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ABSTRACT 

Domestic organic waste has been becoming a constant issue in modern society. Waste management is a problem faced 

by almost all countries in the world. While untreated organic waste potentially creates environmental, health, and social 

issues, limited research has addressed organic waste treatment at the community scale. The paper aims to propose an 

Internet of Things (IoT) - based domestic organic waste treatment by enabling more innovative and more effective waste 

management processes. This paper considers previous literature and theories to design the sensors and actuators 

installation in waste management systems for real-time monitoring and tracking of waste generation, transportation, and 

treatment processes. The collected data informs the subsequent waste treatment processes for enhancing operational 

efficacy and reducing time consumption. This paper contributes to the body of knowledge by proposing an Internet of 

Thing adoption for a community-wide organic waste management system. IoT in the mechanism is expected to speed 

up the composting process and allow users to monitor the process remotely. 
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1. INTRODUCTION 

Domestic organic waste has become a constant issue 

in modern society [1]. Almost every nation faces a waste 

management problem related to environmental pollution 

[2, 3]. Since untreated organic waste potentially create 

environmental pollution by releasing harmful greenhouse 

gases like methane and carbon dioxide, which contribute 

to global warming and climate change. The dangers to 

public health are an additional concern [4, 5]. Organic 

waste can attract disease-spreading insects and rodents 

such as flies, mosquitoes, and flies as well as emit foul 

odours, which can be a nuisance to nearby residents [6, 

7]. Organic waste makes up a significant portion of the 

waste generated by households. When this waste is sent 

to landfills, it can fill them up quickly, leaving less space 

for other types of waste [8]. While untreated organic 

waste is detrimental to the society, the potential benefit 

of the waste as a source of energy [9, 10], has not been 

addressed appropriately. Few, if any, research reports the 

organic waste treatment at the community scale.  

Internet of Things (IoT) has the potential to transform 

small and medium-scale organic waste treatment by 

enabling smarter and more effective waste management 

processes [11, 12]. With the Internet of Things, sensors 

can be installed in waste management systems for real-

time monitoring and tracking of waste generation, 

transportation, and treatment processes [13]. This 

information can be used to optimise waste treatment 

processes, enhance operational efficacy, and lower waste 

management costs [14]. For instance, IoT-enabled waste 

management systems can monitor the temperature and 

moisture content of composting piles [15, 16], adjust 

airflow [17, 18], and water supply [19] accordingly. A 

sophisticated design of the IoT may provide a more 

sustainable and efficient solution for the management of 

organic waste in a community setting. 

Adopting the IoT for community-based domestic 

organic waste management has the potential to transform 

our approach to this problem [20]. Using IoT 

technologies, communities can establish a network of 

intelligent waste management devices [21] that can 

automatically monitor and manage the disposal of 
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organic waste [22]. These devices can monitor waste 

production, determine when trash cans need to be 

emptied, and facilitate the composting process. 

Moreover, the data collected by these devices can be used 

to optimise waste collection routes and improve overall 

efficiency. Consequently, a thorough investigation into 

the adoption of IoT for community-based organic waste 

management can be a crucial step towards a more 

sustainable future. Thus, given the growing emphasis on 

sustainable living. 

This paper contributes to the body of knowledge by 

proposing a community-wide organic waste management 

system. For automation, Internet of Things capabilities 

are taken into account.  

2. RESEARCH METHOD 

This research was conducted to produce a theory 

synthesis conceptual paper on the adoption of the Internet 

of Things in organic waste management. According to 

Jaakkola [23], the primary objective of a theory synthesis 

conceptual paper is to attain conceptual integration across 

various theories or literature streams. The potential goals 

and application of a theoretical synthesis conceptual 

paper includes summarising and synthesising existing 

knowledge, identifying the conceptual boundaries of 

novel phenomena or concepts, and creating a fragmented 

field by applying a specific theoretical framework. In 

addition, researchers who write a theory synthesis 

conceptual paper also have several things that must be 

considered in determining the research design, the initial 

stage involves identifying a phenomenon or concept. 

