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ABSTRACT 
Solid waste management (SWM) in India faces challenges including inefficient waste 

segregation, limited technology adoption, and insufficient government support. This paper 

highlights the urgent need for reforms to enhance SWM practices through education, awareness 

campaigns, and innovative technologies promoting recycling and composting. Investment in 

research for indigenous SWM technologies and policies supporting cleaner production 

methods are crucial. Collaboration between stakeholders is essential to develop integrated 

waste management systems achieving environmental, economic, and societal benefits. 
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Introduction 

The process of production involves transforming raw materials, labour, and energy into a final 

product or service. A mathematical depiction of the decisions made by the company to 

construct its manufacturing process is the production function. The function determines the 

highest output possible given the inputs of manpower and capital. The function and variables 

are reliant on the technological circumstances that are external to the system. Besanko and 

Braeutgam (2013) note that these conditions could change as a result of technological progress, 

which would alter the production function. The effects of technological development on the 

manufacturing process's inputs and outputs are examined in this paper. 

Indian cities produce hundreds of metric tonnes of solid waste per day in terms of kg/capita 

due to people migrating from rural areas to urban centres in search of better economic 

opportunities, higher living standards, and faster industrialization (Vyas et al., 2022b). World 

Bank estimates put the annual solid waste production from municipal, agricultural, and 

industrial sources at 2.01 billion tonnes; this, in turn, causes air pollution and diversification, 

which in turn upsets the whole ecological system (Nguyen et al., 2020). The accumulation of 

solid trash in cities and other urban areas is an issue that affects people all over the globe 

(Azadeh et al., 2019). Because of the severe environmental damage that SWG can inflict, most 

developing nations consider this a major challenge (Ogorure et al., 2018). Usmani et al. (2020) 

found that basic services and sanitation were greatly affected by the increased solid waste 

output in metropolitan areas, including water supply, transportation infrastructure, waste 

management, and sanitation.  

Recently, there have been significant endeavours to utilise cutting-edge technology and smart 

sensors to transform the waste management business into one that is more productive and 

environmentally friendly. Complex tasks and non-linear criteria are inherent to waste 

management processes due to the presence of several interrelated mechanisms and the vastly 

different socioeconomic and demographic factors that impact each mechanism individually. 

Achieving high efficiency in SWM frameworks without compromising other environmental 

and health elements is a tough task (Vyas et al., 2022a). The emerging AI methods are being 

assessed to see if they are applicable to the SWM domain. The field of artificial intelligence 

focuses on creating software that can mimic human intelligence in areas such as solving 

problems, comprehending, interpreting, identifying, justifying, and being aware of one's 

surroundings (Abdallah et al., 2020). Some examples of AI models that can handle insufficient 

problems, adapt complex models, and draw judgements are artificial neural networks (ANN), 

competent systems, genetic algorithms (GA), and fuzzy logic (FL). One use case for MHS is 

the segregation of urban garbage. It's a multilayer hybrid deep learning system. Specifically, it 

uses convolutional neural networks (CNNs) to extract picture characteristics and multi-layer 

perceptron (MLPs) to combine those features with other data in order to classify trash as 

recyclable or non-recyclable (Bolatkhan et al., 2019). Solid waste includes municipal solid 

waste (MSW), industrial waste (IW), hazardous waste (HW), and electronic waste (EW). It 

shows the results of a collaboration between artificial intelligence (AI) and physio-chemical 
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technologies that aim to recover the best resources, such as biofuel and biochar, while also 

ensuring high yield and qualitative management.  Although they are distinct areas of computer 

science, machine learning (ML) and AI are highly related. Building computer networks capable 

of tasks normally performed by humans, including as understanding natural language, making 

strategic plans, and recognising voices, is what artificial intelligence is all about (Abdallah et 

al., 2020). The expansion of AI systems and the limitations of traditional computational 

methods have led to the widespread adoption of AI-related concepts across various academic 

fields, including healthcare, cultural studies, and environment (Yigitcanlar and Cugurullo, 

2020). Indeed, artificial intelligence has been widely used in environmental research to address 

problems including air pollution, sewage treatment and wastewater design, soil modelling, 

groundwater amendment and contamination, and SWM planning and execution. Artificial 

intelligence (AI) risk assessment methods such as Adaptive Neuro Fuzzy-Inference System 

(ANFIS), Multiple Layered Perception (MLP), and Artificial Neural Networks (ANN) have 

been employed to foretell the intensities of contaminants and particulates (Abdallah et al., 

2020). In addition, MLP has proven to be a reliable method for predicting environmental CO, 

O3, and NO2 layers. According to Falamaki and Shahin (2019), ANFIS has proven to be 

beneficial when it comes to optimising and designing the mechanisms of water and wastewater 

treatment facilities. The anaerobic digester changes and flocculates to remove the turbid 

amount, and ANFIS anticipated that the treatment plant of wastewater would produce biogas 

and effluent high volatility particles (Adeleke et al., 2022).  

