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Executive Summary 

The concept of waste is a contemporary phenomenon which has social, economic and cultural 

underpinnings. To manage the increased generation of solid waste, and the impact it has on land, water, 

and air, the government has been promoting waste-to-energy technologies as an alternative to landfills. 

A range of technologies are encompassed within the rubric of waste-to-energy, including bio-chemical 

conversion (bio-methanation), thermo-chemical conversion (incineration, pyrolysis, and gasification), 

and thermo-mechanical conversion (refuse-derived fuel RDF). Apart from reducing the waste quantity 

by 70-90 %, the technology also holds the promise of generating electricity from waste without having 

to rely on waste generators’ or municipalities’ ability to segregate wastes, especially for the incinerator. 

However, the waste-to-energy plant does release toxic emissions which are hazardous to environmental 

and public health.  

All the various technologies for solid waste management are documented in this report, along with 

examples of their actual performance in the Indian context. The quality of Indian waste does not appear 

to be amenable to waste-to-energy technologies, as demonstrated by the Indian experience. The 

impacts of all the technologies on climate change, livelihoods, health, and land are also tabulated and 

compared in this report along with the health impacts of all the different chemical compounds that are 

encountered in all processes. These impacts demonstrate that they have significant long-term impacts 

that are not factored in while computing the short-term gains. Even the energy generated from the 

waste-to-energy plant is much less than the energy that went into the production of the wastes and 

their parent products. 

The accepted hierarchy of waste management places reduction and reuse at the highest level, but it has 

not been taken up by Indian policy makers because of the investment required to generate new 

products and processes and to steer the consumer away from a profligate lifestyle. It also requires a 

change in mind-set from higher consumption being the mark of ‘development’ to a more frugal and 

conservative lifestyle. The invisible social and environmental ‘externalities’ will, therefore, have to be 

made manifest if there is to be a larger public debate about waste and its roots in the modern concept 

of development. This report tries to make a modest beginning in that direction using the secondary data 

that is available. However, there is an urgent need to fill in the gaps in data so as to make a more 

persuasive argument for a future and better society.  
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I. Introduction 

Waste is discarded material; something that does not have any value to the consumer because 

of which it has been abandoned. The term 'solid waste' is applied to unwanted and discarded 

materials from houses, street sweepings, and from large scale production and trade operations. 

The many types of solid waste are characterised as household, commercial, institutional, 

hospital, non-biodegradable, bio- degradable, hazardous, compostable, combustible, inert etc. 

Urban solid waste is normally a mixture of household, commercial, and construction wastes. 

Municipal solid waste (MSW) refers to all waste collected by the local authority from domestic, 

institutional, commercial, industrial, construction, and street sources1. The MSW generated in 

low, middle income cities generally has more organic content, whereas the high income cities 

have more diversity and relatively larger shares of plastic and paper2. The consumption habits of 

modern consumer lifestyles are causing these changes worldwide3.  

 

 

Waste generation depends on several factors such as population density, economic status, level 

of commercial activity, culture, and region. As urbanization and growth increase, the purchasing 

power of the citizens also increases, bringing about changes in consumption and lifestyle. Even a 

slight increase in income in urban areas can cause significant changes in lifestyle, food habits, 

and living standards. As India undergoes rapid urbanisation, changes in patterns of production 

and consumption increase the per capita waste generation rate from different sources such as 

                                                           
1
 http://shodhganga.inflibnet.ac.in/bitstream/10603/107451/1/smahina_chapter1.pdf 

2
http://environmentclearance.nic.in/writereaddata/Online/TOR/01_Feb_2017_1200053470Q4LR5DODetailedProj

ectReport.pdf  
3
 http://www.alternative-energy-news.info/technology/garbage-energy/  

Fig.1: Correlation of Per Capita Income with Waste Generation 

http://shodhganga.inflibnet.ac.in/bitstream/10603/107451/1/smahina_chapter1.pdf
http://environmentclearance.nic.in/writereaddata/Online/TOR/01_Feb_2017_1200053470Q4LR5DODetailedProjectReport.pdf
http://environmentclearance.nic.in/writereaddata/Online/TOR/01_Feb_2017_1200053470Q4LR5DODetailedProjectReport.pdf
http://www.alternative-energy-news.info/technology/garbage-energy/
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domestic commercial, institutional and industrial wastes4. India has undergone unprecedented 

economic growth and the urban per capita waste generation has increased from 440 grams/day 

to 500 grams/day at a decadal per capita waste generation growth rate of 13.6%5. As shown in 

Figure 1, for every Rs.1000 increase in income, per capita solid waste generation increases by 

one kilogram per month6.  

Waste generation also increases as the population and area of a city increase. Thus, bigger cities 

generate more waste, apart from generating more per capita waste. A study conducted by 

NEERI in 19957 showed that per capita waste generation ranges from 0.2 kg to 0.6kg per day in 

Indian cities and, as Figure 2 illustrates, the increase in per capita waste accompanies an 

increase in population (cited in “Not in my backyard”, published by Centre for Science and 

Environment)8. Clearly, cities with a population between 0.1-0.5 million produce 0.21 kg per 

capita per day, those with 0.5-1.0 million populations produce 0.25 kg per capita per day , cities 

ranging in size from 1.0-2.0 million produce 0.27 kg per capita per day; and 2.0-5.0 million strong 

metros produce 0.35 kg per capita per day9. 

 

 

The disposal of MSW by the local body or municipality usually takes place in landfills in low lying 

areas in the neighbourhood of the city without taking all the proper precautions as codified in 

management rules, or exercising operational control, which could lead to severe impacts on the 

environment10. Since landfill leachate contains pollutants like dissolved organic matter, 

inorganic macro-components, heavy metals, and xenobiotic organic compounds11, the possibility 

                                                           
4
 http://ac.els-cdn.com/S1877042812007884/1-s2.0-S1877042812007884-main.pdf?_tid=0ff0cd20-76a3-11e7-

970a-00000aacb362&acdnat=1501583017_491d815ab3bb7bf936432a605700a428  
5
http://www.seas.columbia.edu/earth/wtert/sofos/Sustainable%20Solid%20Waste%20Management%20in%20Indi

a_Final.pdf  
6
 http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.572.6735&rep=rep1&type=pdf  

7
 http://cdn.downtoearth.org.in/library/0.89650700_1463994246_sample-pages.pdf  

8
 http://cdn.downtoearth.org.in/library/0.89650700_1463994246_sample-pages.pdf 

9
 http://cdn.downtoearth.org.in/library/0.89650700_1463994246_sample-pages.pdf  

10
http://www.nswai.com/Waste_Portal2/Research_papers/pdf/rp_may15/Municipal%20solid%20waste%20mana

gement%20in%20Indian%20cities%20_%20A%20review.pdf  
11

 http://www.tandfonline.com/doi/pdf/10.1080/10643380290813462  

Fig.2: Size of City and Waste Generation  

http://ac.els-cdn.com/S1877042812007884/1-s2.0-S1877042812007884-main.pdf?_tid=0ff0cd20-76a3-11e7-970a-00000aacb362&acdnat=1501583017_491d815ab3bb7bf936432a605700a428
http://ac.els-cdn.com/S1877042812007884/1-s2.0-S1877042812007884-main.pdf?_tid=0ff0cd20-76a3-11e7-970a-00000aacb362&acdnat=1501583017_491d815ab3bb7bf936432a605700a428
http://www.seas.columbia.edu/earth/wtert/sofos/Sustainable%20Solid%20Waste%20Management%20in%20India_Final.pdf
http://www.seas.columbia.edu/earth/wtert/sofos/Sustainable%20Solid%20Waste%20Management%20in%20India_Final.pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.572.6735&rep=rep1&type=pdf
http://cdn.downtoearth.org.in/library/0.89650700_1463994246_sample-pages.pdf
http://cdn.downtoearth.org.in/library/0.89650700_1463994246_sample-pages.pdf
http://cdn.downtoearth.org.in/library/0.89650700_1463994246_sample-pages.pdf
http://www.nswai.com/Waste_Portal2/Research_papers/pdf/rp_may15/Municipal%20solid%20waste%20management%20in%20Indian%20cities%20_%20A%20review.pdf
http://www.nswai.com/Waste_Portal2/Research_papers/pdf/rp_may15/Municipal%20solid%20waste%20management%20in%20Indian%20cities%20_%20A%20review.pdf
http://www.tandfonline.com/doi/pdf/10.1080/10643380290813462
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of ground and surface water contamination is enhanced. Methane and carbon dioxide gases are 

also released from landfills, comprising 90-98% of emissions, while the rest 2-10% includes 

nitrogen, oxygen, ammonia, sulphides, hydrogen, and other gases12. Improper landfill 

management causes other hazards such as the problem of pests and odour. Land degradation 

by such landfills adversely impacts the heath of people working at the landfill sites or residents 

in nearby areas.  

As a ‘developing’ nation India is following the same market-led development path as pursued by 

the ‘developed’ nations and this is characterised by greater and greater consumption of all 

goods and resources. This inevitably generates more waste, and it is the hallmark of this kind of 

development that waste increasingly becomes a disposal, health, and environmental problem. 

Earlier, until the 1970s, waste mainly consisted of organic matter, such as kitchen discards and 

leftover food, which could be returned to the soil, or fed to animals, or thrown into pits for 

decomposition into manure rich in nitrogen, phosphorus, and potassium13. Thus, the waste 

discarded in earlier times was also recognized as a potential resource because it was mainly 

kitchen leftovers and other organic material that could be decomposed. All this changed with 

the beginning of the plastic era in the 1970s.  

