices that should get uninterupted power supply when the electricity went out.  
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From these measurements, design of system may be determined. The capacity of 

solar PV is firstly determined. The power requirement of the loads necessitates about 

bigger capacity of solar PV. But it should be noted, that the system is designed as 

emergency power supply, meaning that the power will not always be required. The power 

is rarely used and therefore smaller solar PV is acceptable. On the other hand, the 

investment of this solar PV is another concern. Based on these considerations the capacity 

of 50 WP was decided. This design is not only for the Mosque of Al Bakri but is expected 

may also be implemented on the other mosques. Therefore, this prototype should be 

carefully designed to have possibility to be implemented for other mosques. The 50 WP 

solar PV employed in this program is shown in Fig. 3.  

 

 
Fig. 3. Solar PV used in the project  

 
Fig. 4. Solar Charger Controller 

The voltage generated by solar PV panel depends on sunlight intensity. The 

sunlight intensity is not constant depending on time and position, and therefore the 

generated voltage is also not constant [16]. On the other hand, to enable power flowing to 

the battery the voltage should be regulated to be at least 12 V. For this purpose, Solar 

Charger Controller is employed for this assignment. The device is shown in Fig. 4.  

 

 
Fig. 5. Battery used in the project 

 
Fig. 6. DC – AC Inverter 

The voltage generated by solar PV, which is regulated by Solar Charger Controller 

is then supplied to the battery. It is 20 Ah, 12 V Lithium-Ion Battery as shown in Fig. 5. 

The power of Battery may be discharged to feed the loads through a DC-AC inverter. This 

device converts a DC power into AC power with specific voltage and frequency. The 

inverter in shown in Fig. 6.  

To determine when the inverted must work, a switching mechanism is applied. 

This is based on whether there is a person in the mosque. A movement sensor is employed 

to detect if there is any person through identification of moving object. This sensor is 

attached at the wall of the mosque facing toward the position of person normally 

performing prayer. The circuit of inverter switch is shown in Fig. 7 (a) and the physical 

device is shown in Fig. 7 (b). This device drives the inverter to work based on the input 

from movement and light sensors. 
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This device only instructs the inverter to operate when the electricity went out 

while there is a person in the mosque. If this condition happens at the night, then the light 

and the sound system are both energized. But, if this condition happens at the daylight, 

then only sound system is supplied with power. 

 

    
          (a)       (b) 

Fig. 7. Inverter Switch Modul (a) the circuit diagram (b) the hardware 

The decision where the power comes from is determined by Automatic Transfer 

Switch (ATS). This detects power from the grid, where if it is suddenly unavailable then 

it changes the power source from battery. However, it should be noted that the sensors 

will check if there is any person in the mosque. It only permits the battery to feed the 

power if the prayer is taking place. Otherwise, the electricity will be left off if no prayer is 

performed. Once the electricity from the grid is back, the ATS will switch back the source 

to the grid. The circuit diagram of ATS is given in Fig. 8 (a) and the physical look is shown 

in Fig. 8 (b).     

 

   
       (a)       (b) 

Fig 8. Automatic Transfer Switch (a) the circuit diagram (b) The hardware 

The procedure on how this system works is outlined in Fig. 9. The flowchart may 

be described in the following scheme. 

1. Automatic Transfer Switch will detect if the electricity from the grid is unavailable, 

2. If there is no person in the mosque, then the system will do nothing,  

3. If there is a person in the mosque detected by movement sensor, the light sensor will 

check the light intensity, 

4. If it is at the daylight, then only sound system to be energized,  

5. If it is at the nighttime, both lighting and sound system are energized,  

6. When the electricity from the grid is back, then ATS will put the power source back into 

the grid.   
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Fig. 9. Flowchart of working mechanism of emergency power supply 

3. Results and Discussion 

Based on the developed system, some measurements and testing were carried out. 

These include the measurement of generated voltage from solar PV panel, battery voltage, 

and inverter output. The measurement of inverter output was also carried out by 

displaying the voltage using digital oscilloscope. Some commissioning test was carried out 

by simulating the situation where the electricity from the grid was disconnected.  

3.1 Solar PV Measurements 

The measurement of 50 WP solar PV panel performance was carried out using 

digital multimeter for the duration of 09.30 – 15.30 with the interval of 1 hour each. The 

measurement was taken on voltage and current, while the power was mathematically 

calculated. The calculation of power uses eq. (1) 
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P = V × i  ............................................................................................................................. (1) 

Where: 

P : The calculated output power of solar PV panel (Watt) 

V : Output voltage of solar PV panel (Volt) 

i  : Current of solar PV panel (Amp.) 

