
Abdimas Vol 29, No. 2 (2025): December 2025 

276 

ABDIMAS 
Jurnal Pengabdian kepada Masyarakat  

https://journal.unnes.ac.id/journals/abdimas/ 

Application of Smoke Washer Device in Waste Incineration 
Machine to Reduce Exhaust Gas Emissions at Jatibarang 

Landfill Semarang 
 

Eko Supraptono*, Galang Wahid Kurniawan, Yeri Sutopo, M. Khumaedi, Mohamad 
Irfan, Sonhaji, Ardhana Luthfi Hidayattullah, Tukiman 

Universitas Negeri Semarang, Indonesia 
 

*Corresponding Author: ekosupraptono@mail.unnes.ac.id 
 

Abstract 
Waste management at the Jatibarang Landfill, Semarang, faces challenges due to incinerator exhaust gas 
emissions, potentially decreasing air quality, and posing health risks to surrounding communities. This 
community service program implemented a smoke washer (wet scrubber) adapted to the conditions of a simple 
incinerator. The activities included designing and fabricating the device, integrating electrical and control 
systems, providing operational training for partners (CV Dewa Nata Persada and Jatibarang Landfill), and 
conducting field testing of exhaust gas quality. The tested parameters consisted of particulate matter (PM), 
carbon monoxide (CO), and sulfur dioxide (SO₂), which were compared with the quality standards of the 
Ministry of Environment and Forestry Regulation No. P.70 of 2016. The measurement results indicated that 
all parameters were below the threshold limits, with pollutant concentrations decreasing from the initial 
operation to the following hours, signifying more stable performance of the device under steady-state operating 
conditions. These findings demonstrate the importance of the community service program in enhancing 
partners’ awareness and capacity in environmentally friendly waste management, underscoring the project's 
significant impact. 
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INTRODUCTION 

 

Waste management in urban areas remains a significant challenge, including in Semarang. The 
Environmental Agency reports that the Jatibarang Landfill receives a large volume of waste daily, 
which is difficult to decompose naturally. Incinerators are one of the methods used to reduce this waste 
volume. Although this combustion method is effective in decreasing the quantity of waste, at the same 
time, incinerators generate exhaust gas emissions. Thick black smoke from the chimney reduces air 
quality and potentially causes health problems for workers and the surrounding community [1]. 

Emission control is therefore necessary to ensure that incinerators do not result in air pollution 

as a secondary impact of waste processing. One of the technologies that can be applied is the wet 
scrubber or smoke washer. This system directly contacts exhaust gases with a liquid medium [2,3]. The 
process lowers the gas temperature while simultaneously capturing dust and harmful compounds, 
making the emissions released into the atmosphere cleaner [4]. Although this technology has been 
widely applied in industrial-scale operations, its application in simple landfill incinerators is still 
limited [5]. This condition highlights the gap between the need for emission control and the facilities 
available in the field [6,7]. 

To address the gap in emission control technology, this comprehensive community service 

program focused on applying a smoke washer machine adapted to the conditions of the incinerator at 
the Jatibarang Landfill, Semarang. The program's activities covered every aspect, from equipment 
installation and operational training to partner assistance and emission testing. This thorough 
approach ensured that the combustion results consistently met quality standards. By adopting this 
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comprehensive approach, the program reduced air pollution and significantly enhanced partners' 
capacity in more environmentally friendly waste management. 

 
METHOD 
 
Design and Fabrication of the Machine 

The initial stage of the program was to design a smoke washer (wet scrubber) to be installed in 
the exhaust channel of the waste incinerator. The design was prepared considering the field's 
combustion capacity, chimney dimensions, and operational conditions. [8]. The main components 
designed included the scrubbing chamber with a gas–liquid contact area, water distribution system, 
connecting pipes, and an exhaust fan to maintain a stable smoke flow [9]. 

The fabrication was carried out at the Mechanical Engineering Laboratory, Faculty of 
Engineering, UNNES, through several stages, including material cutting, frame and chamber welding, 
pipe system assembly, and initial flow testing. The assembled unit was then adjusted on site to ensure 

direct integration with the incinerator [10]. With this construction, the combustion smoke was directed 
into the scrubbing chamber before being released into the atmosphere [11]. 
 