 

Initially plastics were cherished and reused by users, but as they became more common, they 

began throwing them out along with kitchen waste. When such mixed waste was spread on the 

                                                           
12

 https://www.health.ny.gov/environmental/outdoors/air/landfill_gas.htm  
13

 http://indianexpress.com/article/opinion/columns/back-to-waste-basics-solid-waste-management-swachh-
bharat-4767068    

 “Plastics, already proved 

in war, demonstrate their 

many advantages and 

varied uses. Now the 

plastics industry looks 

forward to the postwar 

period when they will be 

used in countless new 

ways …” 

https://www.health.ny.gov/environmental/outdoors/air/landfill_gas.htm
http://indianexpress.com/article/opinion/columns/back-to-waste-basics-solid-waste-management-swachh-bharat-4767068
http://indianexpress.com/article/opinion/columns/back-to-waste-basics-solid-waste-management-swachh-bharat-4767068
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soil or taken to landfills, the ground was slowly covered with a non-biodegradable plastic film, 

preventing rain from entering the soil, recharging ground water, and keeping seeds from 

germinating14. Over time local urban bodies begin to realise that it is not easy to dispose of the 

waste through burial or landfills either, as land became scarcer and hazards were not mitigated. 

Even if waste is burnt, it releases hazardous gases into the air and leaves toxic residues in the 

form of ash15. The city managers were then faced with hard choices in collecting and disposing 

the waste in a manner that would not create severe economic, social, and environmental 

problems. 

Urban India alone generates around 70 million tonnes of MSW each year and all the waste is 

either dumped on land or in water without any concern for environmental degradation or 

impact on human health16. It has been estimated that 88 square kilometres of land will be 

required for disposal through land filling17. It has also been estimated that Tier 1 cities generate 

80% of the country’s total waste, and it is projected that the waste quantity will be 101 million 

tons a year by 2021, 164 million tons a year by 2031, and 436 million tons a year by 2050. 

Furthermore, the current per day per capita waste generation in medium cities is at around 300 

to 400 g, and for large cities, it is between 400 and 600 g. This figure would increase in line with 

present urbanisation and consumption patterns 18.  

It is within this context of rapid urbanisation, growing consumption, galloping garbage, and 

scarce land that waste-to-energy comes as a veritable boon for city managers who think that 

waste will finally disappear from the lives of cities, and will provide much-needed energy to 

boot. Just as plastic was once the miracle material that would not tear or rot or perish, burning 

it, along with the rest of the garbage, is projected as the miracle solution to a city’s degradation. 

  

                                                           
14

 http://indianexpress.com/article/opinion/columns/back-to-waste-basics-solid-waste-management-swachh-
bharat-4767068/  
15

 http://www.ijerms.com/DOC/Isues%20pdf/Archive-2015/May-
2015/3_REVIEW%20OF%20SOLID%20WASTE%20MANAGEMENT%20IN%20INDIA.pdf  
16

 http://www.powertoday.in/News/Pay-Dirt/108128  
17

 http://www.thehindu.com/news/national/india-needs-new-delhi-size-landfills-for-waste-by-2050-
report/article19144908.ece  
18

 http://www.thehindu.com/news/national/india-needs-new-delhi-size-landfills-for-waste-by-2050-
report/article19144908.ece  

http://indianexpress.com/article/opinion/columns/back-to-waste-basics-solid-waste-management-swachh-bharat-4767068/
http://indianexpress.com/article/opinion/columns/back-to-waste-basics-solid-waste-management-swachh-bharat-4767068/
http://www.ijerms.com/DOC/Isues%20pdf/Archive-2015/May-2015/3_REVIEW%20OF%20SOLID%20WASTE%20MANAGEMENT%20IN%20INDIA.pdf
http://www.ijerms.com/DOC/Isues%20pdf/Archive-2015/May-2015/3_REVIEW%20OF%20SOLID%20WASTE%20MANAGEMENT%20IN%20INDIA.pdf
http://www.powertoday.in/News/Pay-Dirt/108128
http://www.thehindu.com/news/national/india-needs-new-delhi-size-landfills-for-waste-by-2050-report/article19144908.ece
http://www.thehindu.com/news/national/india-needs-new-delhi-size-landfills-for-waste-by-2050-report/article19144908.ece
http://www.thehindu.com/news/national/india-needs-new-delhi-size-landfills-for-waste-by-2050-report/article19144908.ece
http://www.thehindu.com/news/national/india-needs-new-delhi-size-landfills-for-waste-by-2050-report/article19144908.ece
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II. Municipal Solid Waste Composition  

In order to understand whether energy can be produced from the waste-to-energy, it is useful 

to take a look at the waste that is to be burnt. MSW contains a wide variety of materials. It can 

contain food waste like vegetables, leftover food, eggshells etc. (classified as wet garbage); as 

well as paper, plastic, tetra-pack, cans, newspapers, bottles, cardboard, aluminium foil, metal 

items, wood pieces, inert materials etc. (classified as dry garbage)19. Table 1 presents the 

composition of MSW as determined through studies carried out by the National Environmental 

Engineering Research Institute (NEERI) in 199620. The Table indicates that MSW contains a large 

organic fraction (40%–50%); matched by ash and fine earth (25%–30%); some paper and plastics 

(5%–10% each); along with small quantities of cloth, glass, and metals21. 

Table 1: Physical Composition of Municipal Solid Waste 22 

Waste % Comments  

Biodegradable  47.23 
Any organic material that can be degraded by microorganisms 
into simpler stable compounds 

 

Inert materials 25.16 
Wastes which are not bio-degradable, recyclable or 
combustible, including construction waste, dust, and silt 

 

Plastic/rubber 9.22 
Classified into different types according to their recyclability 

 

Paper  8.13 
Can largely be recycled, unless they are laminated 

 

Rags  4.49 
Partly recyclable depending upon quality of the waste 

 

Glass 1.01 
Almost fully recyclable 

 

Metal etc. 4.56 
Metals are almost fully recyclable 

 
 

Given that almost 80% of the MSW in India is not likely to burn and contains large quantities of 

moisture, it is questionable whether it will be of any value as fuel for energy. 

 

                                                           
19

 http://www.yourarticlelibrary.com/solid-waste/6-main-types-of-solid-waste-management/30162/  
20

 http://moud.gov.in/pdf/584e4b8b1e3da584e4a5c4a867Book2.pdf  
21

 http://moud.gov.in/pdf/584e4b8b1e3da584e4a5c4a867Book2.pdf  
22

 http://moud.gov.in/pdf/584e4b8b1e3da584e4a5c4a867Book2.pdf  

http://www.yourarticlelibrary.com/solid-waste/6-main-types-of-solid-waste-management/30162/
http://moud.gov.in/pdf/584e4b8b1e3da584e4a5c4a867Book2.pdf
http://moud.gov.in/pdf/584e4b8b1e3da584e4a5c4a867Book2.pdf
http://moud.gov.in/pdf/584e4b8b1e3da584e4a5c4a867Book2.pdf
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III. Hierarchy of Waste Management  

The waste management hierarchy was developed to extract the maximum practical benefits 

from products and to generate the minimum amount of. It is presented in the form of a pyramid 

in Figure 323.  The proper application of the hierarchy can have several practical benefits, other 

than the management of waste alone. It can help prevent emissions of greenhouse gases, 

reduce pollutants, save energy, conserve resources, create jobs, and stimulate the development 

of green technologies24. In this hierarchy, the first priority is to reduce the amount of waste itself 

so that managing smaller quantities becomes an easier task. This is followed by segregation and 

recycling and composting the appropriate wastes in order that their disposal is part of a cycle of 

production and reproduction. It is only when these two priority steps have been completed that 

energy recovery may take place from the remaining wastes. The last step is the treatment and 

disposal of the residue so that it does not pose any threats to health or environment. 

 

1. Source Reduction  

In the hierarchy of waste management, preference is given to source reduction of waste 

materials with the aim to reduce the waste generation after products25. Source reduction is 

a powerful approach for managing the waste problem, as it benefits the environment by 

reducing energy consumption and pollution, conserving natural resources, reducing the 

toxicity of what we throw away, and preserving valuable landfill space. It can also have 

economic benefits by reducing costs associated with transportation, disposal, or recycling of 

waste26.  

                                                           
23

 https://www.epa.gov/smm/sustainable-materials-management-non-hazardous-materials-and-waste-
management-hierarchy  
24

 https://en.wikipedia.org/wiki/Waste_hierarchy  
25

 http://www.conservatree.org/paper/Choose/SRpurchasing.shtml  
26

 http://environmentengineering.blogspot.in/2008/05/source-reduction-of-waste-stopping.html  

Fig.3: Waste Management Hierarchy 

https://www.epa.gov/smm/sustainable-materials-management-non-hazardous-materials-and-waste-management-hierarchy
https://www.epa.gov/smm/sustainable-materials-management-non-hazardous-materials-and-waste-management-hierarchy
https://en.wikipedia.org/wiki/Waste_hierarchy
http://www.conservatree.org/paper/Choose/SRpurchasing.shtml
http://environmentengineering.blogspot.in/2008/05/source-reduction-of-waste-stopping.html
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The most effective way to reduce waste is by not creating it in the first place, and so 

reduction is placed at the top of waste hierarchies (USEPA, 2010)27. In many instances, the 

reduction can be achieved through the reuse of products. Efforts to take action to reduce 

waste before waste is actually produced can also be termed pre-cycling (HRM, 2010)28.The 

concept of waste reduction can be termed as waste minimisation and this doesn’t include 

waste treatment, that is any process designed to change the physical, chemical, or biological 

composition of waste streams. For example, compacting, neutralising, diluting, and 

incineration are not typically considered waste minimisation practices. USEPA's preferred 

hierarchical approach to materials management includes source reduction, recycling, energy 

recovery, treatment, and finally, disposal29. 

To minimise the waste one needs to focus on the process of product design from the 

earliest stages to completion. This includes deciding what to produce, what materials to use, 

how long they will last, and how they might be recycled. This way the resources are used 

efficiently, the energy use is reduced, and toxic levels are lowered during manufacturing30. 

