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SOLID WASTE MANAGEMENT 

Solid Waste Management refers to the systematic collection, treatment, and disposal of solid 

wastes generated from households, industries, agriculture, and medical facilities. Proper 

management is essential to reduce pollution, prevent diseases, and maintain environmental 

hygiene. 

In India, waste management involves collection, transportation, treatment, and disposal, 

following strict regulations to ensure minimal environmental impact. With urbanisation and 

industrial growth, solid waste disposal has become a major challenge, making sustainable waste 

management practices more crucial than ever. 

Sources and types of solid waste 

Sources of solid waste 

In most emergency situations the main sources of solid waste are: 

1. Medical centres 

2. Food stores 

3. Feeding centres 

4. Food distribution points 

5. Slaughter areas 

6. Warehouses 

7. Agency premises 

8. Markets 

9. Domestic areas 

 

Types of Solid Waste 

Solid waste is classified into different categories based on its origin and composition: 

1. Municipal Solid Waste (MSW) – Household and commercial waste, including food 

scraps, paper, plastic, and glass. 

2. Industrial Waste – Waste from factories, including chemicals, metals, and hazardous 

substances. 

3. Agricultural Waste – Organic waste such as crop residues, manure, and pesticides. 



4. Biomedical Waste – Waste from hospitals, such as syringes, bandages, and expired 

medicines. 

5. Electronic Waste (E-waste) – Discarded electronic items like batteries, computers, and 

mobile phones. 

6. Construction & Demolition Waste – Debris from building sites, including bricks, 

cement, and wood. 

Each type of waste requires specific treatment and disposal methods to ensure minimal harm to 

the environment and public health. 

Methods of Solid Waste Management 

Solid waste is managed using various techniques, depending on its type and impact. The five 

major methods include: 

1. Land filling 

 The most common method where waste is dumped in designated areas. 

 Modern landfills use liners and treatment processes to prevent groundwater 

contamination. 

2. Recycling & Reuse 

 Converts waste into reusable materials. 

 Commonly recycled materials include paper, glass, plastic, and metals. 

3. Composting 

 Biodegradable waste is decomposed naturally to form compost. 

 Helps in soil enrichment and reduces landfill burden. 

4. Incineration 

 Involves burning waste at high temperatures to reduce volume. 

 Generates energy but may release toxic emissions if not controlled properly. 

 

 



5. Waste-to-Energy (WTE) Plants 

 Converts waste into electricity or fuel. 

 A sustainable approach that reduces dependency on fossil fuels. 

Solid Waste Management in India 

India generates around 62 million tonnes of waste annually, of which only 30% is processed 

effectively. The country follows three main approaches to solid waste disposal: 

1. Biodegradable Waste – Composted to produce organic fertilisers. 

2. Recyclable Waste – Sent to recycling plants for repurposing. 

3. Hazardous Waste – Requires special treatment to prevent environmental 

contamination. 

Effects of Poor Solid Waste Management 

Improper waste disposal can lead to severe environmental and health issues, including: 

1. Soil & Water Contamination – Hazardous chemicals seep into the ground and pollute 

water sources. 

2. Air Pollution – Burning waste releases toxic gases like dioxins, causing respiratory 

diseases. 

3. Health Hazards – Accumulated waste becomes a breeding ground for bacteria, leading 

to diseases like cholera and malaria. 

4. Aesthetic & Economic Impact – Piles of waste lower property value and impact 

tourism. 

Thus, effective solid waste management is essential for a cleaner, healthier, and more 

sustainable environment. 

4 Rs of Waste Management 

A better alternative to traditional methods is the 4R principle: 

 Reduce – Minimise waste generation. 

 Reuse – Find new ways to use items instead of discarding them. 



 Recycle – Process waste into new products. 

 Recover – Extract energy from waste materials. 

Advanced Waste Management Technologies 

 Smart Waste Bins – AI-powered bins that sort waste automatically. 

 Biogas Plants – Convert organic waste into renewable energy. 

 Plastic-to-Fuel Conversion – Converts plastic waste into usable fuels. 

India’s Waste Management Laws & Policies 

 Solid Waste Management Rules, 2016 – Guidelines for proper disposal and recycling. 

 E-Waste Management Rules, 2022 – Regulations for handling electronic waste. 

 Plastic Waste Management Rules, 2021 – Ban single-use plastics and promote 

recycling. 

INDUSTRIAL WASTE 

When the industrial revolution arrived in the 18th century, it transformed rural areas into 

industrialised and urban ones. But with this it brought a huge problem and a threat for our 

environment – Industrial Waste. 

The waste produced by the industrial activities is called industrial waste. Industries, mills, 

mining operations, power plants etc. produce a huge amount of waste. It produces three kinds 

of wastes - solid, liquid and gas such as chemicals, ashes, industrial effluent, carbon dioxide, 

sulphur dioxide etc. Which should be decomposed or managed efficiently to keep ourselves and 

our environment safe.  

Types of industrial wastes  

Industrial waste can be divided into following two types – 

 Biodegradable industrial waste 

 Non – biodegradable industrial waste  

Biodegradable Wastes – Those waste materials which can be decomposed into simpler 

unharmful substances by the action of microorganisms are called biodegradable wastes. Some 

industries such as the paper industry, food industry, sugar industry, wool industry etc. mostly 



produce biodegradable industrial wastes. Management of these wastes can be done at low cost 

and easily.  

Non-biodegradable Wastes – Non-biodegradable waste cannot be further decomposed via the 

action of the microorganisms. Such waste is the major source of toxins in the landfills. 

Chemicals, metals, plastics, paints, rubber etc. are examples of non-biodegradable wastes. 

These materials can remain as landfills for thousands of years without any damage. Toxins 

from metals and plastics get soaked into the earth and pollute the soil and water sources. 

Cleaning materials such detergent, phenols etc. producing industries, coal industries, dying 

industries etc. produce a large amount of non-biodegradable industrial waste. These types of 

wastes are difficult to manage and very toxic in nature.  

Effects of Industrial Waste  

Industrial waste is very harmful for us and our environment. Few impacts are stated below – 

 Liquid industrial waste which is thrown into the sea is at an alarmingly dangerous level 

for marine ecosystems.  

 Industries release many harmful gases such as carbon dioxide, sulphur dioxide, nitrogen 

oxides etc. which cause air pollution.  

 In industrial wastewater nitrates and phosphates are there which often cause 

eutrophication.  

 Generally, air around industries is highly polluted and causes skin, eyes, throat, nose 

and lungs diseases. 

 Industries use large quantities of water and also release a huge quantity of wastewater 

which contains many harmful chemicals and heavy metals. This wastewater pollutes 

natural sources of water and ultimately our health and environment.  

 It is one of the main causes of global warming.  

 Industrial wastewater destroys useful bacteria and other microorganisms present in soil.  

 Some industries cause sound pollution as well.  

 Industrial wastes and industries are destroying the natural habitat of many species and 

are responsible for wildlife extinction.  



Proper disposal and treatment are the only solution of prevention from effects of industrial 

wastes.  

Management of Industrial Waste   

Management of industrial solid waste is not the responsibility of local bodies or governments. 

Industries which are generating these solid wastes should manage such wastes by themselves. 

They need to take authorization from the pollution control board as well. Different procedures 

and methods are used to manage industrial waste. Although some basic steps involved in all 

processes are the same. Those basic steps are as follows – 

 Analysis or Segregation  

 Collection  

 Transportation  

 Recovery  

 Recycling  

 Disposal  

  

Analysis or Segregation – Industrial waste is segregated or analysed, and some biodegradable 

wastes or recyclable material are kept separately. Industries should segregate waste materials in 

different categories such as biodegradable, non-biodegradable, hazardous waste etc.  

Collection and Transportation – Industrial waste must be collected and transported to waste 

management plants.  

Recovery – In waste management plants recovery should be done. It means useful materials 

should be recovered from industrial wastes during treatment in waste management plants.  

Recycling and Disposal – If during recovery we get any useful materials then recycling should 

be done and disposal should be done of waste and harmful materials. 

Biodegradable 

A biodegradable material or substance can be defined as a material that can be decomposed 

easily by bacteria or any other natural organisms and not become part of pollution. 

 Biodegradable wastes are the waste materials that are and can be easily degraded by natural 

factors like microbes (e.g. bacteria, fungi and a few others), abiotic components like 

temperature, UV, oxygen, etc. few examples of such wastes are kitchen wastes, food materials, 



and other natural wastes. Microorganisms and other abiotic elements work together to break 

down complex substances into simple organic matters which finally suspend and disappear into 

the soil. The whole process is natural which can be fast or slow. So, the environmental issues 

and risks caused by biodegradable wastes are very low.  

Examples of Biodegradable 

But the giant dumping of waste can increase some threats to life sooner or later. To prevent this, 

some people practice composting. In composting, the biodegradable wastes are dumped into a 

big pit and covered for a time period. During this action of microbes, they will decompose and 

will be used as compost for cultivation purposes. This will reduce the quantity of waste at 

landfills.   

non-biodegradable  

Waste that cannot be decomposed or degraded by the biological process is known as “non-

biodegradable wastes”. Most of them include the inorganic waste that is non-biodegradable 

 Unlike biodegradable wastes, non-biodegradable wastes cannot be easily taken care of. Non-

biodegradable wastes are those which cannot be decomposed or degraded by natural agents. 

They remain on earth for thousands of years without any degradation or decomposition. 

Therefore, the threat caused by them is also more dangerous. An example is a plastic which is 

usually used in almost every area. To give these plastics a long-lasting outcome, better quality 

plastics are being used. This made them more temperature resilient and tougher even after the 

use. Other cases are cans, metals, and chemicals for agricultural and industrial uses. They are 

the chief causes of air, water and soil pollution and diseases like cancer. 

 Since non-biodegradable wastes are not at all Eco-friendly, they need to be replaced or 

substituted. As a part of the growth of alternatives, scientists have brought forward many 

innovative ideas like biodegradable plastics, etc. They combined some biodegradable materials 

with plastics and made them easily and speedily degradable. But this is quite a costly 

procedure. Non-biodegradable wastes which can be recycled and can be used again are known 

as “Recyclable waste” and those which cannot be used again are known as “Non-recyclable 

waste”.  

 

 

https://www.vedantu.com/biology/microorganisms


Effects of Waste Material on Environment 

Waste quantities are commonly grown in all countries all around the world. Every year billions 

of tons of waste are produced. These wastes are the outcomes of activities in our homes, 

businesses and industries and disposal of these wastes in huge amounts is a vast environmental 

problem. Agriculture, Municipal & industrial solid waste and biomass deposits are huge 

sources of large-scale pollution of both land and water. The production of waste causes damage 

to materials and energy and a rise in environmental costs for the society for its collection, 

treatment, and disposal. The impressions of landfill and incineration are significant because of 

their greenhouse gas emissions like (methane, carbon dioxide) and transboundary movement of 

organic micropollutants such as (dioxins and furans) and volatile heavy metals. Difficulties 

with waste are as old as humans. 

 Very soon humans realized that waste is a potential source of illness, diseases, and infections, 

so they dump their waste, which was totally in a biological manner, away from there. The first 

planned municipal dump is in 500 BC outside ancient Greece, where regulations mandate waste 

to be dumped at least a mile from the city boundaries and covered with soil. Until the 

industrialization of civilization waste was mostly organic, so it can decompose or degrade 

naturally. Later, mainly because of industrialization, urbanization, and the development of 

society, the amount of waste increased very quickly.  

Treatments  

Whether it is biodegradable or non-biodegradable, they are harmful to human life and loss 

other organisms and their environment. Thus, the correct treatment of wastes must be done. 

This is not only the duty of the Government, and each can contribute in helping to reduce 

waste. The three “Rs”- Recycle, Reuse, and Reduce are simple steps that can take by each 

person. This can save a lot of energy and other resources as well. Another step is to separate 

biodegradable from non-biodegradable waste at home and dispose of them individually.  

Difference between Biodegradable and Non-biodegradable 

S.No Biodegradable Non-Biodegradable 

1 
The degradation process in 

Biodegradable waste is fast 

The degradation process in non-biodegradable 

waste is slower than in biodegradable 



2 

Biodegradable waste is decomposed 

and degraded by microbes or 

microorganism 

Non-Biodegradable waste cannot be 

decomposed by microbes or naturally 

3 

Biodegradable waste is not 

collected but is used up in a short 

time 

Non-Biodegradable waste is often collected 

4 

Biodegradable waste has become 

part of biogeochemical cycles and 

give back quick turnover 

Most of the Non-Biodegradable waste can 

never enter biogeochemical cycles, very slow 

and more harmful for the earth. 

5 

Biodegradable waste can be used to 

generate energy as compost and 

biogas 

Non-Biodegradable waste can be separated 

and recycled but the process is very costly 

 

Waste Management 

Every day, across thousands of cities in India, large quantities of waste materials are 

generated. Waste materials can be of many types, like domestic waste, chemical waste, and 

medical waste. Out of all this, domestic waste is one of the largest contributors to pollution in 

our cities as domestic waste is produced from every house, and hence, there should be a proper 

system to check the collection of domestic waste along with its proper treatment and disposal. 

All this comes under Waste Management. 

To ensure proper collection of wastes, Municipal Organizations of the various cities in 

India should take a cue and ensure that there is proper infrastructure in place by which the 

collection of garbage from homes can be done. Also, this waste needs to be classified as plastic 

and non-plastic waste because the disposal of waste becomes much easier. To ensure proper 

disposal of waste, governments need to come up with innovative techniques as just throwing 

the garbage in open sinks leads to a host of environmental concerns. The disposal methods of 

plastic and non-plastic waste need very different technologies. 

Collection of Wastes 

The domestic waste generated should be collected into the bins and transferred to the 

municipal workers who take them to disposable sites. And there, the waste is sorted out and 

separated as biodegradable and non-biodegradable. The plastic wastes, non-biodegradable, such 

as bottles, plastic bags, and more, are sent for recycling. On the other side, the biodegradable 

wastes are deposited on the land and converted as compost. 



 If the waste is not collected properly for disposal, then it will be on its way into the sewers. 

And some amounts are eaten by the cattle - non-biodegradable wastes, including plastic bags 

and metal scrap, choke the sewers and cause incontinence. The cattle swallow these polythene 

bags and choke their throat. It becomes difficult for them to breathe and may lead to death.  

Disposal of Wastes 

All of us should follow the practice of collecting waste and disposing of it properly. If 

certain waste management techniques are not implemented, then it may result in epidemics due 

to groundwater contamination leading to Water Pollution. It is especially hazardous to the 

people who work with the wastes. For example, the rag pickers and a few workers who were 

involved in waste disposal. They are largely affected because they don’t follow any protective 

measures like wearing gloves and masks while handling the wastes. 

  Improper disposal may also allow poisonous gases to escape into the atmosphere and 

cause Air Pollution. In addition, the vehicles and the industries pumping hazardous gases, either 

directly or indirectly, affect humans’ lives and contribute to Air Pollution. 

As responsible citizens, we should participate in proper waste disposal management and 

cooperate with the government. Throwing wastes at inappropriate locations should be strictly 

avoided. Efforts are taken to reduce vehicular emissions by encouraging the use of public 

transport, carpooling, and finding greener alternatives to the existing fuel. Encouraging the use 

of renewable sources of energy will go a long way in making our planet safer and healthier to 

live in. 

Strategies to Reduce Waste 

The strategies required to control pollution and reduce waste are as follows: 

1. Ensure a proper collection system across municipalities of the waste generated in towns 

and cities. 

2. Identify these wastes as medical, electrical, domestic waste, etc. 

3. Classify these waste materials like plastic or non-plastic waste. 

4. Non-Plastic waste materials have various uses like they can be used as fertilizers or they 

can be used as fuel materials to generate electricity in plants under controlled 

conditions. 



5. Plastic, on the other hand, takes hundreds of years to decompose. Hence, the disposal of 

plastic requires innovation and new technologies, like using plastic to make roads. 

In recent years, various breakthroughs have been made in this field that deal with providing 

alternatives to plastic, like using plates made up of leaves, the discovery of bacteria that 

decomposes a certain type of plastic, use of shopping bags that are made of decomposable 

materials instead of plastic, etc.  

Recyclable / Non - recyclable: These consist of waste which can be recycled with use of 

existing waste recycling practices. Waste like plastic, glass, metal and paper are recyclables 

materials. Classification based on their environmental effects:  

a. Inert / Reactive: Inert wastes are that which does not react at normal condition and remains 

as it is for a longer duration like construction and demolition waste. Biomedical waste which 

are generated from hospitals are highly infectious in comparison to other waste. 

b. Hazardous/ Non-Hazardous: Hazardous wastes are those defined as wastes of industrial, 

institutional or consumer origin that are potentially dangerous either immediately or over a 

period of time to human beings and the environment. This is due to their physical, chemical and 

biological or radioactive characteristics like ignitability, corrosivity, reactivity and toxicity. 

Note that in some cases, the active agents may be liquid or gaseous hazardous wastes.  

Categories of Waste  

1. Organic waste: Kitchen waste, waste from food preparation, vegetables, flowers, leaves, 

fruits, and market places.  

2. Combustibles: Paper, wood, dried leaves, packaging for relief items etc. that are highly 

organic and having low moisture content.  

3. Non-combustibles: Metal, Tins, Cans, bottles, stones, etc.  

4. Toxic waste: Old medicines, paints, chemicals, bulbs, spray cans, fertilizer and pesticide 

containers, batteries, shoe polish.  

5. Recyclables: Paper, glass, metals, plastics.  

6. Ashes or Dust: Residue from fires that are used for cooking.  

7. Construction waste: Rubble, roofing, broken concrete etc.  

8. Hazardous waste: Oil, battery acid, medical waste, industrial waste, hospital waste. 



9. Dead animals: Carcasses of dead livestock or other animals.  

10. Bulky waste: Tree branches, tires etc.  

11. Soiled waste: Hospital waste such as cloth soiled with blood and other body fluids.  

12. Agricultural Waste: Various wastes produced in the agricultural field are known as 

agricultural wastes. Example: cattle waste, weed, husk, etc.  

13. Industrial Waste: These are the wastes created in factories and industries. Most industries 

dump their wastes in rivers and seas which cause a lot of pollution.  

14. Commercial Waste: Commercial wastes are produced in schools, colleges, shops, and 

offices. Example: plastic, paper, etc. 

