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Abstract. The use of a dispenser at the office is not as frequent as at home, because it is only 

used during working hours or at certain times. The use of dispensers must be in accordance 

with established health standards, so the quality of water produced by the dispensers must also 

be hygienic and free of germs or bacteria. Generally, water dispensers are operated for 24 

hours, meaning that the dispensers use up a lot of electrical energy. In addition, the use of 

dispensers must also comply with established health standards, so the quality of the water 

produced by the dispensers must also be hygienic and free of germs or bacteria. Meanwhile the 

quality of the water produced by the device cannot be monitored. To overcome this problem, a 

study was conducted by designing a hygienic and energy efficient water dispenser design by 

applying a forward scheduling approach. The design is carried out through several components, 

namely ultraviolet (UV), dispenser heaters, Arduino Uno sensors, DS18B20 sensors, HC SR-

04 sensors, DC pumps, 2 relays, and RTCDS1307. The results of this study indicate that the 

dispenser heating system can work based on a set schedule by applying an advanced 

scheduling approach referring to the RTC DS1307 time reading. The UV lamp can be lit for 10 

minutes to sterilize the main container of the dispenser with an estimated suppression of E. 

Coli bacteria about 87.5 colonies / minute. This system is able to suppress the growth of 

bacteria about 875 colonies for once lighting. This system can control the quality of water that 

is safe for consumption and saves electricity energy up to 79.87 kWh per month.  

1. Introduction  

In line with the development of technology, automation of electronic equipment has become a demand 

for users. One of them is the provision of drinking water using a dispenser. Dispenser is widely used in 

households and offices now because it is more practical for getting hot and cold water. A dispenser is 

supported by components like heat component for heating dan cool component for cooling. The heater 

component requires more energy than the cooling one. A dispenser absorbs 330-450 watts of power 

for heating components and 60-80 watts for cooling components.  

The dispenser is equipped with a switch to activate and deactivate the heater, but in practice this 

switch is often ignored so the heater continues to work all day. This is a waste of energy. Another side, 

many dispensers in general do not have a system to suppress bacterial growth and also there are not 

periodic cleaning of the container. It makes bacteria grow unnotice. There are eight types of bacteria 

develop in the dispenser container [1].  
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The quality of the water dispenser must be hygienic. Parameters of hygienic is if the water have 

total coliforms and Escherichia Coli (E. Coli) with units / units of colony forming units in 100 ml 

water samples and the maximum content is 0 [2]. The decree of the Minister of Health of the Republic 

of Indonesia No. 715 of 2003 regulates the requirements for tableware containers, where a container is 

hygienic if the number of bacteria does not exceed 100 colonies / cm2.  

Research on dispenser operation has been carried out by researchers before using the fuzzy method 

[3]. The results of the study can heat the water temperature with a success percentage of 89%. But in 

its use the research has not been able to save energy because the heating system stays on all day. The 

next study [4], to maintain the quality of drinking water can be done by the disinfection process by 

providing ultraviolet (UV) radiation in the main container. The results showed that ultra violet rays 

were able to kill E. coli bacteria in drinking water. Furthermore, ultraviolet disinfection for 10 minutes 

can reduce the bacteria as much as 875 colonies [5]. 

Based on the research above, the writer combines research by designing energy-efficient and 

hygienic dispenser heating systems using the scheduling method. The scheduling method is used to set 

the active or non-active heater scheduling based on the DS18B20 sensor temperature reading. To 

ensure the quality of water, a disinfection process is carried out by providing ultraviolet (UV) radiation 

to the container while to save energy, a relay is used for circuit breakers and time readers use 

RTCDS1307.  

Some studies related to the use of ultraviolet radiation disinfection include purification of drinking 

water [6], evaluation of the application and contribution of ultraviolet germ irradiation relative to air 

disinfection [7], efficiency of ultraviolet radiation in reducing cell counts of Staphylococcus aureus 

ATCC 25923 and Escherichia coli K-12 [8], increasing the process of water disinfection with 

ultraviolet [9], investigating the effectiveness of ultraviolet light for disinfection of wastewater [10], 

evaluating the effects of ultraviolet disinfection on water quality [11].  