 
Source: https://enterclimate.com/blog/elements-of-solid-waste-management/ 

The integration of computational techniques with genome information can also enhance the 

performance of microbial factories in waste management and pollution (Mohanty et al., 2021; 

Prajapati et al., 2021). Using machine learning or modelling techniques in conjunction with the 

comprehensive metabolic and functional data obtained from omics technologies (metabolome, 

transcriptome, proteome, and metabolome) has shown to be highly effective in identifying the 

precise function or feature pertinent to treatment procedures. Combining metabolic data with 

computer methods not only yields a better answer, but it also expands our understanding of the 

metabolic capabilities of microbial factories (Guo and Li, 2023). The results of management 

techniques can be enhanced by incorporating in-silico based methods (Bhardwaj et al., 2014; 

Shrestha et al., 2017). One example is the discovery that machine learning-based systematic 

research of important microbial groups' complicated ecological connections led to a significant 

improvement in membrane bioreactor system management (Wijaya and Oh, 2023).  Currently, 

artificial intelligence is commonly used in solid waste management (SWM) for a variety of 

purposes, including but not limited to: optimising routes for refuse collection trucks, navigating 

disposal facilities, and simulating waste transformation mechanisms (Asadu et al., 2019; 

Yigitcanlar and Cugurullo, 2020). There has been a dearth of published assessments of AI 

research that could have a wide range of waste-related applications, including biogas 

generation, optimisation and modelling of waste combustion processes, and petroleum waste 

management (Chen et al., 2022). The various artificial intelligence methods that can be 
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employed to plan the amount, composition, and frequency of trash generation have been the 

subject of multiple publications. Most of the other assessments just looked at the AI methods 

used to predict how often MSW would be generated based on demographic and socioeconomic 

factors (Sunayana and Kumar, 2021). Lastly, we investigated the potential applications of 

optimisation algorithms based on artificial intelligence in solid waste management (SWM), 

including waste production estimation, refuse collection mechanism maintenance, trash bin 

supervision, and dumpsite navigation (Gonçalves Neto et al., 2021). In order to promote even 

more progress in this area, it is necessary to conduct a complete and exhaustive discussion of 

current projects and published data regarding the possible use of AI approaches to address the 

wide variety of issues affecting SWM areas (Das et al., 2019). When faced with unpredictable 

and imprecise data, as well as insufficient problems solved by human experts, artificial 

intelligence (AI) has demonstrated to be highly effective. There has been a lot of study in this 

field, but few review studies have actually looked at how well AI can solve different problems 

with SWM.  

The Mechanical needs for a system for Managing waste  
Essential components of waste management include advances in technology, shifts in 

consumer behaviour, and the backing of relevant policies and infrastructure. A waste 

management system's efficacy and efficiency could take a hit if any of these components is 

lacking.  

Essential for SWM waste segregation  

The present SWM system is based on garbage collection by municipal corporations and 

disposal at landfills. While paying just Rs. 100–200 per tonne for disposal, the Bangalore 

municipal corporation spends Rs. 2400–2800 per tonne on rubbish collection. Due to the lack 

of motivation to properly dispose of it, it winds up in a landfill outside of Bangalore, where it 

contributes to the environment The collection crew lacks the necessary training to maintain the 

separated trash in its original form. Despite efforts by garbage generators to separate their trash, 

collection workers sometimes mix the different types of trash when they deliver it. Although 

waste segregation is essential, it is equally crucial to keep the segregated trash in the same form 

for processing efficiency and competitiveness. Some vendors were adding water to the plastic 

trash, making it heavier, according to one entrepreneur who was processing this material. The 

waste management process became more complicated and material acquisition became more 

expensive as a result of this behaviour. Recent advances in the field have shown how 

inadequate the current workforce is (Dervojeda et al., 2013). The development of technologies 

capable of handling mixed trash presents an opportunity for composite waste management 