Following this, relevant literatures that can be argued to 

address some aspect of the phenomenon or concept are 

selected as the domain theory/theories. Additionally, a 

theory for organising the key dimensions of the 

phenomenon is chosen as the method theory. 

3. RESULT AND DISCUSSION 

This section explains the conceptual design of the 

organic waste management system. In Indonesia, every 

year, organic waste dominates the amount of waste 

produced in Indonesia. For example, 66.35 percent of 19 

tons of waste produced in Indonesia in 2022 is organic 

waste [24]. Several ways can be used to manage organic 

waste, including landfilling, composting, recycling, 

incineration, and source reduction [25-27]. Composting 

is the best way to handle organic waste [28, 29] and is the 

most environmentally friendly [30]. Therefore, 

composting methods are used in this conceptual design 

using aerobic composters to produce compost that can be 

used as additional plant nutrients. The concept of the 

Internet of Things is also applied in this design.  

 

Figure 1 System diagram. 

 According to El Haggar [31], there are four main 

factors in the process of composting, which are oxygen 

levels (aeration), humidity, temperature, and nutrients 

(ratio of nitrogen and carbon). The monitoring of these 

factors often requires direct contact with workers, which 

increase the risk of disease. By adopting the Internet of 

Things, these factors can be monitored and controlled 

remotely so that the risk of disease can be reduced [32-

34]. Additionally, adopting the Internet of Things in 

waste management systems reduced operational and 

maintenance costs [32, 35-37]. Also, the process is more 

reliable, efficient, and effective [32, 36-45]. The diagram 

of the organic waste management system designed in this 

paper can be seen in Figure 1. 

The system starts with collecting household waste, 

which is then sorted. Organic waste will be brought and 

collected and then weighed to meet the needs of the 

composter. If sufficient, the organic waste will be put into 

the composter, and the composting process will begin. 

The composter consists of an ESP32 microcontroller, a 

DHT22 temperature and humidity sensor, a DS18B20A 

waterproof temperature probe, a soil humidity sensor, a 

water pump, a fan, and a mixer. During the composting 

process, the conditions in the compost will be monitored 

and automated to meet the main factors that affect the 

composting process, as mentioned earlier. In more detail, 

fans are used for maintaining oxygen level (aeration) so 

that aerobic fermentation can be maintained. A soil 

humidity sensor, water pump, and mixer are used to 

maintain humidity. It must be between 40% to 60%. If it 

is less than 40%, the activity of bacteria will decrease and 
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become dormant. If it is more than 60%, it will inhibit the 

decomposition process, and an unpleasant odour will 

come out from methane gas that comes out due to 

anaerobic decompositionIn addition, it is critical to 

maintain the system's environment temperature to remain 

between 32 to 60 degrees Celsius. Since over-limit 

temperature will inhibit the activity of microorganisms or 

even kill them, the temperature of organic waste is also 

monitored using the DS18B20A temperature probe 

because the composting process produces heat from 

microbial activities that consume organic waste [31], so 

that if the heat does not arise from organic waste, it can 

be concluded that the composting process has been 

completed and the organic waste has become fully 

composted. Once a decision is made that the compost is 

ready to harvest, the bottom door of the composter will 

open, and the finished compost will be pushed into the 

compost bin for use. In addition to automation, this 

system also monitors and reports to personnel via the 

Internet so that they can find out the condition of the 

composter without having to check directly. A flowchart 

of how the system communicates over the Internet can be 

seen in Figure 3, and an illustration of the composter 

report can be seen in Figure 4. 

 

Figure 2 System illustration. 

 

 

Figure 3 Internet of Things flowchart. 

 

Figure 4 Composter report illustration. 

4. CONCLUSION 

The adoption of the Internet of Things in community-

based domestic organic waste management is expected to 

be a renewal in how to process organic waste, especially 

at the community level. Data collection and automation 

will likely increase the composting process's speed and 

the compost quality obtained by previous studies. 

Monitoring and reporting composter data via the Internet 

also makes it possible to find out the condition of the 

composter without having to check the composter 

directly. 

Apart from many advantages, the concept presented 

in this paper also has disadvantages, namely requiring an 

Internet connection so that the composter must be placed 

in a place covered by a WiFi network. Future research is 

expected to apply other Internet of Things protocols, 

especially those that can be connected from a distance, 

such as LoRa, GSM, or Sigfox. 

