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Preface 

 

Rakshak Foundation is a non-profit organization working on issues affecting general public 

and makes an effort to create awareness among citizens to feel the responsibility and act 

responsibly for the development of country. Internships are provided in two phases- 

summer and winter where the interns research on topics concerning public policy. It 

provides an excellent platform where interns from various diverse fields of specialization 

work under a single roof. This is augmented by series of lectures from eminent 

personalities working in areas of public policy. 
 

The present project is an endeavor to study the effect of injudicious human activities in a 

typical metropolitan city (Delhi), located along bank of Yamuna and analyze their impact on 

Ganga basin. The work includes suggestion of a workable model that incorporates the role 

of public to trigger a change in their attitudes towards saving their ecosystem from 

degradation. Emphasis has been laid on waste reduction at point of generation and their 

proper disposal. The project title itself explains that preventive style of waste 

management has been focused rather than opting for post curative measure (which 

involves waste water treatment) as ultimate solution. It has to be borne in mind that both 

the method has their own importance and are to be treated as two faces of a single coin 

when understanding the problem using a full-fledged holistic approach. Some 

recommendations have been suggested in this regard which are although very simple yet 

they produce extraordinary results. Variability of existing models available in the world 

has been taken into account while analyzing the feasibility of recommended models 

particular to Indian context in the present project. Therefore primal consideration has been 

laid on characteristics like technologies involving low cost, innovative in nature and their 

successful workability/applicability in India or abroad. It has been our endeavor to bring 

the complexity involved in waste management of such a diverse country as India to 

forefront while addressing due negligence on part of citizens and their role as ignorant 

polluters to show why till date no significant output has been deciphered from ground 

realities. 
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Executive Summary 
 
 
 
 
Taking care of Ganga basin through public participation is a novel step to prevent further 

environmental degradation by making public feel their responsibility towards establishing 

an ideal urban city life and participate proactively in cleaning efforts. Learning from the 

failure of Ganga Action Plan (1986), the project serves to rectify those mistakes by laying 

down due stress on citizens participation in waste management of Ganga basin. 

Reduction of waste and appropriate disposal methods have been described along with an 

intention to create revenue out of refuse. The steps taken by NGOs and government 

authorities have been studied to identify real impediments in cleaning of Ganga basin. A 

basin level approach has been made to manage waste being generated in the terrestrial 

area and prevent their rampant improper disposal in water bodies. In accordance with the 

Comptroller and Auditor General of India’s suggestion on Ganga Action Plan, stress has 

been laid on 3 R’s of waste management namely-Reduce, Reuse and Recycle which serves 

as an indirect method to clean Ganga basin. It is expected that the present study serves as 

a guideline to encourage public participation through various techniques like education, 

awareness creation and incentivizing principle. Finally a workable model has been 

suggested based on expert’s advice in field of biogas generation, sanitation and social 

service. A model which is not socially acceptable and economically feasible, cannot see 

the light of day especially in context to Indian system where priorities always supersedes 

needs due to limited resource available. Therefore a “workable, implementable and 

achievable” model is worked out to cater to the demand of Indian waste management 

system. 

Briefly speaking major pollutant sources of Ganga basin like sewage waste, open 

defecation, religious waste (floral waste) as mentioned in various standard reports were 

taken into due consideration in this project. Installation of biogas cum compost plant has 

been initiated as part of “Temple waste management” at Kalkaji Temple, New Delhi. The 

plant would convert floral waste of the temple to biogas and manure which would be 

utilized as cooking fuel for Bhandaras (Prasad) and the manure would be used in the “Yogi 

nursery” to cater to plants fertilizer requirement. 
 