without requiring waste generators to alter their current segregation practices. There are some 

nations that use this idea, however it doesn't recover much energy and, if not done well, can 

even increase pollution. One of the intangible benefits of consumer awareness is a decrease in 

waste, which in turn can reduce future government spending on this issue. In certain nations, 

garbage collection and disposal are handled at the regional level. As a result, the generators 

become better informed and take an active role in the management process. This has the 

potential to generate innovative approaches to waste disposal and new uses for the final 

product. Households sort their own kitchen or wet garbage before it is collected and processed 

by the community or housing complex, which is an example of decentralisation in waste 

management. The compost that is produced can either be utilised for on-site gardening or sold 

separately from the biogas to generate some extra cash. Additionally, this decentralised 

approach can be used at the level of individual municipal wards.  

The Consequences of handling trash in an Unscientific Manner  
Solid waste management has a significant impact on public health. There may be health risks 

associated with allowing solid waste to accumulate carelessly or using non-scientific disposal 

methods. The improper disposal or burning of biological waste poses a health risk because of 

the potential for the release of harmful gases or the proliferation of germs. Those living in close 

proximity to landfills should be aware that improperly managed municipal solid waste can 

mailto:iajesm2014@gmail.com


International Advance Journal of Engineering, Science and Management (IAJESM)  
July-December 2023, Submitted in December 2023, iajesm2014@gmail.com, ISSN -2393-8048 

 Multidisciplinary Indexed/Peer Reviewed Journal. SJIF Impact Factor 2023 =6.753 

Volume-20, Issue-II  104 

cause harmful emissions of greenhouse gases like sulphur and methane. Additionally, it draws 

in vermin like rats, who can spread disease through their saliva. A respondent brought up the 

plague in Surat, India, and how it was exacerbated by flooding due to faulty SWM:  

‘The epidemic that hit Surat a few years ago was caused by this municipal solid garbage. Rats 

invaded the city, which led to its closure for 35–40 days and a global reputation for filth.’ 

In order for SWM to work, the public must be more actively involved in sorting trash and 

delivering it to the appropriate processing or recycling facilities. Recyclers can use dangerous 

and poisonous methods, endangering the health and life of those who come into contact with 

the recycled plastic. Burning waste plastic for fuel releases extremely toxic vapours that can 

cause cancer and other health problems.  

The ecosystem could be negatively impacted in various ways by improper SWM. Following 

collection, raw garbage is segregated, with the majority of the remaining material being organic 

waste, which is then sent to landfills for processing. If left to decay in the open, it can cause 

the release of greenhouse gases, the formation of leachate that can irreversibly contaminate 

land and underground water tables, and the deterioration of living conditions for those nearby.  

 
Source: https://prismcalibration.com/waste-management-system-importance-methods/ 

Disruptions to processing systems caused by lack of segmentation  

Current SWM systems have failed for a variety of operational and technological reasons, 

according to the majority of respondents. One defining feature of these systems is their sole 

requirement for biodegradable or non-biodegradable waste. Because of this, these systems 

would be useless or ineffective if the trash was not segregated. Certain waste streams, including 

food scraps, plastics, paper, glass, metals, etc., rely on the waste management system, and if 

these streams are not segregated, the system might become clogged. In order to guarantee a 

steady supply of raw materials for their processes, entrepreneurs feel compelled to take 

measures to separate trash at the source. The presence of non-biodegradable trash in the input 

could decrease the effectiveness of a waste processing facility that produces biogas from moist 

waste or food scraps. Units dealing with dry recyclable waste would also discover that mixing 

this fraction of garbage with wet waste greatly impacts its usability and downstream market. 

Dumping this non-biodegradable waste alongside the biodegradable waste makes little sense; 

the biodegradable parts eventually break down, but the non-biodegradable parts end up in the 

compost, reducing its effectiveness even further. Decomposed garbage needs to be placed 

someplace else and cannot be utilised for productive reasons, therefore reopening the landfill 

and removing it to reuse it is no longer an option. In Delhi , 1600 tonnes of dry recyclable 

material goes unrecycled because of improper sorting, costing the corporation a significant 

amount of money. Paper, plastics, glass, and various metals make up the bulk of the non-

recyclable section. As an example, one respondent brought up:  

To illustrate the point, "What do you think will sell better, dirty food material stuck to paper or 

waste paper?" 

