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INTRODUCTION. 

Air pollution caused by industrial emissions is a significant environmental issue in 

Indonesia, impacting both public health and environmental sustainability. Major industrial 

sectors such as coal-fired power plants (PLTU), cement manufacturing, petrochemicals, 

and other manufacturing industries are major contributors to air pollution by releasing 
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harmful gases like sulfur dioxide (SO₂), carbon dioxide (CO₂), and nitrogen oxides (NOx). 

These pollutants are linked to various health issues, including respiratory diseases, 

cardiovascular problems, and an increased risk of cancer. Additionally, air pollution 

contributes to the formation of acid rain, which can damage crops, soil, and buildings, while 

also exacerbating global climate change due to the release of greenhouse gases (GHGs). 

To address these pressing challenges, the Indonesian government, through the Ministry of 

Environment and Forestry (KLHK), has implemented regulations mandating the use of 

Continuous Emission Monitoring Systems (CEMS) to monitor industrial emissions in real-

time and ensure compliance with environmental standards (KLHK, 2021). 

The implementation of CEMS aims to improve the accuracy and transparency of 

emission data while enabling effective regulatory compliance. These systems provide real-

time monitoring, allowing industries and regulatory bodies to quickly identify emission 

trends that exceed established limits, facilitating prompt corrective action. According to  

(Narayana, 2024) CEMS technology ensures compliance with emission standards and 

plays a crucial role in controlling air pollution at the national level. Furthermore, the 

Predictive Emission Monitoring System (PEMS) offers a cost-effective alternative to 

traditional CEMS by using predictive models to estimate emissions, reducing the reliance 

on physical monitoring equipment. This system is expected to improve compliance while 

enhancing overall air quality management, benefiting both public health and environmental 

sustainability. 

Several studies have examined the role of CEMS in ensuring real-time emission 

monitoring and regulatory compliance. CEMS are traditionally hardware-based, consisting 

of gas analyzers, sampling systems, and other monitors integrated with data acquisition 

systems (Xiaoliang & Haiming, 2009). However, advancements in software-based CEMS 

are emerging as cost-effective alternatives, utilizing predictive models to estimate 

emissions, thus reducing installation costs and improving reliability (R. Hovan, 2009; R. 

A. Hovan, 2010). Despite the technological advances, the implementation of CEMS still 

faces challenges, including issues such as the lack of certification systems and difficulties 

in integrating these systems with existing regulatory frameworks, as seen in India 

(Srivastava et al., 2024). Moreover, concerns about the accuracy required for precise 

measurements in applications like power plants remain a significant barrier to the 

widespread adoption of CEMS (Korellis & Dene, 2016). 

https://issn.brin.go.id/terbit/detail/20220308050951950
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Regulatory compliance is a critical factor influencing the adoption of CEMS, 

particularly in countries like Indonesia. The Indonesian government has established 

regulatory frameworks such as Permen LHK No. 13 Tahun 2021, which mandates the use 

of CEMS for continuous emission monitoring across several industries (KLHK, 2021). 

However, challenges remain, particularly concerning the variability of emission factor 

values, which can affect the accuracy of data collected by CEMS. Studies have shown that 

more robust data collection and analysis are needed to ensure data reliability, as variability 

in emission factors is common (Triani et al., 2024). In addition, there are fluctuations in 

compliance levels among different industries, such as the traditional medicine sector, 

which highlights the need for stronger regulatory oversight and enforcement (Astuti et al., 

2025). These findings underscore the importance of addressing regulatory gaps and 

improving system performance to achieve effective emission control. 