On the consumption side, waste minimisation strategies aim to strengthen awareness and 

prompt environmentally conscious consumption patterns and consumer responsibility to 

reduce the overall levels of waste generation. Waste minimisation can be seen as an act of 

foresight to reduce waste both in the final product and the manufacturing. Minimising 

waste can often increase economic benefits through efficient use of raw materials, and 

reduced expenditures for costly hazardous material management and disposal31. 

Many waste management frameworks seek to incorporate the concept of zero waste32. The 

term was first used by Dr. Paul Palmer in 1973 for recovering resources from chemicals 

(Palmer, 200433), in which the  material flow is circular, which means the same materials are 

used again and again until the optimum level of consumption is reached (Murphy and 

Pincetl, 2013; Mason et al., 2003; Colon and Fawcett, 200634). If reuse or repairs are not 

possible, they can be recycled or recovered from the waste stream and used as inputs, 

substituting the demand for the extraction of natural resources35. For example the 

                                                           
27

 https://www.epa.gov/recycle/reducing-and-reusing-basics  
28

https://cdn.dal.ca/content/dam/dalhousie/pdf/dept/sustainability/Waste%20Management%20Literature%20Re
view%20Final%20June%202011%20%281.49%20MB%29.pdf 
29

 https://www.wm.com/sustainability-services/documents/insights/Waste%20Minimization%20Insight.pdf  
30

 https://www.wm.com/sustainability-services/documents/insights/Waste%20Minimization%20Insight.pdf 
31

 https://www.wm.com/sustainability-services/documents/insights/Waste%20Minimization%20Insight.pdf  
32

https://s3.amazonaws.com/academia.edu.documents/44691043/Minimizing_the_increasing_solid_waste_throu
gh_zero_waste_strategy.pdf?AWSAccessKeyId=AKIAIWOWYYGZ2Y53UL3A&Expires=1515500609&Signature=lOwc
UU%2FJ2qygU%2FW5L3Tk6PMDBIY%3D&response-content-  
33

https://www.researchgate.net/publication/266563515_Minimizing_the_Increasing_Solid_Waste_Through_Zero_
Waste_Strategy  
34

https://www.researchgate.net/publication/266563515_Minimizing_the_Increasing_Solid_Waste_Through_Zero_
Waste_Strategy  
35

https://s3.amazonaws.com/academia.edu.documents/44691043/Minimizing_the_increasing_solid_waste_throu
gh_zero_waste_strategy.pdf?AWSAccessKeyId=AKIAIWOWYYGZ2Y53UL3A&Expires=1515500609&Signature=lOwc
UU%2FJ2qygU%2FW5L3Tk6PMDBIY%3D&response-content-  

https://www.epa.gov/recycle/reducing-and-reusing-basics
https://cdn.dal.ca/content/dam/dalhousie/pdf/dept/sustainability/Waste%20Management%20Literature%20Review%20Final%20June%202011%20%281.49%20MB%29.pdf
https://cdn.dal.ca/content/dam/dalhousie/pdf/dept/sustainability/Waste%20Management%20Literature%20Review%20Final%20June%202011%20%281.49%20MB%29.pdf
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Ahmedabad Municipal Corporation (AMC) has initiated a Zero Waste Road Map by 2031, 

which will serve as a vision document to guide it in introducing and implementing necessary 

policies, and to sensitize citizens, businesses and industries in Ahmedabad to work together 

towards a zero waste society36. 

The following guiding principles underpin the Zero Waste Road Map37.  

 Resource conservation - Promoting the most efficient use of resources  

 Environmental protection - Reducing environmental harm  

 Sustainable development - Solutions where all externalities are taken into account 

 Polluter pays principle - Those responsible for damage should bear the costs  

 Precautionary principle - Lack of scientific certainty cannot postpone mitigation  

 Continuous improvement - Processes must be continuously re-evaluated  

  Shared responsibility - Partnerships between all concerned sectors  

The zero waste concept is not limited to the three R’s. Changing consumption patterns can 

also lead to decreased production of waste, and even a reduction in waste management and 

waste minimisation efforts38. 

2. Reuse 

To minimise the waste it is possible sometimes to use a product more than once in its same 

form for the same purpose: this is known as reuse (USEPA, 199539). Reusing products 

displaces the need to buy other products and thus prevents the generation of waste. 

Minimising waste through reuse offers several advantages including: saving the use of 

natural resources to form new products and the wastes produced in the manufacturing 

processes; reducing waste generated from product disposal; and reducing costs associated 

with waste disposal (USEPA, 201040). Reuse can also make quality products available to 

people and organisations with limited means, while generating jobs and business activity 

that contribute to the economy41. The product which is put back to work does not require 
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major manufacturing manipulation, whether for its original purpose or not42. Despite efforts 

at reusing the products though, eventually the time will come when they need to be 

replaced as recycling requires energy and the input of some new materials, thus placing it 

lower on the waste hierarchy than reduction and reuse43. 

3. Recycle and Composting  

a) Recycle  

Waste is collected and material recovery from waste in the form of recycling is transformed 

into raw material and remanufacturing the recycled raw materials into new products. 

Recycling begins at the end of a product's life and  consumers provide the last link in 

recycling by purchasing products made from recycled content44. Recycling thus offsets the 

use of virgin raw materials as well as it helps in reducing the overall life cycle impact of a 

material on environment and public health. Source reduction and recycling may be seen as 

complementary activities – when combined, source reduction and recycling have a 

significant impact on reducing solid waste and saving resources45.   

b) Composting  

The United Nations Environment Program (UNEP) defines composting as the biological 

decomposition of biodegradable solid waste under predominantly aerobic conditions to a 

state that is sufficiently stable for nuisance-free storage and handling and is satisfactorily 

matured for safe use in agriculture46. 

(i) Aerobic Composting  

The bacterial conversion of the organic materials present in MSW in the presence of air 

under hot and moist conditions is known as composting and it  involves the putting 

together of a mixture of vegetable residue, animal dung soil, and water to form humus. 

The amount of compostable material in the waste of developing countries can be as 

high as 40-6047. Composting is considered to be successful because it is a low cost 

method that doesn’t need a huge setup of infrastructure. Thus, in India, composting was 

done successfully up to 1980, as ten semi-mechanised  compost plants with capacities 

ranging from 150 to 300 tons/day were set up in the cities of Bangalore, Baroda, 

Mumbai, Calcutta, Delhi, Jaipur and Kanpur during 1975-198048. But they all failed 

because the waste arrived in a mixed form and contained lots of inorganic material with 
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poor end quality49. Instead of segregating the waste at source, the municipalities chose 

to close down the plants. 

(ii) Vermicomposting  

Vermicomposting is a method of making compost, with the use of red earthworms, 

which generally live in the soil, eat biomass and excrete it in digested form, converting it 

into compost rich with exceptionally high nutritional content. For example, in India, lots 

of cities have already implemented this practice such as in Andhra Pradesh, Madhya 

Pradesh, and Maharashtra50.  

(iii) Anaerobic digestion 

Bio-methanation is usually used to indicate anaerobic digestion or methane 

fermentation; it is a complex microbial process in which organic compounds are 

degraded into methane and carbon dioxide by a variety of anaerobes and it can be used 

for fuel after desulphurisation of hydrogen sulphide51. The advantage of this method is 

that it gives biogas which has 55-60% methane that can be used directly as a fuel or for 

power generation, and it yields manure also. This method was refined at the Bhabha 

Atomic Research Centre in Mumbai and is being used in Pune, Matheran, Chennai, 

Kalameshwar, Mumbai, Coimbatore and several other cities. In Matheran all the hotel 

biodegradable waste of the tourist town is processed without any odour and the biogas 

is used for lighting street lamps. The disadvantage of bio-methanation, though, is in 

maintaining adequate safety standards, failing which leakage of methane gas can cause 

explosions. Furthermore, this process requires extensive segregation and maintenance 

with increased financial burdens which gives an excuse for municipalities to avoid it52. 

According to the Planning Commission of India, bio-methanation plants, with a capacity 

ranging from 100Kg to 10T per day have been successfully installed at 172 locations in 

India. Details of five successful plants successfully are given in Table 253. 

Table 2: Details of Some Successful Bio-methanation plants 
Location Katol, 

Maharashtra 
Bharuch, 
Gujarat 

Pune, 
Maharashtra  

Kottayam, 
Kerala  

Aura, 
Himachal 

Capacity 2MT/Day 5MT/Day 5MT/Day 2MT/Day 2MT/Day 

Period 2010-2014 2006-14 2010-2014 2009-2014 2010-2014 

MT waste 
processed 

800 hotel & 
kitchen 

4000 hotel & 
kitchen 

9000 hotel & 
kitchen 

2000 hotel & 
kitchen 

485 kitchen 

Biogas m
3
 60,000 320,000 600,000 120,000 63,200 

MT manure  50 350 20 150 70 
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4. Energy Recovery  

Energy recovery is a method of recovering the chemical energy in MSW, even though this 

energy is a fraction of the input energy expended in making those materials.  It may be done 

through thermo-chemical and biological conversion. 

4.1 Thermo-chemical process is used to recover energy from MSW by using or involving 

high temperatures. They include combustion or incineration, gasification and pyrolysis54.  

4.1.1 Incineration 

Incineration is a process which simply means drying and burning of waste.  It 

involves the combustion of organic substances contained in waste materials to 

convert it into ash, flue gas, and heat. It reduces the total volume of waste 

materials. The incineration process is also able to kill the harmful pathogens 

that are found in garbage. These incinerators produce steam in boilers, which is 

later converted into electricity55, and operate at high temperatures ranging 

between 980 to 2000 °C56. A fabric filter is introduced before the stack to 

prevent particulate matter from being emitted into the air. 