In due course of time based on its performance and plants capacity, the biogas cum 

compost plant would serve as a collection point for entire floral waste of the city to be 

disposed of in most pious way which anybody can think. An innovative design of Ghat has 

been proposed to dispose religious waste based on preliminary research on existing 

methods adopted by different state governments and NGOs. Besides, design for compost 

plant to take care of yard waste (leaf waste) in parks has been worked out. This being low 

cost and less labor intensive would help gardeners on one hand to get rid of the garden 

waste and on other to generate manure which could be utilized in the park itself. Thus a 
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self-sustaining unit would be established where waste being generated from one system 

gets used up in the same system. The project duly highlights importance of community 

participation and the benefit achieved while making citizens a stakeholder in terms of 

successful implementation of any public policy. To reach the grass-root level and actually 

decipher out true meaning of the project-a social initiative program under the name of 

“Mission lifeline” has been undertaken by a group of 23 interns of Rakshak Foundation 

2014 batch who would work proactively in their college based social organization to create 

general awareness among local people, sensitize citizens about their responsibility towards 

establishing a clean city and educate them in the area of economic and easy disposal of 

different types of wastes. The interns involved in this initiative are mostly students of 

IITs/IIMs along Ganga belt.  
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1. Introduction 
 

 

1.1 Background Information 

 

The project title “Taking care of Ganga basin through public participation-citizens’ role and 

responsibility” strives to bring about a change in the present waste management system 

that would lead to a cleaner, healthier environment that would be able to sustain present 

and future needs of stakeholders in the ecosystem in a sustainable way. The present project 

focusses on Ganga basin. Ganga is the lifeline of Indo-Gangetic plains. It flows for a length of 

2500 km with a population of around 50 crores in its basin. It carries a symbolic value due 

to its reflection in religious mythology. Ganga originates in western Himalayas in 

Uttarkhand. It is considered holy and sacred by Hindus1. The myth is that flowing water of 

river Ganga absorbs sins committed by humans and thus it purifies their soul. Ganga flows 

through around hundred important towns and cities covering states of Uttarkhand, Delhi, 

Uttar Pradesh, Bihar and West Bengal. 
 
2River Ganga is a part of our rich cultural heritage, a symbol of faith and the lifeline for millions. However, 

Ganga continues to remain polluted with many stretches of the river becoming dry in the lean season. My 
government will take all necessary steps to ensure a perennial, clean and pristine Ganga”. 
 

                                                                       -  Pranab Mukherjee, Honorable President of India  
 

It is reported18 that “Yamuna River, one of the tributaries of river Ganga which has its 

source from Gangotri glacier is one of the most polluted tributary. According to Wikipedia 

article New Delhi, alone forms half of the total portion of pollution in Yamuna”. Excerpt 

from The Hindu19 states that the national river of India is one of the most polluted rivers of 

the country and one of the 10 most threatened river basins in the world. Presently, the 

water is unfit for drinking and for agricultural purposes. The level of coliform bacteria 

(bacteria that suggest degree of cleanliness of water) should be below 50 for drinking and 

below 5000 for agricultural use. But the present level of coliform in Ganga at Haridwar is 

5500. Uttaranchal Environment Protection and pollution Control Board graded Ganga as 

“D” which implies excessive pollution level. The population explosion is one of the 

contributing factors to cause exploitation of river water. Most of the river’s pollution is due 

to improper disposal of human feces, urine and sewage directly into the river. Around 1.4 

billion of untreated sewage is dumped into Ganga. During pilgrimage season Uttar Pradesh 

alone is responsible for 50% pollution in the river. It is not just the sewage that is polluting 

the river. Haridwar, being the holy ground for Hindus is used for post cremation rituals. 