Many factors contribute to the low prevalence of segregation in India. One major issue is the 

inadequate teaching of the merits of segregation. Waste management strategies can benefit 

from data that can be created and analysed through education and research. Cities in certain 

developing nations are becoming cleaner as a result of increased public responsibility, better 
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knowledge of solid waste workers' plight, and increased funding for education and research 

(Guerrero, 2012). Second, people have the wrong idea about how to properly dispose of trash. 

Being seen to be dealing with garbage is deemed improper in certain parts of Indian society. 

People of lower social classes are stereotyped as being the only ones capable of performing the 

menial tasks associated with garbage management. The public's apathy towards garbage 

segregation and effective management practices could be the third factor. There are many who 

believe that local governments should shoulder the burden of trash management. Therefore, 

the general population is uninvolved with garbage. Since segregation at source is seen as a key 

component to an effective waste management system, this ignorance diminishes the likelihood 

of achieving that goal.  As a result, the focus is moved away from the waste generators and the 

full burden of accountability for ineffective waste management is placed on someone else.  

Sorting recyclable materials like paper, plastic, glass and metals before sending them to 

recycling facilities is the optimal waste management practice. Due to ineffective segregation 

methods, only approximately 10-15% of trash in poorer nations is actually recycled (Khajuria 

et al., 2010, Leverenz et al., 2002).  

Technological Progress in SWM Industry  
Lack of research and development in SWM techniques : Promoting waste processing 

machinery as a long-term, practical investment and ensuring customer trust in the technology 

are two of the industry's biggest obstacles. There has to be more investment in this area of study 

in order to turn this expensive technology into reliable and acceptable SWM systems, which is 

a problem in India. According to what Dechezlepretre and Sato found (2009), environmental 

restrictions have the potential to spur innovation in the EGS industry, while guided 

technological development can contribute to economic growth. Thanks to the Canadian IT 

provider's selfless intentions, one respondent overcame these obstacles. Among his points 

were:  

‘The technology wasn't free. I was fortunate that it was not too steep because the man was well 

into his eighties and insisted that a trip to India be his first priority. I know you aren't a 

government agency or a multinational corporation because you gave me that large sum of 

money, he went on to say. Every time I think about how little he parted with his technology, I 

am grateful to him. Because of that, we are able to accomplish our goals, and I consistently 

provide him with my reports. I can't express how delighted he is.’  

But this isn't the situation for most manufacturers, and there aren't nearly enough indigenous 

R&D initiatives.  Unfortunately, not all methods for recycling solid waste into valuable 

products or intermediates have been well tested, and as a result, not everyone is happy with the 

final result. Consequently, investors and bankers are uninterested in providing funding for such 

endeavours. One less common method is depolymerization, which can turn plastic trash into 

oil or fuel. The input plastic trash must be of the correct quality, free of other fraction 

contamination or even variation from the standard input quality, for it to work. Therefore, this 

method does not enjoy widespread acclaim in India. Because of this, both research and use of 

the technology suffer. Furthermore, the technology is unrecognised by the government, which 

means that no subsidies, grants, or benefits are available for it. Now it's up to the entrepreneur 

who intends to use it to develop the technology, put it into action, and demonstrate its 

effectiveness as a project for a few years to prove its worthiness of wider adoption. Solid waste 

cannot be practically excluded due to the high expense of technology. The market failure that 

causes solid waste to become a bad thing in the first place can be fixed by making it excludable 

(Kolstad, 2006).  

There is new, safe technology available in certain areas of waste management. Wet waste 

converters are a part of these industries, which mostly handle biodegradable waste treatment. 

Some of these technologies, however, are expensive and confront stiff competition from 

foreign technologies. Therefore, additional research and development of indigenous 

technology must be conducted with a focus on safety. In order to promote the machinery 
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industry's involvement in solid waste management and increase research in this field, the 

country's pollution control boards could play a significant role.  

Exorbitant expense of organic waste management technologies  

There is an example of an organic waste processing method that has been engineered to produce 

additional valuable products with minimal emissions of greenhouse gases. Compared to 

landfilling and composting, this process is more cost-effective (Khajuria et al., 2010; Sharholy 

et al., 2008; Bundela et al., 2010). According to the respondent:  

‘Thus, biogas is produced via anaerobic reactions. This valuable gas has the potential to 

supplant LPG. You may make an hour or two's worth of LPG gas per day from four or five 

kilogrammes of garbage from a family of eight or ten.’ 

