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Abstract: A gasifier produces synthetic gas from the gasification of biomass wastes, such as rice
husks. Synthetic gas produced through the gasification process can be an alternative fuel for gas
engine generators or gas burners. The biomass gasification system in Indonesia has a huge potential
for implementation because of the high electricity demand and imbalanced distribution of power
plants. The gasification process is quite complicated. Hence, it is imperative that during the operation,
real-time data are sent to operators for monitoring. In this study, we design an Internet of Things
(IoT)-based system for transmitting data of frequencies from motors and temperatures from a reactor
to an Android application. Then, the obtained data from a panel, graphical user interface (GUI), and
IoT are analyzed for their delay and accuracy. As a result, the mean values of delay are 0.43 and 3.67
s for GUI and IoT, respectively. In addition, the accuracy is assessed using the mean absolute error
with values 0f 0.15, 0.1, 0.09, and 0.12 for motors at a screw feeder, vibrating grate, primary blower,

and exhaust blower, respectively.

Keywords: Gasification; [oT; Android

1. Introduction

Energy is crucial to people’s lives because almost all
human activities require energy. However, yearly, the use
of energy continues to increase; in 2019, the total global
fossil fuel consumption was 136.761 TWh, whereas the
total renewable energy consumption was only 18.138
TWh'?. Moreover, biomass has a huge potential as a
source of renewable energy. Biomass wastes can be used
by converting them into synthetic gas via a gasification
process’.

Our research group in Universitas Indonesia devised a
prototype biomass gasifier®. The prototype has a
downdraft design and a 10-kW capacity. In the near future,
the prototype will be installed in remote places with an
imbalanced distribution of power plants, although the
gasification process is quite complicated”. Therefore, it is
imperative that when operating a gasifier, data are
transmitted in real time to operators stationed in a different
location to monitor the operation. In this study, we
designed and implemented an Internet of Things (IoT)-
based monitoring system for a 10-kW-capacity gasifier®?.
After implementing the IoT-based system to the gasifier,
the system performance is evaluated. The evaluation was

performed by calculating the delay and accuracy of
transmitted data. The delay was calculated by measuring
data transmission time, whereas the accuracy was
calculated using the mean absolute error (MAE).

2. Materials and methods

2.1 Biomass gasifier

A downdraft fixed-bed gasifier, which incorporated
improvements from the previous prototype, was the main
focus of this study®. Figure 1 depicts the prototype, and
Figure 2 shows the piping and instrumentation diagram.
The gasifier used risk husk as the feedstock and had an
overall installed capacity of 10 kW with alternating
current motors installed at various positions, serving as
actuators'?). The actuators maintained the temperature of
the reactor in its gasification range. Table 1 shows the
gasification temperature range in the reactor.
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Fig. 2: Piping and instrumentation diagram of a 10-kW
downdraft gasifier system used in the experiment

Table 1. Temperature range of each zone in the gasifier reactor

Reactor Zone Temperature (°C)
Drying zone 100-200
Pyrolysis zone 200-700
Combustion zone 700-1,000
Reduction zone 500-600

2.2 IoT-Based System

The IoT-based system provides data, such as the
operational parameters of the gasifier, for users. Figure 2

(a) shows the workflow of the IoT-based system. The
underlying parameters are temperatures at a reactor and
frequencies of motors. Data are transferred to a Raspberry
Pi through Modbus and wuniversal serial bus
communications. From the workflow of the IoT-based
system, part of the system is an electronic circuit system
(Figure 2 (b))'". Analog signals in the form of frequencies
from motors were converted to digital signals by Arduino
and transmitted to a Raspberry Pi through serial
communication'>'¥,  Modbus communication from
temperature-modulated  heteroduplex  analysis  or
temperature control will be transferred to a Raspberry Pi
through Modbus485 communication and supported by
Modbus Python. The Raspberry Pi power was connected
to an adapter that converts voltage from 220 VAC to 5
VDC. The data on the Raspberry Pi were processed into a
graphical user interface (GUI), which were stored in the
form of comma-separated value (CSV) files, and sent to
Google Firebase with an internet connection. Raspberry
Pi 4 was employed in the proposed system, and the
software was written in Python'#'®, The Android system
performed a synchronization with Google Firebase so that
the data displayed on the Android application are real'”'®,
After the electronic circuit was arranged and effective
software functioning was ensured, the IoT-based system
was placed in a three-dimensional (3D)-printed protective
box. The 3D-printed protective box is shown in Figure 2
(c). The protective box protects the electronic system from
dust and vibration.
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Fig. 3: loT-based system workflow
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Fig. 4: Electronics circuit system and 3D- printed protective
box