Medical waste, which is toxic and harmful from the hospitals in Srinagar is also dumped 

into the river. Over the years, people have become more aware of the dangers which the 

pollution in the Ganga poses towards human/animal life and the eco system. The Ganga 
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river, life source of Indian population, is turning poisonous. A report20  of the Central 

Pollution Control Board states that the main sources of pollution along the reach of river 

are urban liquid waste (sewage/silage), industrial liquid waste, large scale bathing of cattle, 

throwing of dead bodies, surface runoff from solid waste landfills and dumpsites and 

surface runoff from industrial solid waste landfills or dumpsites. The Central Pollution 

Control Board reports that three-fourths of the pollution of the river comes from the 

discharge of untreated municipal sewage of which 88% is created in class-I cities (i.e. cities 

with population above 100 000). The industrial waste water is discharged by a number of 

industries situated in riparian zone. In 1995, the Central Pollution Control Board listed 191 

grossly polluting industries in the state of West Bengal. The industries present in the basin 

are sugar and paper mills, cloth, wool, cotton and rayon mills, tanneries, ordinance 

factories, battery industries, thermal power houses , chemical plants, metal and steel 

factories, distilleries and fertilizers corporations. The Ganga basin is fed by many 

tributaries that drain the Himalayas and Vindhya-Satpura ranges. These paths of drainage 

also carry runoff from point and nonpoint sources of pollution and from agricultural fields, 

making the river a receptacle/sink for the flow of many different liquid and solid elements. 

This drainage transfers pollutants in Ganga and thus she gains toxins and 

bacteria/pathogens that harmful to humans. Generally scientists cite the loss of discharge 

as the more serious factor contributing to the rise in levels of pollution since without 

adequate flow, toxins and bacteria cannot be flushed and degraded”.  

Ganga action plan was initiated in 1985 by Prime minister of India, Shri Rajiv Gandhi under 

two phases to stop pollution and improve quality of river water. Despite heavy expenditure 

the plan failed to achieve the desired result. The strategy of Ganga Action plan phase 1 was 

to stop the waste water, divert it to treatment plant and finally treat it before discharging 

into the river. Around 882 million liters of waste water per day was treated. In the second 

phase capacity of treatment was extended to 1912 million liters of waste water per day. 

The total sewage generated was 5044 million liters per day. Delhi generated 2270 million 

liter of waste per day. The core sector scheme of this plan was to intercept, divert and treat 

waste through sewage treatment plant. The noncore sector schemes included low cost 

sanitation schemes, new front development schemes; schemes on nonpoint pollution 

sources like dumping of solid waste including dead and unburnt body, open defecation etc. 

About twenty thousand crores have been spent on cleaning Ganga river 

(http://www.cag.gov.in/reports/scientific/2000_book2/gangaactionplan.htm, n.d.). The 

technologies adopted by NRCD to treat sewage were of suspicious standards3. Thousands 

of devotees take holy dip in river Ganga. Rituals are performed along the banks. The river 

has BOD (biological oxygen demand) level of over 40 mg/l4 and has high coliform bacteria 

content. During past ages, the river functioned as a self-sustained unit. It had its own 

purification mechanism like dilution of waste, organic degradation due to microorganism 

and existence of river food chain which enabled consumption of excess waste from water 

body. But due to generation of excess waste above optimum level and continued misuse of 
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water self-purification mechanism has been restricted in river ecosystem. On November 1, 

2010 the 135 Km long stretch between Gaumukh and Uttarkashi was declared as eco-

sensitive zone. The three hydro projects proposed were suspended. On June 28, 2011, an 

agreement with the World Bank was signed for $1 billion loan that would finance the first 

effort after 20 years to clean the river. 

 

 

1.2 Main Problems, their scope and impact on the society 

 
Development achieved at cost of environmental degradation is illusionary and not a real 
one since it will have repercussions on environment that would affect humans. Households 
form foundation for other human organization because from here they gain important life 
values and habits. River Ganga is an example of such environmental degradation. Industrial 
sewage waste, household sewage waste, agricultural runoff, human defecation, dumping of 
burnt and unburnt human bodies/animals form major part of pollution in the river. It is 
quite easy to form a solution to the above problem by suggesting installation of waste 
water treatment plants (WWTP) and sewage treatment plants to treat the 
sewage/industrial waste before disposal into river bodies. But observing various steps 
taken by government it appears that most of the treatment plants are not functional, 

involve high operational cost and are under capacity. Many industrial plants do not even 
have proper primary and secondary waste treatment plant. Even if some organization 
possess treatment facility, the plants under capacity makes them to discharge their 
untreated waste directly into the river. According to observation by Union Government 
Scientific Department1 on Ganga Action Plan-1, there was huge delay in completion of 
schemes and therefore cost escalation took place. Also under performance of completed 
sewage treatment plant, inadequate treatment of effluents and ineffective monitoring 
added to the misery. 
We talk a lot, think and plan for purification thereof neglecting the first and most important 