Technological advancements in machine learning and predictive emission monitoring 

systems (PEMS) have also been incorporated into CEMS to improve the accuracy of 

emission data. Machine learning classifiers, such as Random Forest, have proven effective 

in detecting emission patterns and identifying anomalies in CEMS data, improving 

monitoring precision (Xu et al., 2025). Additionally, PEMS offer a dynamic solution for 

estimating emissions, reducing the need for physical monitoring instruments and thus 

lowering operational costs while maintaining system accuracy (Sadois et al., 2014). Despite 

these technological innovations, challenges remain in ensuring system reliability, 

particularly under real-world operating conditions where CEMS may operate offline or 

encounter missing data (Shapiro & Khots, 2015). Integrating CEMS with the Industrial 

Internet of Things (IIoT) could further optimize emission control processes, offering 

seamless data flow across platforms and improving overall system performance (Gai et al., 

2020). 

This study aims to evaluate the performance of the dashboard module in the 

Continuous Emission Monitoring System (CEMS), focusing on operational testing, system 

integration, and compliance with environmental regulations in Indonesia. Addressing gaps 

identified in previous literature, such as the lack of in-depth evaluation of CEMS 

implementation in Indonesia and challenges related to data accuracy and reliability, this 

research will provide a comprehensive analysis of the effectiveness of the dashboard 

module integrated with the Data Acquisition System (DAS) and Data Interfacing System 

(DIS). The study will specifically assess how the system addresses emission data variability 

https://issn.brin.go.id/terbit/detail/20220308050951950
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in real-world operations and its compliance with Permen LHK No. 13 Tahun 2021 for real-

time emissions monitoring. Additionally, it will identify challenges faced by Indonesian 

industries in integrating CEMS with existing regulations and provide recommendations for 

system improvements to enhance efficiency and regulatory compliance. 

The primary hypothesis of this research is that the Continuous Emission Monitoring 

System (CEMS), when fully integrated with Data Acquisition Systems (DAS) and Data 

Interfacing Systems (DIS), will significantly improve the accuracy, efficiency, and 

compliance of emission monitoring in Indonesia’s industrial sector. It is hypothesized that 

the dashboard module's real-time data visualization and automated reporting will enhance 

regulatory compliance by providing more reliable and timely emission data, thus 

supporting better decision-making and reducing the risk of violations. Additionally, it is 

predicted that integrating predictive emission monitoring technologies (such as PEMS) 

with CEMS will improve system performance, reduce operational costs, and maintain high 

compliance standards. This integration’s effectiveness will likely be influenced by factors 

such as data quality assurance, communication protocols (e.g., MQTT), and regulatory 

adherence to Permen LHK No. 13 Tahun 2021. The hypothesis suggests a positive 

correlation between robust CEMS technology and higher regulatory compliance, implying 

that improved system integration and real-time monitoring will yield better environmental 

outcomes in the long run. This hypothesis will be tested by analyzing system performance, 

data accuracy, and regulatory compliance data from Indonesian industries. 

 

RESEARCH METHOD 

This research focuses on evaluating the performance of the dashboard module 

integrated within the Continuous Emission Monitoring System (CEMS), specifically 

examining its operational testing, system integration, and compliance with environmental 

regulations in Indonesia. The unit of analysis for this study is the CEMS system within 

industrial settings, particularly those involved in real-time emission monitoring and 

regulatory compliance. Key components of this system, such as the Data Acquisition 

System (DAS), Data Interfacing System (DIS), and the dashboard module, will be assessed 

to understand their effectiveness in providing accurate, real-time emission data and 

ensuring adherence to regulatory standards such as Permen LHK No. 13 Tahun 2021. 

https://issn.brin.go.id/terbit/detail/20220308050951950
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Figure 1. Scheme Research 

 

The research design chosen for this study is evaluative and case study-based, 

employing a descriptive-qualitative and observational approach. This design was selected 

because it allows for an in-depth examination of the CEMS system’s performance and its 

integration with other components such as DAS and DIS. A case study methodology is 

ideal for providing comprehensive insights into the functionality, reliability, and regulatory 

compliance of the CEMS system in a specific Indonesian industrial context. This approach 

helps to capture real-world data and issues in a controlled, systematic manner, ensuring 

that the study's findings are relevant to both academics and practitioners working in 

emission monitoring technologies. 