Integration of Electrical and Control Systems  

In addition to the mechanical construction, the machine was equipped with a simple electrical 
system to support its operation. A control panel was developed to regulate the power supply to the 
water circulation pump and exhaust fan. The panel was equipped with a main switch, safety fuses, and 
operational indicator lights to allow users to monitor the system status visually. 

To enhance safety and user friendliness, a temperature sensor and fan current meter were added 
as early warning indicators in case of malfunction [12]. Although the control system remains basic, it is 
sufficient to ensure safer and more efficient machine operation [13]. With mechanical and electrical 

integration, the smoke washer functions not only as a passive device but also as a unit that can be 
monitored and adjusted according to field needs [14]. 
 
Introduction of the Machine to Partners  

The smoke washer was then introduced to the partners through socialisation activities. At this 
stage, the service team explained the machine’s working principle, standard operating procedures 
(SOP), and routine maintenance procedures to ensure optimal performance [15,16]. Simulations were 
also conducted using the control panel, water circulation pump operation, and exhaust fan inspection 
to ensure that partners understood each integrated component [17]. 

To assess the feasibility and effectiveness of the device, performance evaluations were carried 
out through direct testing while the machine operated together with the incinerator. The service team 

provided intensive mentoring and monitored the activity per the planned schedule [17]. This monitoring 
served as a control mechanism, allowing any technical issues to be addressed immediately. 

Evaluations were conducted at every activity stage, including socialization, operational training, 
and field testing. The evaluation design covered the scheduling, performance indicators, and 
benchmarks for goal achievement. This approach ensured that the program's success could be 
measured clearly and provided a basis for continuous improvement [18]. 

 

 
Figure 1. Smoke Washer Machine 
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Smoke Quality Analysis 

Smoke quality testing is carried out to ensure that the exhaust emissions from the incinerator 
equipped with a wet scrubber are within safe limits per applicable regulations. The parameters tested 
focus on the main components that are often indicators of air pollution, namely particulate matter 
(PM), carbon monoxide (CO), and sulfur dioxide (SO₂). These three parameters were selected because 
they have the potential to significantly impact both human health and the surrounding environmental 

quality [19]. 

In line with the objectives of the activity, the smoke quality testing was conducted through four 
stages: (1) socialization with partners regarding the purpose and procedures of testing, (2) enhancing 
partner competency through simple technical training, (3) conducting field emission testing, and (4) 
evaluating measurement results by comparing actual data against the emission standards for 
incinerators. 
 
Particulate Matter (PM) Testing 

The particulate concentration analysis was carried out using the gravimetric method, as it is 
considered the most representative and straightforward for field testing. The process includes: 

1. Sample Preparation 
Incinerator exhaust gas is passed through a pre-weighed glass fibre filter. This filter captures 

dust, fly ash, and fine particles in combustion smoke. 
2. Measurement 

After sampling, the filter is dried under controlled conditions and reweighed. The difference in 
filter mass before and after use indicates the amount of particulates captured. This value is then 

calculated into a concentration (mg/Nm³) by considering the volume of gas that passed through the 
filter [20]. 

3. Data Analysis  
The particulate concentration data are directly compared with the threshold values stipulated in 

the Ministry of Environment and Forestry Regulation No. P.70 of 2016. If the measurement results are 
lower than the standard limit, the particulate emissions are considered to comply with environmental 
requirements. 
 
Carbon Monoxide (CO) Testing 

Carbon monoxide is an essential indicator of combustion quality. The testing was carried out 
through the following steps: 

1. Sample Preparation 
Samples were taken directly from the incinerator stack at the outlet point after the gas had 

passed through the wet scrubber. 
2. Measurement 

The CO concentration was measured using a portable gas analyser that reads gas levels in ppm 
in real time. The device also records supporting parameters such as oxygen (O₂) concentration and gas 
temperature, which can be used to assess combustion efficiency [21]. 

3. Data Analysis 
The measurement results were compared with the emission standards for CO. If the values 

obtained were below the threshold limit, the exhaust gas quality was considered compliant and safe 

for release into the atmosphere. 
 
