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Abstract

The increasing focus on environmental sustainability has necessitated the
implementation of advanced technologies for monitoring exhaust gas
emissions in maritime operations. This study presents the development
and application of an loT-based Programmable Logic Controller (PLC)
system for monitoring CO; and SO, emissions on tanker ships. The
proposed system integrates sensors, a PLC, and wireless communication
modules to continuously measure and report emission levels. The sensors
detect concentrations of CO2 and SO2 in the exhaust gases, transmitting
real-time data to the PLC. The PLC processes this data, which is then
relayed via 10T networks to a centralized monitoring station. This setup
allows for timely detection of emission levels exceeding regulatory limits,
facilitating prompt corrective actions. Field trials conducted on several
tanker ships demonstrated the system's reliability and accuracy in harsh
maritime environments. The implementation of this loT-based monitoring
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solution not only ensures compliance with international maritime

emission standards but also enhances the operational efficiency of the
vessels by providing actionable insights into engine performance and fuel
consumption. The study concludes that the integration of loT and PLC
technologies offers a robust, scalable, and cost-effective approach to
environmental monitoring in the maritime industry, promoting
sustainable shipping practices.

This is an open access article under the CC BY-NC license

1. Introduction

The shipping industry is one of the main sectors that influences greenhouse gas emissions globally [1]. In this
context, CO; (carbon dioxide), [2] and SO (sulfur dioxide) exhaust emissions from tankers are an important
concern because of their impact on the marine and air environment [3]. These gas emissions can contribute to
global climate change and air pollution which endangers human health and ecosystems [4]. Therefore, monitoring
and controlling exhaust gas emissions on tankers is crucial in efforts to maintain environmental sustainability and
comply with international regulations related to environmental protection [5].

In recent years, the use of Internet of Things (10T) technology has grown rapidly in various industrial sectors
[6], including shipping [7]. The combination of loT with a PLC (Programmable Logic Controller) controller opens
up new opportunities in monitoring and controlling exhaust emissions on tankers [8]. PLC controllers can
efficiently integrate monitoring systems and provide fast responses to data obtained from sensors installed on ships
[9]. By utilizing Internet connectivity, the collected data can be accessed in real-time remotely [10], enabling
engineers and ship operators to carry out analysis and corrective action more quickly and effectively [11].

Although there have been previous efforts to reduce exhaust emissions on ships, further research is still needed
to improve the efficiency and effectiveness of monitoring and control systems [12]. There are technical challenges
in integrating an loT-based PLC controller system with existing ship infrastructure and ensuring its operational
reliability and safety in harsh maritime environments [13]. In addition, regulatory aspects and compliance with
environmental standards also need to be considered in the development of these new solutions [14]. Therefore,
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this research aims to investigate the potential for using loT-based PLC controllers in monitoring and controlling
CO; and SO, exhaust emissions on tankers, taking into account relevant technical [15], environmental [16], and
regulatory aspects [17]. It is hoped that the results of this research can make a significant contribution to efforts to
maintain environmental sustainability and develop environmentally friendly technology in the shipping industry.

2. Method

This research adopts an experimental approach to investigate the use of loT-based PLC controllers in
monitoring and controlling CO, and SO, exhaust emissions on tankers. First of all, planning and technical
preparations are carried out for field testing. Figure 1 shows the block diagram of the system being built. The
system developed consists of three main parts, namely a PLC-based machine condition monitoring system, a
Raspberry Pi-based data recording system, and a warning system. This involves selecting the tanker that will be
used as the research object, as well as identifying and installing the gas sensors needed to measure CO; and SO;
emissions [18]. The sensors will be connected to the PLC controller system via a wired or wireless connection,
depending on the configuration chosen. In addition, the 10T network infrastructure will also be prepared to enable
real-time data collection and sending information to a centralized monitoring platform.
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Figure 1. Block diagram of the system being built

Next, field testing was carried out to evaluate the performance of the system in monitoring and controlling
exhaust gas emissions on tankers. Testing will be carried out under a variety of operational conditions
representative of real situations at sea, including varying speeds and engine loads. Data collected during testing
will be analyzed quantitatively to evaluate the level of accuracy and reliability of the system in detecting and
measuring CO, and SO, emissions [19]. In addition, the system's response to changes in operational conditions
and the effectiveness of control over gas emissions will be evaluated to determine the effectiveness of the proposed
solution [20]. Test results will be used to evaluate system performance and identify potential improvements or
improvements that can be made for further development.