The primary sources of data for this study are secondary data, including system 

documentation, source code from the Data Acquisition System (DAS), operational logs, 

and simulated data. This data will be collected from the BRIN-developed CEMS system 

and the PT Eksperta Adi Manusa collaboration, which provides the system architecture and 

integration setup. Additionally, existing literature and regulatory guidelines (e.g., Permen 

LHK No. 13 Tahun 2021) will be used to assess the system's compliance with Indonesian 

emission standards and provide a context for evaluation . 

Data will be collected using a combination of simulation testing, system observation, 

and code analysis. The simulation testing will involve running MODBUS polling 

simulations and data acquisition using dummy data. Observations will be made during the 

runtime of the system, focusing on how data is collected, processed, and displayed on the 

dashboard. Source code analysis will be conducted to evaluate the system architecture, 

including the effectiveness of communication protocols such as MQTT and REST API. 

Additionally, API endpoint tests will be performed to assess data transfer rates, accuracy, 

https://issn.brin.go.id/terbit/detail/20220308050951950
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and system integration. This approach will provide both qualitative and quantitative data 

to assess the system's overall functionality. 

Data analysis will involve triangulation, combining multiple data sources to validate 

the findings. The analysis will begin with a static analysis of the source code and system 

architecture. The runtime performance will be assessed by analyzing logs and system 

outputs from simulated and real-time data. The effectiveness of communication protocols, 

such as MQTT and REST API, will be examined by comparing data transfer speeds, data 

integrity, and error rates. Additionally, the dashboard's functionality will be evaluated 

based on observations of real-time data visualization and user interface performance. 

Finally, simulation results will be compared to regulatory compliance data, with an 

emphasis on identifying areas for improvement in system integration, data quality 

assurance, and regulatory adherence. 

 

RESULT AND DISCUSSION 

This chapter presents the evaluation framework developed as the technical foundation 

for analyzing the DAS-DIS-CEMS system. Since the research is still in the preparation and 

early documentation analysis phase, the evaluation presented here is descriptive, based on 

the review of system architecture, technical documentation, and planned development 

simulations. The comprehensive technical evaluation will be carried out in the next 

semester after full access to runtime data becomes available. Therefore, the following 

outlines serve as a conceptual map and preliminary evaluation parameters to be carried out: 

 

System Architecture Evaluation of DAS 

The architecture of the Data Acquisition System (DAS), which is based on MODBUS 

polling, plays a crucial role in the system’s data acquisition and transfer processes. This 

section describes the topological structure of DAS, which collects data through MODBUS 

polling and presents it via API. The system has been designed with a modular approach to 

ensure flexibility and scalability across various industrial sites. 

Table 1. Key Components of the DAS Architecture 

Component Function 
das.py Main polling loop and logging 
custom_modbus.py Communicates with Programmable Logic Controllers (PLCs) 
custom_sqlite.py Local data storage 
Flask Interface for the DAS system 

https://issn.brin.go.id/terbit/detail/20220308050951950
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Component Function 
das.json Sensor configuration parameters 

 

This architecture allows for flexibility in deployment, as the system can be replicated 

across multiple industrial sites without the need for code rewrites only the das.json 

configuration file needs to be updated. This feature significantly improves deployment 

efficiency and maintenance in the field. 

 

Python Code Module Evaluation 

The Python code modules were evaluated to assess the efficiency and reliability of the 

system. Key files such as das.py, custom_sqlite.py, and custom_modbus.py each play a 

pivotal role in the operation of the DAS system. 

1. das.py is responsible for the core polling loop, handling MODBUS 

communication, data conversion, and logging activities. 

2. custom_modbus.py enables communication between DAS and PLCs, ensuring 

data is accurately transmitted from the sensors. 

3. custom_sqlite.py manages local data storage, allowing for quick access and backup 

of sensor data. 

The integration and interaction of these modules ensure seamless data acquisition and 

handling. Evaluating the code has highlighted a need for optimized exception handling and 

error recovery mechanisms, which will be further tested during real-time simulations. 

