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ABSTRACT 

The amount of waste generated from sisal industries during sisal fiber production is huge and 

its management is still challenging and a menace to the environment. These wastes include 

sisal wastewater and sisal leaf decortication wastes (SLDW) which represent an opportunity 

for valorization into products. Nevertheless, the sisal leaf decortication wastes is suitable for 

resource recovery in order to reduce the impacts it causes by just being discarded in the 

environment without treatment. This study aimed at managing the SLDW using insect-based 

technology. Specifically, the study characterized the SLDW for its physical and chemical 

constituents, pretreatment of SLDW to render it suitable for the growth of the insects and 

optimization of the waste and other blends for production of livestock feed. The use of SLDW 

for various applications is limited due to its high acidic content and presence of saponin within 

it. This is the first study of its kind regarding the use the SLDW as a substrate for growth of 

BSFL. Pre-treatment was a necessary and challenging step done on the waste to meet minimum 

requirements for rearing of BSF. The resultant waste had Ca, P, K, Mn, Fe, Cu and Zn at 

varying levels which are all essential for animal growth. The SLDW contained 10 ± 0.01 

percent of crude protein, 11 ± 0.02 moisture and energy (1615 kcal/g of Sisal de-corticated 

waste). The sun dried BSF larvae reared on SLDW contained 53 ± 0.005 percent crude protein, 

4 ± 0.01 percent of crude fat, moisture content (10 ± 0.1) %, carbohydrate (43 ± 0.01) % and 

ash (37 ± 0.08) %. When rearing was done on SLDW, 3000 g of dried pre-treated waste yielded 

more wet BSF larvae (336 ± 41.3) g compared to 3000 g of fruit waste which yielded (244 ± 

4.16) g of wet BSF larvae. Furthermore, the harvested BSFL after optimization process through 

blending of SLDW, RB and CDW improved growth rate of  BSFL (2.2 gram per larvae)  and 

contained sufficient nutritional value to feed poultry and fish, reducing the necessity to de-fatty 

the larvae as it is being practiced when market waste is being used. The SLDW is a promising 

feedstock for rearing BSFL because it has good reduction of the waste by 52%. This study 

eventually creates resource recovery sustainability in sisal industries. 
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extinguishment of the fire detected, overcurrent or overvoltage control and aviation obstruction 

light in the telecommunication tower. 
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conversation method was used when interviewing the technician's manager and technicians to 

identify and agree on the requirements of the developed system. 

 

Figure 1:     A visitation to the KIA telecommunication tower  

(ii)  Secondary Data  

The documentation method was used to gain an understanding of the system's functionality. 

By combining other varieties of sources, including academic journals, books and the Internet, 

to find out what other academic researchers have done and what insights, suggestions and 

answers they have proposed. 

3.5.2 Data Analysis 

The collected qualitative data and checklists were classified, coded and analyzed. Therefore, a 

simple tabular analysis was done on the data using Microsoft Excel 2019 and the data was 

recorded using the current version of the software. Finally, the results were compared, 

contrasted, and interpreted according to the proposed system. 

3.6 System Development Approach 

There are a variety of approaches to system development, including waterfall, the V-Model, 

and Agile. Depending on the nature of the project, any of these systems could be a good fit. 

Agile was used in this method because it is adaptable and allows real-time communication 

between developers and end-users (François, 2019). The prototypes had both hardware and 
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software requirements to be developed and implemented successfully. It showed that the 

system needs a certain set of hardware and software tools to work properly.  

3.6.1 Agile Extreme Programming Approach 

Agile software methodology was used for the problem identification, solution planning, 

development and evaluation phase. As a result, ASDM was chosen for the IoT-based security 

system for telecommunications fire detection and aircraft carrier lighting monitoring because 

it adapts easily and quickly to changes, has greater visibility into project management and 

efficiency, and enables continuous improvement at every stage of the system. 

However, Extreme Programming (XP) was used because it is a branch of the Agile system 

development life cycle (Rai et al., 2018). Therefore, this methodology is better for small 

projects than Scrum. The scrum method is the most popular, but it is more usable when working 

on large projects. It focuses on teamwork and organizing work. So, it needs a large team to use 

the scrum method. For the developed system, XP was more applicable because it helped in the 

prototype development. It focuses on efficiency, concerns feedback and the quality of the 

product. The Extreme Programming methodology includes the following steps (activities): 

planning the activities, designing, coding, and testing, as shown in Fig. 2. 