 
Fig.4: Working of an Incinerator 

The advantages of incinerators (Figure 457), that were cited when they were set 

up, were that they will destroy most of the waste safely, reduce the area of 

landfills by 80-90%, reduce greenhouse gas emissions, and provide renewable 

energy58. However, the practice of incineration in Indian cities has not found 

favour even though 40-60%59 of the material may be highly organic, because it 

has high moisture content (40-60%), high inert content (30-50%), and low 
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calorific value. The first large-scale MSW incineration plant was constructed at 

New Delhi in 1987 with a capacity of 300t/day and at a cost of Rs.250 million. 

After 6 months the Municipal Corporation of Delhi was forced to shut it down60, 

as it could produce only a small amount of energy, the set up cost was very 

expensive, and it was reported to release toxic gases like dioxins and furans61. 

4.1.2 Pyrolysis 

Pyrolysis (Figure 5) is a thermal degradation process in absence of air which 

yields recyclable products such as char, oil/wax, and combustible gases. It is 

generally preferred for the treatment of waste having less moisture content like 

paper, cloth, plastic, etc. The thermal decomposition of organic components in 

the waste stream starts at 350°C–550°C and goes up to 700°C–800°C in the 

absence of air/oxygen. The process requires an external heat source to maintain 

the high temperature required. The advantage of pyrolysis is that it has very 

little effect on the environment in terms of air pollution. But the high initial cost 

and operation cost make it difficult to adopt as a commercially sound practice. A 

cheaper Chinese version is available at Rs.35 lakh where the original technology 

costs Rs.1.5 crore. But, in India, the pyrolysis plant in Pune came under scrutiny 

because of its failure to run at capacity, while in Surat the Gujarat Pollution 

Control Board issued closure notices to 45 units in the city and district. 

 
Fig.5: Flow Chart of Pyrolysis Plant 

4.1.3 Plasma gasification 

In Plasma Gasification (see Figure 6), a constant flow of electricity in an arc 

between two electrodes maintains a field of extremely intense energy, heating 

the waste to more than 1600°C, powerful enough to disintegrate it into its 

component elements. The metals and non-combustible inorganic components 
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are captured in an environmentally benign slag, and the by-products are a glass-

like substance and "syngas". In the Indian context the advantage is that it 

decreases methane emissions, reduces risk of groundwater contamination from 

landfills, destroys the waste without leaving ash, has a ‘negative’ carbon 

footprint, and no harmful emissions of toxic waste. But the disadvantages are 

that it requires initial large investment cost, the operation cost is high, it 

requires frequent maintenance, and the plasma flame reduces the diameter of 

the sampler orifice over time. For the past four years, two 68 tonnes/day 

commercial plasma plants have been operational in Pune and Nagpur. 

 
Fig.6: Flow Process of Plasma Gasification 

4.1.4 Refuse Derived Fuel (RDF) 

RDF is produced by shredding and dehydrating mixed MSW which has a low 

calorific value62. It can be very effective in preparing an enriched fuel feed for 

thermal processes like incineration, or for use in industrial furnaces. Non-

combustible materials such as glass and metals are removed during the post 

treatment processing cycle with an air knife or other mechanical separation 

processing. In India, many RDF plants were installed in the nineties63, and there 

were 27 plants surviving in 2013, out of which 3 (all in Andhra) were solely 

dedicated for RDF production, but even these could not sustain the business 

and closed down64. The disadvantage was that the composition of MSW varies 

from place to place and season to season and homogeneous RDF cannot be 
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guaranteed. In addition, there were complaints about the foul smell, pollution, 

and emitting of gases without proper treatment65. Figure 666 shows the working 

of an RDF plant. 

 
Fig.7: Working of Refuse Derived Fuel Plant 

5. Disposal Landfill   

A landfill site for the disposal of waste materials by burial is the oldest form of waste 

treatment. The advantage is that it is economical and segregation is not required, while the 

disadvantage is that it requires a large area, produces methane, as well as leachates that 

contain concentrated toxic chemicals, which contaminate soil and ground water. Most open 

landfills in developing countries simply dump the refuse haphazardly into low lying areas of 

open land. In India, about 70 million tons of trash is generated every year, of which 10 

million tons is generated in the metropolitan cities, Delhi alone generates about 9,000 tons 

daily, and Mumbai generates 6,500 tons daily67. These landfills can have toxic effects well 

beyond their boundaries. For example, in 2016, a fire at Deonar -- Mumbai’s largest and 

oldest dump yard -- raged with flames so high and smoke so thick that it was visible from 

space. Deonar has 17 million tonnes of garbage dumped over 132 hectares. At least 5.87 

million people live in the 10km radius of the dumpsite68. Another example is at the Ghazipur 

landfill in Delhi -- part of it collapsed in 2017, due to which two people were killed69. 
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IV. Why Waste-to-Energy is preferred to Landfills  

In most Indian cities, municipal authorities lack suitable strategies, infrastructure, and financial 

resources for organised and sustainable solid waste management, and more than 90% of the 

waste is disposed of on land unsystematically, in poorly managed landfills in the low lying areas 

outside the cities. A major reason why municipal authorities are unable to deal with waste is the 

existence of industries within the municipal jurisdiction limits and the level of industrialisation 

with small and medium scale industries which dispose of their waste through the municipal 

system. Another increasing source of waste that finds its way to MSW is the biological and 

contaminated waste from the proliferation of hospitals and clinics70. 

Apart from that landfill sites are not designed scientifically, municipal waste collection is 

inadequate, the work of sorting out the waste is a labour intensive job with 2-3 workers serving 

per 1000 residents for which they get a meagre 75-250 rupees daily71. These workers handle the 

waste without any precautions or protective measures which may lead to various kinds of 

diseases. Community bin collection is practiced to collect waste by civic bodies but these bins 

are not properly designed as per the requirement or quantity and they are not also placed at the 

right locations which should be easily accessible by the local people. The same scenario is with 

the collecting vehicles: many are not designed properly, neither are they covered nor equipped 

with side protectors, because of which the waste scatters during collection and transportation72. 

While land filling is commonly practiced in metropolitan cities, now the designated landfill sites 

are running beyond their capacity73. Finding new landfills within cities is almost impossible due 

to the lack of vacant or affordable space, and other barren lands are far away from the city and 

this adds to the exorbitant cost of transportation. Most of the existing landfills were simply 

lands demarcated by the state government and municipal bodies to dump waste due to which 

the life span of most of the landfills in India is exhausted74. These dumping sites have also given 

rise to serious environmental problems and severe health impacts. In India more than 90% of 

MSW in cities and towns is directly disposed of on land and the waste is never segregated; it’s 

either wet or mixed which causes more hazardous impacts. For example, all of the wastes, 

including infectious waste from hospitals and industrial waste, normally find their way to the 

disposal site that was designed for domestic waste.  

In response to demands for more efficient municipal solid waste management and reducing the 

amount of dumpsites in India, the waste-to- energy plant was proposed by planners based on 
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the assumed properties and composition of the waste and the availability of the raw material75 

in cities and towns all over India. An added implied advantage of waste-to-energy plants is that 

they produce power which can be used to meet the increasing energy requirements of urban 

India. The government’s focus on Swacch Bharat Mission has also prompted the development of 

waste-to-energy plants76. Although waste-to-energy plant had been introduced in India earlier in 

the 1980’s, and a large scale bio-methanation project and two RDF projects were taken up in 

2003, but these projects failed because of improper segregation, logistic errors, lack of funds77, 

improper data on quantity and quality of available waste, delinks between the plant operators 

and the respective local bodies, and lastly the enormous public opposition to these projects78. 

The Government of India is now again pushing to adopt the waste-to-energy technology 

because it is considered to be progressive and can give us a better understanding of waste 

management practices, lowering of technology cost, and developing a flexible financial model 

for future years79 . The consequent diseases, air and water pollution caused by emissions, and 

leachate from dumpsites can be avoided, according to the government, by achieving complete 

combustion of waste inside the plants and proper regulation. It is also possible to capture 

everything that escapes of the stack of an incinerator - including heat and toxic gases. The heat 

can be used to produce hot water to heat local houses, offices and factories or to produce 

steam to drive turbines that produce electricity80. 

Furthermore, it is claimed that the proposed waste-to-energy projects would reduce disposal to 

land, reduce dependence on fossil fuels and reduce GHG emissions81. The government has also 

appreciated these projects because they generate carbon credits under the international cap-

and-trade system set up by the Kyoto Protocol to regulate carbon emissions. Waste-to-energy 

projects allow India to increase carbon emissions, while selling additional carbon credits to other 

countries to give them allowance to release more carbon into the atmosphere. These credits, 

combined with revenue from the sale of electricity and the free source of raw material, are said 

to give the plant a reliable revenue stream, making it simple to operate profitably at any point in 

time82. However, getting the maximum energy from waste, with minimal damage to the 

environment, is a complex problem. 
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V. Is Waste-to-Energy Suitable for India? 

As discussed earlier, the waste-to-energy technology is not suitable for India because the waste 

which is generated contains a mix of materials of which 80% is organic. As a result, existing 

plants have had to close because of misguided assumptions about fuel streams83. Thus, the 

plants in Timarpur and Okhla in Delhi could not function properly because waste inputs of 

appropriate quality were not available; and the mixed wastes contained large amounts of inert 

wastes that did not burn and posed a problem for the plant machinery84. The main challenge, 

however, was that the plants emitted toxic gases damaging the health of those in their 

neighbourhoods. The residents of Sukhdev Vihar had even filed a public interest litigation in the 

Delhi High Court, which was subsequently transferred to the National Green Tribunal85, that 

finally rejected the appeal by holding that the plant in Okhla was ‘non -polluting’ even though 

environmental compensation of Rs.25 lakh was levied for its earlier polluting ways86. 