Various Sources of Solid Waste Residential Residences and homes where people live 

are some of the major sources of solid waste. The garbage from these places includes food 

wastes, plastics, paper, glass, leather, cardboard, metals, yard wastes, ashes and special wastes 

like bulky household items such as electronics, tires, batteries, old mattresses and used oil. 

Industrial Industries are known to be one of the biggest contributors to solid waste. They 

include light and heavy manufacturing industries, construction sites, fabrication plants, canning 

plants, power and chemical plants. These industries produce solid waste in the form of 

housekeeping wastes, food wastes, packaging wastes, ashes, construction and demolition 

materials, special wastes, medical wastes as well as other hazardous wastes. 

Commercial facilities and buildings are yet another source of solid waste today. 

Commercial buildings and facilities, in this case, refer to hotels, markets, restaurants, go 

downs, stores and office buildings. Some of the solid wastes generated from these places 

include plastics, food wastes, metals, paper, glass, wood, cardboard materials, special wastes 

and other hazardous wastes 

  The institutional centers like schools, colleges, military barracks and other government 

centers also produce solid waste. Some of the common solid wastes obtained from these places 

include glass, rubber waste, plastics, food wastes, wood, paper, metals, cardboard materials, 

electronics. 

Treatment Plants and Sites Heavy and light manufacturing plants also produce solid 

waste. They include refineries, power plants, processing plants, mineral extraction plants and 

chemical plants. Among the wastes produced by these plants, there are industrial process 



wastes, unwanted specification products, plastics, metal parts, just to mention a few. 

Agriculture Crop farms, orchards, dairies, vineyards and feedlots are also sources of solid 

wastes. Among the wastes they produce are agricultural wastes, spoiled food, pesticide 

containers and other hazardous materials.  

Hazardous Wastes 

Hazardous wastes refer to wastes that may, or tend to, cause adverse health effects on 

the ecosystem and human beings. These wastes pose present or potential risks to human health 

or living organisms, due to the fact that they: are non-degradable or persistent in nature; can be 

biologically magnified; are highly toxic and even lethal at very low concentrations. 

The above list relates only to the intrinsic hazard of the waste, under uncontrolled 

release, to the environment, regardless of quantity or pathways to humans or other critical 

organisms (i.e., plants and animals). The criteria used to determine the nature of hazard include 

toxicity, phytotoxicity, genetic activity and bioconcentration. The threat to public health and the 

environment of a given hazardous waste is dependent on the quantity and characteristics of the 

waste involved. Wastes are secondary materials, which are generally classified into six 

categories as inherently waste: like materials, spent materials, sludges, byproducts, commercial 

chemical products and scrap metals. Solid wastes form a subset of all secondary materials and 

hazardous wastes form a subset of solid waste. However, note that certain secondary materials 

are not regulated as wastes, as they are recycled and reused.  

The list provided by government agencies declaring that substance as hazardous.  

Listed hazardous wastes (priority chemicals): A specific list showing certain materials as 

hazardous wastes minimises the need to test wastes as well as simplifies waste determination. 

In other words, any waste that fits the definition of a listed waste is considered a hazardous 

waste. Four separate lists cover wastes from generic industrial processes, specific industrial 

sectors, unused pure chemical products and formulations that are either acutely toxic or toxic, 

and all hazardous waste regulations apply to these lists of wastes. We will describe these 

wastes, classified in the F, K, P, and U industrial waste codes, respectively,  

F-list: The F-list contains hazardous wastes from non-specific sources, that is, various 

industrial processes that may have generated the waste. The list consists of solvents commonly 

used in degreasing, metal treatment baths and sludges, wastewaters from metal plating 

operations and dioxin containing chemicals or their precursors. Examples of solvents that are F-



listed hazardous wastes, along with their code numbers, include benzene (F005), carbon 

tetrachloride (F001), cresylic acid (F004), methyl ethyl ketone (F005), methylene chloride 

(F001), 1,1,1, trichloroethane (F001), toluene (F005) and trichloroethylene (F001). Solvent 

mixtures or blends, which contain greater than 10% of one or more of the solvents listed in 

F001, F002, F003, F004 and F005 are also considered F-listed wastes.  

K-list: The K-list contains hazardous wastes generated by specific industrial processes. 

Examples of industries, which generate K-listed wastes include wood preservation, pigment 

production, chemical production, petroleum refining, iron and steel production, explosive 

manufacturing and pesticide production. P and U lists: The P and U lists contain discarded 

commercial chemical products, off-specification chemicals, container residues and residues 

from the spillage of materials. These two lists include commercial pure grades of the chemical, 

any technical grades of the chemical that are produced or marketed, and all formulations in 

which the chemical is the sole active ingredient. An example of a P or U listed hazardous waste 

is a pesticide, which is not used during its shelf-life and requires to be disposed in bulk. The 

primary distinction between the two lists is the quantity at which the chemical is regulated.  

P-list:  Itconsists of acutely toxic wastes that are regulated when the quantity generated per 

month, or accumulated at any time, exceeds one kilogram (2.2 pounds), while U-listed 

hazardous wastes are regulated when the quantity generated per month exceeds 25 kilograms 

(55 pounds). Examples of businesses that typically generate P or U listed wastes include 

pesticide applicators, laboratories and chemical formulators. 

Characteristics of hazardous wastes: 

 The regulations define characteristic hazardous wastes as wastes that exhibit measurable 

properties posing sufficient threats to warrant regulation. For a waste to be deemed a 

characteristic hazardous waste, it must cause, or significantly contribute to, an increased 

mortality or an increase in serious irreversible or incapacitating reversible illness, or pose a 

substantial hazard or threat of a hazard to human health or the environment, when it is 

improperly treated, stored, transported, disposed of, or otherwise mismanaged. In other words, 

if the wastes generated at a facility are not listed in the F, K, P, or U lists, the final step to 

determine whether a waste is hazardous is to evaluate it against the following 4 hazardous 

characteristics:  

(i) Ignitability (EPA Waste Identification Number D001): A waste is an ignitable hazardous 

waste, if it has a flash point of less than 60 C; readily catches fire and burns so vigorously as to 



create a hazard; or is an ignitable compressed gas or an oxidiser. A simple method of 

determining the flash point of a waste is to review the material safety data sheet, which can be 

obtained from the manufacturer or distributor of the material. Naphtha, lacquer thinner, epoxy 

resins, adhesives and oil based paints are all examples of ignitable hazardous wastes.  

(ii) Corrosivity (EPA Waste Identification Number D002): A liquid waste which has a pH of 

less than or equal to 2 or greater than or equal to 12.5 is considered to be a corrosive hazardous 

waste. Sodium hydroxide, a caustic solution with a high pH, is often used by many industries to 

clean or degrease metal parts. Hydrochloric acid, a solution with a low pH, is used by many 

industries to clean metal parts prior to painting. When these caustic or acid solutions are 

disposed of, the waste is a corrosive hazardous waste.  

(iii) Reactivity (EPA Waste Identification Number D003): A material is considered a reactive 

hazardous waste, if it is unstable, reacts violently with water, generates toxic gases when 

exposed to water or corrosive materials, or if it is capable of detonation or explosion when 

exposed to heat or a flame. Examples of reactive wastes would be waste gunpowder, sodium 

metal or wastes containing cyanides or sulphides. 

(iv)Toxicity (EPA Waste Identification Number D004): To determine if a waste is a toxic 

hazardous waste, a representative sample of the material must be subjected to a test conducted 

in a certified laboratory. The toxic characteristic identifies wastes that are likely to leach 

dangerous concentrations of toxic chemicals into ground water. 

Classification from a practical standpoint, there are far too many compounds, products and 

product combinations that fit within the broad definition of hazardous waste. For this reason, 

groups of waste are considered in the following five general categories:  

(i) Radioactive substance: Substances that emit ionising radiation are radioactive. Such 

substances are hazardous because prolonged exposure to radiation often results in damage to 

living organisms. Radioactive substances are of special concern because they persist for a long 

period. The period in which radiation occurs is commonly measured and expressed as half-life, 

i.e., the time required for the radioactivity of a given amount of the substance to decay to half 

its initial value. For example, uranium compounds have half-lives that range from 72 years for 

U232 to 23,420,000 years for U236. The management of radioactive wastes is highly controlled 

by national and state regulatory agencies. Disposal sites that are used for the long-term storage 

of radioactive wastes are not used for the disposal of any other solid waste.  



(ii) Chemicals: Most hazardous chemical wastes can be classified into four groups: synthetic 

organics, inorganic metals, salts, acids and bases, and flammables and explosives. Some of the 

chemicals are hazardous because they are highly toxic to most life forms. When such hazardous 

compounds are present in a waste stream at levels equal to, or greater than, their threshold 

levels, the entire waste stream is identified as hazardous.  

(iii) Biomedical wastes: The principal sources of hazardous biological wastes are hospitals and 

biological research facilities. The ability to infect other living organisms and the ability to 

produce toxins are the most significant characteristics of hazardous biological wastes. This 

group mainly includes malignant tissues discarded during surgical procedures and 

contaminated materials, such as hypodermic needles, bandages and outdated drugs. This waste 

can also be generated as a by-product of industrial biological conversion processes.  

(iv) Flammable wastes: Most flammable wastes are also identified as hazardous chemical 

wastes. This dual grouping is necessary because of the high potential hazard in storing, 

collecting and disposing of flammable wastes. These wastes may be liquid, gaseous or solid, 

but most often they are liquids. Typical examples include organic solvents, oils, plasticisers and 

organic sludges.  

(v) Explosives: Explosive hazardous wastes are mainly ordnance (artillery) materials, i.e., the 

wastes resulting from ordnance manufacturing and some industrial gases. Similar to 

flammables, these wastes also have a high potential for hazard in storage, collection and 

disposal, and therefore, they should be considered separately in addition to being listed as 

hazardous chemicals. These wastes may exist in solid, liquid or gaseous form.  

(vi) Household hazardous wastes: Household wastes such as cleaning chemicals, batteries, 

nail polish etc in MSW constitute hazardous waste. Especially batteries contain mercury which 

are alkaline which is dangerous enough to kill people. Generic household hazardous material 

includesnon-chlorinated organic, chlorinated organic, pesticides, latex paint, oil based paints, 

waste oil, automobile battery and household battery. 

The various options for hazardous waste treatment can be categorised under physical, chemical, 

thermal and biological treatments. 

Physical and chemical treatments are an essential part of most hazardous waste treatment 

operations, and the treatments include the following (Freeman, 1988):  



(i) Filtration and separation: Filtration is a method for separating solid particles from a liquid 

using a porous medium. The driving force in filtration is a pressure gradient, caused by gravity, 

centrifugal force, vacuum, or pressure greater than atmospheric pressure.  

The application of filtration for treatment of hazardous waste fall into the following categories: 

Clarification, in which suspended solid particles less than 100 ppm (parts per million) 

concentration are removed from an aqueous stream. This is usually accomplished by depth 

filtration and cross-flow filtrationand the primary aim is to produce a clear aqueous effluent, 

which can either be discharged directly, or further processed. The suspended solids are 

concentrated in a reject stream. Dewatering of slurries of typically 1% to 30 % solids by 

weight. Here, the aim is to concentrate the solids into a phase or solid form for disposal or 

further treatment. This is usually accomplished by cake filtration. The filtration treatment, for 

example, can be used for neutralisation of strong acid with lime or limestone, or precipitation 

of dissolved heavy metals as carbonates or sulphides followed by settling and thickening of the 

resulting precipitated solids as slurry. The slurry can be dewatered by cake filtration and the 

effluent from the settling step can be filtered by depth filtration prior to discharge.  

(ii) Chemical precipitation: This is a process by which the soluble substance is converted to 

an insoluble form either by a chemical reaction or by change in the composition of the solvent 

to diminish the solubility of the substance in it. Settling and/or filtration can then remove the 

precipitated solids. In the treatment of hazardous waste, the process has a wide applicability in 

the removal of toxic metal from aqueous wastes by converting them to an insoluble form. This 

includes wastes containing arsenic, barium, cadmium, chromium, copper, lead, mercury, nickel, 

selenium, silver, thallium and zinc. The sources of wastes containing metals are metal plating 

and polishing, inorganic pigment, mining and the electronic industries. Hazardous wastes 

containing metals are also generated from cleanup of uncontrolled hazardous waste sites, e.g., 

leachate or contaminated ground water.  

(iii) Chemical oxidation and reduction (redox): In these reactions, the oxidation state of one 

reactant is raised, while that of the other reactant is lowered. When electrons are removed from 

an ion, atom, or molecule, the substance is oxidised and when electrons are added to a 

substance, it is reduced. Such reactions are used in treatment of metal-bearing wastes, 

sulphides, cyanides and chromium and in the treatment of many organic wastes such as 

phenols, pesticides and sulphur containing compounds. Since these treatment processes involve 

chemical reactions, both reactants are generally in solution. However, in some cases, a solution 



reacts with a slightly soluble solid or gas. There are many chemicals, which are oxidising 

agents; but relatively few of them are used for waste treatment. Some of the commonly used 

oxidising agents are sodium hypochlorite, hydrogen peroxide, calcium hypochlorite, potassium 

permanganate and ozone. Reducing agents are used to treat wastes containing hexavalent 

chromium, mercury, organometallic compounds and chelated metals. Some of the compounds 

used as reducing agents are sulphur dioxide, sodium borohydride, etc. In general, chemical 

treatment costs are highly influenced by the chemical cost. This oxidation and reduction 

treatment tends to be more suitable for low concentration (i.e., less than 1%) in wastes.  

(iv) Solidification and stabilisation: In hazardous waste management, solidification and 

stabilisation (S/S) is a term normally used to designate a technology employing activities to 

reduce the mobility of pollutants, thereby making the waste acceptable under current land 

disposal requirements. Solidification and stabilisation are treatment processes designed to 

improve waste handling and physical characteristics, decrease surface area across which 

pollutants can transfer or leach, limit the solubility or detoxify the hazardous constituent. To 

understand this technology, it is important for us to understand the following terms: 

Solidification: This refers to a process in which materials are added to the waste to produce a 

solid. It may or may not involve a chemical bonding between the toxic contaminant and the 

additive. Stabilisation: This refers to a process by which a waste is converted to a more 

chemically stable form. Subsuming solidification, stabilisation represents the use of a chemical 

reaction to transform the toxic component to a new, non-toxic compound or substance.  

(v) Chemical fixation: This implies the transformation of toxic contaminants to a new non-

toxic compound. The term has been misused to describe processes, which do not involve 

chemical bonding of the contaminant to the binder.  

(vi) Encapsulation: This is a process involving the complete coating or enclosure of a toxic 

particle or waste agglomerate with a new substance (e.g., S/S additive or binder). The 

encapsulation of the individual particles is known as micro-encapsulation, while that of an 

agglomeration of waste particles or micro-encapsulated materials is known as macro-

encapsulation. 

(vii) Evaporation: Evaporation is defined as the conversion of a liquid from a solution or 

slurry into vapour. All evaporation systems require the transfer of sufficient heat from a heating 

medium to the process fluid to vaporise the volatile solvent. Evaporation is used in the 

treatment of hazardous waste and the process equipment is quite flexible and can handle waste 



in various forms – aqueous, slurries, sludges and tars. Evaporation is commonly used as a pre-

treatment method to decrease quantities of material for final treatment. It is also used in cases 

where no other treatment method was found to be practical, such as in the concentration of 

trinitrotoluene (TNT) for subsequent incineration.  

(viii) Ozonation: Ozone is a relatively unstable gas consisting of three oxygen atoms per 

molecule (O3) and is one of the strongest oxidising agents Municipal Solid Waste Management 

406 known. It can be substituted for conventional oxidants such as chlorine, hydrogen peroxide 

and potassium permanganate. Ozone and UV radiations have been used to detoxify industrial 

organic wastes, containing aromatic and aliphatic polychlorinated compounds, ketones and 

alcohols.  

Resource conservation and Renewal act 

The Resource Conservation and Recovery Act (RCRA) gives EPA the authority to control 

hazardous waste from cradle to grave. This includes the generation, transportation, treatment, 

storage, and disposal of hazardous waste. RCRA also set forth a framework for the 

management of non-hazardous solid wastes. The 1986 amendments to RCRA enabled EPA to 

address environmental problems that could result from underground tanks storing petroleum 

and other hazardous substances. 

The Resource Conservation and Recovery Act (RCRA) is a federal law enacted in 1976 to 

regulate the management of hazardous waste from generation to disposal. RCRA is 

administered by the Environmental Protection Agency (EPA) and aims to protect human health 

and the environment from the potential hazards of improper hazardous waste management. 

Key provisions of the Resource Conservation and Recovery Act include: 

1. Hazardous Waste Identification: RCRA establishes criteria for identifying hazardous 

waste based on characteristics such as ignitability, corrosivity, reactivity, and toxicity. It 

also regulates specific types of hazardous wastes, such as listed wastes, which are 

deemed hazardous regardless of their characteristics. 

2. Hazardous Waste Management Standards: RCRA sets standards for the treatment, 

storage, and disposal of hazardous waste to minimize the risks posed by these materials. 

The law requires facilities that generate, transport, treat, store, or dispose of hazardous 

waste to obtain permits and comply with regulatory requirements. 



3. Waste Minimization: RCRA promotes waste minimization and recycling through the 

implementation of source reduction practices and recycling programs. The law 

encourages businesses and industries to reduce the generation of hazardous waste and to 

find environmentally sound alternatives to disposal. 

4. Land Disposal Restrictions: RCRA establishes restrictions on the land disposal of 

hazardous waste to prevent releases of hazardous substances into the environment. The 

law requires treatment of hazardous waste prior to land disposal to meet specified 

treatment standards. 

5. Corrective Action: RCRA requires facilities that have released hazardous waste or are 

otherwise contaminated to conduct investigations and implement corrective actions to 

clean up the contamination and prevent further releases. 

6. State Authorization: RCRA allows states to develop their own hazardous waste 

management programs, provided they are at least as stringent as the federal program. 

States that meet these criteria can receive authorization to implement and enforce their 

own programs. 

7. Enforcement: RCRA provides enforcement mechanisms to ensure compliance with its 

requirements, including inspections, penalties for non-compliance, and corrective action 

orders. 

Overall, the Resource Conservation and Recovery Act has been instrumental in improving the 

management of hazardous waste in the United States, reducing risks to human health and the 

environment. The law has helped to establish a comprehensive framework for the safe 

handling, treatment, and disposal of hazardous waste, while also promoting waste minimization 

and recycling efforts. 