Not to mention the compost that will remain as a byproduct. If additional garbage needs to be 

collected and processed, this approach can be easily scaled up to the area, locality, or municipal 

ward level by using larger equipment. For this technique to work, trash segregation must 

become second nature.  

Biomedical waste management is another concern. As a result of its common mixing with other 

types of trash, this material poses a significant threat to the health of anyone who handles it. 

Workers who dealt with this trash component reported infections, rashes, skin sensitivities, and 

other similar symptoms. A new product that incinerates biological waste in a way that doesn't 

pose any health risks to the handlers, doesn't produce pollution during incineration, and 

generates just a little quantity of energy was mentioned by one respondent.  

In several economies, the SWM industry has developed in distinct ways. When it comes to 

solid and liquid waste, the developed world's SWM industry is more concerned with 

developing cleaner production technologies than developing world countries. The seamless 

transfer of waste management practices from industrialised to emerging economies has been 

made possible by these several streams of advancement (Barton, 1997). While some 

technologies have been developed in-house, others have come from outside and might be easily 

imported to India, according to some respondents. One of the responses uses in-vessel 

composting technology that was created by a Canadian. Instead of letting organic waste 

decompose naturally, which would take at least four or five weeks, this technology manipulates 

the environment inside the decomposition vessel to increase heat and air movement, speeding 

up the process and generating the output in a significantly shorter amount of time. When 

compared to a conventional organic waste processor, this improves efficiency because it allows 

for the treatment of more waste in the same period of time.  

Transmitting technology as a supplier-supplied "knock-down kit" was one proposed solution 

to the problem of high technology transfer costs. This might be improved upon, tailored to local 

needs, and then assembled in India, resulting in more affordable costs. In the long run, this 

might cause technology to be transferred to India and its experts to grow, which could make 

the country the global leader in SWM research and production.  

New prospects for businesses in this field may also arise as a result of environmentally friendly 

legislation that aim to generate positive externalities. According to Dervojeda et al. (2013), 

these opportunities may become more available as a result of new technical breakthroughs that 

are happening at the same time. There is new technology that can handle mixed waste, but most 

companies still have a hard time sorting garbage into dry and wet parts. One case in point is 

when the company can get rid of trash without ever having to clean or sort it. As the trash 

makes its way to the main processing unit, it is separated into several fractions using laser 

technology, which is attached to a conveyer belt. The various components, including organic 

trash, dry waste, recyclable garbage, etc., are further processed according to the necessary 

steps. It is also not necessary to pre-treat the trash when using mechanical grate technology. 

Decentralisation determines how much it will cost for waste generators to invest in self-

management of their garbage. Although it could be out of reach for a single family's budget, it 

could work out well for a cooperative society with many users and contributors. As an example, 

consider the following product:  
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‘We guarantee that our stainless steel, durable product will last for at least fifteen to twenty 

years. Consider a case of 500 flats as an example. The one-time investment required for each 

flat will be just 2000 to 2500 rupees.’ 

Recycling food scraps into new goods  

It is clear from the cases reviewed that compost, organic fertilisers, and biogas are among the 

products that can be made from kitchen or wet waste, depending on the technique utilised. 

According to Gupta et al. (1998), if the gases released into the atmosphere during 

decomposition are not properly handled, they can pose health risks to local residents. Many of 

those who took the survey were involved in some way with the organic waste management 

process, whether it be the production of compost, gas or both. One company caters to the urban 

market for organic waste management by manufacturing and selling converters for organic 

waste. In a short amount of time, they may transform organic garden waste, food scraps, and 

other organic refuse into a powerful soil conditioner.  A different company offered a device 

that used a slightly different approach to trash processing, allowing it to additionally collect 

the biogas that was produced during decomposition. Looking at the demand and cost of the 

final products, this machine was aimed at both the urban and rural markets.  