A recent Indian government white paper on pollution states (Gopal Krishna, 2017)87 that 

“thermal treatment methods such as incineration are not feasible due to the low heat value of 

the municipal solid waste.” Critics also argue that India currently has too much capacity for 

producing electricity and little need for waste-fuelled power plants88. Disagreement has been 

expressed by the Planning Commission for waste-to-energy plants as they conclude that urban 

Indian waste is “generally unsuitable for thermal technologies” because it has “low calorific 

value and high moisture content with high percentage of non-combustible materials”. Their 

report, however, has not totally dismissed thermal technologies, suggesting that these 

technologies may be further evaluated for their applicability89. 

Yet, the belief remain is policy-makers that large-scale investment in waste-to-energy plants 

may solve the problem of reducing Indian cities’ increasing waste burden. But, in doing so, it will 

likely create an entirely different socioeconomic problem of increased poverty, and under- and 

unemployment for workers in the informal waste economy. These will not be unintended 

consequences or unexpected by products of improvements in waste management systems in 

India. For example, a large number of people depend on collecting, segregating, and recycling 

solid wastes to provide livelihoods and a crucial environmental and public health service to the 

city. The Okhla landfill used to provide a means of livelihood to over 450 adults in the 

surrounding neighbourhood, of which only 150 remain since the waste-to-energy plant began to 

function90. 
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According to an article on the costs and benefits of India's waste disposal options by the Centre 

for Science and Environment91, the Union Ministry of Environment and Forests brought out a 

white paper on pollution in Delhi. Based on a critical analysis of biological treatment, it 

recommended composting over incineration. "The experience of the incineration plant at 

Timarpur, Delhi, supports the fact that thermal treatment of municipal solid waste is not 

feasible in situations where the waste has a low calorific value. The incineration is not 

recommended because of the high ash and dust contents of Indian wastes.” It also says 

incineration is not environmentally friendly, has high capital costs (especially for emission 

control), and has high operation and maintenance costs92. Composting is recommended over 

incineration and the same view has been expressed by the Planning Commission, as composting 

is almost one third as cheap. Waste-to-energy technologies also require segregated wastes that 

do not contaminate the end product, as well as support for the marketing the end product93. 

  

                                                           
91

 http://www.downtoearth.org.in/coverage/costs-and-benefits-of-india-s-waste-disposal-options-5623  
92

 http://www.downtoearth.org.in/coverage/costs-and-benefits-of-india-s-waste-disposal-options-5623  
93

 http://www.epw.in/journal/2017/13/special-articles/waste-energy-and-recycling.html  

http://www.downtoearth.org.in/coverage/costs-and-benefits-of-india-s-waste-disposal-options-5623
http://www.downtoearth.org.in/coverage/costs-and-benefits-of-india-s-waste-disposal-options-5623
http://www.epw.in/journal/2017/13/special-articles/waste-energy-and-recycling.html


24 
 

VI. Waste-to-Energy may be a Waste of Energy  

Waste-to-energy facilities do produce energy from waste, but recycling is a far more effective 

form of recovering energy from our discarded products and packaging. Recycling conserves an 

average of three to five times more energy than waste-to-energy generates because 

manufacturing new products from recycled materials uses much less energy than making 

products from virgin raw materials. Of the 25 most commonly recycled materials, recycling 

saves more energy than would be created by a waste incinerator for all but one material (wood). 

This means waste incinerators are effectively burning three to five units of energy to make one 

unit, which is nothing short of a waste of energy94. 

According to UNEP95, India’s experiments with thermal treatment technologies have been 

unsuccessful because the informal recycling sector “recovers much of the dry, high calorific 

material leaving a moist residue with high green waste content unsuitable for production of 

combustible ‘fluff’ without considerable pre-treatment”. A waste management firm operator 

suggested that waste management companies have been unable to succeed in India because 

“around 500,000 rag pickers” across the country extract recyclables, leaving behind waste of 

“very low content quality”96. 

The Planning Commission has stated that all the waste cannot be treated through thermo-

chemical technologies; it is important to acknowledge the existing informal recycling sector as 

well as biochemical treatment methods. The waste which can be recycled should be recycled to 

produce new products - in this way we will be able to save natural resources. The waste which is 

wet should be composted to produce biogas also; and only the wastes that are non-recyclable 

but have high calorific value should be used in waste-to-energy plants. In this way the 

Commission expects that about 10% of the waste can continue to be recovered for recycling by 

the informal sector, 65% could be treated using either biological or thermal treatment, and the 

remaining 25% is inert material that cannot be used. Of the 65% treatable material, 40% could 

be thermally treated, 10% treated using bio-methanation, and the remaining 50% composted97. 
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VII. Role of Government in Managing Waste  

In India, waste management has to deal with four segments - Municipal Waste, Industrial 

Waste, Bio-Medical Waste, and Electronic Waste. All these four types of waste are governed by 

different laws and policies, as is the nature of the waste. In India, waste management practice 

depends upon actual waste generation, primary storage, primary collection, secondary 

collection and transportation, recycling activity, treatment and disposal. Municipal Corporations 

can play very important role in waste management, along with the Public Health Departments, 

as part of their mandated duties98. Currently waste management in India mostly means picking 

up waste from residential and industrial areas and dumping it at landfill sites.  

The initiatives taken by the Indian government to formulate policies to manage the growing 

menace of waste generation are99:-  

1. Jawaharlal Nehru National Urban Renewal Mission (JnNURM) 2005 

JnNURM was launched in 2005 in response to the challenges faced by the growth of the 

million-plus cities in India.  The Mission sponsored 42 SWM projects worth INR 22.5 billion 

between 2006 and 2009, and, for the first time, it promoted active collaboration with the 

private sector to form “Public Private Partnerships (PPP)”. The projects undertaken covered 

improving primary collection, waste transportation, and waste disposal100, and some of 

them provided for assisting the waste collectors to be part of the system. 

2. National Environment Policy 2006 

As part of India’s commitment to a clean environment, mandated by the Constitution, the 

Policy emphasises the responsibility of the State as also the citizens101.  The action plan 

mentions strategies for clean-up of toxic and hazardous waste dumps, strengthening the 

capacities of local bodies for segregation, recycling, and reuse, and giving legal recognition 

to informal sector systems of collection and recycling of various materials102. 

3. National Mission on Sustainable Habitat 2010 

NMSH was launched in 2010 to build urban resilience to climate change, by integrating 

adaptation and mitigation aspects into the urban planning process103. It emphasised on the 

importance of recycling of materials and urban waste management and special areas of 

focus on development of technology for producing power from waste. The Mission included 
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a major R&D programme, focusing on bio-chemical conversion, waste water use, sewage 

utilisation and recycling104. 

4. Clean India Mission (Swachh Bharat) 2014 

The Swachh Bharat Abhiyan was launched in 2014 to clean the streets, roads and 

infrastructure of India's cities, smaller towns, and rural areas, and laid emphasis on building 

individual toilets, community toilets, and solid waste management105. Within the Abhiyan, 

solid waste management is only a small part with the objective of achieving 100% scientific 

disposal of municipal solid waste by 2019 and to provide solid waste management services 

to 80% of the urban population106. 

5. NITI Aayog 2015-19 

The NITI Aayog, which replaced the Planning Commission, supports waste-to-energy plants, 

even after the failure of the Timarpur plant 22 years ago. So, the high-profile Timarpur-

Okhla project is planned on the same site107 in PPP mode to clean up municipal solid 

waste108 using modern waste-to-energy technology109, but without any mention of the toxic 

gases produced as by-products in the air. When there are no effective mechanisms for 

monitoring the emissions, health hazards become even more challenging110. 

6. Solid Waste Management Rules 2016 

The Solid Waste Management Rules (2016) are a significant improvement over the earlier 

Municipal Solid Wastes Rules (2000) in emphasising the need for enforcement of 

segregation and recommending changes in municipal by-laws to allow for cost recovery in 

the collection of waste segregated at source and imposing penalties for non-segregation, as 

well as providing space for the informal sector waste collectors. 

Subsidies 

The real role of government, though, may be discernible in the subsidies it provides to different 

modes of waste management. The cost of setting up a waste-to-energy plant is significantly 

more than a thermal or hydro-electric power plant. Thus, the Ministry of New and Renewable 

Energy (MNRE) offers financial incentives to a proponent who plans to set up a waste-to-energy 

project. These incentives are given to both private as well as public sector entrepreneurs and 
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investors having technical and managerial capabilities. The Ministry gets the detailed project 

reports appraised by the financial institutions to ensure that the project is feasible, viable and 

sustainable111. The incentives for reducing the interest rate are given in Table 3: 

Table 3: Eligibility for Reducing Interest Rate to 7.5% (Rs. in Crore/MWh) 

Type of Projects Urban and Municipal Wastes Industrial Waste 

Waste to power 2.00 1.50 

Waste to fuel   0.50 0.50 

Fuel to power    1.00 1.00 

 

Table 4 presents the incentives under the National Program on Energy Recovery for power 

generation plants of different kinds. 