The measurement of voltage and current, and the calculated power for the solar 

PV is indicated in Table 1. It may be observed from the table that the generated voltage is 

sufficient to enable power charging the battery. The measured current is proportional with 

the voltage. The measurement results also indicate that the voltage is not constant and 

therefore the charging current is also not constant. In this project the concern is the use 

of generated power from solar PV for emergency power supply. Therefore, the focus is on 

the ability of solar PV providing power for emergency situation.   

 

Table 1. The measurement results of solar PV outputs 

Time Voltage (Volt) Current (Amp.) Power (Watt) 

09.30 12.91 2.10 27.11 

10.30 13.21 2.40 31.70 

11.30 13.24 1.73 22.91 

12.30 13.37 1.59 21.25 

13.30 13.08 1.31 17.13 

14.30 13.21 1.01 13.34 

From the data of current charging, the average 16.9 Amps is obtained. For the 

battery capacity of 20 Ah, the charging time may be calculated using Eq. (2). considering 

deficiency factor of 20%. 

𝑡 =
𝐶𝑎𝑝

𝑖
+ 20%(

𝐶𝑎𝑝

𝑖
) .............................................................................................................. (2) 

Where: 

t : The required charging time (hour) 

Cap : Battery capacity (Ah) 

i  : Current of solar PV panel (Amp.) 

For the given data, the required charging time for the 20 Ah battery may be calculated as 

follows: 

𝑡 =
20

16.9
+ 20% (

20

16.9
) = 14.2 hours ....................................................................................... (3) 

It is long time needed to fully charge the battery. As previously discussed, capacity 

of the assigned solar PV is not high. There are 2 considerations behind this decision. This 

is an emergency power supply where the power is not always required. The time to charge 

is not limited in one day but could be couple of days. As long as the reserved power in 

battery has not been used, some additional power may still be saved in battery. It might 

happen that the battery is fully charged and there is no power outage, that may lead to 

battery discharge. If this happen then battery charging process is stopped to avoid 

damage. For this purpose, SCC is assigned to control this process. Another consideration 

in this context is since this prototype is designed for wide implementation. Different 

mosque may have different situation in terms of financial and physical setting. Therefore, 

designing minimum size of system will enable extensive application.  
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3.2 Inverter Testing 

  Inverter is the device responsible to provide power with specific voltage and 

frequency. In this project, this device is employed to convert DC power from battery into 

AC power to supply the loads. It is somehow difficult to perfectly presents AC voltage with 

pure sinusoidal. This is due to inverter normally works based on switching principle. For 

the inverter used in this project the waveform of output voltage is not perfectly sinusoidal. 

It just complies that the voltage type is Alternating Current (AC) in term of the polarity 

of voltage changes for every half period.  

The voltage waveform presented by the inverter is shown in Fig. 10 (b). Compared 

with the sinusoidal voltage at Fig. 10 (a) from electricity grid, the output voltage of the 

inverter is lower in term of quality. However, the voltage and the frequency are 

maintained to meet the load requirements. On the other hand, since the power is simply 

used for (very) short time, the non-sinusoidal voltage may still be used to energize the 

loads without any prominent impact.  

 

                
                                    (a)                                                                     (b) 

Fig. 10. The sinusoidal waveform of: (a) electricity grid, and (b) inverter output 

The inverter is further tested on its capacity in supplying the load. The tests were 

carried out by supplying the lighting and sound system. The tests were distinguished for 

daylight and nighttime. The results are displayed in Table 2 indicating voltage reduction 

because the inverter providing some loads. It may also be noted that the unloaded inverter 

still draws the current from battery since it is used to compensate some losses.  

Table 2. Measurement results of inverter 

Load Type Current (Amp.) Voltage (Volt) Power (Watt) 

Daylight 

Unloaded Inverter 
0.8 12.5 10 

Amplifier 
4.5 12.3 55.35 

Nighttime 

Unloaded Inverter 
0.8 12.5 10 

Amplifier 
4.5 12.3 55.35 

2 x 6W LED Light 
0.98 12.3 12.05 

The Table indicates that the dominant power consumption is on Amplifier. For the 

nighttime additional load of 2 x 6W LED light should also be taken into account. The 

application of load implies reduction of battery voltage. 
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However, the minimum battery voltage is still acceptable. For the long operation 

of emergency power supply, the bad voltage reduction may happen.  

Considering the battery deficiency of 20% the battery may withstand for the 

duration of use that may be calculated using Eq. (4).  