Risks associated with handling inorganic and biomedical waste  

Hazardous waste is one important sector where environmental regulations are readily apparent, 

serving to protect both humans and the environment. In order to facilitate the transportation of 

hazardous waste, this rule may pave the way for the creation of ancillary environmental 

services. Biomedical waste management is more complicated and important than municipal 

solid waste management. Companies that specialise in solid waste management (SWM) charge 

hospitals a fee to handle biomedical waste because it is required of them to incinerate this type 

of garbage and the penalties for not complying are severe. Medical facilities are required by 

law to separate their bioorganic waste into specific bags based on colour coding; once collected, 

the trash collector sorts the bags according to the specific protocols for each colour. Although 

there is a well-established method for converting biological trash, inorganic garbage, and 

plastic waste in particular, are considerably more challenging to manage and transform into a 

more valuable final product. Using pyrolysis technology for waste management, one 

respondent-firm does not have to wash or separate plastic trash into distinct categories like 

HDPE, LDPE, PVC, 32 multi-layered plastic, etc. The refined liquid product is a high-quality 

fuel that could replace diesel or furnace oil in the future. The produced oil is less harmful to 

the environment because it is sulphur-free, much like the plastic waste. Finally, the input plastic 

waste's impurities can be utilised for a variety of industrial uses, leaving behind carbon sludge. 

The scientific or engineered landfill approach is another option for mixed garbage that contains 

non-degradable materials. This method involves lining the landfill to prevent leachate from 

seeping into the earth and contaminating groundwater. After then, the landfill is covered so that 

the biodegradable trash can break down. The process's byproduct, biogas, is collected and 

either put to use or sold. When the landfill's contents have decomposed for a few years, the 

compostable and non-biodegradable parts are removed and treated properly, turning the trash 

into a resource again. Khajuria et al. (2010) and Sharholy et al. (2008) state that this strategy 

is significant since it decreases the demand for land, a rare and costly resource with high 

opportunity costs. 

Measures to Improve Existing WM System in India  

The necessity of pre-segregation prior to collecting  
Some respondents, constrained by their own resources, have come up with innovative 

approaches of overcoming the operational challenges discussed earlier. There is no extra load 

on the waste generator to do the precise segregation when the operations necessitate a particular 

stream of trash. They instruct the generators to gather all the dry trash into a single bin. The 

collectors themselves sort and gather the necessary materials during the collecting process. 

They may, for instance, sort their trash into different bins for paper, plastic, and cardboard, and 

then use that material in their processes. They then sell the separated glass, metal, and other 
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materials to the appropriate recycler. Their labour required for segregation will increase with 

this strategy, but the client will be happy to continue using their services because they will only 

have to deal with basic segregation. Consequently, although some businesses require pre-

segregation of waste before collecting it, others prefer to collect it first, and then segregate it. 

The second option saves time for the trash producer, but it might not lay a solid foundation for 

teaching people about the advantages of segregation.  

Some businesses came up with the idea of optimising transportation and collection schedules 

and routes using data analytics in cases when there is a scarcity of drivers and cars for trash 

collection, as well as a need to lower collection expenses. In response, one of the participants 

said:  

'To make the system more authentic and efficient, we have established an Enterprise Resource 

Planning (ERP) system to track and monitor our activities.' This makes us the only waste 

management organisation in India to have done so.’  

To ensure the most efficient use of collection expenses, customer satisfaction, and 

transportation to waste treatment facilities, route planning and mapping are essential when 

small vans or trucks are used for door-to-door waste collection. Every day, data analytics and 

IT are utilised to plot the supply and demand, and ERP and other IT technologies are used to 

interact with the collectors on the ground. The collection crew are now informed of the next 

pickup site and the distance using computer-based applications similar to Ola and Uber. This 

has modernised the communication channels and minimises transportation costs. In addition, 

these models are continuously improved and updated according to demand and customer and 

transporter feedback. In a different case, one company decided to invest in door-to-door waste 

collection after realising that dry and recyclable trash was getting mixed up with wet trash, 

rendering the former useless. They now have 35 vehicles that go straight to the facilities of the 

waste generators to collect the trash. The sellers could even establish trust in the collection 

process by registering for a convenient date and time for the crew to pick up the rubbish through 

phone or an app. Before the material was centralised at the firm's facilities, the sellers' place 

was where the major segregation occurred. Then, the firm auctioned off the wood, glass, metal, 

and other fractions to recyclers in those areas. The fractions' recyclers saw this to be an 

advantageous arrangement, so they were ready to pay a little more to cover the company's 

shipping costs.  