The actual results of the [oT-based system are shown in
Figure 3 (a). The system was placed on a programmable
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logic controller (PLC) panel so that cabling could be close
to the main system. By combining the hardware and
software, the IoT-based system could operate properly
according to the objectives!?. The 10T software featured a
GUI, which displays eight parameters: frequencies from
four motors and temperatures from four zones in the
reactor. Subsequently, the parameters from the GUI were
sent to the Android application for data logging and saved
as CSV files. Thus, the data are prepared for further study
of delay and accuracy. In addition, the [oT software had a
GUI and Android application for ease in operation. Figure
3 (b) shows the GUI on a Raspberry Pi written in Python,
and the Android application shown in Figure 3 (c) was
written using the MIT App Inventor!>29.

15:51:42

Blowsr Hisap  Blowss Primer Viteating Grate  Screw Feeder
200 " 120 100
Dryirg Pyralisia Combuston  Aeduction
1030 2100 sno as20

Fig. 5: loT-based system hardware and Software

2.3 Delay and Accuracy Tests

Delay and accuracy tests were performed three times.
Every test was completed by changing the motor
frequency variable by adjusting each potentiometer on the
PLC panel from zero to twenty. The value adjustment was
performed every 10 s for each increment from 1 to 20 Hz.
Then, the values displayed on the PLC panel, GUI, and
Android application were recorded accordingly.

3. Results and discussions

From the results of the delay and accuracy tests, the data
from the first experiment were processed into a graph
(Figure 4). The presented data are frequencies of the
motors at the primary blower, exhaust blower, vibrating
grate, and screw feeder, corresponding to Figure 1 (b). All
experimental data from the first to the third test were then
reprocessed with the mean and MAE (Figure 5).
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Fig. 6: Data of frequencies of motors at a) primary blower,
b) exhaust blower, c¢) vibrating grate, and d) screw feeder

Figure 5 (a) shows the graph of the mean delay values
recorded in the GUI and Android application, labeled IoT.
The connection from the PLC panel to GUI was direct
with a cable, so the delay was short, with a mean value of
0.43 s . Meanwhile, data transmission from the PLC panel
to IoT, encompassing a cloud server as an intermediary,
had a relatively large delay value with a mean of 3.67 s.
Nevertheless, with the mean waiting time generated by
0T, the IoT-based system is feasible to implement in the
gasifier prototype because changes in the motor frequency
values were performed every 3-5 min; hence, a mean
delay of 3.75 s did not have a significant effect. In addition,
compared with a recent study on IoT delay performance?®",
the network protocol, Google Firebase, had a threefold
higher delay time than other network protocols, such as
Message Queuing Telemetry Transport (MQTT) and
Extensible Messaging and Presence Protocol (XMPP)?223),
The advantage of using Google Firebase as a network
protocol is that the IoT device is easily build.

Figure 5 (b) shows the graph of the MAE for each
motor’s connection line. The MAE value is generally due
to noise, which causes data provided by the potentiometer
by Arduino to have a relatively high level of oscillation of
up to 0.15 in the MAE. The difference in the motors did
not yield a significant difference in MAE because each
motor did not vary enormously, namely, 0.15, 0.1, 0.09,
and 0.12 were channeled to IoT without any difference??.
In addition, compared with a recent study on IoT accuracy
performance®, we obtained a better MAE value because
the designed IoT-based system did not use algorithms to
improve accuracy. The recent research can be improved
using the Kalman filter algorithm to reduce MAE.
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Fig. 8: Mean absolute error

4. Conclusion

In this study, an IoT-based system was designed in a 10-
kW-capacity gasifier. The accuracy was calculated using
the MAE, yielding the same value for each connection, i.e.,
0.15, 0.1, 0.09, and 0.12 for screw feeder, vibrating grate,
primary blower, and exhaust blower, respectively. The
IoT-based system delay produces mean values of 0.43 and
3.67 on a GUI and IoT, respectively. Although the delay
in IoT was more profound than in GUI, the level of delay
had no significant influence on IoT performance because
the motor values usually renewed every 3—5 min. The
future design of loT-based systems will improve the delay
and accuracy and be tested in a natural environment in a
rural setting.
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