Sulfur Dioxide (SO₂) Testing 

SO₂ was selected as a test parameter because waste materials often contain sulfur compounds, 
which, when burned, can release harmful acidic gases. The testing procedure is as follows: 

1. Sample Preparation 
Exhaust gas is directed through the wet scrubber system, where absorption occurs via physical 

and chemical interactions with the scrubbing liquid. 
2. Measurement 

The SO₂ concentration is measured using a portable gas analyzer that detects gas levels in real 
time, expressed in either ppm or mg/Nm³ [22]. 

3. Data Analysis 
The measured SO₂ concentration is compared with the threshold emission standard. If the 

concentration is lower than the limit, it can be concluded that the incinerator emissions are safe from 
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the potential hazards of acidic gases. 

All measurement results are compiled in a table containing the actual values of each parameter 
compared with the standard limits. The evaluation is conducted using a descriptive approach, in which 
the effectiveness of the wet scrubber is assessed based on its ability to reduce pollutant levels to below 

regulatory thresholds [23]. If all parameters meet the requirements, the system is declared effective as 
an air pollution control measure for the incinerator. 
 
RESULTS AND DISCUSSION  
 
Exhaust Gas Emission Test Results 

Exhaust gas emission testing of the incinerator equipped with a wet scrubber was conducted 
under two operating conditions: Sample A (after 1 hour of incinerator operation) and Sample B (after 
4 hours of incinerator operation). The parameters tested included particulate matter concentration, 
carbon monoxide (CO), and sulfur dioxide (SO₂). 
 

Table 1. Results of Exhaust Gas Emission Testing of the Incinerator with Wet Scrubber 
No Parameter Sample A (1 hour) Sample B (4 hours) Unit 
1 Particulate Matter 65 58 mg/Nm³ 
2 Carbon Monoxide (CO) 85 70 ppm 
3 Sulfur Dioxide (SO₂) 72 60 mg/Nm³ 

 
The measurement results are compared with the national emission standards as a reference. The 

incinerator emission standards are regulated under the Minister of Environment and Forestry of the 
Republic of Indonesia No. P.70/MenLHK/Setjen/Kum.1/8/2016 concerning Emission Standards for 
Hazardous Waste Management Activities[24]. 
 

Table 2. Emission Standards for Incinerators (Regulation of the Minister of Environment and Forestry No. P.70 of 2016) 
No Parameter Maximum Permissible Limit Satuan 
1 Particulate Matter ≤ 150 mg/Nm³ 
2 Carbon Monoxide (CO) ≤ 100 ppm 
3 Sulfur Dioxide (SO₂) ≤ 100 mg/Nm³ 

 
The results presented in Table 1 indicate that the concentration of particulate matter in Sample 

A was 65 mg/Nm³, which decreased to 58 mg/Nm³ in Sample B. These values remain well below the 
150 mg/Nm³ emission limit, as listed in Table 2. The declining trend in particulate concentration 

during operation suggests that the gas scrubber system performs more effectively once the incinerator 
reaches stable combustion conditions. This observation is consistent with the findings of [25], who 
reported that longer operating durations enhance scrubber efficiency, with extended gas-liquid contact 
time reducing particulate matter by up to 70%. 

For carbon monoxide (CO), the concentration measured in Sample A was 85 ppm, which 
declined to 70 ppm in Sample B. Both values are still below the regulatory limit of 100 ppm. This 
reduction can be attributed to stabilizing combustion chamber temperature after several hours of 
operation, which promotes more complete oxidation of CO to CO₂. Barroso et al. (2020) Likewise, it 

is noted that maintaining stable combustion temperatures plays a key role in lowering CO emissions 
by as much as 30%. Furthermore, modern wet scrubbers may facilitate additional CO oxidation 
through reactions with hydroxyl radicals (OH) generated in the scrubbing liquid, as highlighted by 
Wang & Liu (2019) In their study on Fenton-like wet scrubbing systems. 