 

Figure 2:     Agile extreme programming Methodology approach 
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3.7 System Design 

3.7.1 System Architecture  

The proposed IoT-based system provides real-time remote control, monitoring, and alerts. 

Figure 3 shows the functionality of the proposed and developed system. 

 

Figure 3:     System architecture of the proposed and developed system 

3.7.2 Block Diagram 

 

Figure 4:     Block diagram of the developed system 
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3.7.3 Circuit Diagram 

The system architecture of the proposed system is composed of an ESP32-WROOM-32D 

microcontroller board, two relays channel two, buzzer, fire Sensor, GSM SIM800L, LDR 

sensor, BH1750 light sensor, Pzem-004t, and aviation obstruction light connected between 

them. The digital fire sensor is connected to pin 34 of the microcontroller and a buzzer 

connected to pin 13 is used to alert the nearest environment if any hazard happens. Furthermore, 

two relays channel two are connected. The first is to control the over-current and overvoltage 

using PZEM-004T and turn ON/OFF the chemical fire extinguisher when a fire is detected in 

the tower to pin 28; the second is to control the aviation obstruction light connected to pin 15. 

Regarding aviation light monitoring, the LDR sensor is connected to pin 23 to turn OFF/ON 

the aviation light during the night or daily, and the BH1750 sensor is for luminosity monitoring 

to pins 21 and 22. 

The transmitter (Tx) and receiver (Rx) pins of GSM SIM800L module are connected to pins 

17 and 16 of the ESP32-WROOM-32D microcontroller. Therefore, all sensors and actuators 

are integrated and powered by 5V and 3.3V from the same microcontroller as shown in Fig. 5. 

 

Figure 5:     Circuit diagram of the developed system 
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3.7.4 Flowchart Diagram 

This flowchart diagram, as shown on Fig. 6, describes the algorithm of the developed system 

and shows how a system works from the beginning to the end, step by step. Different kinds of 

boxes and rows show the activities and the order in which they are linked. Therefore, the system 

was turned on and started to operate iteratively.  

 

Figure 6:     Flowchart of the developed system 

In this project, the LDR darkness sensor was used to shut on /off the aviation obstruction light 

if it is night or daily and the ambient light to check the status of the aviation obstruction light. 

The PZEM-004T module continuously monitored the electricity power by turning ON the 

automatic voltage and current regulator if it was beyond 22 Amps because the Habari node 

tower uses 5000 Wats, and all types of equipment are powered by 220 volts. The fire sensor 

detects any fire in the tower environment; if detected, the fire extinguisher can be activated. 

The data collected by the sensors was sent to the microcontroller for processing and analysis. 

Furthermore, an alarm emitted by the buzzer informed the nearby surroundings, and an SMS 

or phone message was sent to all towers involved. 
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3.8 System Development 

3.8.1 Hardware Tools 

In terms of hardware tools, different physical devices were used during the development. It 

was about a computer device and a mobile device, Sensors and actuators, and other devices to 

make the prototype work appropriately according to the company's need for security and good 

functionality of the telecommunication tower, as shown in Table 1. 

Table 1:     Proposed hardware components of the system 

S/N Hardware Component Specification 

1.  Microcontroller ESP32-WROOM-32D 

2.  GSM module GSM SIM800L 

3.  Flame Sensor UV/IR detector 

4.  Resistor 1K 

5.  Jumper wires A few 

6.  Aviation obstruction light L 810 

7.  Light Dependent Resistor Module 

8.  Relays Relay Channel 2 

9.  Buzzer Passive buzzer 

10.  Light Sensor BH1750 

11.  Pzem Module Pzem-004T 3.0 

12.  Solenoid Valve AC DN15 solenoid valve 

(i) Expressif Systems ESP32 Module 

The Expressive Systems ESP32-WROOM-32D Module is a low-cost SoC microcontroller 

developed by the same company that created the ESP8266 SoC (Babiuch et al., 2019). As 

shown on Fig. 7, the 32-bit Xtensa LX6 Microprocessor from Tensilica is like ESP8266; the 

ESP32-WROOM-32D includes RF components such as a power amplifier, a low-noise 

receiver, an amplifier, an antenna switch, filters and an RF balun integrated with Wi-Fi, 

Bluetooth and Bluetooth LE MCU (Maier et al., 2017). Moreover, only a few extra parts are 

needed to make hardware for the ESP32-WROOM-32D; it's straightforward to make it. 