 
Source: https://www.frontiersin.org/articles/10.3389/fenrg.2021.609229/full 

In an effort to address the issue of garbage contamination, one businessman attempted to 

establish his own collecting centres in close proximity to the locations where waste was 

generated. When the company started having problems with purchasing trash from private 

collectors—who would occasionally add water to the plastic trash, making it heavier and 

increasing the payment—this experiment became necessary. The processing system ran into 

trouble since it relied on dry plastic for fuel production. Some of the actions of bulk trash 

generators, including cooperative housing societies, have given rise to a solution that 

encourages segregation. For instance, according to one reply, a Bangalore housing society 

bought the necessary equipment to handle their kitchen garbage on-site. Each member is 

required to sort their own trash and store it in a designated container provided by the housing 

cooperative. Defaulting members would be fined if they did not comply. Also, there will be a 
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fine of 500 to 1000 rupees (or more) for anyone caught polluting on society property. If this 

fine is not paid, the defaulter's energy will be cut off. The result is a highly functional waste 

management system and a high rate of compliance. As a result, the housing society is able to 

save money by reducing its reliance on municipal collection services and by reusing kitchen 

waste as compost for the gardens on site, rather than purchasing it from outside sources.  

Separation resulting in more efficient use of available resources 

Biogas companies are the most bullish on the industry's long-term prospects because their 

product is a low-cost alternative to a crucial but costly import—liquefied petroleum gas (LPG).  

Above and beyond the financial aspect, one corporation prioritised the social aspect. As the 

reply pointed out:  

‘With a daily output of about 16–17 tonnes, we now employ over 220 people. As a result of 

ongoing expansion in Delhi , we may be able to open a second facility there in the next year, 

bringing our total output to 60 tonnes.’ 

This leaves a massive void that must be filled based on their ability to handle the garbage. Since 

these companies' efficiency is obviously dependent on the quality of the feed they get, non-

segregation of waste could have a negative impact on their profitability. Even if the cost of the 

garbage would be proportional to its tonnage, the amount of usable material would be 

significantly lower because of the contamination. So, the cost per unit of input would rise as a 

result of having to spread the expense over a reduced quantity. As a result, the firm's efficiency 

would suffer. In addition, the equipment and machinery would idle more due to the decreased 

amount of potential waste, which would lessen the favourable effect of depreciation on their 

income statement. Companies with a lot of employees often take on the role of "turnkey 

operators," meaning that they construct the whole plant, supply and install the machinery, test 

it, commission it, and then run it and keep it running. Customers have the option of footing the 

bill for both the initial investment and ongoing operational expenses, or they can put their 

money where their mouth is and let the business make money. Customers often provide captive 

demand for their own gas production by using it in their own kitchens or canteens. Respondent 

A recounted His Personal Journey of Growth:  

‘From 373 MT in 2012, when we first began operations, to 30000 MT in 2020, we want to 

increase this amount through our ongoing efforts.’ 

Thus, waste segregation has aided in the effective use of enterprises' capacities and may lead 

to increased market competitiveness and efficiency.  

Combining several waste management systems  
Considering the paucity of waste management companies and the increase in waste creation, 

the expansion of businesses in the SWM industry is pretty satisfactory. With the right setting 

and circumstances, most people who took the survey see room to expand their businesses. With 

a capacity of 300 tonnes per day stretched to 8000 tonnes per day operational and 4000 tonnes 

under implementation, they have grown from one unit in 2003 to 80 units in 2012, according 

to one of them. Among the proposed expansion plans was the incorporation of various SWM 

components. Combining and controlling many waste streams, Integrated Waste Management 

Systems (IWMS) ensure that all garbage is properly collected, treated, and disposed of. The 

three Rs—reduction of waste at the source, recovery of resources, and recycling—are all part 

of these systems, which turn trash into something used again. In order to meet the standards 

for sustainable growth, McDougall et al. (2001) discovered that IWMS help accomplish the 

three parts of the triple bottom line: environmental benefits, economic optimisation, and 

societal acceptance. Waste management organisations are impacted by changes in user industry 

trends since the end product of one industry serves as an input material or fuel for another. One 

company's process waste can be put to use in travelling grate boilers, for instance. But now that 

industrial technology has advanced, these moving grate boilers are obsolete; they are being 

replaced with more efficient units that don't need RDF. Consequently, the company opted to 

alter its manufacturing methods in order to generate biogas and compost, which are more 

generally accepted by the public. There is room to engage in comprehensive services like 
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advisory that focus on the full waste cycle, from awareness to generation to collection to 

transportation to handling to processing and conversion, in addition to providing physical and 

tangible solutions for trash management. Given that many customers are confused about the 