2. Methodology  

Basically this research is carried out with a methodology based on the reading time of the 

RTCDS1307 system which is arranged using the scheduling method as shown in the following Figure 

1.  

 

Figure 1. Methodology   

The operation of the system is regulated at a schedule of 8:15 a.m. to 8:25 a.m. for disinfection or 

cleaning, from 10:00 to 11:00 a.m., 00: 00-13: 00 and 15:00-16:00 for heating water. The first time the 

system is activated, the system will read the RTCDS1307 time. If the time is read according to the 

scheduling time for example at 8:15 a.m. the system will activate the main disinfection or cleaning 

function until 8:25 by activating the UV lamp. If the RTCDS1307 time has passed the 8:25 mark, the 

system will standby until 09:59. Furthermore, when the RTCDS1307 time enters 10:00 a.m. the 

system will carry out the function of the heating system until 11:00 a.m., and likewise at 12-13.00 and 

15:00-16:00. To accommodate and heat water, electric pot is used which is equipped with a heater.  
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This energy-efficient and hygienic dispenser heating system research is carried out by blocking the 

design process in Figure 2. 

 

Figure 2. Block design process system 

From Figure 2, it can be explained that the design of energy-efficient and hygienic dispenser 

heating systems consists of three main activities which are hardware design, software design and 

heating disinfection. 

3. System Design 

3.1 Hardware Design and Parametric Stud  

The design of hardware consists of heating components (electric pots and heaters) which are used as 

storage containers and heating water as an object whose operation schedule will be set, ultraviolet 

(UV) lights [11],[12],[13] for disinfection in containers main reservoir, DS18B20 sensor [14],[15] to 

measure temperature, sensor HC SR-04 [16],[14] to read the water level in a heating tank, dc pump as 

a valve to control the flow of water from the main container to a heating tank with a capacity of 1.6 

liter. Relay 1 to activate and deactivate the system according to the instructions of the microcontroller, 

RTCDS1307 [16] as a system time reader and Arduino Uno as the control center that will process the 

sensor reading data. Relay 2 for regulating UV lights, pumps and heaters. Energy-efficient and 

hygienic dispenser heating system hardware designs can be seen in Figure 3. 

 

Figure 3. The design of the hardware system 



International Conference on Applied Sciences, Information and Technology 2019

IOP Conf. Series: Materials Science and Engineering 846 (2020) 012039

IOP Publishing

doi:10.1088/1757-899X/846/1/012039

4

3.2 Software Design  

The software designing was conducted for the hardware to work in accordance with its functions to 

activate the built hardware components, The software application using C programming through 

Arduino IDE for running system. In this system, a scheduling method was used during the operation to 

acquire the hygiene and energy saving heating system of the dispenser. The scheduling method using 

forward scheduling approach is shown in Figure 4. 

 

 

Figure 4. System flowchart of dispenser heating  

The value of the RTCDS1307 sensor is reading by the system and  adjusted to the predetermined 

schedule in reference to the scheduling method, namely during 08.15-08.25 where the system conducts 

“disinfection” process, the system runs the function of “water heating” during 10.00-11.00, 12.00-

13.00, and 15.00-16.00. If the time read by the RTCDS1307 sensor is currently not in those time 

limits, then, the system will go off (standby). In that order, the current will not flow on the system and 

will surely save energy during the operation.  

3.3 Process Design   

3.3.1 Cleaner/Disinfection   

The disinfection process is performed daily by activating the UV light for 10 minutes from 08.15-

08.25 with an assumption that during this time, the employees have just started their activities, thus, 

none of them requires hot water. After the disinfection process is conducted, the UV light is switched 

off and the system is back on standby for the next schedules.  

