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Abstract— The Covid-19 pandemic mainly caused the 

sudden rise of medical mask waste. There are some steps that 

can be taken to reduce and manage the waste, including 

dissolving the mask so it cannot be use again, reduce the risk of 

disease transmission, and assist the workers in managing the 

waste of medical mask. Therefore, this paper proposes a device 

that can solve all the problem, which is the “Smart Medical 

Mask Trash Can”. This device can be used to dissolve and 

disinfect the mask, as well as manage the mask waste with an 

easy way in accordance with health protocol. The outcome 

show that this device can monitor the waste with an application 

program on a real time that can notify and organize a schedule 

for automatic disinfection. This tool is suitable to be placed in 

public places because of its high mobility and there is a lot of 

medical mask's waste.  

Keywords— Medical Mask, Waste, Dissolve, Health 

Protocol. 

I. INTRODUCTION 

 The need for a supply of medical masks in 

Indonesia is very high considering that Indonesia is one of 

the most populous countries in the world. The current 

Covid-19 pandemic has also caused the need for medical 

masks to increase in Indonesia. Keeping in mind that the use 

of medical masks is only disposable or cannot be used 

repeatedly, this will lead to the accumulation of medical 

mask waste. Poor management of medical mask waste can 

cause several problems. The problem is the collection and 

resale of used medical masks by irresponsible parties 

because used medical masks are often found intact. Another 

problem is the increased risk of disease transmission from 

bacteria/viruses attached to used masks.  

 The World Health Organization (WHO) continues 

to remind the importance of proper use, storage and disposal 

of masks to ensure the best effectiveness of masks and to 

avoid increasing the risk of disease transmission. Based on 

the guidelines issued, WHO prohibits the reuse of single-use 

masks [1]. Disposable masks cannot be used repeatedly 

because the harmful particles filtered out by disposable 

masks will not disappear if they do not damage the 

components of the mask [2]. In addition, the effectiveness of 

single-use masks will continue to decrease if they are used 

repeatedly [3].  

 There are several steps that can be taken to reduce 

the risk of reuse and transmission of used masks. The 

Directorate of Environmental Health of Indonesia (2020) 

has issued guidelines for the management of mask waste 

from the public. These steps are collecting masks used, 

disinfecting masks, changing the shape of masks so they 

cannot be used, throwing them in the domestic trash, and 

washing hands [4]. The Directorate of Environmental Health 

of Indonesia (2020) also states that mask waste must be 

separated from other waste and collected at least once every 

6 hours or when the shelter has been filled by 3/4 of the total 

capacity during the Covid-19 pandemic [5]. 

 Judging from the existing problems and with the 

guidelines provided, a practical device is needed that can 

simplify the waste management process and prevent the use 

and re-circulation of single-use masks. Trash cans made to 

collect used disposable masks from the general public. The 

mask shredding machine will turn on automatically if 

someone is detected throwing the mask away. The crushed 

masks will be placed in a storage at the bottom of the trash 

can. The mask waste in the storage will be sprayed with 

disinfectant liquid so that it can reduce the risk of disease 

transmission. This trash can is also equipped with the 

monitoring system of medical mask waste management. 

There is monitoring of mask waste collection capacity and 

monitoring of mask waste disposal schedules in accordance 

with the guidelines of the Ministry of Health of the Republic 

of Indonesia. The monitoring system in this trash can is 

based on the Internet of Things (IoT) where the trash can 

manager can receive information on the disposal schedule 

and the capacity of the mask waste storage via smartphone. 

II. TECHNICAL APPROACH 

A. Medical Mask Shredder 

 The shredding machine is used to crush/tear used 
medical masks until they cannot be reused. The concept of a 
mask shredding machine is actually the same as a paper 
shredder. The type of machine used is a crusher. The 
crushing machine holds the material between two solid 
surfaces that are arranged in parallel or that are in close 
contact with each other, and exerts a force to carry the 
material through it, using enough energy to crush the 
material so that the molecules separate (break), or 
deformation occurs (deformation) [6]. A few modifications 
were made so that the machine can destroy disposable 
masks, which are quite strong in structure. Modifications 
were made to optimize and improve the functionality of the 
shredder [7]. 
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 The medical mask shredder will be driven by an AC 
220V motor. An electric motor is a device for converting 
electrical energy into mechanical energy. AC motor is an 
electric motor that is driven by alternating current (AC). 
Generally, an AC motor consists of two main components, 
namely a stator and a rotor. The stator is a component of 
static electricity. The rotor is a rotating electrical component 
to rotate the motor axle. The type of motor used is a single-
phase induction motor. This motor has only one stator 
winding, operating with a single-phase power supply, has a 
squirrel-cage rotor, and requires a device to start the motor 
[8]. 