SWM cycle, this is especially crucial. The collection and conversion steps may be unclear to 

some, even when they understand the disposal step. Therefore, some businesses opt to present 

clients with the overall picture and educate them about the process as a whole by concentrating 

on holistic operations. The first step is a waste audit, during which the company attempts to 

examine the client's trash-generating process from every angle, including the amount, 

composition, and logistics of the waste. Because every customer has specific, one-of-a-kind 

needs, we treat them all as individuals. We also take each client's local solid waste management 

system into account when doing our research. In cities with an effective system in place for 

managing non-degradable garbage, for instance, we shift our attention to organic waste 

management. The next step is to sell the client the necessary equipment; some companies even 

handle the processing unit's day-to-day operations and maintenance. Various models exist for 

handling the byproducts, including biogas and compost. Some businesses charge a flat rate and 

then hand over the finished product to the customer. Clients receive a portion of the firm's 

output in some cases. As an added bonus, some companies even let customers choose whether 

or not to use the liquid waste as fertilisers or pesticides in their own gardens and farms. 

Businesses in the organic waste management sector may look forward to promising expansion 

thanks to these various customer-centric approaches.  

Recognition of the SWM sector and the expenses of technology  

Government and regulatory agencies still fail to adequately acknowledge the SWM industry, 

its technology, and its output. Because of the many rules and fines associated with trash 

disposal, waste generators are wary of working with an upstart company. This is due to the fact 

that the waste generator could be held liable in the event of a failure by the waste processor. 

As a result, establishing operations and obtaining suppliers are challenges for small businesses 

in this sector. The fact that there are many different parts to this sector can explain why it isn't 

recognised as a whole. The paper collection industry is distinct from the food waste 

management industry. Trying to pin down the sector is a conundrum. A respondent mentioned:  

‘The question of how to classify this sector remains open. "Look, there are plastic recyclers 

and metal recyclers, so no player in the treatment facility has been a waste management 

company. The challenge is how do people start accepting this industry?’ 

Paper, plastic, metal, glass, damp trash, and many more types of waste might be separated. 

Plastic, for example, could include PVC, HDPE, LDPE, multi-layered plastic, etc., all of which 

exist within these fractions.  

While a company's inputs and outputs are sometimes used to categorise them, the most 

important thing is the method they take as a whole. As an example, a company that converts 

plastic trash into fuel is generating positive externalities by reducing plastic waste, but it is also 

part of polluting industries like the chemical, plastic, or petroleum sectors. Furthermore, it 

lessens the requirement to import crude oil. Authorities, customers, and other interested parties 

all attribute unfavourable biases to this misclassification.  

When the business is not regulated, it creates an unstable climate where SWM firms sometimes 

struggle to find the resources they need, including money or people. While one local business 

owner has 35 cars for collecting dry debris, he often finds himself short-handed since drivers 

and collectors go to more reputable companies. In a similar vein, traditional financial 

institutions are wary of lending to these sectors in favour of more tried and true methods of 

supporting well-established manufacturing companies. He speculated that the business would 

gain traction with the help of government support, which would reassure risk-averse banks and 

other financial institutions.  

Numerous international success stories serve as models for similar endeavours in India, with 

some localised adjustments. In response to the nearly 7,000 tonnes of garbage that ended up in 

landfills in the Chinese city of Guangzhou, one responder gave the example of a waste-to-
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energy scheme there. The amount of waste has decreased by 80 to 90 percent since this waste 

is now utilised as a resource to produce energy. In a similar vein, another respondent described 

a decentralised waste management system he witnessed in a South Korean city. Almost every 

building, from homes to hotels to businesses, had its own machine that collected trash and 

recycled it, providing the users with additional energy and reducing their reliance on expensive 

grid electricity.  

CONCLUSION 

In conclusion, the importance of improving solid waste management (SWM) in India cannot 

be overstated. The current challenges faced by the SWM industry, including inefficiencies in 

waste segregation, inadequate technology adoption, and insufficient government support, 

highlight the urgent need for comprehensive reforms. Efforts to enhance waste segregation 

practices through education, awareness campaigns, and innovative technologies are critical. 

Encouraging proper waste disposal habits and incentivizing recycling and composting can 

significantly reduce the burden on landfills and improve environmental outcomes. Investment 

in research and development for indigenous SWM technologies, coupled with policies that 

promote cleaner production methods and sustainable waste disposal practices, will be essential 

for driving industry growth and environmental sustainability. Furthermore, collaboration 

between government agencies, private enterprises, and international partners is crucial to 

developing integrated waste management systems that address the triple bottom line—

environmental, economic, and societal benefits. 
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