SOURCES OF SOLID WASTE 

There are two basic sources of solid wastes: non-municipal and municipal.  

Non-municipal solid waste is the discarded solid material from industry, agriculture, mining, 

and oil and gas production. It makes up almost 99 percent of all the waste in the United States. 

Some common items that are classified as non-municipal waste are: construction materials 

(roofing shingles, electrical fixtures, bricks); waste-water sludge; incinerator residues; ash; 

scrubber sludge; oil/gas/mining waste; railroad ties, and pesticide containers. 



Municipal solid waste is made up of discarded solid materials from residences, businesses, 

and city buildings. It makes up a small percentage of waste in the United States, only a little 

more than one percent of the total. Municipal solid waste consists of materials from plastics to 

food scraps. The most common waste product is paper (about 40 percent of the total). 

Other common components are: yard waste (green waste), plastics, metals, wood, glass and 

food waste. The composition of the municipal wastes can vary from region to region and from 

season to season. Food waste, which includes animal and vegetable wastes resulting from the 

preparation and consumption of food, is commonly known as garbage. 

Some solid wastes are detrimental to the health and well-being of humans. These materials are 

classified as hazardous wastes. Hazardous wastes are defined as materials which are 

toxic, carcinogenic (causecancer), mutagenic (cause DNA mutations), teratogenic (cause 

birth defects), highly flammable, corrosive or explosive. Although hazardous wastes in the 

United States are supposedly regulated, some obviously hazardous solid wastes are excluded 

from strict regulation; these include: mining, hazardous household and small business wastes. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SOILD WASTE CHARACTERSITICS 

 

 

 

 

 

 

 



UNIT-II 

SOLID WASTECHARACTERSITICS 

The environmental challenge posed by municipal solid waste (MSW) is one of the most 

significant. Waste management is often the responsibility of municipalities. The residents must 

have access to an effective and efficient system. However, they frequently face issues that go 

beyond the municipal authority's capacity, to handle the MSW. 

The MSW composition varies greatly from municipality to municipality, and from country to 

country. These variations are primarily influenced by the way of life, the state of the economy, 

the rules governing waste disposal, and the industrial structure. For the assessment of the 

proper handling and management of these wastes, the quantity and composition of the 

municipal solid waste are essential. 

Composition of Solid Waste 

Municipal or household wastes are typically produced from a variety of sources, where various 

human activities occur. In addition to other items that would be challenging to categorise, their 

makeup includes yard waste, food waste, plastics, wood, metals, papers, rubber, leather, 

batteries, inert materials, textiles, glass, paint containers, and many other things. 

Features of solid waste 

Residential, commercial, institutional, hazardous, and industrial activity is among the sources 

of solid waste. Refuse or municipal solid waste is any non-hazardous waste from a community, 

which needs to be collected and transported to a processing or disposal location. 

Garbage and rubbish are included in refuse. 

Decomposing food waste makes up the majority of garbage, which also includes dry materials 

like glass, paper, linen, and wood. Unlike junk, garbage is easily putrescible or decomposable. 

Bulky waste such as old refrigerators, couches, and enormous tree stumps, are examples of 

trash. It needs specific management and pick-up. 

Construction and demolition (C&D) waste 

Although, it is not regarded as a part of the MSW stream, construction and demolition (C&D) 

waste makes up a sizeable portion of total solid waste amounts. However, as C&D waste is 

non-hazardous and inert, it is often disposed of in sanitary municipal landfills. 



E-waste or electronic waste 

Electronic waste, sometimes known as e-waste, is another category of solid waste that is 

possibly expanding at the greatest rate. This category includes out-dated computers, televisions, 

phones, and other electronic gadgets. There is a growing concern about this form of waste. 

Among the materials of concern found in electronic gadgets are lead, mercury, and cadmium. 

Government rules are needed to control their recycling and disposal. 

Characteristics of Solid Waste 

The characteristics of solid waste vary greatly between towns and countries. Geographical 

location, climate, season of the year, and numerous other factors, all affect the amount and the 

characteristics of MSW generated. 

Before any treatment or disposal facility is conceived and constructed, the waste characteristics 

from each community must be carefully researched. 

Solid waste generation (SWG) is a problem and a cause for concern all throughout the world, 

but it is more acute in urban areas. As a result of the severe environmental contamination, 

difficulties are brought on by this massive amount of SWG. Such SWG is regarded as one of 

the most difficult issues, encountered by the majority of developing countries. 

Increased production of solid waste in metropolitan areas has had a significant impact on 

sanitary issues, and the availability of essential services, including water supply, waste 

management, and transportation infrastructure. As a result, for proper solid waste management, 

it becomes essential to determine the composition and characteristics of the solid waste. 

Physical characteristics 

Information and data on the physical characteristics of solid wastes are important for the 

selection and operation of equipment and for the analysis and design of disposal facilities.  The 

following physical characteristics are to be studied in detail. 

Density 

Density of waste, i.e., its mass per unit volume (kg/m3), is a critical factor in the design of a 

solid waste management system, e.g., the design of sanitary landfills, storage, types of 

collection and transport vehicles, etc. To explain, an efficient operation of a landfill demands 

compaction of wastes to optimum density. Any normal compaction equipment can achieve 



reduction in volume of wastes by 75%, which increases an initial density of 100 kg/m3 to 400 

kg/m3. In other words, a waste collection vehicle can haul four times the weight of waste in its 

compacted state than when it is uncompacted.  Significant changes in density occur 

spontaneously as the waste moves from source to disposal, due to scavenging, handling, 

wetting and drying by the weather, vibration in the collection vehicle and decomposition 

Moisture content 

Moisture content is defined as the ratio of the weight of water (wet weight - dry weight) to the 

total wet weight of the waste. Moisture increases the weight of solid wastes, and thereby, the 

cost of collection and transport. In addition, moisture content is a critical determinant in the 

economic feasibility of waste treatment by incineration, because wet waste consumes energy 

for evaporation of water and in raising the temperature of water vapour. In the main, wastes 

should be insulated from rainfall or other extraneous water. We can calculate the moisture 

percentage, using the formula given below 

Moisture content(%)=
𝑤−𝑑

𝑤
 𝑋 100 

A typical range of moisture content is 20 to 40%, representing the extremes of wastes in an arid 

climate and in the wet season of a region of high precipitation. However, values greater than 

40% are not uncommon.  Climatic conditions apart, moisture content is generally higher in 

low-income countries because of the higher proportion of food and yard waste. 

Size of Waste constituents 

The size distribution of waste constituents in the waste stream is important because of its 

significance in the design of mechanical separators and shredder and waste treatment process. 

This varies widely and while designing a system, proper analysis of the waste characteristics 

should be carried out. 

Calorific Value 

Calorific value is the amount of heat generated from combustion of a unit weight of a 

substance, expressed as kcal/kg. The calorific value is determined experimentally using Bomb 

calorimeter in which the heat generated at a constant temperature of 25C from the combustion 

of a dry sample is measured. 

The physical properties that are essential to analyse of wastes disposed at landfills are: 



Field capacity 

The field capacity of municipal solid waste is the total amount of moisture which can be 

retained in a waste sample subject to gravitational pull. It is a critical measure because water in 

excess of field capacity will form leachate, and leachate can be a major problem in landfills. 

Field capacity varies with the degree of applied pressure and the state of decomposition of the 

wastes. 

Permeability of compacted wastes 

The hydraulic conductivity of compacted wastes is an important physical property because it 

governs the movement of liquids and gases in a landfill. Permeability depends on the other 

properties of the solid material include pore size distribution, surface area and porosity. 

Porosity represents the number of voids per unit total volume of material. The porosity of 

municipal solid waste varies typically from 0.40 to 0.67 depending on the compaction and 

composition of the waste. 

Compressibility 

It is the degree of physical changes of the suspended solids or filter cake when subjected to 

pressure. 

Chemical characteristics 

Knowledge of the classification of chemical compounds and their characteristics is essential for 

the proper understanding of the behaviour of waste, as it moves through the waste management 

system. The products of decomposition and heating values are two examples of chemical 

characteristics. If solid wastes are to be used as fuel, or are used for any other purpose, we must 

know their chemical characteristics, including the following 

Chemical: Chemical characteristics include pH, Nitrogen, Phosphorus and Potassium (N-P-K), 

total Carbon, C/N ratio, calorific value. 

Bio-Chemical: Bio-Chemical characteristics include carbohydrates, proteins, natural fibre, and 

biodegradable factor. 

Toxic: Toxicity characteristics include heavy metals, pesticides, insecticides, Toxicity test for 

Leachates (TCLP), etc. 

 Lipids 



This class of compounds includes fats, oils and grease.  Lipids have high calorific values, about 

38000 kcal/kg, which makes waste with a high lipid content suitable for energy recovery 

processes. Since lipids in the solid state become liquid at temperatures slightly above ambient, 

they add to the liquid content during waste decomposition. They are biodegradable but because 

they have a low solubility in waste, the rate of biodegradation is relatively slow. 

Carbohydrates 

Carbohydrates are found primarily in food and yard waste. They include sugars and polymers 

of sugars such as starch and cellulose and have the general formula (CH2O)X. Carbohydrates 

are readily  biodegraded to products such as carbon dioxide, water and methane. Decomposing 

carbohydrates are particularly attractive for flies and rats and for this reason should not be left 

exposed for periods longer than is necessary. 

Proteins 

Proteins are compounds containing carbon, hydrogen, oxygen and nitrogen and consist of an 

organic acid with a substituted amine group (NH2). They are found mainly in food and garden 

wastes and comprise 5-10% of the dry solids in solid waste. Proteins decompose to form amino 

acids but partial decomposition can result in the production of amines, which have intensely 

unpleasant odours. 

Natural fibres 

This class includes the natural compounds, cellulose and lignin, both of which are resistant to 

biodegradation. They are found in paper and paper products and in food and yard waste. 

Cellulose is a larger polymer of glucose while lignin is composed of a group of monomers of 

which benzene is the primary member.  Paper, cotton and wood products are 100%, 95% and 

40% cellulose respectively.  Since they are highly combustible, solid waste having a high 

proportion of paper and wood products, are suitable for incineration. The calorific values of 

ovendried paper products are in the range 12000 – 18000 kcal/kg and of wood about 20000 

kcal/kg, which compare with 44200 kcal/kg for fuel oil. 

Synthetic organic material (Plastics) 

They are highly resistant to biodegradation and, therefore, are objectionable and of special 

concern in solid waste management. Hence the increasing attention being paid to the recycling 

of plastics to reduce the proportion of this waste component at disposal sites. Plastics have a 



high heating value, about 32,000 kJ/kg, which make them very suitable for incineration. But, 

one should note that polyvinyl chloride (PVC), when burnt, produces dioxin and acid gas. The 

latter increases corrosion in the combustion system and is responsible for acid rain. 

Non-combustibles: 

This class includes glass, ceramics, metals, dust and ashes, and accounts for 12 – 25% of dry 

solids. 

Heating value 

 An evaluation of the potential of waste material for use as fuel for incineration requires a 

determination of its heating value, expressed as kilojoules per kilogram (kJ/kg). The heating 

value is determined experimentally using the bomb calorimeter test, in which the heat 

generated, at a constant temperature of 25°C from the combustion of a dry sample is measured. 

Since the test temperature is below the boiling point of water (100°C), the combustion water 

remains in the liquid state. However, during combustion, the temperature of the combustion 

gases reaches above 100°C, and the resultant water is in the vapour form.  While evaluating 

incineration as a means of disposal or energy recovery, one has to consider the heating values 

of respective constituents.  

Ultimate analysis 

This refers to an analysis of waste to determine the proportion of carbon, hydrogen, oxygen, 

nitrogen and sulphur, and it is done to perform mass balance calculation for a chemical or 

thermal process. Besides, it is necessary to determine ash fraction because of its potentially 

harmful environmental effects, brought about by the presence of toxic metals such as cadmium, 

chromium, mercury, nickel, lead, tin and zinc. One should note that other metals (e.g., iron, 

magnesium, etc.) may also be present but they are non-toxic. 

The following table shows an ultimate analysis of a typical municipal solid waste 

Element Range (% dry weight) 

Carbon 25-30  

Hydrogen 2.5-6.0  

Oxygen 15-30  

Nitrogen 0.25-1.2  

Sulphur 0.02-0.12 

Ash 12-30  



Proximate analysis 

This is important in evaluating the combustion properties of wastes or a waste or refuse derived 

fuel. The fractions of interest are: 

 moisture content, which adds weight to the waste without increasing its heating value, 

and the evaporation of water reduces the heat released from the fuel; 

 ash, which adds weight without generating any heat during combustion; 

 volatile matter, i.e., that portion of the waste that is converted to gases before and during 

combustion; 

 fixed carbon, which represents the carbon remaining on the surface grates as charcoal. A 

waste or fuel with a high proportion of fixed carbon requires a longer retention time on 

the furnace grates to achieve complete combustion than a waste or fuel with a low 

proportion of fixed carbon. 

The following table shows a proximate analysis of a typical municipal solid waste 

Components 

Value (%) 

Range Typical 

Moisture 15-40 20 

Volatile matter 40-60 53 

Fixed carbon 5-12 7 

Glass, metal, ash 15-30 20 

 

SWM Hierarchy 

The hierarchy of waste management, which emphasises avoidance, reduction, reuse, recycling, 

energy recovery, and eventually treatment or disposal, is the foundation of sustainable waste 

management. With renewable and less wasteful techniques at the top of the pyramid, it seeks to 

prioritise actions for the best use of resources. 

Prevention and reduction 

The top aim is to prevent and minimize solid waste production. By increasing effectiveness and 

minimizing consumption, this can be accomplished. 



First, businesses and customers should choose products that require the fewest resources to 

produce. Additionally, it's best to avoid buying single-use or disposable items if you can, 

because they represent linear waste, in which resources are harvested, processed, and dispersed. 

These are thrown away only after a short period of time. 

Re-use 

An emphasis on buying things that can be repaired or reused, as well as an instruction on how 

to reuse waste products, should be made if the consumption of a product cannot be avoided. 

Reusing may be done without processing new materials, which consumes money, energy, and 

frequently other resources. One of the core principles of the zero-waste ideology is reuse, 

which can take the form of having shoes repaired, giving away clothing and other goods for 

people to use, or even finding recipes for food leftovers, rather than throwing them away. 

Recycle 

Recycling is the best choice, after reusing an item. Since, we are now working with materials 

that have passed the end of their useful life in their existing form; the procedure now begins to 

resemble conventional waste management. 

Recycling maintains materials in use, preventing the need to mine new resources, and reducing 

some of the negative effects of just throwing away waste.Recycling is viewed as less desirable 

than the alternatives, because it costs resources, energy, and money to convert waste into 

useable products. 

Nevertheless, the benefits of recycling vary greatly, depending on the waste materials. For 

example, aluminium offers benefits that more than offset the cost of its own recycling, while 

requiring less than 10% of the energy of using virgin metal. Glass, however, offers energy 

savings of only 10 to 15%, while still being a better option than straightforward waste disposal. 

Composting 

Composting is also featured at this level of the hierarchy,since, it enables the diversion of 

organic waste from landfills, and transforms it into a resource that can be used to generate fresh 

products. 

Energy restoration or energy recovery 



The next step is energy recovery, which entails converting waste into useful heat, power, or 

fuel, such as biogas. This is accomplished using a variety of techniques, including incineration 

(energy recovery), gasification, pyrolysis, anaerobic digestion, and landfill gas (LFG) recovery, 

some of which overlap with the final stage of waste treatment. 

It reduces the amount of waste that will physically end up in landfills, and produces energy 

during the burning process, which would otherwise require fossil fuels to produce. 

Treatment or disposal of solid waste 

It is the final step in this hierarchy. It refers to incineration, without energy recovery or use of 

sanitary landfills. Some garbage may inevitable experience this, but it should be prevented for 

as long as feasible by using sustainable waste management practices. 

Factors influencing solid waste generation 

The rate of change of quantity of solid waste generation with respect to stipulated time is 

termed as waste generation. The waste generation rate is governed by various factors (i.e) it 

depends mainly upon the geographical location, customs, climate, living conditions and 

economic standard of the area. The characteristics, quantities, volume and composition of solid 

waste generated may differ from one country to another and between urban and rural areas. The 

factors influencing waste generation is discussed below. 

 Population: Population is one of the major factors governing waste generation. Increasing 

population will always increase the rate of waste generation. Highly populated countries show 

high per capita waste generation. Population density influences the quantity of waste 

generation. Higher the population density more is the quantum of waste generation. More 

developed countries are known to produce more waste, because abundance of goods results in 

higher waste generation. Age also is one another factor that influences waste generation. 

 Urban and rural area: People migrate from rural areas to urban areas in search of 

employment and education opportunities. Urbanization and industrialization are the main 

reason for the migration of people. In India, it is estimated that about 100,000 people migrate 

every day from rural areas to urban areas. The rate of migration is around 3.6 per cent per year. 

Thus, waste generation is high in urban areas when compared to rural areas. For example, 

urban areas generate all type of waste namely: paper, plastics, food waste, packaging materials, 

electronic waste and many more. In rural areas, the type and amount of waste generation is very 

minimum. Mostly it would be farming waste, agricultural waste and biodegradable waste. 



 Economic status and lifestyle: Economic status influences the waste generation to a great 

extent. Waste generation is high among high income groups and high-income countries. Higher 

the income rate and rate of urbanization greater is the solid waste generation. With increase in 

income the consumption of goods also increases resulting in increased waste generation. More 

packaging materials, papers, clothes, electronic gadgets, furniture etc. are generated in high 

income society. 

 Geographical location: Geographical location mainly plays a role in the generation of yard 

waste, agricultural waste etc. Locations where the autumn season is predominant can generate 

huge amount of yard waste. In northern parts of India during the months of February and 

march, yard waste generation is high. Agricultural waste generation is also high during the 

harvest season. Geographical location can also be interlinked to collection frequency. A place 

located at higher altitudes might show waste accumulation due to reduced collection frequency. 

Likewise, places of tourist importance accounts for high waste generation. 

 Seasons: The rate of waste generation and its composition varies with seasons. Harvest 

seasons result in high quantity of waste generation. Generally, waste generation is high in 

summer seasons than winter. High temperature might lead to faster decomposition of eatables 

and vegetables. This might be one of the reason for increased waste generation. Seasons that 

favor tourism will also act as a factor to increase waste generation. 