 

Fig. 1 AC 220V Motor 

B. Microcontroller Component 

 In this paper, two microcontrollers are used that 
function for an automatic mask shredding system and a mask 
waste monitoring system: 

Arduino UNO R3: 

 Arduino UNO is one of the most popular 
microcontrollers because of its easy operation. Arduino UNO 
is a board based on the microcontroller on the ATmega328. 
This board has 14 digital input/output pins (of which 6 can 
be used as PWM outputs), 6 analog inputs, 16 MHz crystal 
oscillator, USB connection, reset button power jack. These 
pins contain everything needed to support the 
microcontroller [9]. 

 

Fig. 2 Arduino UNO R3 

NodeMCU Esp8266: 

 NodeMCU is an electronic board based on the 
ESP8266 chip with the ability to run microcontroller 
functions and also an internet connection (WiFi). There are 
several I/O pins so that they can be developed into a 
monitoring and controlling application for IoT projects [10]. 

 

Fig. 3 NodeMCU Esp8266 

C. Sensor Component 

 Ultrasonic sensors are used to detect the disposed 
masks to turn on the shredding machine and monitor the 
capacity of the mask waste collection. The ultrasonic sensor 
type HCSR04 is a device used to measure the distance from 
an object. The range of the measurable distance is about 2-

450 cm. This device uses two digital pins to communicate 
the read distance. The working principle of this ultrasonic 
sensor works by sending an ultrasonic pulse of about 40 
KHz, then it can reflect the echo pulse back, and calculate 
the time taken in microseconds [11]. 

 

Fig. 4 Ultrasonic Sensor HC-SR04 

D. Another Component 

Relay: 

 The relay is used as a switch to turn on the water 

pump to turn on the automatic disinfectant sprayer and to 

turn on the motor to drive the shredder. Relay is a simple 

electronic circuit and consists of a switch, an electromagnetic 

field (coil wire), and an iron shaft. The function of the relay 

is to disconnect or connect one electronic circuit to another 

electronic circuit or is a type of electromagnetic switch [9].  

 
Fig. 5 5V Relay Module  

12V Water Pump: 

 The water pump is a component used to spray 

disinfectant liquid into the mask waste. The working 

principle is that the disinfectant liquid is pulled out of its 

place and released through the hose to the mask waste. The 

liquid will be converted into mist form by the nozzle sprayer. 

 
Fig. 6 12V Water Pump 

E. Workflow 

 This device consists of two systems, namely the 

shredding of masks and monitoring system for the mask 

waste storage. The mask waste monitoring system consists of 

scheduled automatic disinfectant spraying, scheduled waste 

disposal system, and monitoring the capacity of the waste 

storage. The shredding mask system controlled by Arduino 

UNO, and the monitoring system for the mask waste storage 

controlled by NodeMCU Esp8266 connected to smartphone 

via WiFi and Blynk App.  
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Fig. 7 Mask Shredding Workflow 
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Fig. 8 Waste Storage Monitoring Workflow 

F. Component Wiring 

 
Fig. 9 Component Wiring 

III. DESIGN AND IMPLEMENTATION 

 The creation of this trash can starts from the design 

that is used as a reference in implementation. The design 

carried out is a 3D design of the frame and casing of the 

trash can as an illustration of the placement of the trash can 

in the implementation, placing the components that make up 

the trash can, and seeing the workflow of this device. After 

the design is successfully created, the next step is to 

implement it into a real object. The manufacturing steps 

consist of making the frame of the trash can, making the 

casing of the trash can, assembling the shredder machine, 

making the system of the trash can, and evaluating the 

performance. 

A. Design 

 Fig.10 is the 3D design of the Smart Medical Mask 

Trash Can. There is a frame and the casing of the trash can. 

The shredder machine is driven by an AC 220V motor 

located at the top of the trash can. The mask will be put into 

a shredding machine where the results will be stored at the 

bottom of the trash can. In addition, the mask waste will be 

sterilized by an automatic disinfectant sprayer. At the top 

there is a hole for inserting the mask waste. The hole has 

direct access to the shredding machine, so the mask can be 

crushed immediately. The front of the trash can may be 

opened like a door, so that the trash can manager can easily 

dispose the mask waste. 

 
Fig. 10 Body of Smart Medical Mask Trash Can 

 

Fig. 11 Structure of Smart Medical Mask Trash Can 
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 Fig. 12 shows the structural design of the shredding 

machine. The shredding machine consists of several parts 

which are explained in Table 1. The shredding machine will 

be driven by a 220V AC motor. The mask waste is in the 

middle of the cutting eye which will then change the shape 

of the mask. 