Table 4: Incentives under the National Program on Energy Recovery112 

Project Description Incentives 

Power generation from RDF Rs.15 million per MW 

Power generation from bio-methanation Rs.20 million per MW 

Power from gasification-pyrolysis & plasma arc Rs.39 million per MW 

Bio-methanation from vegetable market and 
slaughterhouse waste above 250KW capacity 

50% of project cost; max Rs.30 
million per MW 

Project development assistance per project Up to Rs.1 million 

Capacity building initiatives  Rs.0.3 million per event 

 

Thus, the Union Ministry offers interest subsidies for commercial waste-to-energy projects up to 

Rs.2 crore/MW. For demonstration projects, direct subsidies can be as high as 50 per cent of the 

capital cost of the plant (up to Rs.3 crore/MW). Municipalities can also get incentives of Rs.15 

lakh/megawatt for providing garbage free of cost to these plants for up to 30 years. State nodal 

agencies get further incentives of Rs.5 lakh per megawatt for promoting and monitoring waste-

to-energy projects113.   
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In the case of refuse derived fuel, the SELCO plant which is spread over two locations the plant 

at Gandhamguda, can process garbage into burnable pellets (or RDF) at no more than 150-

200tonnes/day – much below the proposed capacity of the plant – and yet receive a subsidy of 

Rs.28 lakh from MNRE. In addition, a soft loan of Rs.4.55 crore was taken from the Central 

Government's Technology Development Board, and another Rs.2 crore loan from the Indian 

Renewable Energy Development Agency. The promoters' equity was a mere Rs.3.51 crore out of 

a total cost at Rs.10.34 core114. Similarly, a bio-methanation plant was set up in Lucknow by 

Enkem Engineers of Chennai at a cost of Rs.76 crore, of which MNRE gave a subsidy of Rs.15 

crore. While it was planned that 300 tonnes of garbage from Lucknow would be processed into 

115 tonnes of volatile solids for incineration to generate 5 MW of electricity, for most of its 

operational days, the power output was between 0.2 MW to 0.6 MW115.  

Under the Swachh Bharat Mission too the government has invited national and international 

players to set up 100 waste-to-energy pollution-free plants across the country. The National 

Thermal Power Corporation started work on a waste-to-energy project at Badarpur in early 

2017. The Rs.300 crore plant will have the capacity to process 400 tonnes of garbage/day from 

the South Delhi Municipal Corporation116. This is despite the fact that provision of subsidies has 

not prevented these plants from shutting down. Four plants, one each in Hyderabad, Vijaywada, 

Lucknow, and Delhi, have closed down. The Delhi plant, as mentioned earlier, shut down within 

21 days of its commissioning in 1990, and hasn't operated since. The Lucknow plant was never 

operated on full capacity, and closed down in 2004117. Yet the governments continue to place 

faith in the waste-to-energy technologies. 
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VIII. Impacts of Different Technologies 

Table 5: Impacts of Technologies on Climate Change, Livelihoods, Health, and Land 

Technology Climate Change Livelihoods Health Land 

Incinerator Burning 1Kg of MSW 
produces/releases 
about 0.7-1.2 Kg of 
CO2 (based on carbon 
compounds assumed 
to be of fossil 
origin)

118
. 

MoEF’s (2011) Plan
119

 
states emissions from 
hazardous waste 
incinerators in India 
contribute to about 
64% of the estimated 
dioxins/furans 
released into the air: 
this amounts to 
emissions of 1,812 g 
TEQs/annum pan 
India

120
. 

A study estimates 
that Delhi’s waste 
pickers reduce GHG 
emissions by 962,133 
tonnes a year, while 
the Okhla-Timarpur 
incinerator project 
would only bring 
about a reduction of 
262,791 tonnes of 
CO2 equivalent

121
. 

Growth of waste-to-
energy companies has 
created a competition 
for waste. A survey 
found that number of 
Okhla rag-pickers fell 
by two-thirds, to 150, 
as they move away to 
find work

122
. 

Landfill workers are 
affected the most 
showing a 74% 
decrease in numbers 
from 400 to 105

123
. 

Respondents noted 
an overall 21% 
decrease in income 
this year across all 
categories. Landfill 
workers and waste 
segregators reported 
a 22-24% decrease. 

Okhla waste-to-
energy plant has 
displaced nearly 300 
waste pickers, and 
63% of their children 
are out of school

124
. 

Produce toxic 
pollutants such as Cd, 
Pb, Hg (and other 
heavy metals), SO2, 
HCl, NO2, dioxins, 
furans, and 
particulate matter, 
which contribute to 
health problems, such  
as delayed 
development, birth 
defects, brain 
damage, respiratory 
and cardiovascular 
ailments and 
cancer

125
. 

A review of plants 
found that the 
residents living 
around an incinerator 
and other pollution 
sources have, as per 
various studies, 
shown significant 
increase in lung 
cancer. Doctors have 
noted that those 
living within 7.5 km of 
incinerators display 
risk of cancers 
specifically of 
stomach, colorectal, 
liver and lung

126
. 

Waste-to-energy 
plant at Narela-
Bawana in New Delhi 
is built over 100 acres 
of land

127
. 

Second waste-to-
energy plant in Delhi 
at Tehkhand (near 
Okhla garbage site) 
will be set up over 50 
acres of land. 

Plant processing 1000 
TPD of mixed waste 
requires 5 ha of land 
including buffer 
zone

128
. 
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Bio-
methanation 

Maintaining adequate 
safety standards is 
important failing 
which it can lead to 
dangerous effects 
because leakage of 
methane gas will 
cause fires and boost 
global warming

129
 

Biogas consists mainly 
of CH4 (65 %) and CO2 
(45 %). The 
contribution of CO2 
and CH4 to the 
present global 
warming is estimated 
to be 50% and 20% 
respectively, which 
indicate that the 
potential of CH4 is 
more than CO2. At 
present the   
atmospheric CH4. is 
increasing at the rate 
of 1.3% per year

130
 

Biogas plants have 
created millions of 
jobs in most 
countries, especially 
in the area of waste 
collection and biogas 
generation. For 
example, in India, the 
biogas industry 
creates more than 10 
million man days’ jobs 
each year in rural 
areas

131
 

Depending on the 
feedstock, mode of 
operation, size of the 
digester, process of 
slurry handling, and 
location of the 
digester there could 
be severe impacts on 
health

132
 

The major hazardous 
air emissions 
associated with 
biogas are: CH4, CO, 
NH4 and H2S, VOCs. 
CO affects respiration 
rate, health of 
animals and farmers 
at different degrees 
due to different levels 
of exposure

133
 

For 300 TPD of 
segregated/pre-
sorted MSW: 2.5 ha 
of land is required

134
 

Refuse 
Derived Fuel 

Emits smaller 
quantities of organics, 
particulates, and 
gases such as CO2, 
SO2, NO2, HCI, dioxins 
/furans and these  
contribute to global 
warming

135
 

 Dioxins and Furans 
are among the 
deadliest toxins 
known. They cause 
skin disorders, liver 
problems, 
impairment of the 
immune & endocrine 
systems and 
reproductive 
functions, and certain 
types of cancers

136
 

For 300 TPD of 
segregated/ pre-
sorted MSW, 2 ha of 
land is required

137
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Landfill CO2, CH4, NO are the 
major GHGs emitted. 
The total CH4 flux 
from landfill areas of 
Indian cities is 
reported as 0.33-1.8 
Tg/year. Total CH4 
flux for three landfill 
areas of Delhi 
(Ghazipur, Bhalswa 
and Okhla) is 0.54 
Gg/year. CH4 
emissions varies in 
winter from 12.94-
58.41 and in summer 
from 82.69-293 
mg/m

2
/h in these 

landfills
138

 

In Jawahar Nagar 
garbage dumping 
yard, located in the 
city outskirts of 
Hyderabad, the rag 
pickers collect and 
sell waste to earn 
money. 75% of the 
waste collectors 
earned Rs.1000-1500 
per month, 12% of 
the respondents 
earned Rs.500-1000, 
10% earned a 
monthly income more 
than Rs.1500; only 8% 
earned Rs.200-500 
per month

139
 

95 workers surveyed 
in Bombay landfills: 
eye problems 80%, 
lung ailments 73%, 
gastro intestinal 
ailments 51%, skin 
infections 40%, 
orthopaedic ailments 
22%, skin lesions 27%. 

Of 180 waste pickers 
at Calcutta's landfills, 
40% had chronic 
cough, 37% had 
Jaundice. Incidence of 
diarrhoea was 85%, 
fever 72%, cough and 
cold 63%, sore eyes 
5%, and skin ulcers 
29%

140
 

100ha land required 

 

As shown in Table 5 above, there are significant impacts of all solid waste management technologies on 

aspects related to climate change, livelihoods, health, and land. Municipal solid waste contains all the 

refuse discarded by industries, offices, hospitals, laboratories, households, shops, and so on, and this 

refuse contains those very chemical compounds of which the final product was made, of which carbon 

constitutes a significant part.  Hence, when burnt in an incinerator, some of these release greenhouse 

gases like carbon dioxide CO2. Refuse derived fuel will also do the same eventually, whether in the plant 

producing RDF or when the RDF is burnt elsewhere. Bio-methanation not only releases CO2 but also the 

more powerful greenhouse gas methane CH4. Landfills also release CO2 and CH4 – albeit at a slower rate 

of conversion. 

With respect to livelihoods, incineration firms tend to claim all waste for burning and many of the 

flammable materials such as paper, cardboard, plastics, cloth, and wood which are also the staple 

earning items for waste pickers who segregate and recover them from waste bins, dhalaos, and landfills. 

Hence, the entry of such firms into the waste management business does create a small number of jobs, 

but at the same time displaces the waste pickers who were doing their own informal (and unrecognized) 

form of waste management. RDF plants tend to do the same although on a much smaller scale because 

only certain selected carbon-rich substances can be processed in the plant. Bio-methanation, on the 

other hand creates a large number of livelihoods through the construction, installation, operation, and 

maintenance of bio-gas digesters. 
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When waste materials are burnt in incinerators they are bound to produce toxic substances like dioxins, 

furans, heavy metals, SO2, NO2, HCl, and particulate matter, all of which have varying impacts on living 

creatures depending upon their relative toxicity – dioxins being one of the most poisonous family of 

substances known to us. Delayed development, birth defects, brain damage, respiratory and 

cardiovascular ailments, cancer, and even death can ensue. During the production of refuse-derived fuel 

similar gases emitted from these plants can also cause discomfort as well as severe health hazards to the 

nearby residents. Bio-methanation, while considered to be more benign than other technologies, has 

the potential to release toxic as well as flammable methane if the plant is not managed properly. As for 

landfills, the immediate hazards impact waste-pickers who are in direct touch with the waste, while 

leachates can poison ground water in the area near the landfill. 