3.3.2 The Process of Water Filling and Dispenser Heating  

The filling and heating of the dispenser are initiated by reading RTCDS1307's time and detecting 

temperature through the DS18B20 temperature sensor. If the time on RTC DS1307 has been in 

accordance with the scheduling system (10.00-11.00, 12.00-13.00 and 15.0016.00), the HCSR-04 

sensor will be activated to measure the distance of water height inside the electric pot by reading the 

floating object which has been re-established. If the reading distance between the floating object and 
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HCSR-04 sensor is valued as low or equal to 6 cm, then, the water container is determined as full and 

the water flowing will be stopped, on the contrary, if the reading distance is higher or equal to 10 cm, 

then, the container is determined as empty and the pump will be activated by flowing the water to fill 

the electric pot.   

The first water heating is performed when the container has been determined as full (the reading 

distance of HCSR-04 sensor is 6 cm) and low temperature or equal 42oC, then, the heating system will 

be activated until the temperature reaches its maximum limit (90oC) or before the end of the schedule. 

If the schedule has not over, thus, the system will be standby for the next change of temperature. The 

heater will be active again when the temperature is at 86oC. However, if the schedule has ended, thus, 

the automatic heating system will shut down and the system will go off.  

4. Result and Discussions  

4.1 The Implementation of Hardware  

This system was built with several components, namely the main container which consists of UV light 

and DC pump placed on the upper part of toolbox, DS18B20 temperature sensor installed on the 

electric pot equipped with a heater and functioned as the heating component, HCSR-04 ultrasonic 

sensor installed on middle part of tool box's ceiling right across the surface of floating object installed 

on the electric pot. While Arduino UNO, RTCDS1307 sensor, relay 1, and relay 2, as well as other 

components, were arranged on the lowest bottom of the plywood-based dispenser boxes with 40 cm x 

60 cm x 20 cm dimension, such as seen in Figure 5.   

 

Figure 5. Overall dispenser heating system  

4.2 Implementation  

The software in this system was using the Arduino IDE. The programming was performed to read the 

components and implement the scheduling method for the water heating process. The scheduling 

method was used through the application of a backward scheduling approach on the operation of 

dispenser's heater and UV light in accordance with the pre-determined schedule.   

4.3 Testing  

4.3.1 The UV Light testing  

This testing was performed to ensure whether the UV light could light up based on the schedule of the 

scheduling method. This testing was functioned as the sterilization of the main container on the 
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dispenser for 10 minutes. The result of UV light’s testing for 5 days from October 25th to 29th 2018 is 

shown in Table 1. 

Table 1. The testing of UV Light 

No Date Time on RTC Condition of UV Light 

1 10/05/2018 08.15-08.25 ON 

2 10/06/2018 08.15-08.25 ON 

3 10/27/2018 08.15-08.25 ON 

4 10/28/2018 08.15-08.25 ON 

5 10/29/2018 08.15-08.25 ON 

From the results of the tests in table 1 above, it can be seen that the UV lights can be lit well and 

successfully operate according to the given schedule and the predetermined duration of time is 10 

minutes every day. So based on the results of the study [6] that the UV light is turned on for 10 

minutes. This means that the system can suppress bacteria as much as 87.5 x 10 = 875 colonies.  

4.3.2 The DS18B20 Temperature Sensor Testing  

This testing was used to discover the temperature read by the sensor (in oC unit) by taking the data 

every five minutes and then the result was compared to the analog thermometer. Comparison of 

temperature testing results with DS18B20 sensor and analog thermometer can be seen in Table 2. 

Table 2. Comparison of temperature testing with DS18B20 sensor and analog thermometer 

  

No  Time  DS18b20 sensor (0C)  
Analog  

Thermometer (0C)  
Difference  

1  22:00  24.75  25.41  0.66  

2  22:05  43.88  44.63  0.75  

3  22:10  65.75  66.37  0.62  

4  22:15  87.25  88.24  0.99  

5  22:16  90.03  90.55  0.52  

  

Based on Table 2, it seen that the temperature measurement results by using a DS18B20 sensor are 

almost similar to the analog thermometer. There is only very little difference between the two 

measurements. The difference was due to the specification and accuracy of DS18B20 sensor which 

amounted to ±0.5°C to -10°C, and -10°C to +85°C. However, in general, the reading of the DS18B20 

temperature sensor was categorized as good with a small difference.  