Similarly, SO₂ concentrations decreased from 72 mg/Nm³ in Sample A to 60 mg/Nm³ in Sample 
B, remaining below the 100 mg/Nm³ threshold. This decline demonstrates the capacity of wet 
scrubbers to capture acidic gases effectively. The result is in line with Zhao et al. (2021), who explained 
that SO₂ absorption in spray scrubbers occurs via both physical and chemical processes, following the 

two-film theory and providing reliable predictions of removal efficiency. (Chin et al.,(2022) Further 
emphasised that SO₂ absorption efficiency is influenced by pH, ion concentration, and the oxidation 
potential of the scrubbing solution, with sodium chlorite (NaClO₂) identified as particularly effective 
in binding acidic gases. 

The test results confirm that all three parameters (particulate matter, CO, and SO₂) comply with 
national emission standards. The consistent reduction in pollutant levels from Sample A to Sample B 
also indicates that system performance becomes more stable after extended operation of the 
incinerator. This finding agrees with Chin et al. (2022) and Huang et al. (2024), who observed that the 
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effectiveness of wet scrubbers tends to improve once steady-state operating conditions are reached. 
Therefore, applying a damp scrubbing system in incinerators has been proven to effectively reduce 
exhaust gas emissions in compliance with regulatory requirements, while significantly mitigating air 
pollution in landfill areas. 
 
CONCLUSION 
 

The community service program, which focused on applying a wet scrubber system in the 
incinerator at Jatibarang Landfill, Semarang, demonstrated effective outcomes. Emission test results 
showed that the concentrations of particulate matter, carbon monoxide (CO), and sulfur dioxide (SO₂) 

after the installation of the wet scrubber remained below the emission standards stipulated in the 
Ministry of Environment and Forestry Regulation No. P.70 of 2016. The reduction in pollutant levels 
from Sample A (1 hour of operation) to Sample B (4 hours of operation) further indicated that the 
system performs more efficiently once the incinerator reaches stable operating conditions. Thus, the 
implementation of this technology not only mitigates air pollution around the landfill area but also 
enhances partners’ awareness of the importance of environmentally friendly waste management 
practices. 
 
ACKNOWLEDGMENT 
 

The community service implementation team from Universitas Negeri Semarang (UNNES) 
would like to express sincere gratitude to the Ministry of Education, Culture, Research, and Technology 
of the Republic of Indonesia, through the Institute for Research and Community Service (LPPM) 

Universitas Negeri Semarang, for the funding support provided under Contract No. DPA 
139.032.693449/2025.01 and Assignment Agreement No. 654.14.3/UN37/PPK.11/2025 dated March 
14, 2025. 

Special appreciation is also extended to our partners, CV Dewa Nata Persada, for their assistance 
in developing the wet scrubber technology. Jatibarang Landfill Semarang, as the implementation site 
and beneficiary partner. Their collaboration was essential for the success of the installation, training, 
and field testing, ensuring the program achieved its objectives. 
 
REFERENCES 
 
Reeks, M. W. (2023). On the emission of ultrafine particles from municipal solid waste (MSW) 

incinerators. Oberdorster 2001, 1–15. http://arxiv.org/abs/2305.13029 
Mussatti, D., & Hemmer, P. (2002). Chapter 2 Wet Scrubbers for Particulate Matter. Section 6 

Particulate Matter Controls, 1–63. 
Chidichimo, F., De Biase, M., & Straface, S. (2020). Groundwater pollution assessment in landfill 

areas: Is it only about the leachate? Waste Management, 102, 655–666. 
https://doi.org/10.1016/J.WASMAN.2019.11.038 

Dal Pozzo, A., & Cozzani, V. (2021). Wastewater management of wet scrubbers in waste-to-energy 
facilities: A life cycle analysis. Chemical Engineering Transactions, 86(April), 619–624. 
https://doi.org/10.3303/CET2186104 

Avveduto, A., Salisburgo, C. D., Pace, L., Curci, G., Monaco, A., De Giovanni, M., Giammaria, F., 
Spanto, G., & Tripodi, P. (2015). Analysis of a wet scrubber network in the air remediation of 
industrial workplaces: benefit for the city air quality. May. 
https://arxiv.org/ftp/arxiv/papers/1505/1505.05085.pdf 

Sharif, H. M. A., Mahmood, N., Wang, S., Hussain, I., Hou, Y.-N., Yang, L.-H., Zhao, X., & Yang, B. 
(2021). Recent advances in hybrid wet scrubbing techniques for NOx and SO2 removal: State of 
the art and future research. Chemosphere, 273, 129695. 
https://doi.org/https://doi.org/10.1016/j.chemosphere.2021.129695 