 Public attitude: The attitude of the public to change their habits and lifestyle might lead to 

reduced waste generation. Buying clothes more than required, wasting food, frequent 

replacement of household items, mobile phones and electronic gadgets might be few of the 

reasons for waste generation. Change in public attitude might reduce the waste generation. 

 Legislation: Strict legislation might reduce the quantity of waste generation. Existence of local 

and state regulations at least for the use and disposal of specific items might reduce the waste 

generation. For example, Indian rules control the generation of packaging materials and 

plastics. 

 Environmental effects of waste generation and disposal: 

 Waste generation, its improper disposal has resulted in a number of environmental effects. It 

affects water, air, land, soil and noise pollution. The various environmental effects are listed 

below. 



Water pollution: Improper waste management (i.e) open dumping of waste results in surface 

and ground water pollution. Waste generates a watery liquid termed ‘leachate’ oozes out due to 

the field capacity. This watery liquid slowly infiltrates through the soil into the ground water 

and affects them. Precipitation over the waste leads to the leaching of pollutants into the surface 

run off. Also, leachate gets mixed with the surface run off and is carried to surface water bodies 

like rivers, streams, lakes etc. Eutrophication and loss in water quality of the water body might 

be the consequences. 

 Likewise, the entry of leachate alters the pH of the groundwater. Changes in pH favours 

dissociation of minerals in the aquifers into the water. This might cause increased loss in water 

quality. Moreover, the contamination can spread depending on the characteristics of the aquifer 

especially sand and gravel. Soil also plays a great role in restricting the movement of ions into 

the groundwater. Clay soil might restrict the movement of ion by capturing them in the soil 

matrix. 

 Soil Pollution: Open dumping of waste without any liners or other protection causes the entry 

of pollutants into the soil. As mentioned earlier, the pollutants bind to the soil and its minerals 

thereby increasing the pollutant level in the soil. The accumulation of metals in the soil reduces 

its productivity and microbial diversity. The microbial diversity gets altered due the pollutants 

in the soil. Metals like Cd, Cu, Ni, Pb and Zn alters the soil chemistry. The pH of the soil is too 

disturbed by the waste. This results in the loss of various minerals thereby affecting the overall 

nature of the soil. 

 Vegetation is also affected by the waste dumping. The pollutants and heavy metals in the soil 

gets absorbed through the root system into the plants. The pollutants hinder the normal 

metabolism in plants thereby leading to invisible injuries that might on a later stage lead to 

plant death. Poor vegetation is observed in those places where the waste has been dumped for 

many years. Sometimes the waste dumping affects and destroys the entire ecosystem. 

 Air pollution: The surrounding air is affected by the emission of methane, carbon dioxide, 

oxides of Sulphur and nitrogen and other volatile organic compounds during the waste 

decomposition. Their emissions alter the air quality initially on local level which might extend 

to regional level depending on the rate of emissions and meteorological conditions. Likewise 

burning of waste in open areas leads to the emission of particulate matter (ash) and various 

gaseous emissions. Open burning also results in the emissions of many carcinogens namely the 

dioxins and furans. Polychlorinated dibenzofurans (PCDFs) commonly called as dioxins and 



furans are released during the burning of plastics. They are of more significance because their 

carcinogenic and mutagenic property. Incinerators without air pollution control devices also 

result in the release of particulate matter (ash) and gases. Hydrogen chloride, carbon monoxide, 

lead, mercury, arsenic, cadmium and selenium are other pollutants released during burning. 

 Noise pollution: Noise pollution is generally generated during the transport of waste in 

vehicles. Vehicles and machinery used in waste processing are the main source of noise 

pollution. The impacts of noise pollution can be reduced by proper maintenance of machinery 

and vehicles. Workers can be saved from occupational hazard by using ear plugs, muffs etc. 

Green belts can also minimize noise by acting as barrier. 

 Odour and aesthetics: Uncontrolled dumping might affect the aesthetics of the site. It creates 

visual hindrance to the trespassers and individuals living in nearby locality. The beauty of the 

city or town is lost due to open dumping of waste. Likewise, dumping or temporary storage of 

waste leads to odour problem due to decomposition of waste. The odour problem can be 

minimized by increasing the collection frequency from storage sites. Containment of waste in 

controlled landfill can also minimize the odour problem. 

 Health effects of waste generation and disposal: 

 Waste disposal in open dumps, long period of storage in the collection site or processing site 

(transfer station), improper handling and management might lead to numerous health effects in 

human beings and animals. Occupational health hazards are also caused during accidents, waste 

transport and processing. Some of the health effects are discussed below. 

 Waste dumps act as a store house of infective microorganisms and pathogens. They provide 

suitable environment and food for their growth. So, workers when they come in contact with 

the waste are affected with various diseases. 

 The flies, mosquitoes, stray animals such as rats, cats, dogs, cows, pigs act as carrier to 

bring the infection to the residential area and population living the towns and cities. 

 Epidemics can also be caused by the carriers that transport the vectors to the human 

beings 

 Typhoid, salmonellosis, gastro-enteritis, dysentery, malaria, filaria and dengue are the 

popular diseases caused by flies and mosquitoes. Life cycle of the insect plays an 

important role in creating infection. The flies generally lay eggs in the warm, moist 

environment of decomposing food wastes. The organic content in the waste acts as feed 



for the larva. Once they get matured, they migrate from waste to soil before 

transforming to pupae. The pupae remain dormant in soil and then migrates to the other 

area after it becomes and adult fly. Thus, the life cycle of fly occurs in the waste pile. 

Proper cleaning of storage bins, frequent collection and dumping waste in controlled 

environment might avoid the infections associated with flies. 

 Proper covering of the waste material can avoid the breeding of flies in the waste 

 Accumulation of water in broken furniture, tyres, broken vessel, tins and cans might act 

as breeding grounds for mosquitoes. Proper sanitary practices and cleanliness can 

eliminate the mosquito problems. 

 Roaches: Typhoid, cholera and amoebiasis are the infections caused by roaches. Poor 

management of solid waste can result in these infections. 

 Rats and other rodents cause the spread of diseases such as plague, murine typhus, 

leptospirosis, histoplasmosis, rat bite fever, dalmonelosis, trichinosis and many more. 

Waste dumps act as a source of food and shelter for the rodents. 

 Pigs are involved in the spread of diseases like trichinosis, cysticerosis and 

toxoplasmosis, which are generally transmitted through infected pork, eaten either in 

raw state or improperly cooked. Solid wastes, when fed to pigs, should be properly 

treated otherwise it might cause infections. 

 Occupational health hazards: Occupational health hazards are popular among workers 

handling waste and operating machineries. Accidents might also occur and can be 

considered as occupational hazard. 

 Sharps, syringes, broken glass, blades in the waste causes cut to the workers involved in 

collecting and transporting the waste. 

 Storage containers with sharp edges might cause injury and henceforth result in 

occupational hazard 

 Infections of skin and blood results from direct contact with waste and previously 

infected area and wounds. 

 Dust from the waste materials affects eyes on exposure. o diseases can also spread 

through animal bites 



 Inhalation of gases while burning wastes can lead to chronic respiratory diseases and 

cancer 

 Accidents due to waste handling: Loading, unloading and carrying of waste containers 

might lead to muscle wear and tear, bone and muscle disorders. Dust in roads and 

smoke arising from burning of waste might reduce visibility and might cause accidents. 

Chemical burns can occur when workers are exposed to small amount of hazardous 

material such as pesticides, cleaning solutions and solvents in households and 

commercial establishments. Methane explosion in landfill sites is again a major threat 

of accident. Careless dumping of lead-acid, nickel-cadmium and mercuric oxide 

batteries might affect the children and adults. 

 

 

 

 

 

 

 

TOOLS AND EQUIPMENT 

UNIT -III 

TOOLS AND EQUIPMENT 

Solid-waste collection 

Collecting and transporting 

Proper solid-waste collection is important for the protection of public health, safety, and 

environmental quality. It is a labour-intensive activity, accounting for approximately three-

quarters of the total cost of solid-waste management. Public employees are often assigned to 

the task, but sometimes it is more economical for private companies to do the work under 

contract to the municipality or for private collectors to be paid by individual home owners. 

A driver and one or two loaders serve each collection vehicle. These are typically trucks of the 
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enclosed, compacting type, with capacities up to 30 cubic metres (40 cubic yards). Loading can 

be done from the front, rear, or side. Compaction reduces the volume of refuse in the truck to 

less than half of its loose volume. 

The task of selecting an optimal collection route is a complex problem, especially for large and 

densely populated cities. An optimal route is one that results in the most efficient use of labour 

and equipment, and selecting such a route requires the application of computer analyses that 

account for all the many design variables in a large and complex network. Variables include 

frequency of collection, haulage distance, type of service, and climate. Collection of refuse in 

rural areas can present a special problem, since the population densities are low, leading to high 

unit costs. 

Refuse collection usually occurs at least once per week because of the rapid decomposition of 

food waste. The amount of garbage in the refuse of an individual home can be reduced by 

garbage grinders, or garbage disposals. Ground garbage puts an extra load on sewerage 

systems, but this can usually be accommodated. Many communities now conduct source 

separation and recycling programs, in which homeowners and businesses separate recyclable 

materials from garbage and place them in separate containers for collection. In addition, some 

communities have drop-off centres where residents can bring recyclables. 

Transfer stations 

If the final destination of the refuse is not near the community in which it is generated, one or 

more transfer stations may be necessary. A transfer station is a central facility where refuse 

from many collection vehicles is combined into a larger vehicle, such as a tractor-trailer unit. 

Open-top trailers are designed to carry about 76 cubic metres (100 cubic yards) of uncompacted 

waste to a regional processing or disposal location. Closed compactor-type trailers are also 

available, but they must be equipped with ejector mechanisms. In a direct discharge type of 

station, several collection trucks empty directly into the transport vehicle. In a storage discharge 

type of station, refuse is first emptied into a storage pit or onto a platform, and then machinery 

is used to hoist or push the solid waste into the transport vehicle. Large transfer stations can 

handle more than 500 tons of refuse per day. 

Solid-waste treatment and disposal 

Once collected, municipal solid waste may be treated in order to reduce the total volume and 

weight of material that requires final disposal. Treatment changes the form of the waste and 
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makes it easier to handle. It can also serve to recover certain materials, as well as heat energy, 

for recycling or reuse. 

Incineration 

Furnace operation 

Burning is a very effective method of reducing the volume and weight of solid waste, though it 

is a source of greenhouse gas emissions. In modern incinerators the waste is burned inside a 

properly designed furnace under very carefully controlled conditions. The combustible portion 

of the waste combines with oxygen, releasing mostly carbon dioxide, water vapour, and heat. 

Incineration can reduce the volume of uncompacted waste by more than 90 percent, leaving an 

inert residue of ash, glass, metal, and other solid materials called bottom ash. The gaseous by-

products of incomplete combustion, along with finely divided particulate material called fly 

ash, are carried along in the incinerator airstream. Fly ash includes cinders, dust, and soot. In 

order to remove fly ash and gaseous by-products before they are exhausted into the atmosphere, 

modern incinerators must be equipped with extensive emission control devices. Such devices 

include fabric baghouse filters, acid gas scrubbers, and electrostatic precipitators. (See also air 

pollution control.) Bottom ash and fly ash are usually combined and disposed of in a landfill. If 

the ash is found to contain toxic metals, it must be managed as a hazardous waste. 

Municipal solid-waste incinerators are designed to receive and burn a continuous supply of 

refuse. A deep refuse storage pit, or tipping area, provides enough space for about one day of 

waste storage. The refuse is lifted from the pit by a crane equipped with a bucket or grapple 

device. It is then deposited into a hopper and chute above the furnace and released onto a 

charging grate or stoker. The grate shakes and moves waste through the furnace, allowing air to 

circulate around the burning material. Modern incinerators are usually built with a rectangular 

furnace, although rotary kiln furnaces and vertical circular furnaces are available. Furnaces are 

constructed of refractory bricks that can withstand the high combustion temperatures. 

Combustion in a furnace occurs in two stages: primary and secondary. In primary combustion, 

moisture is driven off, and the waste is ignited and volatilized. In secondary combustion, the 

remaining unburned gases and particulates are oxidized, eliminating odours and reducing the 

amount of fly ash in the exhaust. When the refuse is very moist, auxiliary gas or fuel oil is 

sometimes burned to start the primary combustion. 
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In order to provide enough oxygen for both primary and secondary combustion, air must be 

thoroughly mixed with the burning refuse. Air is supplied from openings beneath the grates or 

is admitted to the area above. The relative amounts of this underfire air and overfire air must be 

determined by the plant operator to achieve good combustion efficiency. A continuous flow of 

air can be maintained by a natural draft in a tall chimney or by mechanical forced-draft fans. 

Energy recovery 

The energy value of refuse can be as much as one-third that of coal, depending on the paper 

content, and the heat given off during incineration can be recovered by the use of a refractory-

lined furnace coupled to a boiler. Boilers convert the heat of combustion into steam or hot 

water, thus allowing the energy content of the refuse to be recycled. Incinerators that recycle 

heat energy in this way are called waste-to-energy plants. Instead of a separate furnace and 

boiler, a water-tube wall furnace may also be used for energy recovery. Such a furnace is lined 

with vertical steel tubes spaced closely enough to form continuous sections of wall. The walls 

are insulated on the outside in order to reduce heat loss. Water circulating through the tubes 

absorbs heat to produce steam, and it also helps to control combustion temperatures without the 

need for excessive air, thus lowering air pollution control costs. 

Waste-to-energy plants operate as either mass burn or refuse-derived fuel systems. A mass burn 

system uses all the refuse, without prior treatment or preparation. A refuse-derived fuel system 

separates combustible wastes from noncombustibles such as glass and metal before burning. If 

a turbine is installed at the plant, both steam and electricity can be produced in a process 

called cogeneration. 

Waste-to-energy systems are more expensive to build and operate than plain incinerators 

because of the need for special equipment and controls, highly skilled technical personnel, 

and auxiliary fuel systems. On the other hand, the sale of generated steam or electricity offsets 

much of the extra cost, and recovery of heat energy from refuse is a viable solid-waste 

management option from both an engineering and an economic point of view. About 80 percent 

of municipal refuse incinerators in the United States are waste-to-energy facilities. 

Composting 

Another method of treating municipal solid waste is composting, a biological process in which 

the organic portion of refuse is allowed to decompose under carefully controlled conditions. 

Microbes metabolize the organic waste material and reduce its volume by as much as 50 
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percent. The stabilized product is called compost or humus. It resembles potting soil in texture 

and odour and may be used as a soil conditioner or mulch. 

Composting offers a method of processing and recycling both garbage and sewage sludge in 

one operation. As more stringent environmental rules and siting constraints limit the use of 

solid-waste incineration and landfill options, the application of composting is likely to increase. 

The steps involved in the process include sorting and separating, size reduction, and digestion 

of the refuse. 

Sorting and shredding 

The decomposable materials in refuse are isolated from glass, metal, and other inorganic items 

through sorting and separating operations. These are carried out mechanically, using differences 

in such physical characteristics of the refuse as size, density, and magnetic properties. 

Shredding or pulverizing reduces the size of the waste articles, resulting in a uniform mass of 

material. It is accomplished with hammer mills and rotary shredders. 

Digesting and processing 

Pulverized waste is ready for composting either by the open windrow method or in an enclosed 

mechanical facility. Windrows are long, low mounds of refuse. They are turned or mixed every 

few days to provide air for the microbes digesting the organics. Depending on moisture 

conditions, it may take five to eight weeks for complete digestion of the waste. Because of the 

metabolic action of aerobic bacteria, temperatures in an active compost pile reach about 65C 

(150°F), killing pathogenic organisms that may be in the waste material. 

Open windrow composting requires relatively large land areas. Enclosed mechanical 

composting facilities can reduce land requirements by about 85 percent. Mechanical 

composting systems employ one or more closed tanks or digesters equipped with rotating vanes 

that mix and aerate the shredded waste. Complete digestion of the waste takes about one week. 

Digested compost must be processed before it can be used as a mulch or soil conditioner. 

Processing includes drying, screening, and granulating or pelletizing. These steps improve the 

market value of the compost, which is the most serious constraint to the success of composting 

as a waste management option. Agricultural demand for digested compost is usually low 

because of the high cost of transporting it and because of competition with inorganic chemical 

fertilizers. 

https://www.britannica.com/topic/compost
https://www.britannica.com/science/humus-soil-component
https://www.britannica.com/dictionary/resembles
https://www.britannica.com/science/recycling
https://www.britannica.com/topic/sludge
https://www.britannica.com/dictionary/digesting


Sanitary landfill 

 

 

 

 

 

 

Explore how bacteria and other microorganisms decompose solid-waste efficiently in sanitary landfillsConstruction of a sanitary 

landfill. 

 

Land disposal is the most common management strategy for municipal solid waste. Refuse can 

be safely deposited in a sanitary landfill, a disposal site that is carefully selected, designed, 

constructed, and operated to protect the environment and public health. One of the most 

important factors relating to landfilling is that the buried waste never comes in contact with 

surface water or groundwater. Engineering design requirements include a minimum distance 

between the bottom of the landfill and the seasonally high groundwater table. Most new 

landfills are required to have an impermeable liner or barrier at the bottom, as well as a system 

of groundwater-monitoring wells. Completed landfill sections must be capped with an 

impermeable cover to keep precipitation or surface runoff away from the buried waste. Bottom 

and cap liners may be made of flexible plastic membranes, layers of clay soil, or a combination 

of both. 

Constructing the landfill 

The basic element of a sanitary landfill is the refuse cell. This is a confined portion of the site in 

which refuse is spread and compacted in thin layers. Several layers may be compacted on top 

of one another to a maximum depth of about 3 metres (10 feet). The compacted refuse occupies 

about one-quarter of its original loose volume. At the end of each day’s operation, the refuse is 

covered with a layer of soil to eliminate windblown litter, odours, and insect or rodent 

problems. One refuse cell thus contains the daily volume of compacted refuse and soil cover. 

Several adjacent refuse cells make up a lift, and eventually a landfill may comprise two or more 

lifts stacked one on top of the other. The final cap for a completed landfill may also be covered 

with a layer of topsoil that can support vegetative growth. 
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Daily cover soil may be available on-site, or it may be hauled in and stockpiled from off-site 

sources. Various types of heavy machinery, such as crawler tractors or rubber-tired dozers, are 

used to spread and compact the refuse and soil. Heavy steel-wheeled compactors may also be 

employed to achieve high-density compaction of the refuse. 