4.3.3 The Heater testing  

This testing was performed to test the capability of the tool in heating the water inside the electric pot. 

The energy used by heater was 350 watt. The testing was begun by heating the water in the heater 

along with the heater of the conventional dispenser which commonly used by the community with the 

same energy. Firstly, both tanks filled with 1 liter of water volume respectively, then the 1-hour 

change of temperature was observed (from 10.00 to 11.00) with the temperature set from 42oC until it 

reaches the set point (90oC) based on the timing of both heaters. The testing results of both heating 

systems can be seen in Table 3 as follows.  
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Table 3. The testing of temperature change time and heater status  

Time 

Heating with the 

conventional 

Heating with the 

experiment dispenser 

Tempera 

ture  
Status  

Time 

(Minute)  

Tempe 

rature  
Status   

Time 

(Minute)  

10.00  42ºC  ON     42 ºC  ON     

10.07  68 ºC  OFF  7           

10.12  63 ºC  ON              

10.13           90 ºC  OFF  13  

10.14  69 ºC  OFF  2           

10.28  64 ºC  ON              

10.30  71 ºC  OFF  2           

10.31           86 ºC  ON     

10.33           90 ºC  OFF  2  

10.43  62 ºC  ON              

10.45  78 ºC  OFF  2           

10.51           86 ºC  ON     

10.53  70 ºC  ON     90 ºC  OFF  2  

10.55  77 ºC  OFF  2           

11.00  73 ºC  OFF     88 ºC  OFF     

Total Heating Time  15        17  

  

Based on Table 2, it also seen that the cycle of water heating in the conventional dispenser is the 

difference with the experiment dispenser. In 1 hour (from 10.00-11.00), the conventional dispenser 

was turning on or active for five times with 15 minutes of total time and 7 minutes of maximum time, 

namely during the first activation which started from 42oC up to 68oC. While on the experiment 

dispenser, in an hour operation, the heater was turned on for three times with 17 minutes as the total 

active time and 13 minutes as the longest active time during the first activation with 42oC as the initial 

temperature until the 90oC of maximum temperature was achieved.    

Seen from the heat resistance, the conventional dispenser was having a big difference with the 

experiment dispenser. On the conventional dispenser, the decrease of temperature was 5oC (from 

68oC to 63oC) which occurred for four minutes (from 10.07-10.12) while on the experiment 

dispenser, the decrease of temperature was 4oC (from 90oC to 86oC) which occurred for 17 minutes 

(from 10.14-10.31). The same condition happened on the next temperature decrease from 69oC to 

65oC which occurred for 15 minutes (from 10.14-10.28), while on the experiment dispenser, the 

temperature decreased from 90oC to 86oC which occurred for 17 minutes (from 10.34-10.51). The 

difference of these changes was caused by the different set point which determined for both 

dispensers. On the conventional dispenser, the highest temperature was set at +/- 68ºC and the lowest 

temperature was set at +/- 60ºC. While the lowest temperature on experiment dispenser was set at 

86oC and the highest temperature was set at 90oC. In addition, the material and the impermeability of 

the heater tank also affect the temperature resistance. From the testing, it can be seen that the heater of 

experiment dispenser was better compared to the conventional dispenser.  

4.4  System Testing and Analysis  

4.4.1 The Testing and Analysis of Disinfection Process  

The disinfection process in the system is done by irradiating the main container using a UV lamp for 

10 minutes. The test results in table 1 show that UV lights are always on for 10 minutes every day for 

five days. Based on previous research [11], irradiation of UV lamps can suppress bacterial colonies by 

87.5 per minute. Thus, every 10 minutes of irradiation every day can suppress bacterial colonies of 

87.5 x 10 = 875 colonies every disinfection.  
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4.4.2 The System Testing and Analysis Based on the Scheduling  

The schedule of the system operation was set at 08.15-08.25, 10.00-11.00, 12.00-13.00 and 15.00-

16.00. The system testing which based on the scheduling was aimed to ensure that the disinfection 

process and heating system could control the filling and heating the water on the heater tank in 

accordance with the pre-determined schedules in which the average operating time in a day was ± 45.5 

minutes to acquire the set point value of temperature (90oC) while it took ± 10.08 minutes of average 

time for operating the conventional dispenser. 