Therefore, the board was used to build the prototype, which can control all the sensors and 

actuators of the whole system and store all the code concerned with the project. 
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(x) Digital Light BH1750 Sensor 

The BH1750 is a digital sensor for detecting ambient light (Fig. 15). Due to the fact that 

employs the I2C communication standard, it is compatible with microcontrollers. It uses an 

extremely tiny quantity of electrical current. This sensor detects light with the assistance of a 

photodiode. A PN junction can be found inside this photodiode. The depletion area experiences 

the creation of electron-hole pairs whenever light shines on it (Desnanjaya et al., 2022a). In the 

photodiode, electricity is generated as an output of the photoelectric action that occurs within. 

The amount of electricity generated is directly equal to the amount of light that can be absorbed.  

 

Figure 15:   Digital Light BH1750 sensor (Desnanjaya et al., 2022b) 

Table 8:     Interfacing the BH1750 Sensor and ESP32-WROOM-32D 

BH1750 Digital Light Sensor ESP32-WROOM-32D 

Power (Vcc) 3.3V 

Serial Data (SDA) GPIO 21 

Serial Clock (Do) 

Ground (GND) 

GPIO 22 

GND 

(xi) The PZEM-004T Module  

The PZEM-004T is an electronic module that measures voltage, current, frequency, energy, 

and power factors (Fig. 16). With all of these capabilities and characteristics, the PZEM-004T 

module is perfect for control or experiments involving power measurement on an electrical 

network, such as a home or building. Peace fair manufactures the PZEM-004T module, which 

can measure the range of 10 Ampere and 100 Ampere variants (Chooruang & Meekul, 2019). 

Therefore, it controls the power by turning ON the automatic voltage and current regulator 

when there is an overcurrent or overvoltage in the proposed system. 
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Figure 16:   Pzem-004t module (Hasan & Kadhim, 2020) 

Table 9:     Interfacing the Pzem-004t and ESP32-WROOM-32D 

Light Pzem-004t ESP32-WROOM-32D 

Power (Vcc) 3.3V 

Receiver (RX) GPIO 19 

Transmitter (TX) 

Ground (GND) 

GPIO 18 

GND 

3.8.2 Hardware Integration 

(i) System Overview of the Proposed System  

The proposed system shows the system installed in the coverage area of a communication 

tower. Its design he consists of four parts. The first part consists of the sensor unit. The sensor 

system enables this through fire sensors, BH1750 sensors, LDR sensors, Pzem004t and ESP-

WROOM-32D microcontrollers. Sensory data is sent and stored in the cloud. The second part 

of the proposed system is data processing, using an ESP-WROOM-32D microcontroller to 

process detection data, control relays when fires are detected for automatic fire extinguishers, 

flight obstacle lights control, and change direction. Automatic voltage and current regulators 

provide warnings in the event of overcurrent or overvoltage, alerting concerns to immediate 

intervention. The third part of data visualization by web-based application via mobile phone or 

computer. The final part is the remote control of the relay, sending signals to the ESP 

WROOM-32D microcontroller through the same web-based application.  
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3.8.3 Programming Language and Software Tools Used  

(i) Arduino Integrated Development Environment (IDE) 

As shown in Fig. 19, the integrated development environment is a free and open-source 

software package that serves as a platform for creating sketches for various Arduino boards. 

The integrated development environment consists of several components: a text editor for 

writing code, a message box, a text console, and a toolbar with buttons to perform fundamental 

activities. To upload the code and enable communication, a connection is established within 

the hardware. This software comes with a tool kit that may be used to compile the hexadecimal 

file. The. ino file extension is used to save the sketch codes developed in the IDE's text editor. 