 
Fig. 12 3D Design of Medical Mask Shredder 

 
Fig. 13 Part of Medical Mask Shredder 

TABLE I.  PART OF MASK SHREDDER 

Part (Item Number) Quantity 

Box (1) 1 

Bearing (2) 4 

As D2 21 (3) 1 

Pulley (4) 1 

Cutter D4 (5) 14 

B18.2.4M-Hex Jam Nut, 

M.20x2.5 --W-C (6) 
16 

Gear (7) 2 

Ring (8) 1 

As D2 19 (9) 1 

Snap Ring (10) 4 

B18.6.7M-M8x1.25x20 

Plain HFMS--20N (11) 
1 

Gear Lock (12) 2 

B18.6.7M-M8x1.25x16 

Plain HFMS--16N (13) 
2 

B. Implementation 

 Implementation is carried out based on the design 

that has been made. The implementation of the body of the 

trash can can be seen in the Fig. 14. 

 

Fig. 14 Body of Smart Medical Mask Trash Can 

 Then the manufacture and assembly of a mask 

shredder machine. The result can be seen in Fig. 15. 

 

Fig. 15 Mask Shredder Machine 

IV. EXPERIMENT AND RESULT 

 The physical appearance of the 'Medical Mask 

Trash Can' can be seen in Fig. 16. At the top of the trash 

can, there is a 220V AC motor, mask shredder machine, 

Arduino UNO, 5V relay, and ultrasonic sensor HC-SR04. 

At the bottom there is a mask waste collection, automatic 

disinfectant system, ultrasonic sensor HC-SR04, NodeMCU 

Esp8266, and a 5V relay. 

 
Fig. 16 Medical Mask Trash Can 

 In running the Medical Mask Trash Can system, 

two microcontrollers are used, namely NodeMCU Esp8266 

and Arduino UNO R3. NodeMCU Esp8266 is used to 

monitor the capacity of mask waste collection, scheduling 

automatic disinfectant liquid distribution for mask waste, 

scheduling mask waste disposal, and connect the trash can 

with the manager's smartphone. Arduino UNO R3 is used to 

identify wasted masks to run the 220V AC motor 

automatically as a driver for the mask shredder machine. 

 The shredder will be driven by a 220V AC motor. 

The motor will turn on when the ultrasonic sensor HC-SR04 

detects a wasted mask. If this sensor detects a wasted mask 

at a certain distance, the motor will be energized by an 
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electric current which is accommodated by the 5V relay 

module which causes the motor to rotate. This system uses 

Arduino UNO R3 microcontroller. 

 
Fig. 17 Trash Can Manager's Application Interface 

 Fig. 17 is an application interface for the Medical 

Mask Trash Can manager. Applications are built on the 

Blynk platform and connected to the NodeMCU Esp8266. 

Features in this application include the appearance of the 

clock in real time, notification of the schedule for disposing 

of mask waste, and monitoring the capacity of the mask 

waste storage. 

 
Fig. 18 Shredded Mask 

 Fig. 18 shows the shredded mask waste. Mask 

waste is accommodated in a container that is ready to be 

moved or disposed. The capacity of the mask waste 

collection is controlled by the ultrasonic sensor HC-SR04. 

In addition, the mask waste will be sprayed with disinfectant 

liquid automatically. 

TABLE II.  MASK SHREDDING TIME EXPREIMENT 

Attempt Shredding Time (s) 

Mask 1 13.5 

Mask 2 13.2 

Mask 3 13.45 

Mask 4 12.2 

Mask 5 10.98 

Mask 6 12.34 

Mask 7 11.07 

Mask 8 13.33 

Mask 9 12.11 

Mask 10 10.81 

Mask 11 12.46 

Mask 12 14 

Mask 13 13.29 

Mask 14 13.67 

Mask 15 12.92 

Mask 16 13.4 

Average Time 12.670625 

 
Fig. 19 Mask Shredding Time Experiment 

 Table 2 shows the shredding time of a medical 

mask that is inserted into the Smart Medical Mask Trash 

Can. The shredding time is calculated from the masks 

starting to be destroyed until the results are fully entered 

into the waste storage. Based on the experiments conducted, 

the results obtained that the average time of shredding a 

medical mask is 12.670625 seconds. 

V. CONCLUSION 

 Smart Medical Mask Trash Can is expected to be 

implemented and used continuously. This trash can is 

expected to provide convenience in the disposal of masks 

for the general public, and can provide convenience in 

medical mask waste management. With an adequate number 

of trash cans, the general public can dispose of mask waste 

easily without the need to crush and sterilize the masks. In 

addition, this trash can is also expected to facilitate medical 

waste management, because the discarded masks have been 

collected in a container that are ready to be disposed, and 

masks that have been crushed and sterile according to the 

guidelines from the Ministry of Health of the Republic of 

Indonesia. 
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