4.4.3 The Analysis of Scheduling Based on Backward Scheduling Appriach  

The analysis of scheduling based on a backward scheduling approach was initiated by setting a 

schedule of which a required activity has to be finished, then counting backward to determine the 

proper time for the first time the activity begins. The implementation of backward scheduling is 

assuming that the finished date is known and the start date is desired. The disinfection process has to 

be done by 08.25 with a length of 10 minutes, therefore, it has to be started from 08.15 with an 

assumption that the employees are already in the office. In similar to the first heating process (10.00-

11.00). Employees who yet to have their coffee or tea at their homes will be able to have it after the 

water is heated. Then, the second heating is adjusted to the break and lunchtime which is around 

12.00-13.00. In that order, the filling and heating of water in the dispenser have to be conducted. 

While the third heating is performed before the employees go home namely at 15.00-16.00, thus, the 

hot water in the dispenser has already available, in that order, the employees who want to make coffee 

or tea before coming home are able to do so. 

4.5 The Measurement Analysis of Energy Use   

After the overall testing of the system can run properly, then, the analysis and measurement of energy 

use on experiment dispenser were performed which followed by comparing them with the energy 

measurement of the conventional dispenser. The analysis of the energy measurement of both 

dispensers can be seen in Table 4 as follows. 

Table 4. The analysis of energy measurement 

Experiment dispenser Conventional Dispenser 

a. The energy used in kW = kW = 350 /1000 = 0.35 

kWh  

b. Total usage time in a day = 45.5 minutes (0.75 hour), 

kWh =  

0.35 x 0.75 = 0.256 kWh/day  

c. Arduino’s Energy = 0.0005 x 24 = 0.012 kWh/day  

d. UV Light’s Energy =  0.005 x 0.16 = 0.0008 

kWh/day  

e. Pump Energy = 0.0015  x 0.016 = 0.000024 kWh/day  

f. Total in 1 day = 0.256 + 0.012 +0.0008 + 0.000024 = 

0.20 kWh/day  

g. Total monthly energy usage: kWh in 1 day  x 24 days 

= 0.20kWh x 24 = 4.8 kWh  

a. The energy used in kW = 350/1000 

=  

0.35kWh  

b. Total operation time of heater in the 

first hour = 17 minutes = 0.28 hour  
c. Total operation time of heater for 

the next 1 hour = 8.5 minutes = 
0.14 hour  

d. Total usage in a day =  (0.28  + 
0.14) x 24 hours = 10.08 hour  

e. Total monthly energy usage = 

10.08 x 0.35 x 24 days = 84.67 
kWh  

  

 According to the measurement results in Table 3, it can be seen that the energy usages of both 

dispensers are very much different. The experiment dispenser consumed 4.8 kWh/month energy while 

the conventional dispenser consumed 84.67 kWh/month. It means that the experiment dispenser can 

save 79.87 kWh energy per month. This significant difference was due to the testing of the 

conventional dispenser which required 17 minutes of time for heating in the first hour and 8.5 minutes 

for the following hours or equal to 3 hours 53 minutes in a day. In addition, the conventional dispenser 

was active for 24 hours while for the experiment dispenser, total heater operation in a day was 45.5 

minutes on average.  
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5. Conclusion 

There are several conclusions is taken which described as follows:  

1. The heating system of the experiment dispenser could work in accordance with the scheduling 

based on the backward scheduling approach which has been determined in reference to the time 

reading of RTC DS1307.  

2. The UV light could active to perform 10 minutes-disinfection on the main container of the 

dispenser with an estimation of bacteria suppression amounted to 87.5 colonies/minute and 875 

colonies for 1 radiation time.   

3. The heating system of the dispenser through the application of forwarding scheduling method 

could save the energy usage up to 79.87 kWh per month.  
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