After writing a sketch on the Arduino board in the manner demonstrated in Appendices 3,4,5 

and 6, the sketches are checked for defects before being uploaded to the board. The Arduino 

editor (IDE) came with all required libraries for Microcontroller ESP32-WROOM-32D 

programming and the cloud platforms (software and APIs) to facilitate all services in data 

storage, visualization, and remote control with relays automation (Baig et al., 2021).  

 

Figure 19:   Screenshot of the Arduino IDE 
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(ii) ThingSpeak 

ThingSpeak is an open-source IoT and analytics platform for connecting, analyzing and 

visualizing data in the cloud. The platform is essential for the storage and retrieval of sensor 

unit data over the Internet using a hypertext transfer protocol. The ThingSpeak platform 

continuously monitored the data collected by all the sensors used in this project. Surveys enable 

IoT developers to capture, visualize and analyze real-time data streams in the cloud. 

 

Figure 20:   Screenshot of ThingSpeak IoT cloud 

(iii) EasyEDA (Standard) 6.4.31 

EasyEDA (standard) 6.4.31 is a web-based EDA tool that helps hardware engineers to design, 

simulate, share publicly and privately and discuss schematics, simulations and print circuits or 

PCB boards (Abdrakhmanov et al., 2021) as shown in Fig. 21.   

 
Figure 21:   Screenshot of the EasyEDA simulation software interface 
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3.9.1 Unit Testing 

Unit testing is a type of test performed on a code section  to ensure that it is functional. This is 

accomplished on a practic al level.  This refers to testing the accuracy of individual modules and 

integrating numerous system modules as part of the unit test. Then, the unit testing will start 

with  fire detection and light control. First, the tower will be monitored and controlled against 

f ire, which can destroy the telecommunication tower devices. Therefore , it was helpful to know 

that, through the light, the system is working from the area installed up to the concerning 

information using the cloud.  

3.9.2 Integration Testing 

Any kind of software testing aimed at validating the interfaces between components against 

the program design is called integration testing. Its  primary purpose is to expose interface 

module issues.  During this phase, several approaches were used to test the entire system, suc h 

as mixing and testing several software components simultaneously . In addition, the data flow 

between modules was monitored and tested during the integration testing process . This form 

of testing is carried out under the supervision of a tester.  

3.9.3 Tower Testing of the Developed System 

Tower testing for the developed system was carried out using an assembled circuit based on a 

designed printed circuit board (PCB) and the entire prototype. Therefore, the system was able 

to sense f ire, monitor the aviation obstruction light, and control th e power, and then it was able 

to store all parameters in the cloud and make alerts.  

 

Figure 22:   Field testing of the developed system 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Results 

In this session, the results of the developed system will be discussed in detail in relation to the 

project goals. The aim was to develop an automatic fire extinguisher that can intervene when 

a fire is detected, monitor the aviation obstruction light and control the electricity power when 

there is an overcurrent, or high voltage in the telecommunication tower, which is far away and 

send alerts to the concerns.  

As a result, having an automatic fire extinguisher to extinguish the fire when it is detected in 

the tower with alerts to the owner of the tower, firefighters and the nearest environment using 

the buzzer to take quick action. Moreover, the system is reporting to the technician manager 

�D�Q�G���D�O�O���W�R�Z�H�U�V�¶���W�H�F�K�Q�L�F�L�D�Q�V���W�K�H���V�W�D�W�X�V���R�I���D�O�O���W�R�Z�H�U�V���F�R�Q�F�H�U�Q�L�Q�J���I�L�U�H���G�H�W�H�F�W�L�R�Q�����H�O�H�F�W�U�L�F�L�W�\��power 

and aviation obstruction light status; especially when it is not working at the time, it was 

supposed to be ON. 

Moreover, the system could detect fire and extinguish it automatically, display the status of the 

aviation obstruction light, control the electric power, send notifications (SMS and call) and 

send all values to the ThingSpeak cloud using a microcontroller board. Figures 30, 31 and 32 

show how the microcontroller manages the whole system remotely using a mobile device or 

computer. 

4.1.1 The Major Causes of Fire Outbreaks and Aviation Obstruction Light Failure 

The purpose of the study was to understand the main causes of fires and aviation obstruction 

light failure in telecommunication towers. The Habari node technicians responded that 

electrical faults caused fire due t