 

96             M. N. A. Wahyudi and C. W. Budiyanto



  

 

AUTHORS’ CONTRIBUTIONS 

Muhamad Nur Azmi Wahyudi made the conceptual 

design. Also wrote the research method, result and 

discussion, and conclusion. 

Cucuk Wawan Budiyanto wrote the abstract and 

introduction. Also refined the manuscript draft. 

REFERENCES 

[1] K. Palaniveloo, Food waste composting and 

microbial community structure profiling, 

Processes, 8(6), 2020, p. 723. DOI: 

https://doi.org/10.3390/pr8060723 

[2] H. Elbasiouny, Agricultural Waste Management 

for Climate Change Mitigation: Some 

Implications to Egypt. In: Negm, A., Shareef, N. 

(eds) Waste Management in MENA Regions. 

Springer Water, 2020. DOI: 

https://doi.org/10.1007/978-3-030-18350-9_8 

[3] M. Gautam and M. Agrawal, Greenhouse gas 

emissions from municipal solid waste 

management: a review of global scenario, 

Carbon footprint case studies: municipal solid 

waste management, sustainable road transport 

and carbon sequestration, 2021, pp. 123-160. 

DOI: https://doi.org/10.1007/978-981-15-9577-

6_5 

[4] W. Gwenzi et al., Insects, rodents, and pets as 

reservoirs, vectors, and sentinels of 

antimicrobial resistance, Antibiotics, 10(1), 

2021, pp. 68. DOI: 

https://doi.org/10.3390/antibiotics10010068 

[5] M. F. Senekane, A. Makhene, and S. Oelofse, A 

critical analysis of indigenous systems and 

practices of solid waste management in rural 

communities: The case of Maseru in Lesotho, 

International Journal of Environmental 

Research and Public Health, 19(18), 2022, pp. 

11654. DOI: 

https://doi.org/10.3390/ijerph191811654 

[6] A. Singh, A. Kapoor, and M. A. Khan, 

Experimental Investigation of Eco-enzyme and 

Its Application for Removal of Foul Odour and 

Organic Impurities, Sustainable Computing: 

Transforming Industry 4.0 to Society 5.0, 

Springer, 2023, pp. 129-145. DOI: 

https://doi.org/10.1007/978-3-031-13577-4_7 

[7] M. Piccardo, M. Geretto, A. Pulliero, and A. 

Izzotti, Odor emissions: A public health concern 

for health risk perception, Environmental 

Research, 204(B), 2022, pp. 112121. DOI: 

https://doi.org/10.1016/j.envres.2021.112121 

[8] V. Tsheleza, S. Ndhleve, H. M. Kabiti, and M. 

D. Nakin, Household solid waste quantification, 

characterisation and management practices in 

Mthatha City, South Africa, International 

Journal of Environment and Waste 

Management, 29(2), 2022, pp. 208-229. DOI: 

https://doi.org/10.1504/IJEWM.2022.121212 

[9] R. Sindhu, Conversion of food and kitchen 

waste to value-added products, Journal of 

environmental management, 241, 2019, pp. 

619-630. DOI: 

https://doi.org/10.1016/j.jenvman.2019.02.053 

[10] A. V. Shah, V. K. Srivastava, S. S. Mohanty, 

and S. Varjani, Municipal solid waste as a 

sustainable resource for energy production: 

State-of-the-art review, Journal of 

Environmental Chemical Engineering, 9(4), 

2021, pp. 105717. DOI: 

https://doi.org/10.1016/j.jece.2021.105717 

[11] S. Nižetić, P. Šolić, D. L.-d.-I. González-De, 

and L. Patrono, Internet of Things (IoT): 

Opportunities, issues and challenges towards a 

smart and sustainable future, Journal of Cleaner 

Production, 274, 2020, pp. 122877. DOI: 

https://doi.org/10.1016/j.jclepro.2020.122877 

[12] M. Sharma, S. Joshi, D. Kannan, K. Govindan, 

R. Singh, and H. Purohit, Internet of Things 

(IoT) adoption barriers of smart cities’ waste 

management: An Indian context, Journal of 

Cleaner Production, 270, 2020, pp. 122047. 