R in the fundamental 3 R’s of waste management which are reduce, reuse and recycle 

principle as mentioned in the International Charter for Waste Management. Ganga Action 

Plan was constituted in 1985 to clean Ganga by government of India. The model failed to 

achieve intentional objective because of reasons like ineffective implementation, improper 

planning, cost-escalation to name a few. Also little effort was made by government to 

include people in management and taking care of their water bodies. It has to be realized 

that there should be a parallel system comprising public working in synchronization with 

government. To make any public policy successful, general public should be involved 

actively since policy is being framed for public good. Lack of progress in encouraging public 

participation was one of the reasons cited by CAG5 in failing to clean Ganga under Ganga 

Action Plan. According to a report21 the pollution of Ganga presents a severe health hazard, 

in particular for those who bathe in the river and drink its water. In their study, Pandey et 

al (2005) found out that the Ganga water pollution has a very significant effect on the 

occurrence of enteric diseases in Varanasi city. In particular the concentration of nitrate, 
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chloride and fecal coliforms in the river water has a major effect on water-borne diseases. 

The result of this study indicates that the drinking water may cause enteric diseases even if 

the raw Ganga water is treated properly. One possible explanation is that contamination 

could take place due to seepage of old supply pipelines (Pandey et al 2005). 22 Pollution 

threatens not only human but also aquatic species. 140 fish species, 90 amphibian species 

are endangered including Ganges Dolphin. According to a recent report23 of existence of 

traces of toxic metals found in fruits and vegetables grown along the banks of Yamuna 

river, one of the tributary of Ganga, may actually land up in banning the agricultural 

activities. The people living in area along Ganga get sick and even sometimes die out of 

diseases like diarrhea, viral hepatitis, dysentery, cholera and gastroenteritis. 

 

 

1.3 Goals and Objectives 

 

The main purpose of the project was to study lifestyle of city and suggest workable 

solution as well as find source which are causing pollution in river basin and ultimately 

degrading river quality. The strategy for the present project adopted was to understand the 

prevailing system of waste generation, provisions for their disposal and identify loopholes 

in waste management being practiced in urban city of India. It was realized that there is 

need to reduce amount of waste to enable functioning of treatment plant and enable 

natural purifying mechanism to take place efficiently. We are facing with the burden of 

huge amount of waste management with very little resources. Thus we plan to reduce our 

waste at source (generating point) so that we can actually balance the level of waste to be 

managed with the little resource we possess to treat them. Hence the present project 

focuses on work to be done at initial stage of waste generation in urban/rural locality 

rather than working on endpoint location of pollutants discharged in river bodies. 

Reduction in generation of waste and judicious use of water has been given due importance 

since this solves problem of under capacity of municipal sewage treatment plant and 

safeguards wastage of clean water. The project work intends to clean Ganga in an indirect 

fashion by preventing wastes from commercial/residential waste from being discharged 

into river Ganga. 

       Project Scope 
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The picture above depicts the working area of the project which consists of Ganga basin. 

The waste generated from these basins by human activities gets seeped/drained into 

nearby streams and ultimately they sink into Ganga river. 