The area and depth of a new landfill are carefully staked out, and the base is prepared for 

construction of any required liner and leach ate-collection system. Where a plastic liner is used, 

at least 30 cm (12 inches) of sand is carefully spread over it to provide protection from landfill 

vehicles. At sites where excavations can be made below grade, the trench method of 

construction may be followed. Where this is not feasible because of topography or groundwater 

conditions, the area method may be practiced, resulting in a mound or hill rising above the 

original ground. Since no ground is excavated in the area method, soil usually must be hauled 

to the site from some other location. Variations of the area method may be employed where a 

landfill site is located on sloping ground, in a valley, or in a ravine. The completed landfill 

eventually blends in with the landscape. 

Controlling by-products 

Organic material buried in a landfill decomposes by anaerobic microbial action. Complete 

decomposition usually takes more than 20 years. One of the by-products of this decomposition 

is methane gas. Methane is poisonous and explosive when diluted in the air, and it is a 

potent greenhouse gas. It can also flow long distances through porous layers of soil, and, if it is 

allowed to collect in basements or other confined areas, dangerous conditions may arise. In 

modern landfills, methane movement is controlled by impermeable barriers and by gas-venting 

systems. In some landfills the methane gas is collected and recovered for use as a fuel, either 

directly or as a component of biogas. 

A highly contaminated liquid called leachate is another by-product of decomposition in sanitary 

landfills. Most leachate is the result of runoff that infiltrates the refuse cells and comes in 

contact with decomposing garbage. If leachate reaches the groundwater or seeps out onto the 

ground surface, serious environmental pollution problems can occur, including the possible 

contamination of drinking-water supplies. Methods of controlling leachate include the 

interception of surface water in order to prevent it from entering the landfill and the use of 

impermeable liners or barriers between the waste and the groundwater. New landfill sites 

should also be provided with groundwater-monitoring wells and leachate-collection and 

treatment systems. 
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Importance in waste management 

In communities where appropriate sites are available, sanitary landfills usually provide the 

most economical option for disposal of nonrecyclable refuse. However, it is becoming 

increasingly difficult to find sites that offer adequate capacity, accessibility, and environmental 

conditions. Nevertheless, landfills will always play a key role in solid-waste management. It is 

not possible to recycle all components of solid waste, and there will always be residues from 

incineration and other treatment processes that will eventually require disposal underground. In 

addition, landfills can actually improve poor-quality land. In some communities properly 

completed landfills are converted into recreational parks, playgrounds, or golf courses. 
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UNIT – IV 

ECONOMIC DEVELOPMENT 

Solid Waste Management (SWM) for Economic Development and Environmental 

Protection 

Effective Solid Waste Management (SWM) plays a critical role in promoting economic 

development and ensuring environmental protection. By adopting sustainable waste 

management practices, societies can reduce pollution, conserve resources, and create economic 

opportunities. Here’s how SWM contributes to both areas: 

Environmental Protection through SWM 

1. Pollution Reduction: 

o Proper waste collection and disposal prevent land, air, and water pollution. 

o Reduces greenhouse gas emissions from landfills (e.g., methane capture 

technology). 

2. Conservation of Resources: 

o Recycling reduces the need for raw material extraction (e.g., paper, metals, and 

plastics). 

o Composting organic waste enriches soil quality and reduces chemical fertilizer 

use. 

3. Biodiversity Protection: 

o Minimizes illegal dumping that harms ecosystems and wildlife. 

o Reduces microplastic leakage into oceans, preserving marine life. 

4. Climate Change Mitigation: 

o Reduces methane emissions from organic waste decomposition. 

o Supports circular economy strategies that lower the carbon footprint. 

Economic Development through SWM 

1. Job Creation: 

o Waste collection, recycling, and upcycling industries provide employment 

opportunities. 

o Informal sectors (waste pickers) benefit from organized and fair waste systems. 

2. Revenue Generation: 

o Recyclable materials (metals, plastics, paper) can be sold to manufacturers. 

o Energy recovery through waste-to-energy plants generates electricity. 



3. Cost Savings: 

o Reducing landfill use saves costs on waste transportation and land usage. 

o Prolongs the lifespan of landfills through waste segregation and composting. 

4. Innovation & Entrepreneurship: 

o Opportunities in developing biodegradable materials and eco-friendly products. 

o Investment in smart waste management technologies (e.g., IoT waste bins). 

 

Linking in SWM 

The solid waste sector is a major source of emissions that contribute to climate change, 

especially methane and black carbon. Methane and black carbon are short-lived climate 

pollutants that remain in the atmosphere for a shorter time than carbon dioxide but have 

substantially higher global warming potential. According to some estimates, the waste sector 

accounts for 11 percent of global anthropogenic methane emissions (GMI 2015) and 5 percent 

of global black carbon emissions. In terms of their total contribution to climate change, these 

emissions equate to roughly 2 percent of all greenhouse gas (GHG) emissions globally 

(Climate Watch 2019). The three major pollutants from the solid waste sector – in terms of their 

contribution to climate change – are: 

 

Carbon dioxide, a GHG, has an atmospheric lifetime of hundreds of years. Carbon dioxide 

emissions from the solid waste sector come from the use of fossil-fueled vehicles and 

equipment, anaerobic decomposition of waste, and burning of waste.  
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Methane, a potent GHG with a lifetime of 12 years that is 27-30 times more powerful than 

carbon dioxide at trapping heat in the atmosphere over a 100-year time period (EPA Undated). 

Methane emissions in the solid waste sector come from the anaerobic (oxygen-free) 

decomposition of organic waste.  

Black carbon, a component of particulate matter that is formed by the incomplete combustion 

of fossil fuels, biofuels, and biomass. It has an atmospheric lifetime of days to weeks. Although 

it is not a GHG, it still has a substantial effect on climate, with a warming impact of 500 to 

1,500 times that of carbon dioxide by mass. Black carbon is released from fossilfueled vehicles 

and equipment and by burning waste.  

Emissions contributing to climate change come from various sources throughout the different 

stages of solid waste management, including:  

Collection: In low-income countries, waste collection coverage is less than 40 percent— 

compared to 96 percent in high-income countries (World Bank 2018). Residents who receive 

infrequent waste collection often resort to informal means of disposal such as open burning—

resulting in black carbon and carbon dioxide emissions—or open dumping by roadsides or 

unused areas—generating methane from the decomposing organic waste.  

Transportation:  Waste is often transported from collection sites to treatment and disposal sites 

by diesel-fueled trucks and tractors, which results in black carbon and carbon dioxide 

emissions.  

Recycling:Informal sector workers play a critical role in collecting and recycling waste in 

developing countries. However, these workers sometimes resort to the burning of waste—

which produces black carbon and carbon dioxide—to extract and collect valuable raw materials 

in waste (e.g., copper, aluminum). Furthermore, some informal recyclers may not be aware of 

best practices to handle waste containing refrigerants, such as air conditioners (AC) and 

refrigerators. Mishandling of such waste could lead to the release of fluorinated gases with 

global warming potentials thousands of times higher than carbon dioxide.  

Organic waste treatment: While the treatment of organic waste—through composting or 

anaerobic digestion—has the potential to reduce methane emissions, methane leakages may 

occur when treatment facilities are not routinely maintained. Furthermore, some treatment 

facilities may have inadequate capacity to handle large volumes of organic waste. The 

accumulation and decomposition of organic waste at such treatment facilities prior to treatment 

could lead to methane emissions. 

Disposal: Landfill gas, which primarily consists of methane and carbon dioxide, is generated at 

disposal sites from the anaerobic decomposition of organic waste. When waste is disposed of at 



improperly managed landfills and dumpsites, methane and carbon dioxide are not captured at 

all; therefore, substantially greater amounts are released into the atmosphere. Even 

wellmanaged landfills with landfill gas (LFG) capture systems typically capture 60 to 90 

percent of the methane created by the landfill during its lifetime (U.S. EPA 2021). Additionally, 

black carbon and carbon dioxide are released due to fires. Accidental fires can be caused by 

spontaneous combustions, where waste material is heated by chemical oxidation and biological 

decomposition and the heat causes the material to ignite, or from hot surfaces encountering 

methane releases. Intentional fires are sometimes started to reduce the volume of waste or to 

recover metals from the waste. The presence of methane in decomposing solid waste can 

exacerbate the risk and severity of fires.  

 

 

 

 

 

 

 

 

 

 

 

 

Disposal 

 

Best Practices for Improving Solid Waste Management and Reducing Emissions 

The best practices discussed in this section can improve solid waste management and reduce 

emissions at the generation, collection, recycling, treatment, and disposal stages of solid waste 

management. Some of the best practices discussed— including bans on open burning or 

disposal of organics and recyclables in landfills—may require strict enforcement to be 

effective. Tracking the emissions and emissions reductions at each stage of the solid waste 

management process may be helpful to monitor the implementation progress and effectiveness 

of best practices. 

Understanding the Waste Stream and Preventing Waste 



Source reduction and material reuse are the most preferred steps in the solid waste management 

hierarchy (U.S. EPA 2022a). When products are reused or made with secondary (recycled) 

materials, less energy will be needed to extract, transport, and process raw materials. Lower 

energy demand means reducing the use of fossil fuels and the resulting GHGs and other air 

pollutants emitted into the atmosphere. Decision-makers can consider the following suggested 

actions for reducing waste, thereby reducing emissions related to waste management that 

contribute to climate change: 

Characterizing waste: Waste characterization helps decision-makers understand where to 

target efforts to minimize and prevent waste. For example, decision-makers can use the results 

from waste characterization studies to identify non-recyclable materials that should be a target 

for waste prevention strategies. 

Engaging stakeholders: Stakeholder engagement is critical for implementing strategies to 

reduce waste generation. This may include communication and outreach to the public about 

waste minimization through reducing consumption, recycling, and home composting.  

 

Promoting home treatment of organic waste: Yard waste and food waste resulting from food 

preparation and leftovers of cooked food can be treated at home instead of contributing to the 

solid waste to be managed by local government. The type of technology and the amount of 

waste that can be treated are based on a number of considerations, including space availability. 

Household composting can range from vermicomposting (worm composting) in a small bin in 

the kitchen to composting in large piles in the yard (GIZ 2022). Organic waste can even be 

processed in small anaerobic digesters with the gas being used for cooking and the digestate 

used as soil amendment in the garden.   

 

Implementing strategies to reduce packaging waste: Packaging waste represents a 

significant portion of the waste mix. Strategies like bulk vending of commodities and refilling 

of containers can be encouraged for certain products (e.g., nuts, grains, milk, oil, detergent) to 

reduce the amount of packaging waste. Bulk vending is a practice employed in many countries 

in the past prior to moving to the convenience of packaged goods. These strategies offer 

consumers an opportunity to move away from disposable packaging and help suppliers reduce 

their carbon footprint. 

Imposing bans and fees on specific items: Bans and fees on certain products have been 

shown to discourage consumer use and eliminate waste. For example, small fees for plastic 

bags at grocery stores can reduce the consumption of single-use plastic bags and encourage 



shoppers to bring their own reusable bags. Bans on certain types of single-use plastic items 

(e.g., bags, cutlery, straws) have been implemented in many countries, including Tanzania, 

Kenya, Rwanda, European Union (EU) countries, the United Kingdom, and parts of India and 

China. 

 

Requiring standardization to increase reuse and prevent waste:  

 

The use of different types of accessories such as chargers and earphones for consumer 

electronics contributes to increasing waste. Several countries (e.g., EU) are beginning to require 

standardized chargers to reduce this waste. 

 

Separation, Collection, and Transportation  

Best practices for mitigating climate pollutant emissions during waste collection and 

transportation include the following:  

Segregating waste at the source:This can enable better recycling and cleaner feedstock for 

organic waste treatment. Source segregation programs are more effective when accompanied by 

education and outreach campaigns to both waste generators and collections staff. Local 

governments may also need to provide the infrastructure (e.g., bins or receptacles for the 

different waste categories) for these programs to be implemented successfully. 

Imposing collection fees: Collection fees can incentivize generators to reduce the amount of 

waste they create, while increasing revenue to cover local governments’ waste collection costs. 

For example, Pay-As-You-Throw (PAYT) programs charge residents a collection fee based on 

the quantity of waste generated. To reduce the risks of improper disposal, decision-makers may 

need to account for residents’ ability to pay collection fees; for example, by charging different 

fee amounts based on income.  

Increasing collection coverage to underserved areas and communities will help to reduce 

illegal dumping where decomposition of organic waste can generate methane and burning of 

waste which produces black carbon and carbon dioxide emissions. Some communities are 

underserved due to access issues, including narrow roads and congestion. Pedal tricycles can be 

deployed for collection in such areas to increase collection coverage. 

Banning open burning of waste can reduce black carbon and other harmful toxic pollutants 

that impact air quality and human health. However, such bans require that appropriate 

infrastructure be in place for collection, as waste generators often resort to burning waste due to 

inadequate collection services.  



Optimizing collection routes ensures that vehicles use the most efficient path and timing to 

gather waste, eliminating overlapping waste collection routes and decreasing the number of 

instances when vehicles are traveling with lessthan-full loads. 

Deploying cleaner fleets, such as electric vehicles and pedal tricycles, for waste collection can 

reduce emissions of carbon dioxide and black carbon. Compressed natural gas from LFG is 

used by some cities (e.g., Hyderabad in India, Rio de Janeiro in Brazil) as an alternative to 

fossil fuels such as diesel and petrol.  

 

Recycling—by collecting and separating recyclable materials from the waste stream—reduces 

the consumption of fossil fuels and virgin materials to create new products and thus mitigates 

upstream climate pollutants. Best practices to improve recycling include the following: 

 

Integrating the informal recycling sector: Informal recyclers heavily rely on recovering and 

selling valuable materials from waste as a source of income. Without the proper training and 

equipment that is typically provided to recyclers in the formal sector, informal recyclers may 

resort to practices such as waste burning to extract recyclable metals. To prevent improper 

recycling and increase recycling capacity, decision-makers may consider integrating informal 

recycling workers into formal employment by promoting their legal recognition and offering 

formal workplace training. If informal sector workers are reluctant to enter the formal 

workplace, decisionmakers could conduct outreach to ensure that waste is not burned for 

materials recovery 

Requiring the use of recyclable material: Reducing the amount of virgin natural resources 

required to produce a certain level of output and recycling post-consumption waste material 

back into the manufacturing process can reduce energy consumption and avoid emissions. 

Laws, regulations, or policies can be initiated that require a certain amount of post-consumer 

plastic in new plastic packaging or a certain percentage of recycled paper in manufacturing new 

paper products. In the absence of such initiatives, government agencies could also adopt 

sustainable purchasing procurement processes where their purchases require the use of recycled 

material when appropriate.  

 

Treatment  

When selecting waste treatment technologies, decision-makers can consider potential emissions 

reductions along with other technical and financial factors. Best practices to lower emissions 

from waste treatment include:  



Sizing treatment facilities appropriately: Undersized facilities may have inadequate capacity 

to handle waste, leading to the accumulation of organic waste off-site that could decompose 

and generate methane. On the other hand, oversized facilities may not be costefficient as they 

may be running under capacity and wasting energy. Waste characterization is necessary to 

understand the quantity and type of waste to be managed currently. For proper sizing of 

facilities, it is important to consider population projections and changing consumer habits along 

with waste characterization.  

 

Improving operations and maintenance. Lack of training often results in poor operation and 

maintenance of treatment facilities, leading to problems such as gas leaks at anaerobic digestion 

facilities or leachate at composting facilities. Decision-makers may consider providing facility 

workers training on best practices to maintain and operate treatment facilities.  

 

Developing an emissions measurement, reporting, and verification (MRV) system. 

Measuring and tracking emissions and emissions reductions from solid waste projects can help 

decision-makers implement appropriate emissions control solutions. 

 

Disposal  

 

Open dumpsites and landfills are significant sources of black carbon and methane emissions. 

Best practices to mitigate emissions from solid waste disposal include:  

Remediating or closing existing dumpsites. Open dumpsites are differentiated from sanitary 

landfills in that the latter include an engineered design, consisting of a variety of systems for 

controlling the impacts of land disposal on human health, safety, and the environment. Site 

assessments help determine if a dumpsite needs to be closed or is suitable for conversion into a 

controlled dumpsite where some management practices, such as leachate collection, soil cover, 

and gas collection systems can be instituted. Following an initial assessment, a site will need 

preparation, including site leveling, drainage construction, fencing installation, and leachate 

and gas collection systems. Controlled sites may be monitored regularly to understand their 

waste composition and methane production. Dumpsites could be closed with LFG collection 

systems to avoid methane emissions. Landfill fires with resulting black carbon emissions can 

also be avoided by remediation and closure of dumpsites. 

 



Diverting organic waste from dumpsites and landfills. Governments can ban the disposal of 

organic waste at open dumpsites and landfills. Through source separation during the collection 

process and better treatment processes, organic materials can be disposed of through 

composting or anaerobic digestion. Composting and anaerobic digestion can reduce the 

emission of methane into the atmosphere, with the latter allowing for the use of methane as a 

renewable fuel.  

 

Imposing landfill fees and bans. Decisionmakers can charge users fees for the waste that ends 

up in the landfill. Most low-income countries have low or no tipping fees for disposal at 

landfills. Tipping fees will incentivize recycling and treatment of organic waste to minimize the 

cost of disposal. Decision-makers may also impose landfill bans to prohibit certain materials or 

items from being disposed of at landfills. However, before implementing landfill bans, 

decision-makers should assess and evaluate the suitability of this approach. Landfill bans may 

increase the risks of open dumping or other improper waste disposal methods in areas with 

limited capacity for waste recycling and treatment. 

 

Recovering energy from landfills. LFG can be used as an energy source, reducing local 

methane emissions. It is estimated that an LFG energy system will capture roughly 60 to 90 

percent of the methane emitted from the landfill, depending on system design and effectiveness 

(U.S. EPA 2022b). Producing energy from LFG offsets the use of fossil fuels to produce the 

same amount of energy and further reduces the amount of GHGs released to the atmosphere. It 

should be noted that these systems need to be monitored to detect and repair leaks. 

 

How Does Climate Change Impact Solid Waste Management? Climate change can 

disrupt solid waste management operations and damage infrastructure. 

 

Rising surface temperatures, heavier rainfall, sealevel rise, and extreme weather events—such 

as cyclones, hurricanes, and strong winds—could affect the generation, collection, recycling, 

treatment, and disposal of waste (USAID 2011). In developing countries, climate impacts on 

the solid waste sector often disproportionately affect the poor and marginalized populations 

who reside in close proximity to waste treatment sites or disposal sites and those that work in 

the waste sector.  