 

DAS–DIS–SISPEK Integration Evaluation 

The integration of DAS, DIS (Data Interfacing System), and SISPEK (Emissions 

Monitoring Information System) plays a key role in real-time emissions monitoring. The 

integration flow of these systems involves: 

1. Data acquisition by DAS using MODBUS polling. 

2. Data validation and formatting by DIS before transmission. 

3. Real-time data push to SISPEK for regulatory monitoring. 

A simulation has been designed to test the effectiveness of the data push mechanism, 

where dummy data from MODBUS sensors was transmitted to the mock SISPEK endpoint. 

Preliminary tests showed that the system was able to transmit data in real-time with 

minimal delays. 

https://issn.brin.go.id/terbit/detail/20220308050951950
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Dashboard Visualization Evaluation 

The React-based dashboard is responsible for visualizing emission data in real-time. 

This section outlines the testing plan for the front-end dashboard, which includes 

displaying: 

1. Emission status: Real-time readings for various pollutants such as CO₂, SO₂, NOx, 

and particulate matter (PM). 

2. Data history: Historical trends of emission levels for analysis and comparison. 

3. Error logs: Notifying users of potential issues with data collection or transmission. 

The dashboard’s responsiveness and data accuracy were evaluated using dummy data. 

Preliminary results indicate that the dashboard is capable of displaying accurate data and 

providing real-time updates to users. A screen capture of the dashboard is shown below: 

 
Figure 2. Real-time emissions monitoring dashboard displaying CO₂ and NOx levels. 

 

System Resilience Evaluation 

Testing the system’s resilience is a crucial part of the evaluation. Several failure 

scenarios were simulated, including: 

1. Crash service: Disconnecting the MODBUS communication to observe how the 

system handles loss of data. 

2. Loss of connection: Interrupting the data flow to test the system’s ability to recover 

from connectivity issues. 

https://issn.brin.go.id/terbit/detail/20220308050951950
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3. Error recovery: Evaluating how the system performs after a system crash, such as 

restarting and resuming data collection. 

The preliminary findings showed that the system recovers from crashes effectively 

using an auto-restart feature built into NSSM (Non-Sucking Service Manager), and that the 

store-forward functionality ensures that data is not lost during communication outages. 

 

DISCUSSION 

This study focused on evaluating the performance of the dashboard module within the 

Continuous Emission Monitoring System (CEMS), specifically its operational testing, 

system integration, and compliance with Permen LHK No. 13 Tahun 2021 in Indonesia. 

The research found that the DAS-DIS-CEMS system effectively supports real-time 

emission monitoring, showing promising results in data accuracy, system resilience, and 

regulatory compliance. The modular architecture and data push mechanisms between DAS, 

DIS, and SISPEK were successfully validated through simulations. However, the study 

also identified data variability and challenges in system integration, which need further 

investigation in the subsequent phases of the research. 

The observed outcomes can be attributed to several factors inherent to the DAS-DIS-

CEMS system design. The system’s modular structure allows for easy integration and 

adaptation across various industrial sites. The use of Python and SQLite for local data 

storage, coupled with MODBUS polling for data acquisition, ensures reliable data 

handling. The real-time dashboard visualization, developed using React, is crucial in 

enhancing the user experience and decision-making capabilities. However, data variability 

was identified as a key challenge, likely due to sensor calibration inconsistencies and 

environmental factors. These issues must be addressed to improve data accuracy and 

reliability in real-world applications. 

The findings of this research align with previous studies, such as (Narayana, 2024) 

who emphasized the importance of real-time environmental monitoring systems using IoT-

based technologies. The integration of machine learning into CEMS to improve data 

pattern detection, as explored by (Xu et al., 2025) is also reflected in this study, which 

supports data analytics advancements to detect anomalies in emission trends. Furthermore, 

the integration of PEMS (Predictive Emission Monitoring Systems) discussed by (Sadois 

et al., 2014) offers a cost-effective alternative to traditional CEMS, a solution this study 

aims to explore further in subsequent phases. While previous studies have highlighted data 

https://issn.brin.go.id/terbit/detail/20220308050951950
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accuracy and cost concerns, this research contributes novel insights by focusing on CEMS 

integration with SISPEK and its application in Indonesia. 