Landfills logically require the maximum amount of land as all the municipal waste is directly dumped on 

to the land and most such large cities need land over 100 hectares – that too gets exhausted over time. 

Most cities are running out of immediately available land or transportation costs are becoming very 

high, which is why the search for other technologies has been triggered. But even incineration plants 

need an average of 10 to 25 hectares, mainly to store the incoming waste and dispose of the outgoing 

ash. Land requirement for Bio-methanation plants is lower at about 2.5 hectares; and RDF plants need a 

little less land for viable operations. But much depends upon the how much re-segregation has been 

done before the waste arrives for either biogas or RDF. Otherwise the land needs for storing waste and 

sorting it out could become quite significant. 

In Table 6 we attempt to quantify some of these impacts with respect to plastics, paper and cardboard, 

and glass. In addition, we have added Source Reduction as a mode of managing waste arguing that the 

more waste is minimised by changing the production process itself (and, therefore, consumption 

patterns), the less waste there will be. A quick overview of the literature available indicates that 

recycling waste often has the highest carbon emission because of the energy required to reclaim a 

useful, or even original, product from the waste. This may be less than producing the virgin product but 

then it calls into question the very need to produce such a product. With respect to jobs, all waste 

management technologies require some form of segregation and transportation, and whether this is 

done through unpaid labour in the household or office or through cheap informal labour of waste-

pickers is a key question. Paper and cardboard offer the highest possibility of downstream jobs, but then 

they also the highest calorific value for waste-to-energy plants.  

The toxins produced, whether from the production of plastics or paper and cardboard or their recycling 

and/or energy-recovery, are many and have significant impacts on the health of waste-pickers, workers, 

nearby residential neighbourhoods, and all ecosystems down the consumption chain. However, this is a 

field in which there has been little study in India. Land requirement, as has been noted earlier, is the 

maximum for landfills. But what remains an undocumented arena is how source reduction, accepted to 

be the optimum form of waste management, can not only result in far more useful and eco-friendly 

products for consumption but also cut down significantly on toxic releases into the environment, 

whether at the level of production or at the level of recycling and reuse. The research into source 

reduction is still in its infancy but it has the potential to transform social production and consumption.  
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Table 6: How Different Waste Management Techniques Impact on Different Waste Categories 

Plastics (about 10-11% of waste in India
141

) 

Technology Source 
Reduction 

Recycling Landfilling Composting Waste-to-energy 

Carbon 
emissions*

#
 

0
142

 9781
143

 2153.8
144

 NA 3483.5
145

 

Livelihoods Making mud 
kulhads, cloth 
bags, and sal 
leaf plates. 

Unpackaged 
sale of goods. 

Sorting waste in 
recycling factories. 

Sorting waste 
(unofficially). 

Sorting waste. 

About 250 
workers in a plant 
processing 1000 
TPD of MSW

146
.  

 

Sorting waste. 

 

Health
@

  In production
147

: 
Benzene, 
Butadiene, 1,2-
dichloroethane, 
Vinyl chloride, 
other VOCs, PM, 
NOx, SOx, CO. 

In use
148

: 
Phthalates, 
Brominated flame 
retardants, VOCs. 

In recycling
149

: 
VOCs, PAHs, 
Dioxins/Furans, 
Phthalate esters.  

Plastics recycled
150

, 
only 7-9 times

151
.  

In production
152

: 
Benzene, 
Butadiene, 1,2-
dichloroethane, 
Vinyl chloride, 
other VOCs, PM, 
NOx, SOx, CO. 

In use
153

: 
Phthalates, 
Brominated flame 
retardants, VOCs. 

Leachates of
154

 
BPA, Phthalates, 
heavy metals. 
Ingestion of 
micro-plastics by 
wildlife. 

0.7% of total 
plastic consumed 
are bio-plastics, 
and of this 
biodegradable 
plastics are 
0.3%

155
. 

 

In production
156

: 
Benzene, 
Butadiene, 1,2-
dichloroethane, 
Vinyl chloride, 
other VOCs, PM, 
NOx, SOx, CO. 

In use
157

: 
Phthalates, 
Brominated flame 
retardants, VOCs. 

On burning: 
Dioxins/ Furans

158
, 

PAHSs, PCBs, 
Mixed brominated/ 
chlorinated 
compounds. 
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Land required 
(hectares) for 
a 1000 TPD 
MSW facility  

  100
159

. 16.7 for Aerobic; 
8.3 for Anaerobic. 

5 for Incineration; 
20 for RDF. 

Paper and Cardboard 

Technology Source 
Reduction 

Recycling Landfilling Composting Waste-to-energy 

Carbon 
emissions*

#
 

0.7
160

 1.1   1.2 

Livelihoods  Waste paper 
recycling as 
notebooks – 
income up to 
Rs5000

161
. 

Raddiwala (junk 
dealer) - old 
newspapers, 
magazines are 
collected at the 
end of month and 
sold to wholesaler, 
who sells to paper 
companies for 
making recycled 
paper

162
. 

Segregating at 
source and 
transporting the 
waste to different 
recyclers. 

Sorting the waste. 

 

 Sorting the waste. 
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Health
@

  In production: CO2, 
H2S, SO2, Volatile 
Organics, 
Chloroform,  
Organochlorines

163
. 

In recycling: 
Toluene, Methanol, 
Formaldehyde

164
. 

In production 
CO2, H2S, SO2, 
Volatile Organics, 
Chloroform, 
Organochlorines
165

. 

Decomposition of 
paper: 
Methane

166
. 

In production: 
CO2, H2S, SO2, 
Volatile Organics, 
Chloroform, 
Organochlorines
167

. 

In production: CO2, 
H2S, SO2, Volatile 
Organics, 
Chloroform, 
Organochlorines

168
. 

During incineration: 
Lead and Cadmium, 
Urea,Formaldehyde, 
Paraffin, 
Fungicides

169
. 

Glass 

Technology Source 
Reduction 

Recycling Landfilling Composting Waste-to-energy 

Carbon 
emissions*

#
 

0.5 0.9 Glass takes 
1,000,000 years 
to degrade. 

  

Livelihoods  Glass is cleaned 
and sorted before 
crushing

170
. 

This generates 
jobs: a Chennai 
wholesaler buys 
broken glass from 
all over southern 
India and has a 
turnover of Rs 20 
lakh per month

171
.
 

Collecting and 
sorting glass. 

 Collecting and 
sorting glass.  

Health
@

  Exposure to silica, 
CO2, and SO2 

   

*in tonnes of CO2eq/kg 
#
 carbon emissions have been calculated for the full life cycle of production, transport, and management 

@
health impact of all chemicals is given in Table 7 
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To fully appreciate the health impacts, all the chemicals used in the production of consumer goods that 

end up in the waste stream, as mentioned above, and that are subsequently released into the 

environment during the application of waste management technologies described earlier – in other 

words, to encompass a cradle-to-grave approach – we give below in Table 7 all the symptoms that are 

associated with the different chemical substances. Apart from dioxins and furans, which cause the most 

pernicious impacts, heavy metals and volatile organic compounds have long-term trans-generational 

effects, which need to be kept firmly in mind. 

Table 7: Health Impacts of Different Chemicals 

Compound Impacts on health 

1,2-dichloroethane o Probable human carcinogen
172

 
o Affects nervous system, liver and kidney, and lungs 

Benzene o Affects the immune system and reproductive systems
173

 
o Carcinogenic 

BPA o Affects reproductive systems, increases body weight and insulin resistance 

Brominated flame 
retardant 

o Can affect can affect the endocrine, immune, reproductive, and nervous systems. 
o Potential carcinogens

174
. 

Butadiene o Carcinogenic
175

  
o Affects reproductive and developmental systems  
o Acute low exposure can cause irritation to eyes, nose, throat and lungs 

Cadmium
176

 o Exposure of cadmium cause lung disease and emphysema 
o Affect cardiovascular, renal and skeletal lesions 

Carbon dioxide
177

 o Affect the respiratory system 
o Affect the heart rate 
o Affect the blood pressure 
o Asphyxia and convulsions. 
o High exposure to CO2 cause- headaches, dizziness, restlessness, sweating and 

tiredness 

Chloroform
178

 o Affects the central nervous system (brain), liver, and kidneys  
o High concentrations can cause headaches, dizziness, and gastrointestinal problems 

such as nausea and vomiting
179

  
o Cancer  

Dioxins/Furans o Cancer
180

 
o Skin disorders 
o Liver problems 
o Impairment of immune system and endocrine system 
o Affects reproductive system 
o Effects on the developing nervous system and other developmental events 
o Trans-generational effects 
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Formaldehyde
181

 o Exposure to formaldehyde cause irritation of the eyes, nose, and throat 
o Asthma 
o Cancer 

Fungicides
182

 o Exposure of fungicides can Irritate skin and eyes, throat irritation and can cause 
coughing 

Hydrogen 
Sulphide

183
 

o Affect the respiratory system 
o Acute exposure cause nausea, headaches, delirium, disturbed equilibrium, 

tremors, convulsions, and skin and eye irritation 
o High-dose exposures may cause insufficient cardiac output, irregular heartbeat, 

and conduction abnormalities 

Lead
184

 o Affect neurological ,kidney, endocrine, haematological, gastrointestinal, 
cardiovascular, reproductive and developmental system 

Methanol
185

 o Chronic exposure to methanol can affect inflammation of the eye, recurrent 
headaches, insomnia, stomach problems, visual failure, and dermatitis 

o Short-term exposure to methanol can cause difficulty breathing, dizziness, 
insomnia, confusion, nausea, vomiting, diarrhoea, inflammation of the pancreas, 
conjunctivitis, stomach problems and pain 