Mukherjee, S., Siddiqi, H., Maiti, P., Parmar, P., & Meikap, B. C. (2024). A comprehensive analysis 
of removal of hazardous dust particulates from chemical and process industries off gases by 
advanced wet scrubbing techniques – A review. Journal of Loss Prevention in the Process 
Industries, 91, 105406. https://doi.org/https://doi.org/10.1016/j.jlp.2024.105406 

Hoyos, A., Joubert, A., Bouhanguel, A., Henry, M., Durécu, S., & Le Coq, L. (2024). Multi-approach 
Design Methodology of a Downscaled Wet Scrubber to Study the Collection of Submicronic 
Particles from Waste Incineration Flue Gas. Processes, 12(8). 
https://doi.org/10.3390/pr12081655 



Abdimas Vol 29, No. 2 (2025): December 2025 

281 

Monroe Environmental. (2021). Multi-Stage Scrubbing System for Incinerator Exhaust at an 
Industrial Waste Processing Plant. 14001. https://www.monroeenvironmental.com/air-case-
study-wet-scrubbing-system-industrial-waste/ 

Liu, Y., Zhang, M., Wen, S., Li, J., Chen, Y., Wei, J., Li, H., Liu, J., & Cai, J. (2025). Prediction of 
dioxins emissions from modern WtE plants with machine learning: in view of incinerators' 
capacities, operation, and age. Process Safety and Environmental Protection, 200, 107353. 
https://doi.org/10.1016/J.PSEP.2025.107353 

Lee, B.-K., Mohan, B. R., Byeon, S.-H., Lim, K.-S., & Hong, E.-P. (2013). Evaluating the performance 
of a turbulent wet scrubber for scrubbing particulate matter. Journal of the Air \& Waste 
Management Association, 63(5), 499–506. https://doi.org/10.1080/10962247.2012.738626 

Baimukashev, D., Rakhim, B., Rubagotti, M., & Varol, H. A. (2022). End-to-End Deep Fault-Tolerant 
Control. IEEE/ASME Transactions on Mechatronics, 27(4), 2224–2234. 
https://doi.org/10.1109/TMECH.2021.3100150 

Wafi, M. K., & Indriawati, K. (2022). Fault-Tolerant Control Design in Scrubber Plant with Fault on 
Sensor Sensitivity. SSRN Electronic Journal, 1. https://doi.org/10.2139/ssrn.4053241 

Hu, S., Gao, Y., Feng, G., Hu, F., Liu, C., & Li, J. (2021). Experimental study of the dust-removal 
performance of a wet scrubber. International Journal of Coal Science and Technology, 8(2), 228–
239. https://doi.org/10.1007/s40789-021-00410-y 

O’Dwyer, M., Filieri, R., & O’Malley, L. (2023). Establishing successful university–industry 
collaborations: barriers and enablers deconstructed. Journal of Technology Transfer, 48(3), 900–
931. https://doi.org/10.1007/s10961-022-09932-2 

Mustapha, N., & Ralphs, G. (2022). Effectiveness of technology transfer in public research 
institutions in South Africa: A critical review of national indicators and implications for future 
measurement. African Journal of Science, Technology, Innovation and Development, 14(4), 863–
875. https://doi.org/10.1080/20421338.2021.1893467 

Souza-Alonso, P., Omil, B., Sotelino, A., García-Romero, D., Otero-Urtaza, E., Lorenzo Moledo, M., 
Reyes, O., Rodríguez, J. C., Madrigal, J., Moya, D., Molina, J. R., Rodriguez y Silva, F., & Merino, 
A. (2024). Service-learning to improve training, knowledge transfer, and awareness in forest fire 
management. Fire Ecology, 20(1). https://doi.org/10.1186/s42408-023-00226-y 

Burke, M. K., Pugh, R., Soetanto, D., Owusu-Kwarteng, A., & Jack, S. L. (2024). The engaged 
university delivering social innovation. Journal of Technology Transfer, 49(6), 2056–2079. 
https://doi.org/10.1007/s10961-024-10091-9 