 



Generation. Longer and more frequent hot days could increase the production and 

consumption of cooling technologies, such as AC systems and fans (IEA 2018). As advanced 

cooling technologies become more widely available, older, less efficient technologies will be 

replaced, increasing waste generation. In addition, extreme weather events, including storms 

and sea-level rise, can result in debris from damages to physical infrastructure to be managed as 

waste, and can also damage waste recycling and treatment equipment and infrastructure. 

 

 

 

 

 

 

 

 

 

 

Soild state sector and climate change relationship 

 

Collection. Higher temperatures increase the need for more frequent waste collection due to 

quicker organic waste decomposition. Decomposing organic waste causes odors, insect and 

pest infestations, and bioaerosol releases that are harmful to human health and the environment 

(Bebb and Kersey 2003). Extreme heat could lead to heat-related illnesses among waste sector 

workers, particularly those in the informal sector, who often lack personal protective equipment 

and a covered space in which to work. Increased precipitation could flood roads; disrupt waste 

collection routes and schedules; and wash uncollected waste into streets, waterways, and 

drains, exacerbating flooding. Rising sea levels could submerge coastal areas and make roads 

inaccessible to waste collection vehicles. 

 

Recycling and treatment. Extreme heat could damage equipment, reduce worker productivity 

due to heat stress and heat-related illnesses, and increase demand for space-cooling equipment, 

impacting the operation and efficiency of waste treatment and recycling facilities. Hot and 

humid conditions could increase organic waste decomposition rates, affecting anaerobic 

digestion and composting processes. Increased precipitation and storms could inundate and 

damage waste recycling and treatment infrastructure and equipment. Sea-level rise could also 



inundate and damage waste recycling and treatment equipment and infrastructure along the 

coast. 

 

Disposal. Higher temperatures can increase the temperature of landfill sites, triggering a series 

of detrimental health and environmental impacts. For example, combustible waste materials at 

landfill sites could catch fire in extreme heat. Extreme heat and humidity could also speed up 

waste decomposition, which could increase the production of LFG, bad odors, and leachate that 

pollute the air and water of surrounding communities. Heavy rainfall and storms increase the 

risks of leachate and gas migration off-site. They can also contribute to slope failures that 

sometimes result in fatalities among onsite workers and people in proximity to the landfill.  

 

Best Practices for Improving the Climate Resilience of Solid Waste Management 

A climate-resilient solid waste management system is one that can anticipate, prepare for, and 

respond to climate change and minimize disruption and damage. Climate-resilient strategies 

achieve equity goals when vulnerable populations have adequate resources needed to adapt to 

climate change. A process that cities can use to improve climate resilience in the solid waste 

sector includes the following actions: 

 

Identify impacts of climate change. Cities need to understand the potential scenarios of 

climate change at their location. While some areas may be affected by extreme heat, others may 

face more frequent storms, and yet others may face both. These scenarios have varying impacts 

on the waste sector as described in the previous section. • Conduct a risk and vulnerabilities 

assessment on solid waste management. Cities may find it helpful to conduct assessments to 

identify specific risks and vulnerabilities to their solid waste management system and the 

alternative approaches for building resilience. 

 

Develop and implement a climate resilience plan. After identifying strategies to reduce 

climate impacts, cities can develop and implement a climate resilience plan to ensure that their 

solid waste management system can respond to climate change and continue to operate 

seamlessly. Cities can actively seek input from key stakeholders in developing the plan. They 

can align their plans with national climate and development goals, policies, and programs to 

bring secondary benefits such as improving public health, creating jobs, and preventing 

environmental damage. Many countries have developed national adaptation plans, and it is 

important to integrate the waste management sector into these plans. For example, adaptation 



initiatives to address marginalized communities in flood-prone areas should also consider the 

provision of waste collection services to these areas.  

 

Monitor progress and modify as needed. Cities need to measure the effectiveness of a climate 

resilience plan and modify it as needed. Climate resilience plans should be flexible and may be 

changed as cities experience climate change events and find vulnerabilities in their plans.  

 

Stakeholder Engagement Engaging stakeholders across the solid waste management system 

is critical to building resilience. Stakeholders include those who receive and provide waste 

management services in the public and private sectors, and especially marginalized populations 

such as informal sector workers and those who live in proximity to waste treatment and 

disposal facilities. Cities can raise awareness of the impacts of climate change on solid waste 

management and best practices to reduce these impacts. Stakeholders can also collaborate with 

cities to prepare for and respond to hazardous climate events. Decision-makers can consider the 

following best practices when creating a stakeholder engagement plan for climate resilience: 

 

Identifying stakeholders with an equity lens. Marginalized groups—including women, 

informal sector workers, residents of informal settlements, indigenous groups, and ethnic 

minorities—may face economic, political, social, and cultural barriers that inhibit their ability 
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participate in decision-making. These groups are often the most vulnerable to climate impacts 

because of their low socioeconomic status. 

 

Assessing the risks and vulnerabilities of each stakeholder group. Each stakeholder group may 

be impacted by climate-related hazards in a different way. For example, informal recycling 

workers may be more vulnerable to climaterelated hazards than formal ones because of their 

limited access to shelter and proper health and safety equipment.  

 

Informing stakeholders about climate risks. Stakeholders should be frequently informed 

about climate risks to enable them to prepare and react to these risks. Decision-makers can 

establish a platform or campaign to regularly inform stakeholders on climate change impacts 

and adaptation activities. This can come in the form of newsletters, social media posts, website 

updates, public service announcements on radio and television, texts, and emails.  

 



Actively involving stakeholders in resilience planning. Decision-makers may consider 

creating a community engagement plan to understand community needs. The engagement plan 

could be focused on the high-priority climate risks the community is facing and could involve 

holding regular public meetings.  

 

Solid Waste Management Integration into Resilience Planning 

The solid waste sector is highly dependent on the energy, water, and transportation sectors. The 

systematic linkages of solid waste management with other economic sectors require its 

integration into broader climate resilience planning (UN-Habitat 2011). Disruptions to other 

economic sectors can have a ripple effect on solid waste management. For example, power 

system failures because of storms may impact operations at waste processing sites. 

Transportation infrastructure such as roads or bridges can be blocked by floods or landslides, 

disrupting the transport of waste from waste collection, recycling, or treatment sites. Poor waste 

collection can also affect other sectors, as plastics and other wastes can block drains and further 

exacerbate flooding in cities. Best practices for integrating solid waste management into 

climate resilience planning include:  

 

Reviewing national-level climate resilience plans. An understanding of existing nationallevel 

policies on climate change mitigation and adaptation can help decision-makers identify 

linkages and opportunities to align solid waste sector resilience strategies. Decisionmakers can 

start by compiling and reviewing national-level climate change policies, including Nationally 

Determined Contributions and National Adaptation Plans (OECD 2021). Methane mitigation 

from improved solid waste management practices can be included in Nationally Determined 

Contributions. Enhancements to solid waste infrastructure, including landfills and treatment 

facilities, can be addressed in National Adaptation Plans (World Bank 2011). 

 

Establishing linkages between solid waste sector resilience plans and national plans 

Infrastructure development is one of the main components of national and local economic 

development plans. Decision-makers may benefit from creating an inventory of solid waste 

infrastructure and assets at risk of climate impacts. Such an inventory can help national and 

subnational governments identify facilities at risk and determine priorities for climateresilient 

investments. 

 



Engaging with sectoral government entities and relevant non-state actors. Coherence 

between solid waste sector policies and national and subnational development goals involve 

careful coordination across government agencies at both the national and local level. 

Decisionmakers responsible for solid waste management can engage with other government 

agencies and relevant non-state actors to determine policy objectives and priority actions for 

climate resilience and assign responsibilities for overseeing and implementing the actions 

(OECD 2021). 

 

Disaster Solid Waste Management Planning Large-scale natural disasters may generate more 

disaster waste than many communities can handle. Recovering and recycling some of the waste 

left behind after a natural disaster—including building debris and vegetation, such as downed 

trees and plants or leaves—can help communities with overall waste reduction and materials 

management. Best practices for creating a disaster plan for solid waste management include the 

following:  

Improve disaster waste management preparedness which may involve: 

 

a. Conducting risk and vulnerability assessments of existing waste infrastructure  

b. Identifying potential waste streams that a disaster might generate in a community 

c. Evaluating the capacity of existing reuse and recycling programs to handle 

disaster waste  

d. Considering post-disaster waste collection and transportation strategies  

e. Determining and selecting potential waste management sites and facilities  

f. Involving public and private actors and identifying their roles in post-disaster 

waste collection and disposal. 

 

Create an early warning system, which commences once a climate-related hazard (e.g., flood 

or cyclone) is announced. Following this warning, the disaster preparedness plan can be 

activated, directing responsible decision-makers to begin identifying potential locations for 

waste removal. Temporary solid waste management sites can be established to prepare for the 

safe storage of disaster waste that it may not be possible to transport to regulated landfills.  

 

Implement an emergency response plan, which involves a rapid assessment of the type, 

scale, and location of disaster waste.  

 



Implement a disaster waste recovery plan, which involves restoring, resuming, and 

reconstructing all affected waste services and facilities. Trained field operators can be deployed 

to collect, recycle, and remove disaster waste based on the recovery plan.  

Create a plan for managing waste from reconstruction operations, which will likely 

involve rehabilitation of any damaged solid waste management facilities. 

 

Climate-Resilient Solid Waste Infrastructure and Operations Climate stressors can impact 

both solid waste infrastructure and operations. It provides a list of established measures for 

minimizing climate-related damages to solid waste infrastructure and operations at each stage 

of the solid waste management process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LITTER 

 

It is a special type of MSW.  It is distinct from other types of MSW in that it a solid waste that 

is not deposited into proper receptacles.  We usually think of litter as existing in public places 

but litter could be on private premises as well.  Although litter is usually considered to be a 

visual affront only.  It may also be a health hazards.  Broken glass andfood for rats are but two 

examples it is alsoa drain on or economic resources because the public must pay to have it 

collected and removed when it is on public property. 



 

The collection of litter is of secondary importance to a community because it does not represent 

a critical public service as do police and fire protection.  Water treatment and collection of 

refuse from residences and commercial establishments.  Litter removal is expensive costing 

U.S municipalities millions annually. 

 

The composition of road side litter can vary considerably from place to place as can the method 

of data collection.  One major problem with any litter data analysis isthe reports fail to specify 

the guidelines used in the collection and identification of litters and seldom specify the way in 

which the percentages of the various components were calculated.  For example, broken bottle 

can be counted as either one item or many items depending on the guidelines. Similarly the 

results can be calculated as apercent of the total of each of the following items. 

 

a. Items by actual count 

b. Total weight of litter 

c. Volume of litter 

d. Visible items by actual count 

 

What is marine litter? 

 

Marine litter was defined in the report Marine litter – An Analytical overview from UNEP1 as 

any persistent, manufactured or processed solid material discarded, disposed of, or abandoned, 

in the marine and coastal environment. Marine litter consists of items that have been made or 

used by people and deliberately discarded into the sea or rivers or on beaches; brought 

indirectly to the sea with rivers, sewage, storm water or winds; accidentally lost, including 

material lost at sea in bad weather (fishing gear, cargo); or deliberately left by people on 

beaches and shores. 

What does the global plastic pollution represent in numbers? 

 

According to the UN Environment report (2018), approximately 3.0 and 5.3 million tonnes of 

micro- and macroplastics, respectively, are annually lost to the environment. The global 

mapping shows that the majority of plastics are produced in China, North America, and 

Western Europe with 28%, 19%, and 19%, respectively. These regions are also the major 

https://www.greenfacts.org/glossary/pqrs/sewage.htm


plastics consumers with 20%, 21%, and 18% for China, North America, and Western Europe, 

respectively. The E.U. Commission mentions that it is estimated that more than 150 million 

tonnes of plastics have accumulated in the world's oceans. According to the UN Environment, a 

recent study estimated the following: 

a. 8,300 million metric tons (Mt) of virgin plastics have been produced to date, 

b. 6,300 Mt of plastic waste have been generated as of 2015, 

c. Of this waste, 9% have been recycled, 12% incinerated, and 79% have accumulated 

in landfills or the natural environment. 

d. 12,000 Mt of plastic waste will be in landfills or in the natural environment by 2050 

under current production and waste management trends. 

 

The subsequent marine litter may be found near the source of input but can also be transported 

over long distances with ocean currents and winds. As a result, marine litter is found in all sea 

areas of the world – not only in densely populated regions but also in remote places far away 

from any obvious sources (e.g., on islands in the middle of oceans, and in the polar regions). 

Marine litter can blow around; remain floating on the water surface; drift in the water column; 

get entangled on shallow, tidal bottoms; or sink to the seabed at various depths. It is found in 

oceans and seas, in salt marshes and estuaries, in mangroves, on coral reefs, and on all kinds of 

shores. 

 

More generally, according to the World environment day report 2018, the global plastic 

pollution comes from the fact that, among others: 

a. 50% of consumer plastics are single use; 

b. 10% of all human-generated waste is plastic; 

c. 500 billion plastic bags are used each year; 

d. 1 million plastic bottles are bought every minute; 

e. 13 million tonnes of plastic leaks into the ocean each year; 

f. 100,000 marine animals are killed by plastic waste each year. 

 

In a study of 2002, almost 58 % of the marine litter found could be attributed to shoreline and 

recreational activities such as beach-picnicking and general littering. During one decade (1992–

2002), over 73,000 m³ of marine litter has been gathered on 300 kilometres of rocky beaches on 

the Swedish west coast. 

  

https://www.greenfacts.org/glossary/jkl/landfill.htm
https://www.greenfacts.org/glossary/mno/mangrove.htm


What are the main sources of marine litter? 

 

The primary sources of macroplastic losses stem from mismanaged municipal solid waste 

(MSW) (i.e. open dumping and inadequate landfilling), accounting for about half of the 

macroplastics lost to the environment. Littering of plastic waste and loss of fishing gears and 

other equipment related to maritime activities were also major sources of macroplastic losses. 

These mismanaged MSW lost to the environment primarily stem from Africa, Latin America 

and the Caribbean, and the Middle East, which all have a high level of plastic consumption and 

harbor a large fraction of inadequately managed MSW. 

 

In addition, plastics incorporating flame retardants (such as those used in electronic goods), as 

well as plastics used in the building & construction and transportation sectors, are of concern 

due to their high use of potentially harmful chemicals, despite having lower production data 

and counts in marine sampling and coastal clean-up data (due to their being primarily longer-

lived products). 

 

According to the European Commission, the main sources of marine litter are: 

Land-based: 

o landfills ; 

o rivers and floodwaters; 

o industrial outfalls; 

o discharge from storm water drains; 

o untreated municipal sewage ; 

o littering of beaches, coastal areas (tourism). 

Sea-based: 

o fishing and aquaculture ; 

o shipping (e.g. transport, tourism); 

o offshore mining and extraction; 

o illegal dumping at sea. 

What are the main environmental issues raised by marine litter? 

 

Problems of macroplastics mainly relate to ingestion of, and entanglement in, the plastic 

pieces by marine animals. Threats to wildlife and the environment from marine litter include 

https://www.greenfacts.org/glossary/jkl/landfill.htm
https://www.greenfacts.org/glossary/pqrs/sewage.htm
https://www.greenfacts.org/glossary/abc/aquaculture.htm


smothering of the seabed, disturbance of habitats from mechanical beach cleaning and pieces 

of litter that can transport invasive species. 

Most animals killed by marine plastics are undiscovered as the animals either sink to the 

bottom (e.g. fish) or are eaten by other animals making it near-impossible to observe and 

monitor the extent of the impacts, especially when considering the large ocean area over 

which the affected animals may spread. 

 

The most problematic macroplastics types are bags, fishing lines and nets, and ropes, which 

all correspond well with the estimated losses related to mismanaged waste, littering, and 

losses from marine activities. These losses also correlate well with findings of macroplastics 

in the marine environment. 

 

There are numerous potential impacts related to microplastics resulting from their ability to 

cause physical impacts, such as reducing activity/rate/capacity, inducing particle toxicity, 

adsorbing toxic pollutants, and transporting invasive species. 

 

There are also potential physical impacts related to the microplastics, such as reduction in 

feeding activity/rate/capacity, moreover, the plastic particles may also be taken up in organs, 

cells and tissues (e.g. through uptake of nano-sized plastic particles), which can lead to particle 

toxicity. Essentially all plastic types can cause physical impacts, where impacts are primarily 

related to physical microplastic characteristics such as particle size. 

 

Microplastics containing potentially hazardous additives or residual monomers were also 

identified as a hotspot. Polyvinyl chloride (PVC), Polyurethane (PUR) and Polyacrylonitrile 

(PAN) are largely used in building and construction and PUR is additionally used in the 

transportation sector Even if it was not possible to estimate the losses of plastics from these 

applications, these polymers were anyway found to be the most problematic in terms of 

containing potentially hazardous residual monomers and additives. PVC is the plastic type 

requiring the most additives, accounting for about 73% of the world production of plastic 

additives by volume. It is susceptible to degradation and potential release of hazardous 

monomers/oligomers or additives” and toxicity from leachate from PVC and PUR would been 

evidenced in laboratory settings. 

 

https://www.greenfacts.org/glossary/abc/alien-species.htm
https://www.greenfacts.org/glossary/pqrs/primary-pollutant-secondary-pollutant.htm
https://www.greenfacts.org/glossary/abc/alien-species.htm
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Marine Plastic litter also threatens marine and coastal biological diversity in productive coastal 

areas, causing damage and death to wildlife. Entanglement and ingestion are the primary kinds 

of direct damage to wildlife caused by marine litter marine organisms such as barnacles and 

lugworms, which eat the microscopic pieces of plastic. 

 

Further, marine litter is also increasingly believed to be a source of accumulation of toxic 

substances in the marine environment and of environmental changes due to the transfer and 

transport of invasive species between seas, including harmful algal blooms and pathogens. In 

terms of biological effects, the Joint Research Centre of the European Commission (JRC) 

concluded in a report5 that there is experimental evidence but only from laboratory experiments 

with organisms from lower trophic levels, of negative physical/mechanical impacts from 

ingestion of plastic on the condition, reproductive capacity and survival of individual marine 

organisms. For the GESAMP report6 however, it is not clear whether this will be significant at a 

population level with the currently observed microplastic numbers. It appears very likely that 

this interaction will be dependent on: 

 

i) The species; 

ii) The relative degree of contamination of the plastic, the biota concerned and the 

marine environment (sediment, water, foodstuff) in that region; 

iii) The size, shape and type of plastics;  

iv) Several time-related variables (e.g. environmental transport, gut transfer, 

absorption/desorption rates). 