Mercury 
186

 o Harmful effects on the nervous, digestive and immune systems, lungs and kidneys, 
and may be fatal.  

o The inorganic salt mercury are corrosive to the skin, eyes and gastrointestinal tract 
o May induce kidney toxicity if ingested 

PAHSs o Increased incidences of lung, skin, and bladder cancers
187

 

Paraffin
188

 o Exposure of paraffin can cause Irritate skin and eyes 

PCBs o Probable human carcinogens 
o Affect reproductive system and thyroid hormone

189
 

Phthalates o Affects reproductive system
190

 
o May lead to ADHD (attention deficit hyperactivity disorder) in children, affect IQ 

Silica
191

 o Can cause cancer, chronic obstructive pulmonary disease and kidney disease 

Sulphur Dioxide
192

 o High-dose exposures may cause irritates the nose, throat, and airways to cause 
coughing, wheezing and shortness of breath 

o Asthma 
o Chronic bronchitis 

Toluene
193

 o Affect nervous system 
o Affect the immune, kidney, liver, and reproductive system 

Vinyl chloride o Carcinogenic
194

 
o Affects reproductive system, nerves, liver and produces an immune reaction 
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Volatile Organic 
Compounds

195
 

o Such as Bisphenol-A, diphenylacrylate, formaldehyde, acetaldehyde, benzene and 
others 

o Long-term exposure to volatile organic compounds can cause damage to the liver, 
kidneys, and central nervous system 

o Short-term exposure to volatile organic compounds can cause eye and respiratory 
tract irritation, headaches, dizziness, visual disorders, fatigue, loss of coordination, 
allergic skin reactions, nausea, and memory impairment 
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IX. Posters 
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Conclusions 

In the eyes of nature, nothing is ‘waste’. All earth’s processes are cyclical. For example, trees take the 

carbon dioxide released by human beings and humans use the oxygen produced by trees. Therefore, 

there is no ‘waste’ accumulation in the environment. However, as humans, we tend to think linearly, we 

produce things and then at the end of their life cycle we dispose of them. And the things that become 

the biggest problems in terms of waste disposal are those that the earth and other living organisms are 

not able to incorporate into their natural cycles or distort the natural cycles. Thus, plastics after being 

produced and used and then thrown by human beings, remain in the environment as no other living 

organism is able to utilise and degrade then, and this then comes to human beings back through 

nature’s multiple cyclical processes . 

The concept of waste is a contemporary phenomenon which has social, economic and cultural 

underpinnings. The root cause of excessive waste generation is the increased demand and consumption 

of products of new technologies, without a proper knowledge of the by-products of these technologies 

and their disposal. Increasing populations further exacerbate this fundamental problem. The 

consumption pattern has been influenced by many dimensions of economics, culture, marketing, and 

environment, and each dimension caters to different ideologies. As mentioned earlier, in the case of 

developing nations, a small increase in income in urban areas can cause major changes in lifestyles, food 

habits, living standards, and subsequent waste generation.  

To manage the increased generation of solid waste, and the impact it has on land, water, and air, the 

government has been promoting waste-to-energy technologies as an alternative to landfills, without at 

all looking at the reduction of waste at source, or even its segregation and treatment. A range of 

technologies are encompassed within the rubric of waste-to-energy, including bio-chemical conversion 

(bio-methanation), thermo-chemical conversion (incineration, pyrolysis, and gasification), and thermo-

mechanical conversion (refuse-derived fuel RDF). Apart from claiming to reduce the waste quantity by 

70-90 %, the technology holds the promise of generating electricity from waste without having to rely 

on waste generators’ or municipalities’ ability to segregate wastes, especially for the incinerator.  

However, the waste-to-energy plant does release toxic emissions which are hazardous to environmental 

and public health. The impacts of all technologies of waste management on climate change, livelihoods, 

health, and land have been tabulated and compared earlier, and may be summarised here as follows:  

 Impact on Climate Change 

The contribution of waste-to-energy plants to global warming is significant, with emissions of CO2   

higher than those of NOx and NH3. For example, the incineration of 1 Kg of municipal waste in MSW 

incinerators is associated with the production/release of about 0.7 to 1.2 Kg of carbon dioxide which 

is directly released into the atmosphere. The Okhla-Timarpur incinerator project will produce 

262,791 tonnes of CO2 annually, whereas Delhi’s waste pickers are estimated to reduce greenhouse 

gas emissions by 962,133 tonnes a year.  Biomethanation’s contribution to global warming is about 

50% CO2 and 20% CH4. Refuse-derived fuel, on the other hand, emits small quantity of organics, 

particulates, and gaseous CO2, SO2, NO2, and HCI, while landfills emit very large quantities of CO2, 
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CH4, and NOx as the major greenhouse gases. It should be remembered that the global warming 

potential of methane is 21 times higher than that of carbon dioxide and it has the highest 

generation (60%) than other gases. For example, in Delhi, the methane emission from three MSW 

landfills at Ghazipur, Bhalswa, and Okhla is estimated at 0.54 Gg/year, which is relatively on the 

higher side as compared to the total methane emission estimated from all MSW landfill sites in India 

which is about 0.30-1.8 Tg per year. 

 Impact on Livelihood  

The impact caused by the growth of waste-to-energy plants on the livelihoods of waste pickers is 

quite harsh, as the waste-to-energy plant companies are competing for possession of the waste. 

This is reported to have a severe impact on the livelihoods of the informal sector.  A survey done by 

Chintan, and organisation working with waste pickers, found that the population of the Okhla waste 

pickers fell by two-thirds to 150 as they were forced to move away to find work once access to the 

waste was restricted. Earlier they could earn as much Rs.1000-1500 per month for sorting the waste 

at the landfill and transporting it to the designated disposal point. Researchers have observed that 

the opportunities to earn livelihood is more during the process of recycling than during the process 

of burning. For example, in the case of paper, the raddiwala (junk dealer) collects old newspapers 

and magazines and at sells it to a wholesaler with a monthly income of up to Rs.5000. The paper is 

subsequently recycled in the form of notebooks and generates regular work at this second and third 

stage too. A similar case may be observed in the recycling of glass where the rag picker does the 

segregation and collection and then sells to the wholesaler.  The largest wholesaler in Chennai, who 

buys broken glass from all over southern India, is reported to have a turnover of Rs.2 million per 

month. 

 Impact on Health  

Waste-to-energy plants recover the energy from municipal solid wastes, but at the same time they 

release hazardous and toxic emissions, especially when plastics and other combustible synthetic 

materials are burnt. The harmful gases released when these materials are burnt are dioxins, furans, 

phthalate esters, polyaromatic hydrocarbons, as well as trace heavy metals. The health impacts are 

that they can delay development, cause birth defects, affect the reproductive system, damage the 

brain, trigger respiratory and cardiovascular ailments, affect the immune system, cause cancer, and 

have mutagenic and teratogenic effects over future generations. Even for bio-methanation, if not 

managed and maintained carefully, the release of methane can cause respiratory problems and 

gastrointestinal ailments. During the production of refuse-derived fuel the gases emitted can cause 

discomfort as well as health hazards for nearby residents. As for landfills, the greatest impact is felt 

by waste pickers who have respiratory and skin ailments, eye problems, and orthopaedic ailments.  

 Impact on Land 

All waste management technologies require land. For a 1000 tonnes/day MSW facility: the land 

requirement of landfills is obviously the largest at about 100 hectares; and about 20 hectares are 

needed for a plant making refuse derived fuel; 17 hectares for aerobic composting; 8 hectares for 

anaerobic composting (or bio-methanation); and only 5 hectares for incineration – which is what 
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makes waste-to-energy plants so attractive to urban planners. However, plant developers and 

operators often extend the land under their control arbitrarily: thus, the waste-to-energy plant near 

Okhla in Delhi has taken 20 hectares while the one at Bawana is situated on 100 hectares. The value 

and availability of land is often what determines how much a particular plant will be able to grab. In 

addition to the occupancy of land, the other impact is what happens to the quality of the land itself. 

Apart from composting technologies, all the others tend to degrade the land over time because of 

leachates and other toxic rejects that are disposed of by the plants. 

Given a bird’s eye-view of the various Solid Waste Management technologies, it becomes obvious that 

planners and policy makers tend to select the waste-to-energy technologies because the essential driver 

is the lack of space (valuable real estate in most cities) on which to accommodate the waste. In the 

imagination of the decision makers the waste then gets reduced to ashes or some non-toxic residues, 

while there is the additional lure of energy being generated from the heat. Which is why large subsidies 

of public money are offered on the basis of the power generated – and these incentives are necessary 

for the private firms to be attracted for setting up these ventures. 

However, experience demonstrates that most, if not all, these waste-to-energy plants do not work 

because unsegregated Indian waste is not amenable to burning given the large amounts of moisture and 

non-combustibles that it contains. In addition, the larger environmental concerns of impacts on climate 

change, livelihoods, and health – while considerable and significant) are never factored into the value 

deletions. Therefore, the technologies are not measured against the actual social and environmental 

costs that will have to be paid over the long run, but are glossed over for immediate apparent benefits.  

Of particular concern is that, while acknowledging that there is a hierarchy implicit in the solid waste 

management measures, the first step of reducing the pollutants at source and/or reusing is never taken. 

Nor is it part of the calculations that determine impact analysis. Local urban bodies and governments 

are understandably reluctant to act on reduction and process changes that will challenge lifestyles 

hitherto considered to be the global model of development that all underdeveloped or developing 

nations should aspire to. And there are no incentives or subsidies in the financial policy package that 

would make this step attractive. 

It is, therefore, imperative for further research and documentation efforts that will fill in the gaps in the 

knowledge base that we have and that can then challenge the present thrust for waste-to-energy by 

policy-makers, and offer real and well-designed alternatives for products, processes, and lifestyles. 