Shunda lin, Jiang, X., Zhao, Y., & Yan, J. (2022). Disposal technology and new progress for dioxins 
and heavy metals in fly ash from municipal solid waste incineration: A critical review. 
Environmental Pollution, 311, 119878. 
https://doi.org/https://doi.org/10.1016/j.envpol.2022.119878 

Bescond, A., Oster, C., Fisicaro, P., Goddard, S., Quincey, P., Tsakanika, L. A., Lymperopoulou, T., & 
Ochsenkuehn-Petropoulou, M. (2021). Method for preparation of a candidate reference material 
of PM10 and PM2.5 airborne particulate filters loaded with incineration ash-inter comparison 
results for metal concentrations. Atmosphere, 12(1), 1–19. 
https://doi.org/10.3390/atmos12010067 

Kuo, Y. M., Wu, J. L., & Lin, S. L. (2020). Using a state-of-the-art air pollution control system to 
lower pollutant emissions. Aerosol and Air Quality Research, 20(5), 1145–1154. 
https://doi.org/10.4209/aaqr.2020.02.0082 

Huang, J., Fu, W., Niu, S., & Zhao, X. (2023). Reduction of Nonworking Armature Harmonics in 
Vernier Permanent Magnet Machines. IEEE Journal of Emerging and Selected Topics in Power 
Electronics, 11(6), 6042–6053. https://doi.org/10.1109/JESTPE.2023.3315560 

Mukherjee, S., Siddiqi, H., Maiti, P., Parmar, P., & Meikap, B. C. (2024). A comprehensive analysis 
of removal of hazardous dust particulates from chemical and process industries off gases by 
advanced wet scrubbing techniques – A review. Journal of Loss Prevention in the Process 
Industries, 91(August), 105406. https://doi.org/10.1016/j.jlp.2024.105406 

Darbandi, T., Risberg, M., & Westerlund, L. (2024). Effect of operation conditions on particulate 
matter removal by a packed-bed wet scrubber for a small-scale biofuel boiler. Thermal Science 
and Engineering Progress, 47, 102290. 
https://doi.org/https://doi.org/10.1016/j.tsep.2023.102290 

Barroso, G., Nussbaumer, T., Ulrich, M., Reiterer, T., & Feldmeier, S. (2020). Scale-up methodology 
for automatic biomass furnaces. Journal of the Energy Institute, 93(2), 591–604. 
https://doi.org/https://doi.org/10.1016/j.joei.2019.06.006 

Wang, Y., & Liu, Y. (2019). Oxidation Removal of CO from Flue Gas Using Two Fenton-like Wet 
Scrubbing Systems. Energy & Fuels, 33(4), 2961–2966. 
https://doi.org/10.1021/acs.energyfuels.8b04386 



Abdimas Vol 29, No. 2 (2025): December 2025 

282 

Zhao, M., Xue, P., Liu, J., Liao, J., & Guo, J. (2021). A review of removing SO2 and NOX by wet 
scrubbing. Sustainable Energy Technologies and Assessments, 47, 101451. 
https://doi.org/10.1016/J.SETA.2021.101451 

Chin, T., Tam, I. C. K., & Yin, C. (2022). Disposal technology and new progress for dioxins and heavy 
metals in fly ash from municipal solid waste incineration: A critical review. Environmental 
Pollution, 311, 119878. https://doi.org/https://doi.org/10.1016/j.envpol.2022.119878. 

Huang, J., Zeng, Z., Hong, F., Yang, Q., Wu, F., & Peng, S. (2024). Sustainable Operation Strategy for 
Wet Flue Gas Desulfurization at a Coal-Fired Power Plant via an Improved Many-Objective 
Optimization. Sustainability (Switzerland), 16(19). https://doi.org/10.3390/su16198521 

KLHK. (2016). Peraturan Menteri Lingkungan Hidup Dan Kehutanan Republik Indonesia Nomor 70 
Tahun 2016 tentang Baku Mutu Emisi Usaha / Kegiatan Pengolahan Sampah Secara Termal. 
https://peraturan.go.id/ (accessed 16 Agustus 2025) 

 

https://doi.org/10.3390/su16198521
https://peraturan.go.id/