 

This remains a contentious area of research. Generally, the numbers of particles per organism 

are very small, even for filter-feeding bivalves in coastal areas bordered by high coastal 

populations. At these levels it is not considered likely that microplastics will influence the 

breeding/development success of fish stocks (food security), nor represent an objective risk to 

human health (food safety). However, data are rather scarce and this is an area that justifies 

further attention. Microplastics can indeed impact an organism at many levels of biological 

organization. Still, the majority of the evidence is for sub-organismal effects (e.g. changes 

in gene expression, inflammation, tumour promotion), or effects on individual organisms (i.e. 

death). 
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What are the main obstacles to solving the problem of marine litter? 

 

A major reason to the marine litter problem that appears to increase worldwide are littering 

practices from the shipping sector, as well as lack of land-based infrastructure to receive litter, 

combined with a lack of awareness among main stakeholders and the general public. 

The Analytical Report on marine litter of the UNEP underlined that among the other main 

contributions to the problem were the deficiencies in the implementation and enforcement of 

existing international and regional environment-related agreements, as well as national 

regulations and standards. 

 

How can progress in marine litter management be monitored? 

 

In response to the Resolution on Marine Plastic Litter and Microplastic (UNEP/EA.2/Res. 11) 

adopted by the second session of the UN Environment Assembly, an assessment of the 

effectiveness of relevant international, regional and sub-regional governance strategies and 

approaches was proposed by the Executive Director of the United Nations Environment 

Programme. The two parts of this assessment are, on one hand, a mapping study that provides 

insight into the current state of the governance strategies and approaches at the international, 

regional and sub-regional levels within the context of marine plastic litter and microplastics, 

identifying the gaps and, on the other hand, the discussion on these policy gaps to provide 

policy options including: 

 

a. Review and revision of existing frameworks to address marine plastic litter and 

microplastics, and add a component to coordinate industry; 

b. A new global architecture with a multi-layered governance approach. 

 

How could a more circular economy contribute to solve the issues of plastic 

waste and marine litter? 

 

Moving decisively towards a more prosperous and sustainable plastics economy in a vision of a 

circular plastics economy could deliver considerable benefits. To reap these, a strategic vision 

is needed, setting out what a ‘circular’ plastics economy could look like in the decades ahead. 



This vision needs to promote investment in innovative solutions and turn today’s challenges 

into opportunities. While the E.U. will propose concrete measures to achieve this vision 

described in its European Strategy for Plastics in a Circular Economy, making it a reality will 

require action from all players in the plastic value chain, from plastic producers and designers, 

through brands and retailers, to recyclers. Similarly, civil society, the scientific community, 

businesses and local authorities will have a decisive role to play in making a difference, 

working together with regional and national governments to bring about positive change. In 

Europe, citizens, government and industry support indeed more sustainable and safer 

consumption and production patterns for plastics. 

 

This provides a fertile ground for social innovation and entrepreneurship, creating a wealth of 

opportunities for all Europeans. To move towards that vision, this strategy proposes an 

ambitious set of EU measures. These will be put forward in line with the Better Regulation 

principles. In particular, any measure likely to have significant socioeconomic impact will be 

accompanied by an impact assessment. Recognising the importance and need of common 

efforts, the strategy also identifies key actions for national and regional authorities and industry.  

 

What are the particular challenges for developing countries to face marine litter 

issues? 

 

With regard to the challenges faced by developing countries, difficulties are related to capacity-

building, resource mobilization and lack of alternatives in replacing certain types of plastics. 

Small island developing States are particularly vulnerable to the problem of marine plastic litter 

and microplastics and faced significant challenges with regard to waste management and plastic 

pollution : limited resources and legislative mechanisms, small recycling markets, a lack of 

capacity to monitor, govern and deal with pollution, a lack of experts to carry out much-needed 

analyses, and a lack of coordination at the national and regional levels to deal with plastic 

pollution in a holistic manner. Small islands developing States therefore needed international 

support to deal with the problem, as well as more awareness raising programmes on marine 

litter and microplastics, especially for the most vulnerable populations. 

 



Positive work is being done by Pacific islands who developed a Pacific regional plan on marine 

litter, and encouraged the international community to support this and similar regional 

schemes19. 

Extensive use of water bags had helped Ghana address a cholera epidemic but had created a 

major plastic waste issue, since the bags were low-quality and could not be reused. This 

situation, a representative of the country said, emphasized the need to raise public awareness 

about plastics, to provide technical support to countries at different stages of waste 

management, and to ensure that industry, which often promoted as biodegradable, plastics that 

merely fragmented and released additives into the environment, provided accurate information 

on its products and packaging. 

 

A representative from a country said that it was critical to engage with major plastic producers 

in order to determine which plastics should be considered necessary, and urged the 

Governments of exporting countries to consider adopting legislation or other measures through 

which the export of plastics from companies based in their territories could be reduced. 

 

What are the most encompassing legislations and initiatives taken globally to 

solve the marine litter challenges? 

 

After the prominence of World Environment Day 2018, the number of government-, industry- 

and consumer-led actions continues to rise. So far, plastic bags and, to a lesser extent, foamed 

plastic products have been the main focus of government actions. Bans on single-use plastic 

bags have been especially evident in developing countries, particularly Africa and Asia, with 

restrictions and other disincentives (taxes or levies) motivated primarily by waste management 

and litter concerns. More than 60 countries have introduced measures to curb single-use plastic 

waste. 

 

The United Nations Convention on the Law of the Sea (UNCLOS) is the only binding policy 

that requires nations to minimise pollution from both marine and land-based sources that may 

enter the marine environment. 

 

https://www.greenfacts.org/glossary/abc/cholera.htm
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The Regional Seas Conventions and Action Plans are of direct relevance to reducing marine 

plastic pollution. The action plans target key activities and sources of plastic waste in 18 

separate regions and set binding and non-binding legislation to reduce these sources. 

 

The European Union (EU) Marine Strategy Framework Directive (MSFD) is the first European 

Union legislative instrument related to the protection of 

marine biodiversity and ecosystems through managing human activities that have an impact on 

the marine environment. More particularly, the EU Marine Strategy Framework 

Directive requires member states to develop a marine litter strategy, thus most member 

countries have implemented - or are in the process of developing National Marine Strategies. 

Further, the European Strategy for Plastics in a Circular Economy is a global leader in 

describing the vision for a revised and sustainable plastics economy. Other countries with 

strategies or action plans on marine litter include Japan, the USA and Australia. 

 

In a monitoring study of micro-litter in Scandinavian marine environments four different case 

studies were carried out to determine dominating micro-litter types from urban environments to 

the regional Scandinavian seas (eastern North Sea). The samplings were both from sediment 

near sources (urban runoff and road dust sediment), and further out from coastal sediments. 

 

The sea surface layer and subsurface samples were taken in two different gradients. The most 

common types of micro-litter found varied between studies but common trends could be 

identified between the road tunnel sediment and the urban creek sediment. They both contained 

black particles resembling tyre rubber from both visual and tactile tests, and also asphalt, 

charcoal, oil/tar particles and road marker particles. 

 

In the coastal water samples the surface layer was dominated by polystyrene foam particles and 

polyethylene fragments and films. In the subsurface water samples, fibers, films and fragments 

of plastic were most common. In both the Gothenburg urban creek sediment and Oslo fjord 

surface, water samples particles that could be related to artificial sports turf (polyethylene green 

grass and clear cut, tire granulate) were observed. The micro-litter in mussels was dominated 

by fibers. The approach of using gradient studies, which include both near source sampling as 

well as recipient gradient sampling, was concluded to be very suitable to determine sources and 

fate. 
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What are the main recommendations of the UN Environment report to manage 

the marine litter challenges? 

 

To their potential impacts on the marine environment, the UN Environment report 2018 

recommendations are to focus on reducing losses of: 

i) Macroplastics from MSW, in particular plastic packaging. Initiatives should not be 

limited to the end-of-life stage; instead, measures for reducing potential plastic losses at 

the end-of-life stage should be implemented along the entire plastic value chain. 

Particular focus should be on regions whether the largest losses occur, i.e. Africa, Latin 

America and the Caribbean, and the Middle East; 

ii) Microplastics from use of consumer-related applications. Initiatives should not be 

limited to the use stage; instead, measures for reducing potential plastic losses during 

the use stage should be implemented along the entire plastic value chain. Particular 

focus on the regions North America, China, Asia (excluding Japan, India, and China), 

and Western Europe, which are responsible for the majority of microplastic losses; 

iii) Plastic goods from marine activities (e.g. fishing, aquaculture, etc.); 

iv) Any plastics identified to pose a hazardous risk to marine organisms. 
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INDUSTRIAL VISIT 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

UNIT – V 

INDUSTRIAL VISIT 

 

Organizing an industrial visit for Solid Waste Management (SWM) can provide students and 

professionals with practical insights into waste processing technologies, sustainable practices, 

and real-world challenges. Here’s a guide to planning and executing an effective SWM 

industrial visit: 

 

Objectives of an SWM Industrial Visit 

 

 Understand the processes involved in waste collection, segregation, treatment, and 

disposal. 

 Observe advanced technologies like composting, recycling, incineration, and waste-to-

energy (WTE) systems. 

 Learn about environmental regulations, sustainability practices, and the role of 

industries in climate action. 

 Inspire innovative ideas for research and practical problem-solving in waste 

management. 

 

Potential Sites for SWM Industrial Visits 

 

1. Municipal Solid Waste (MSW) Processing Plants  

Waste collection, segregation, and landfill management. 

2. Composting and Biogas Plants  

Organic waste treatment and renewable energy production. 



3. Recycling Facilities  

Plastic, metal, paper recycling, and electronic waste (e-waste) management. 

4. Waste-to-Energy (WTE) Plants  

Thermal treatment and energy generation from solid waste. 

5. Hazardous and Biomedical Waste Units  

Safe disposal of medical, industrial, and toxic waste. 

 

Suggested Itinerary for the Visit 

 

1. Introduction Session (30 mins) 

 Overview of the facility’s operations. 

 Safety briefing and Q&A. 

2. Guided Tour (2-3 hours) 

 Waste reception and sorting area. 

 Treatment processes (composting, recycling, incineration, etc.). 

 Environmental monitoring systems (emissions control, leachate 

treatment). 

3. Interactive Session (45 mins) 

 Q&A with plant engineers and environmental experts. 

 Discussion on sustainability and research opportunities. 

4. Debrief and Feedback (30 mins) 

 Share insights and document key learnings. 

 Collect participant feedback. 

 

 Preparation Checklist 

 

 Permissions & Approvals: Obtain formal approval from the institution and industry. 

 Logistics: Arrange transportation, insurance, and safety gear if required. 

Safety Compliance: Follow site-specific safety guidelines. 

Documentation: Provide visit certificates and a detailed report. 

 

Post-Visit Activities 

 Report Writing: Document findings, observations, and improvement suggestions. 

 Presentation: Share key learnings with peers and faculty. 



 Research Ideas: Identify potential research or mini-projects related to SWM. 

 

Data Collection and Analysis in Solid Waste Management (SWM) 

Effective data collection and analysis in Solid Waste Management (SWM) are crucial for 

improving waste management practices, ensuring environmental compliance, and supporting 

sustainable development. Here is a structured approach to collecting and analysing SWM 

data: 

Objectives of Data Collection in SWM 

 Understand the quantity and composition of waste. 

 Evaluate the efficiency of collection, segregation, and disposal systems. 

 Identify gaps in waste management practices and propose improvements. 

 Monitor environmental impacts like greenhouse gas (GHG) emissions and pollution. 

 Support policy-making and the development of a circular economy. 

Types of Data Collected in SWM 

 

Category Data Types 

Waste Generation Total waste produced (kg/day, tons/year) 

Waste Composition Organic, plastic, metal, glass, e-waste, etc. 

Collection Process Frequency, coverage, equipment used 

Segregation Source segregation levels, recovery rates 

Treatment Methods Composting, recycling, incineration, landfill 

Financial Data Collection costs, revenue from recyclables 

Environmental Data Emissions (CH₄, CO₂), leachate, odor control 

 

Methods of Data Collection 

 

A. Primary Data Collection 

1. Field Surveys:  

o Conduct household, industry, and municipal-level surveys. 

2. Waste Audits:  

o Physical analysis of waste composition through sampling. 

3. Direct Measurement:  

o Weigh waste at collection points, treatment plants, and landfills. 



4. Observation:  

o Monitor operational processes, collection frequency, and compliance. 

 

Secondary Data Collection 

 

1. Municipal Records:  

o Collect data from municipal SWM departments and reports. 

2. Policy Documents:  

o Analyze government guidelines and regulations (e.g., Solid Waste Management 

Rules 2016 in India). 

3. Research Publications:  

o Review case studies, academic research, and best practices globally. 

 

Data Analysis Techniques in SWM 

 

A. Quantitative Analysis 

1. Descriptive Statistics:  

o Mean, median, standard deviation (for waste quantity and types). 

2. Trend Analysis:  

o Track changes in waste generation over time. 

3. Material Flow Analysis (MFA):  

o Evaluate the flow of waste from generation to disposal. 

 

B. Qualitative Analysis 

1. Categorization:  

o Classify waste types (biodegradable, recyclable, hazardous). 

2. SWOT Analysis:  

o Evaluate Strengths, Weaknesses, Opportunities, and Threats in SWM systems. 

 

5. Tools and Technologies for SWM Data Analysis 

1. GIS Mapping:  

o Use Geographic Information Systems (GIS) to analyze waste hotspots. 

2. SPSS/Excel:  

o For statistical modeling and predictive analysis. 



3. IoT and Smart Bins:  

o Collect real-time data on waste levels and collection efficiency. 

 

 

 

 

 

Key Performance Indicators (KPIs) in SWM 

 

KPI Measurement Metric 

Waste Generation Rate kg/person/day or tons/year 

Collection Efficiency % of waste collected vs. total generated 

Recycling Rate % of recyclables recovered 

Landfill Diversion Rate % of waste prevented from landfill 

Operational Cost Efficiency Cost per ton of waste collected/treated 

Emission Reduction CH₄ and CO₂ reduction in treatment 

 

 

7. Challenges in SWM Data Collection 

 Inconsistent data across municipalities. 

 Limited technology for real-time tracking. 

 Lack of public participation in waste segregation. 

 Difficulty in analyzing informal waste sectors. 

 

8. Application of Data Analysis in SWM 

 Design optimized waste collection routes. 

 Evaluate the feasibility of waste-to-energy systems. 

 Formulate evidence-based policies for waste reduction. 

 Monitor progress toward Sustainable Development Goals (SDG 11 & 13). 

 

Presentation on Solid Waste Management (SWM) 

Here’s a structured outline for a compelling Solid Waste Management presentation. You can 

customize it for academic, industrial, or community audiences. 



1. Title Slide 

 Title: Solid Waste Management: Challenges & Sustainable Solutions 

 Subtitle: Enhancing Waste Management for a Greener Future 

 Your Name, Institution, Date 

2. Introduction 

 Definition: 

Solid Waste Management (SWM) involves collecting, treating, and disposing of solid 

waste in a manner that minimizes environmental and health impacts. 

 Importance of SWM: 

o Reduces pollution and greenhouse gas emissions. 

o Conserves natural resources through recycling. 

o Ensures public health and urban cleanliness. 

3. Types of Solid Waste 

1. Biodegradable Waste – Food waste, garden waste. 

2. Non-Biodegradable Waste – Plastics, metals, glass. 

3. Hazardous Waste – Medical, chemical, and e-waste. 

4. Construction & Demolition Waste – Concrete, wood, debris. 

👉 Visual Aid: Pie chart showing waste composition. 

 

4. SWM Process Flow 

1. Waste Generation – Households, industries, and commercial sites. 

2. Collection & Transportation – Door-to-door collection and logistics. 

3. Segregation – Separation at source (biodegradable vs. non-biodegradable). 

4. Treatment – Composting, recycling, incineration, and waste-to-energy. 

5. Disposal – Landfilling for residual waste. 

👉 Visual Aid: Flowchart showing the SWM process. 

 

5. Environmental and Social Impact of Poor SWM 

 Air and water pollution. 

 Greenhouse gas emissions (methane from landfills). 

 Public health hazards (disease outbreaks). 

 Loss of biodiversity due to contamination. 

 



6. Modern Technologies in SWM 

1. Waste-to-Energy (WTE) – Converts waste into electricity. 

2. Smart Bins – IoT-enabled bins for efficient collection. 

3. Composting & Bio-Methanation – Organic waste to compost and biogas. 

4. Material Recovery Facilities (MRF) – Advanced recycling plants. 

 

7. Legal Framework and Policies 

 SWM Rules 2016 (India) – Source segregation, extended producer responsibility (EPR). 

 Sustainable Development Goals (SDGs) – SDG 11 (Sustainable Cities), SDG 13 

(Climate Action). 

 Extended Producer Responsibility (EPR) – For plastic and e-waste management. 

 

8. Data Collection & Analysis in SWM 

 Key Metrics: Waste generation rate, collection efficiency, recycling rate. 

 Tools: GIS for waste mapping, statistical analysis (Excel, SPSS). 

 Analysis Goal: Optimize collection, minimize landfill dependency. 

 

9. Best Practices for Effective SWM 

1. Source segregation (biodegradable vs. non-biodegradable). 

2. Promote 3Rs: Reduce, Reuse, Recycle. 

3. Community participation and awareness programs. 

4. Investment in advanced waste-processing technologies. 

 

10. Challenges in SWM 

 Inefficient collection systems. 

 Limited public participation. 

 Lack of infrastructure in rural areas. 

 Management of hazardous and e-waste. 

 

11. Future of SWM 

 Circular economy integration. 

 AI and IoT for real-time monitoring. 

 Zero waste cities and sustainable urban models. 

 Policy advancements and global collaboration. 



 

12. Conclusion 

 Effective Solid Waste Management is key to sustainability. 

 Technological innovation, policy enforcement, and public participation are essential. 

 "Waste is a resource in the wrong place – Let’s manage it wisely!" 