DOI: 

https://doi.org/10.1016/j.jclepro.2020.122047 

[13] Z. Wen, Design, implementation, and 

evaluation of an Internet of Things (IoT) 

network system for restaurant food waste 

management, Waste management, 73, 2018, pp. 

26-38. DOI: 

https://doi.org/10.1016/j.wasman.2017.11.054 

[14] F. Alqahtani, Z. Al-Makhadmeh, A. Tolba, and 

W. Said, Internet of things-based urban waste 

management system for smart cities using a 

Cuckoo Search Algorithm, Cluster Computing, 

23, 2020, pp. 1769-1780. DOI: 

https://doi.org/10.1007/s10586-020-03126-x 

[15] P. Balaganesh, M. Vasudevan, R. Rameswari, 

and N. Natarajan, Recent Trends in IOT-

Enabled Composter for Organic Wastes, in 

Sustainable Cities and Resilience: Select 

Proceedings of VCDRR 2021, 2022, pp. 445-

457, Springer. DOI: 

https://doi.org/10.1007/978-981-16-5543-2_36 

[16] R. S. Jo, M. Lu, V. Raman, and P. H. H. Then, 

Design and implementation of IoT-enabled 

compost monitoring system, 2019 IEEE 9th 

Symposium on Computer Applications & 

Industrial Electronics (ISCAIE), 2019, pp. 23-

28. DOI: 10.1109/ISCAIE.2019.8743981 

[17] C. G. Cheah, W. Y. Chia, S. F. Lai, K. W. Chew, 

S. R. Chia, and P. L. Show, Innovation designs 

of industry 4.0 based solid waste management: 

Machinery and digital circular economy, 

Environmental Research, 213, 2022, pp. 

113619. DOI: 

https://doi.org/10.1016/j.envres.2022.113619 

[18] J. Govani, E. Singh, A. Kumar, M. Zacharia, 

and S. Kumar, New generation technologies for 

solid waste management, Current developments 

Adopting Internet of Things             97



  

 

in biotechnology and bioengineering, 2021, pp. 

77-106. DOI: https://doi.org/10.1016/b978-0-

12-821009-3.00015-4 

[19] S. Y. Wong, H. Han, K. M. Cheng, A. C. Koo, 

and S. Yussof, ESS-IoT: The Smart Waste 

Management System for General Household, 

Pertanika Journal of Science & Technology, 

31(1), 2023, pp. 311-325. DOI: 

https://doi.org/10.47836/pjst.31.1.19 

[20] C. Vlachokostas, Closing the loop between 

energy production and waste management: A 

conceptual approach towards sustainable 

development, Sustainability, 12(15), 2020, pp. 

5995. DOI: https://doi.org/10.3390/su12155995 

[21] G. Uganya, D. Rajalakshmi, Y. Teekaraman, R. 

Kuppusamy, and A. Radhakrishnan, A novel 

strategy for waste prediction using machine 

learning algorithm with IoT based intelligent 

waste management system, Wireless 

Communications and Mobile Computing, 2022, 

2022. DOI: 

https://doi.org/10.1155/2022/2063372 

[22] B. Wang, M. Farooque, R. Y. Zhong, A. Zhang, 

and Y. Liu, Internet of Things (IoT)-Enabled 

accountability in source separation of household 

waste for a circular economy in China, Journal 

of Cleaner Production, 300, 2021, pp. 126773. 