3. Result and Discussion

Field testing of the CO, and SO exhaust emissions monitoring system on tankers with an loT-based PLC
controller produced very valuable data for further analysis. The measurement results show that the system
developed is capable of detecting and measuring CO, and SO, emission concentrations accurately in various ship
operational conditions. Data obtained from the gas sensor shows variations in emissions based on engine speed
and load. At low speeds and light loads, CO; and SO, emissions are relatively low, but increase significantly as
engine speed and load increase. This pattern is consistent with theoretical predictions of exhaust emissions, which
increase with increasing fuel consumption and engine activity.
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Figure 2. Internal components of a switch cabinet installed on a container ship

The effectiveness of the control system in reducing gas emissions was also tested extensively. The loT-based
PLC controller implemented in this system exhibits high adaptive capabilities, responding to gas emission data in
real time to optimize engine and exhaust system operations as seen in Figure 2. Through a specially designed
control algorithm, the system can adjust engine operating parameters to reduce gas emissions [21]. In this test, the
system succeeded in reducing CO, and SO, emissions by up to 20-30% under certain operational conditions
compared to conditions without a controller [22]. This shows that the integration of a PLC controller with 10T not
only improves monitoring but also effectiveness in controlling exhaust emissions.

In addition to technical effectiveness, practical aspects of the implementation of this system are also analyzed.
One of the main challenges faced is the integration of gas sensors and PLC controllers with existing ship
infrastructure. Gas sensors must be placed in strategic locations to obtain accurate data without disrupting ship
operations [23]. Additionally, 10T connectivity must be stable to ensure data can be transmitted and analyzed in
real time [24]. Testing shows that with proper planning and placement, these challenges can be overcome, although
they require adjustments to some components of the ship's infrastructure as seen in Fig. 3. The system's reliability
in various maritime environmental conditions was also tested, showing that it can withstand harsh conditions such
as high humidity, vibration, and extreme temperatures.

Location of the installed
SO, sensor in the funnel

Figure 3. Container ship with approximate location of installed SO2 sensors
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From an environmental and regulatory perspective, the results of this research are very relevant. The developed
monitoring and control system meets emission standards set by various international maritime regulatory bodies,
such as the International Maritime Organization (IMO). By reducing CO and SO, emissions, this system not only
helps shipping companies comply with environmental regulations but also contributes to global efforts to reduce
air pollution and the impact of climate change. In addition, the application of this technology can provide economic
incentives for shipping companies through fuel savings and the potential to reduce long-term operational costs
[25]. Overall, this research proves that loT-based PLC controllers are an effective and efficient solution for
monitoring and controlling exhaust emissions on tankers, paving the way for further innovation in sustainable
maritime technology.

4. Conclusion

In summary, this research has proven that the CO, and SO, exhaust emissions monitoring system on tankers
using an loT-based PLC controller is an effective and efficient solution. This system successfully detects and
measures gas emission concentrations with high accuracy in various ship operational conditions, and shows
significant adaptive capabilities through real-time control to reduce gas emissions. Test results show a reduction
in CO2 and SO, emissions of up to 20-30%, which not only helps shipping companies comply with international
environmental regulations, but also contributes to global efforts to reduce air pollution and the impact of climate
change. Technical challenges, such as sensor integration and ship infrastructure, as well as system reliability in
harsh maritime conditions, can be overcome with proper planning and adjustments. In addition to providing
environmental benefits, these systems also offer the potential for economic savings through reduced fuel
consumption and long-term operational costs. Overall, this research paves the way for further developments in
sustainable maritime technology, supporting the shipping industry to become more environmentally friendly and
efficient.
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