 

13. References 

1. Solid Waste Management Rules, 2016 (India) 

2. UN Sustainable Development Goals (SDG 11 & 13) 

3. Case Studies of WTE and Recycling Plants 
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UNIT VI PROFESSIONAL COMPONENTS 

 

When organizing professional expert lectures on Solid Waste Management (SWM), it’s 

essential to maintain a structured, informative, and engaging format. Below are the key 

professional components to ensure a high-quality and impactful session: 

 

1. Pre-Lecture Preparation 

 

 Topic Finalization: Choose a specific area (e.g., waste minimization, circular economy, 

smart waste technologies). 

 Speaker Selection: Identify a qualified expert (academicians, industry leaders, 

policymakers). 

 Audience Analysis: Tailor content to the audience (students, researchers, municipal 

bodies). 

 Logistics Planning: Organize the venue (or virtual platform), technical setup, and 

scheduling. 

 

2. Lecture Structure 

 

Opening Session (5-10 mins) 

o Welcome Address by the Host 

o Introduction of the Expert (academic background, industry experience) 

Core Presentation (40-60 mins) 

o Overview of SWM: Definitions, scope, and global importance 

o Technical Aspects: Waste types, collection methods, and treatment technologies 

o Policy & Regulations: SWM Rules 2016 (India), EPR, and global best practices 

o Innovations: IoT in waste tracking, smart bins, and sustainable solutions 

o Case Studies: Successful SWM models (e.g., Indore Smart City, Sweden’s zero-

waste approach) 



Interactive Session (15-20 mins) 

o Q&A Session: Open forum for audience questions 

o Panel Discussion (if applicable): Collaborative expert dialogue on current 

challenges 

Conclusion& Feedback (5-10 mins) 

o Key Takeaways and Future Directions 

o Vote of Thanks and Certificate of Appreciation 

 

3. Professional Documentation 

 

o Lecture Agenda: Clear timeline with session breakdown. 

o Speaker Profile: Share a detailed biography of the speaker. 

o Presentation Materials: Ensure professional-quality slides with references. 

o Attendance & Certificates: Document participant engagement and issue certificates. 

 

4. Post-Lecture Engagement 

 

o Feedback Collection: Evaluate audience satisfaction and learning outcomes. 

o Resource Sharing: Provide lecture recordings, slides, and further reading. 

o Follow-Up Activities: Organize workshops or research collaborations on SW 

 

5. Quality Enhancement 

 

o Accreditation Compliance: Align with NAAC/NBA guidelines. 

o Industry Collaboration: Involve government bodies (CPCB, MoEFCC) or private firms. 

o Research Integration: Link lecture content with ongoing research or student projects. 

 

A professional webinar involves careful planning, execution, and follow-up to deliver a 

seamless and impactful virtual experience. Here are the core professional components for 

organizing a successful webinar: 

 

1. Pre-Webinar Planning 

Objective Definition 



o Identify the purpose (e.g., knowledge sharing, skill development, policy 

discussions). 

o Set clear learning outcomes and goals for participants. 

Topic Selection 

o Choose a relevant, timely topic aligned with audience needs (e.g., emerging 

technologies, industry trends). 

o Ensure it aligns with institutional goals (e.g., academic credit, NAAC/NBA 

accreditation). 

Speaker Identification 

o Invite industry experts, researchers, or government officials. 

o Share speaker profiles with credentials and expertise. 

Audience Targeting 

o Identify and categorize participants (students, faculty, industry professionals). 

o Ensure content is tailored to their knowledge level. 

Logistics & Platform Management 

o Choose a reliable platform (Zoom, Google Meet, Microsoft Teams). 

o Ensure technical readiness (bandwidth, recording capabilities, breakout rooms). 

 

2. Webinar Structure 

 

Pre-Webinar Setup 

o Send invitations with clear instructions. 

o Share registration forms and pre-webinar materials (brochures, agenda). 

Opening Session (5-10 mins) 

o Welcome address by the host or institution head. 

o Introduction of speakers and overview of the agenda. 

Main Presentation (40-60 mins) 

o Expert Talk with engaging slides, visuals, and case studies. 

o Include live demonstrations if applicable. 

Interactive Q&A (15-20 mins) 

o Encourage audience participation through live polls, chats, and Q&A. 

o Moderate questions to ensure relevant and respectful dialogue. 

Conclusion & Takeaways (5-10 mins) 

o Summarize key insights and action points. 



o Express gratitude to the speaker and participants. 

 

3. Professional Documentation 

o Agenda & Schedule: Clearly outline topics, speakers, and timings. 

o Speaker Bio: Share a professional profile with achievements. 

o Webinar Certificate: Prepare participation or speaker certificates. 

o Attendance Record: Track attendees for accreditation. 

 

4. Marketing & Outreach 

o Promotional Materials: Create posters, social media posts, and email templates. 

o Registration Process: Use Google Forms or event management platforms. 

o Reminders & Follow-ups: Send automated reminders with session links. 

 

5. Post-Webinar Engagement 

Feedback Collection 

o Gather participant feedback via online surveys. 

o Analyze insights for future improvement. 

Resource Sharing 

o Provide recordings, slides, and reference materials. 

o Offer a post-webinar resource page. 

Networking & Collaboration 

o Encourage continued discussions through WhatsApp/LinkedIn groups. 

o Explore research or project collaborations. 

 

6. Quality & Compliance 

o NAAC/NBA Alignment: Ensure compliance with academic standards. 

o Data Security: Maintain participant privacy and adhere to GDPR if applicable. 

o Report Generation: Document the event and its outcomes for institutional 

records. 

 



Professional Components of an Industrial Visit on Solid Waste Management (SWM) 

An industrial visit to a Solid Waste Management (SWM) facility offers practical exposure to 

waste handling processes, modern technologies, and environmental sustainability practices. 

Below are the key professional components for planning and executing a successful visit: 

1. Pre-Visit Planning 

Objective Setting 

Define clear learning outcomes:  

o Understanding waste collection, segregation, and disposal. 

o Exploring modern waste treatment technologies (e.g., composting, incineration, 

waste-to-energy). 

o Evaluating regulatory frameworks and sustainable practices. 

o Align the visit with curriculum requirements (e.g., Environmental Engineering, 

Waste Management). 

Industry Selection 

Identify appropriate facilities such as:  

o Municipal Solid Waste (MSW) plants. 

o Waste-to-Energy (WTE) plants. 

o Landfills and composting units. 

o E-Waste and hazardous waste management sites. 

Ensure the facility meets safety and compliance standards. 

Approval and Coordination 

o Obtain formal institutional approval for the visit. 

o Coordinate with the industry contact to finalize the schedule. 

o Ensure compliance with NAAC/NBA guidelines (if applicable). 

Logistics Management 

o Arrange transportation and confirm safety protocols. 

o Share a detailed itinerary with all participants. 

o Provide necessary protective gear (e.g., masks, gloves, safety boots). 

 

2. Visit Structure 

Opening Session (20-30 mins) 

o Welcome & Orientation: Briefing by facility management. 

o Safety Instructions: Emphasize PPE use and hazard zones. 



Facility Tour (60-90 mins) 

o Stages of SWM Operations:  

 Waste Collection & Transportation Methods. 

 Waste Segregation (Manual and Mechanical). 

 Treatment Processes (Composting, Biogas, Incineration). 

 Landfill Management and Leachate Control. 

o Technology Demonstration: IoT in waste tracking, real-time monitoring 

systems. 

o Environmental Compliance: Understanding pollution control measures. 

Interactive Session (20-30 mins) 

o Q&A with technical experts and plant operators. 

o Discussion on industry challenges and future trends. 

Documentation and Closing (10 mins) 

o Group photo and certificates for participants. 

o Collect brochures or technical documents from the facility. 

 

3. Professional Documentation 

 

Pre-Visit Documentation: 

o Invitation Letter to the industry. 

o Consent Forms from participants. 

o Itinerary with agenda and safety guidelines. 

During the Visit: 

o Attendance Sheet for record-keeping. 

o Observation Notes and key insights. 

Post-Visit Reporting: 

o Industrial Visit Report including:  

o Objective & learning outcomes. 

o Technical processes observed. 

o Key takeaways and recommendations. 

o Feedback Form for both students and industry personnel. 

 

4. Learning & Assessment 

 



o Reflection Session: Conduct a debrief session post-visit. 

o Assignments: Ask students to prepare reports or presentations. 

o Evaluation: Assess learning outcomes through surveys or quizzes. 

 

5. Quality & Compliance 

o Align with academic standards (AICTE, NAAC, NBA). 

o Ensure safety measures and risk assessment are followed. 

o Maintain institutional records for future audits. 

6. Follow-Up Activities 

o Share the visit report with institutional authorities. 

o Encourage research collaborations with the industry. 

o Plan workshops or seminars based on visit insights. 

 

Professional Components of Competitive Examinations on Solid Waste Management 

(SWM) 

Competitive examinations on Solid Waste Management (SWM) assess candidates' technical 

knowledge, problem-solving abilities, and understanding of environmental regulations. A 

well-structured examination evaluates both theoretical concepts and practical applications. 

 

1. Objective of the Examination 

 

o Assess Knowledge: Test fundamental and advanced concepts of SWM. 

o Evaluate Application: Analyze real-world problem-solving and case-based reasoning. 

o Promote Awareness: Emphasize sustainable practices and regulatory frameworks. 

o Prepare for Careers: Align with industry needs (municipal bodies, waste management 

firms, environmental agencies). 

 

2. Examination Structure 

Question Types 

o Objective-Type (MCQs): Evaluate basic and advanced knowledge. 

o Descriptive Questions: Assess analytical and problem-solving skills. 

o Case Studies/Scenarios: Test practical application and decision-making. 

o Numerical Problems: Waste generation calculations, cost estimation, etc. 



Examination Format 

a) Duration: 90-120 minutes. 

b) Sections: 

o Section A: Basic Principles of SWM (20%) 

o Section B: Technical Processes (40%) 

o Section C: Policy & Regulation (20%) 

o Section D: Case Studies & Analytical Problems (20%) 

c) Total Marks: 100 (with weightage distribution). 

3. Core Subject Areas 

Fundamentals of Solid Waste Management 

o Definition, classification (MSW, industrial, hazardous, e-waste). 

o Sources and composition of solid waste. 

Collection & Transportation 

o Collection methods (door-to-door, community bins). 

o Route optimization and logistics. 

Waste Processing & Treatment 

o Composting, vermicomposting. 

o Incineration, pyrolysis, and gasification. 

o Waste-to-Energy (WTE) technologies. 

o Sanitary landfill design and leachate management. 

Regulatory Framework & Policies 

o Solid Waste Management Rules, 2016 (India). 

o Extended Producer Responsibility (EPR). 

o Global policies (UNEP guidelines, Basel Convention). 

Sustainable Practices & Innovations 

o Circular economy and 3R principles (Reduce, Reuse, Recycle). 

o Smart waste systems (IoT-based monitoring). 

Quantitative Analysis 

o Waste generation rate calculations. 

o Efficiency of waste recovery processes. 

 

4. Evaluation & Grading Criteria 

o Knowledge Retention: Understanding of key concepts (40%). 

o Application Skills: Practical analysis of case studies (30%). 



o Analytical Ability: Solving technical and numerical problems (20%). 

o Communication: Clarity in descriptive answers (10%). 

 

5. Documentation & Compliance 

o Examination Guidelines: Clear instructions for candidates. 

o Question Bank: Maintain a structured pool of updated questions. 

o Answer Keys & Rubrics: Ensure fair evaluation and consistent grading. 

 

6. Post-Examination Processes 

o Feedback: Gather candidate insights for future improvements. 

o Performance Reports: Share individualized scores and detailed evaluations. 

o Certification: Issue completion certificates with grades. 

 

7. Accreditation & Professional Standards 

o Ensure alignment with NAAC/NBA and AICTE standards. 

o Integrate industry-relevant topics for skill enhancement. 

 

Employable and Communication Skill Enhancement in Solid Waste Management 

(SWM) 

To succeed in the Solid Waste Management (SWM) sector, professionals require a 

combination of technical expertise, employable skills, and effective communication abilities. 

These skills enhance job readiness and ensure efficient stakeholder collaboration. 

1. Essential Employable Skills in SWM 

Technical Skills 

o Waste Characterization & Analysis: Identify and categorize waste streams. 

o Treatment Technologies: Knowledge of composting, incineration, and waste-to-

energy (WTE). 

o Environmental Compliance: Understand SWM regulations (e.g., SWM Rules 

2016, EPR). 

o Data Analysis & Reporting: Perform waste audits and generate technical reports. 

o Sustainability Practices: Apply 3R principles (Reduce, Reuse, Recycle) and 

circular economy concepts. 

2. Project Management Skills 



o Planning & Execution: Design and manage SWM projects. 

o Budgeting & Resource Allocation: Handle cost estimation and resource 

optimization. 

o Monitoring & Evaluation: Assess project impact and ensure operational 

efficiency. 

Problem-Solving Skills 

o Identify operational challenges in waste collection and disposal. 

o Develop innovative, sustainable solutions (e.g., smart waste monitoring). 

Digital Literacy 

o Use Geographic Information Systems (GIS) for waste mapping. 

o Utilize data management software (Excel, Power BI) for analysis. 

 

Communication Skill Enhancement in SWM 

 

Technical Communication 

o Report Writing: Prepare clear and concise technical reports. 

o Presentation Skills: Communicate findings through data-driven presentations. 

o Documentation: Record observations and maintain compliance records. 

Interpersonal Communication 

o Collaboration: Work effectively with municipal authorities and community 

stakeholders. 

o Negotiation: Handle vendor contracts and public-private partnerships (PPP). 

Public Awareness & Advocacy 

o Community Engagement: Conduct awareness programs on waste segregation. 

o Policy Advocacy: Communicate environmental concerns to policymakers. 

Language Proficiency 

o Ensure clarity in English for technical documentation. 

o Use local languages to interact with field staff and communities. 

 

3. Strategies to Enhance Employability & Communication 

Practical Training 

o Internships at municipal waste plants and private firms. 

o Field Visits to landfills, recycling plants, and WTE facilities. 

Skill Development Programs 



o Offer certification in SWM technology and policy frameworks. 

o Conduct workshops on data analysis, GIS mapping, and report writing. 

Communication Workshops 

o Organize public speaking and technical writing sessions. 

o Simulate real-world scenarios through role plays and case studies. 

Industry Collaboration 

o Partner with waste management companies for skill enhancement. 

o Encourage mentorship programs with industry experts. 

4. Assessment & Continuous Improvement 

Skill Assessment 

o Conduct pre- and post-training evaluations to measure growth. 

o Use rubrics to assess technical reporting and presentation skills. 

Feedback Mechanism 

o Collect feedback from students and employers to refine programs. 

o Regularly update curricula based on technological advancements. 

Social Accountability and Patriotism in Solid Waste Management (SWM) 

Solid Waste Management (SWM) is not just a technical or governmental responsibility—it is 

a shared social accountability where citizens, industries, and governments work together to 

maintain a clean, sustainable environment. Patriotism in SWM reflects a commitment to 

national progress by ensuring environmental sustainability, public health, and resource 

conservation. 

1. Social Accountability in Solid Waste Management 

 

Social accountability in SWM refers to the responsibility of individuals, organizations, and 

authorities to manage waste effectively while maintaining environmental and ethical standards. 

It emphasizes public participation, transparency, and shared responsibility. 

 

Key Elements of Social Accountability in SWM: 

o Waste Reduction Commitment: Adopting the 3Rs (Reduce, Reuse, Recycle) at all 

levels. 

o Community Participation: Engaging citizens in waste segregation and cleanliness 

drives. 



o Transparency and Reporting: Ensuring open data on waste management processes and 

outcomes. 

o Corporate Responsibility: Businesses should adopt Extended Producer Responsibility 

(EPR) for waste management. 

o Public Health Considerations: Prioritizing health through safe waste disposal practices. 

 

Examples of Social Accountability in SWM: 

o Implementing door-to-door waste collection. 

o Regular community awareness programs on waste segregation. 

o Transparent tracking of waste generation and disposal. 

Patriotism in Solid Waste Management 

Patriotism in SWM involves serving the nation by preserving its environment, protecting public 

health, and supporting national initiatives aimed at achieving sustainable waste management. 

 

Key Elements of Patriotism in SWM: 

o Participation in National Initiatives: Supporting programs like Swachh Bharat Abhiyan. 

o Respect for Public Spaces: Keeping public areas clean and free from litter. 

o Promoting Indigenous Solutions: Supporting "Vocal for Local" waste management 

solutions. 

o Environmental Stewardship: Conserving resources for future generations as an act of 

service to the nation. 

 

Examples of Patriotism in SWM: 

o Active involvement in cleanliness drives (e.g., Swachh Bharat Mission). 

o Encouraging plastic-free communities and campuses. 

o Volunteering in waste awareness campaigns during national holidays. 

 

Strategies to Enhance Social Accountability and Patriotism in SWM 

1. Educational Programs 

o Integrate waste management into academic curricula. 

o Organize seminars and workshops on environmental responsibility. 

2. Community Engagement 

o Conduct waste audits and promote local clean-up drives. 

o Support citizen monitoring of municipal waste services. 



3. Policy Advocacy & Compliance 

o Advocate for strict implementation of SWM Rules, 2016. 

o Encourage public-private partnerships (PPP) for effective waste management. 

4. Individual Action 

o Segregate waste at source and practice zero-waste living. 

o Volunteer for national and local cleanliness missions. 

4. Notable SWM Initiatives Reflecting Social Accountability & Patriotism 

o Swachh Bharat Mission (SBM): A national movement to clean India. 

o Plastic Waste Management Campaign: Reducing plastic pollution through citizen 

engagement. 

o Waste-to-Energy Projects: Transforming waste into renewable energy, supporting 

national sustainability goals. 

o My Waste, My Responsibility: Public awareness campaigns encouraging personal 

accountability in waste disposal. 

5. Benefits of Social Accountability & Patriotism in SWM 

 

Aspect Social Accountability Patriotism 

Environmental 

Impact 

Reduces pollution and conserves 

natural resources. 

Protects national heritage and 

ecosystems. 

Public Health 
Ensures safe disposal to prevent 

disease outbreaks. 

Creates a healthier environment for 

citizens. 

Civic Participation 
Engages citizens and industries in 

SWM. 

Fosters collective responsibility for 

the nation. 

Sustainability 
Promotes long-term waste reduction 

strategies. 

Supports a self-reliant India 

(Atmanirbhar Bharat). 
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