DOI: 

https://doi.org/10.1016/j.jclepro.2021.126773 

[23] E. Jaakkola, Designing conceptual articles: four 

approaches, AMS Review, 10(1), 2020, pp. 18-

26. DOI: https://doi.org/10.1007/s13162-020-

00161-0 

[24] S. MENLHK. (2022, 4/2/2023). Komposisi 

Sampah. Available: 

https://sipsn.menlhk.go.id/sipsn/public/data/ko

mposisi 

[25] S. Bilal, S. Qasim, A. Rana, and Z. Haseeb, 

Waste Amount Characterization Survey of 

Municipal Solid Waste Generated in Sahiwal, 

Punjab-Pakistan, International Journal of 

Agriculture & Environmental Science, 9(4), 

2022, pp. 12-20. DOI: 

https://doi.org/10.14445/23942568/ijaes-

v9i4p103 

[26] T. Y. Wu, S. L. Lim, P. N. Lim, and K. Shak, 

Biotransformation of Biodegradable Solid 

Wastes into Organic Fertilizers using 

Composting or/and Vermicomposting, 

Chemical Engineering Transactions, 39, 2014, 

pp. 1579-1584. DOI: 

https://doi.org/10.3303/CET1439264 

[27] W. Arrington, Decrease the Waste of Land and 

Other Natural Resources by Recycling, 

International Journal of Agriculture & 

Environmental Science, 7, 2020, pp. 72-77. 

DOI: https://doi.org/10.14445/23942568/ijaes-

v7i6p108 

[28] Y. Shen, T.-B. Chen, D. Gao, G. Zheng, H. Liu, 

and Q. Yang, Online monitoring of volatile 

organic compound production and emission 

during sewage sludge composting, Bioresource 

Technology, 123, 2012, pp. 463-470. DOI: 

https://doi.org/10.1016/j.biortech.2012.05.006 

[29] L. Zhang et al., Response of denitrifying genes 

coding for nitrite (nirK or nirS) and nitrous 

oxide (nosZ) reductases to different physico-

chemical parameters during agricultural waste 

composting, Applied microbiology and 

biotechnology, 99, 2015, pp. 4059-4070. DOI: 

https://doi.org/10.1007/s00253-014-6293-3 

[30] L. Huang, P. Yu, and M. Gu, Evaluation of 

Biochar and Compost Mixes as Substitutes to a 

Commercial Propagation Mix, Applied 

Sciences, 9, 2019, pp. 4394. DOI: 

https://doi.org/10.3390/app9204394 

[31] S. M. El Haggar, CHAPTER 13 - Rural and 

Developing Country Solutions, in 

Environmental Solutions, F. J. Agardy and N. L. 

Nemerow, Eds., 2005, pp. 313-400, Burlington: 

Academic Press. DOI: 

https://doi.org/10.1016/b978-012088441-

4/50015-0 

[32] M. G. C.P, S. Yadav, A. Shanmugam, V. Hima, 

and N. Suresh, Waste Classification and 

Segregation: Machine Learning and IOT 

Approach, Proceedings of 2021 2nd 

International Conference on Intelligent 

Engineering and Management, 2021, pp. 233-

238. DOI: 

https://doi.org/10.1109/iciem51511.2021.9445

289 

[33] J. A. Wardana, A. C. Chen, R. S. Jaelani, L. 

Leonardo, and B. Juarto, Smart Trash Cans for 

Waste Management Using NodeMCU and 

Ultrasonic Sensor, 2022 4th International 

Conference on Cybernetics and Intelligent 

System, 2022. DOI: 

https://doi.org/10.1109/icoris56080.2022.1003

1466 

[34] M. O. Sabir, P. Verma, P. K. Maduri, and K. 

Kushagra, Electrically controlled artificial 

system for organic waste management using 

Black Soldier Flies with IOT monitoring, 

Proceedings - IEEE 2020 2nd International 

Conference on Advances in Computing, 

Communication Control and Networking, 

ICACCCN 2020, 2020, pp. 871-875. DOI: 

10.1109/ICACCCN51052.2020.9362816 

[35] M. R. M. Rilfi and J. D. Kanchana, IoT and 

Machine Learning Based Efficient Garbage 

Management System for Apartment Complex 

and Shopping Malls, Proceedings of 6th 

International Conference on Information 

Technology Research: Digital Resilience and 

Reinvention, 2021. DOI: 

10.1109/ICITR54349.2021.9657432 

[36] S. S. Manglorkar, A. O. Sharma, D. S. Verma, 

and S. B. Rane, Optimization of Organic Waste 

Collection for Generation of Bio Gas using IoT 

98             M. N. A. Wahyudi and C. W. Budiyanto

https://sipsn.menlhk.go.id/sipsn/public/data/komposisi
https://sipsn.menlhk.go.id/sipsn/public/data/komposisi


  

 

Techniques, IOP Conference Series: Materials 

Science and Engineering, 594, 2019, pp. 