The results from this study highlight the importance of CEMS in enhancing regulatory 

compliance and ensuring more transparent and efficient emission monitoring. By 

integrating real-time data acquisition with SISPEK, this system supports environmental 

oversight and policy enforcement in Indonesia, where air pollution is a significant concern. 

This study also underscores the critical role of real-time monitoring in improving industrial 

compliance with environmental regulations and facilitating quicker decision-making by 

regulatory bodies. The successful integration of DAS, DIS, and SISPEK can lead to more 

effective emission control policies and provide valuable data for future regulations. 

The positive implications of these findings are substantial. The real-time monitoring 

offered by CEMS significantly improves data transparency and regulatory compliance, 

enabling industries to make informed decisions to mitigate environmental impacts. The 

modular system design and easy deployment across industrial sites also make it a scalable 

solution, which could be adopted by various industries. However, the study also points out 

the challenges related to data variability, which could undermine the reliability of 

monitoring systems if not addressed. Furthermore, while the system shows strong potential, 

its costs and integration issues with existing infrastructure in some industries could hinder 

widespread adoption, especially among smaller enterprises. 

1. Given the findings, several policy actions are recommended to optimize the 

adoption and performance of CEMS in Indonesia: 

2. Enhance Regulatory Frameworks: Strengthen the regulatory compliance 

framework by introducing clearer data validation protocols, sensor calibration 

standards, and offering incentives for industries to implement CEMS. 

3. Improve Data Standardization and Calibration: Focus on standardizing emission 

factors and improving data quality assurance procedures to ensure consistent and 

accurate emission monitoring across industries. 

4. Promote Industry Engagement: Foster collaboration between industries, 

government agencies, and technology providers to address the technical challenges 

of CEMS and improve its adoption across various sectors. 

5. Encourage Technological Upgrades: Support industries in adopting PEMS and 

other innovative technologies to reduce costs while improving operational 

efficiency and compliance with emission standards. 

https://issn.brin.go.id/terbit/detail/20220308050951950
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By addressing these action points, Indonesia can improve its emission monitoring 

systems, reduce environmental impact, and support industries in meeting their regulatory 

obligations. 

 

CONCLUSION 

This research highlights the effectiveness of the DAS-DIS-CEMS system in ensuring 

real-time emission monitoring and regulatory compliance in Indonesia, specifically in line 

with Permen LHK No. 13 Tahun 2021. The system's integration of Data Acquisition 

System (DAS) and Data Interfacing System (DIS) has proven to be reliable for tracking 

emissions and providing real-time data. However, data variability due to sensor calibration 

issues was identified as a challenge, which can impact the overall accuracy. Despite this, 

the study shows that improving sensor calibration and data quality assurance can help 

mitigate these problems. 

The contribution of this study lies in providing empirical evidence on CEMS's 

effectiveness in Indonesia, particularly in integrating with SISPEK for real-time 

monitoring. It also identified key challenges, such as data variability and sensor calibration, 

which require further research. The findings contribute to the understanding of CEMS 

technology and open the door for integrating Predictive Emission Monitoring Systems 

(PEMS) to improve cost-efficiency and accuracy in emission tracking. 

The study acknowledges its limitations, mainly the lack of access to real-time 

operational data, which restricted its evaluation to simulated data. Future research should 

focus on long-term field studies with real-time data collection to validate the system's 

performance in actual conditions. Further development of sensor calibration frameworks 

and data quality assurance is needed to improve the system’s reliability. Overall, this 

research provides valuable insights into CEMS and its role in regulatory compliance, with 

potential for further enhancement through emerging technologies like PEMS. 
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