𝑡 =
𝐶𝑎𝑝

𝑖
− (20% 𝑥 

𝐶𝑎𝑝

𝑖
) ......................................................................................................... (4) 

Where t is maximum duration of battery use. For the capacity of 20 Ah, the battery may 

provide the power at daylight as: 

𝑡 =
20

0.8+4.5
− (20% 𝑥 

20

0.8+4.5
) = 3 hours  ................................................................................ (5) 

However, at nighttime, the service duration is slightly lower due to additional load of 2 x 

6W lighting. This may be calculated as: 

𝑡 =
20

0.8+4.5+0.98
− (20% 𝑥 

20

0.8+4.5+0.98
) = 2.56 hours .............................................................. (6) 

For once prayer, the length of activity is about 20 minutes. Therefore, the capacity of 

battery providing power during electricity shutdown is very enough. Mentioning that 

movement sensor will deactivate the supply when no person is detected, the battery will 

discontinue supplying the loads when people is no longer in the mosque. Since, it may be 

concluded that the prayer has finished. While the electricity is still off, if the prayer is 

complete and no more person in the mosque then the power supply from battery will be 

stopped.  

3.3 Sensor Testing 

The performance of devices greatly depends on the accuracy of sensors. In order to 

assess the sensors’ accuracy, some commissioning tests were performed. It was carried out 

on June 30, 2019 at the Mosque of Al Bakri. Table 3 indicates the assessment results of 

sensor performance. It may be observed that when the electricity is ‘on’ then either sensor 

detects person or not, the modules of ATS and Inverter are ‘off’. This means that 

emergency power supply does nothing if the electricity from the grid is available. When 

the electricity is ‘off’ then ATS module is ‘on’. This switches the power into inverter. But it 

should wait the sensor checking the present of people in the mosque. If some person is 

detected to be in the mosque, then the inverter is instructed to be ‘on’ and take DC power 

from battery and convert it into AC power for supplying the lighting and sound system.  

 

Table 3. Device performance assessment results 

Sensor Status ATS Module Inverter Module 

Electricity ON 

No person detected OFF OFF 

Person detected OFF OFF 

Electricity OFF 

No person detected ON OFF 

Person detected ON ON 

https://doi.org/10.22219/dedikasi.v17i1.12186
http://ejournal.umm.ac.id/index.php/dedikasi
mailto:dedikasi@umm.ac.id


Jurnal Dedikasi ISSN : 1693-3214 print | 2721-0111 online 

Vol. 17, No. 1, May 2020, pp. 46-58 56 

 

 
 

 https://doi.org/10.22219/dedikasi.v17i1.12186       http://ejournal.umm.ac.id/index.php/dedikasi       dedikasi@umm.ac.id 

  

Please cite this article as: Ulinuha, A., & Wicaksana, R. D. (2020). Implementing Emergency Power Supply for Lighting 

and Sound System for a Mosque based on light and Movement Sensors. Jurnal Dedikasi, 17(1), 46-58. 

doi:https://doi.org/10.22219/dedikasi.v17i1.12186 

 

   
       (a)       (b) 

Fig. 11. The response of emergency power supply: (a) no person, (b) persons detected 

A real test for the system was taken by emulating the electricity shut down. Fig. 

11 demonstrates situation when the electricity is suddenly ‘unavailable’. When no person 

was detected in the mosque, then the inverter stays ‘off’. However, when some persons 

came to the mosque and performed prayer, then the sensor detected them. The emergency 

power supply was immediately ‘on’ and supplied the loads (lighting and sound system). 

The test indicates that the system works properly. 

4. Conclusion 

A scheme of emergency power supply for a mosque is proposed and a design is 

developed. In conclusion the prayer may continue even the electricity went out. The design 

has been implemented and works properly. The system consists of solar PV as a power 

generator from which the voltage is regulated by Solar Charger Controller. The 

customized voltage enables power flowing to a battery for charging process. An inverter is 

assigned to convert DC power of battery becoming AC power required by lighting and 

sound system. However, this conversion may only take place when the prayer is going on. 

Some sensors are employed to check the conditions of mosque leading to decision if the 

loads should be energized and which load should be powered.  

Automatic Transfer Switch is responsible to change the electricity source from grid 

or battery. Some assessments have been carried out indicating the system may work 

properly. Commissioning test has also been done demonstrating the system has a good 

performance.  

This system assists the vital devices of mosque, which should continue operating 

while the electricity went out. This supports the prayer to keep going on with the devices 

supplied from battery. This system needs to be further developed considering the best size, 

proper installation, and wide application in different location. 
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