012026. DOI 10.1088/1757-

899X/594/1/012026 

[37] D. Ziouzios, N. Baras, M. Dasygenis, and C. 

Tsanaktsidis, Enhancing Technological 

Development Using Novel Internet of Things 

Solutions: The Smart-Bin Project, 3rd 

International Conference on Electrical, 

Communication and Computer Engineering, 

ICECCE 2021, 2021. DOI: 

10.1109/ICECCE52056.2021.9514186 

[38] S. Divakar, A. Bhattacharjee, and R. 

Priyadarshini, An IoT-Based Smart Garbage 

Segregation System Using Deep Learning, 

Lecture Notes in Electrical Engineering, 825, 

2022, pp. 121-132. DOI: 

https://doi.org/10.1007/978-981-16-7637-6_12 

[39] M. Goel, A. H. Goyal, P. Dhiman, V. Deep, P. 

Sharma, and V. K. Shukla, Smart Garbage 

Segregator and IoT Based Waste Collection 

system, 2021 International Conference on 

Advance Computing and Innovative 

Technologies in Engineering, 2021, pp. 149-

153. DOI: 

10.1109/ICACITE51222.2021.9404692 

[40] R. R. Arinta, D. Boli Watomakin, and S. Suyoto, 

Improve Smart Waste Management to Preserve 

Tourist Attractions Yogyakarta in IoT 

Environment, Proceeding - ICoSTA 2020: 2020 

International Conference on Smart Technology 

and Applications: Empowering Industrial IoT 

by Implementing Green Technology for 

Sustainable Development, 2020. DOI: 

10.1109/ICoSTA48221.2020.1570610836 

[41] N. A. Antora, M. A. Rahman, A. A. Mosharraf, 

M. Ibn Ehsan, M. Alve, and M. M. Elahi, 

Design and Implementation of a Smart Bin 

using IOT for an Efficient Waste Management 

System, Proceedings of 2022 25th International 

Conference on Computer and Information 

Technology, ICCIT 2022, 2022, pp. 774-779. 

DOI: 10.1109/ICCIT57492.2022.10055998 

[42] L. Megalan Leo, S. Yogalakshmi, A. Jerrin 

Simla, R. T. Prabu, P. Sathish Kumar, and G. 

Sajiv, An IoT Based Automatic Waste 

Segregation and Monitoring System, 

Proceedings of the 2nd International Conference 

on Artificial Intelligence and Smart Energy, 

ICAIS 2022, 2022, pp. 1262-1267. DOI: 

10.1109/ICAIS53314.2022.9742926 

[43] M. Logan, M. Safi, P. Lens, and C. Visvanathan, 

Investigating the performance of internet of 

things based anaerobic digestion of food waste, 

Process Safety and Environmental Protection, 

127, 2019, pp. 277-287. DOI: 

https://doi.org/10.1016/j.psep.2019.05.025 

[44] P. Marques et al., An IoT-based smart cities 

infrastructure architecture applied to a waste 

management scenario, Ad Hoc Networks, 87, 

2019, pp. 200-208. DOI: 

https://doi.org/10.1016/j.adhoc.2018.12.009 

[45] N. Abdullah, IoT-Based Waste Management 

System in Formal and Informal Public Areas in 

Mecca, International Journal of Environmental 

Research and Public Health, 19(20), 2022, pp. 

13066. DOI: 

https://doi.org/10.3390/ijerph192013066 

 

Adopting Internet of Things             99



Open Access This chapter is licensed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0/), which permits any noncommercial use, sharing, adaptation, distribution and
reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's Creative Commons license, unless indicated
otherwise in a credit line to the material. If material is not included in the chapter's Creative Commons license and your intended use is
not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright
holder.

100             M. N. A. Wahyudi and C. W. Budiyanto

http://creativecommons.org/licenses/by-nc/4.0/

	Adopting Internet of Things for Community-based Domestic Organic Waste Treatment