Water is an elixir of life. It should not be wasted in a country like India where major source 

of water is monsoon rain. The project targets 50 crore Silent Polluters6 who are 

unknowingly involved in polluting Ganga basin. Concisely, project involves study of 

geography of river Ganga and major contributors of pollution. A detailed study of 

government schemes to clean Ganga were done to check their effectiveness. Identification 

of role of citizens in pollution of Ganga basin and how to minimize them by suggesting 

strategies to create public awareness and ensure public participation was done in the 

present project. The motive behind such a project is to ensure that general public feels the 

river ecosystem as their property and therefore undertake due care to maintain, enhance 

and expose the beauty, serenity and restore aesthetic value of Ganga. This on one hand 

assures quality of the river even when there is lack of proper enforcement from 

government because at least there would be citizens to take care of the river in right 

earnest. Innovative models were planned and designed to reduce the waste through 

incentivizing mechanism. Concept of resource recovery and feasibility analysis has been 

given due consideration so that waste management becomes cost effective and 

implementable. At present handling of waste and its proper management has been a 

costly affair which impedes commercial interest to come forward and proactively indulge 

in effective waste management. It has to be understood that management of waste 

generated from nonpoint sources is far more difficult than waste generated from point 

sources. This is because identification of waste in point sources is easier and is not spread 

across an area meaning wastes are accumulated and comes in cues. So they can be easily 

treated via waste treatment plant being set across direction of flow of waste. The model 

being suggested here in the report would take this aspect seriously and proposed solution 

efficiently fits in the present scenario for a typical metro city like Delhi. The project’s 

intention is that its procedures could be used and replicated in other parts of India to 

manage waste through community participation, get a feel of being a stakeholder, behave 

as a responsible citizen and ultimately contribute to ensure sustenance of ecosystem in a 

sustainable manner. 
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2. Methodology 
 

  
2.1 Literature Search 
 
 
There are two types of wastes- organic and inorganic. Inorganic wastes can be toxic, 

hazardous but cause less sedimentation. Majority of organic wastes are not toxic but some 

like pathogens can be hazardous, infectious and toxic. Inorganic wastes need treatment 

plant to recover harmful chemicals, metals and render waste water harmless which could 

be safely discharged in streams, rivers and other landfill areas. Water body functions as 

ultimate sink of all waste disposed. Waste being generated in a locality of urban, rural gets 

drained into sewage drains of municipal-corporation. These wastes then flows main sewer 

drains and finally undergoes treatment at sewage treatment plant. Then these wastes are 

discharged into larger water bodies. Even if wastes are disposed in landfill, there arises 

possibility of surface and subsurface runoff which finds its destination in nearby water 

bodies which ultimately join a larger water body on its course. 

  
Silent polluters: 
The Ganga-basin lies in the States of Uttarakhand, Himachal Pradesh, Punjab, Haryana, 

Uttar Pradesh, Madhya Pradesh, Bihar, Rajasthan, West Bengal, and the Union Territory of 

Delhi. The 40% population of India residing in this area, directly or indirectly, is a potential 

& silent polluter6. It looks as if the public at large (it includes both the persons employed in 

various Govt. bodies who are supposed to take care of the river basin as well as the 

common man living in that area) is suffering from the famous “BOILING FROG SYNDROME” 

as they have failed to perceive the gradual change which may eventually result in 

undesirable consequences not less than catastrophe. The Govt. bodies alone can’t handle 

the problem. Active public participation is must. 

 
  
7CAG report on Ganga action plan:  
CGA (Central Ganga Authority) was formed to monitor implementation of GAP (Ganga 

Action Plan) which was later renamed as NRCA (National River Conservation Authority). 

Another GPD (Ganga Project Directorate) was formed to execute the projects under 

supervision of CGA. The GAP-I formed the strategy to stop the waste, divert the waste and 

then treat waste (refer figure Schematic of GAP). Around 882 mld (million litres per day) 

out of 1340 mld of waste water was treated. The completion was scheduled for March 

1990 but it got delayed by a decade. In 1991 second phase of GAP was initiated to stop 

pollution works on tributaries of Ganga and towns along the river basin. The idea was good 

since tributaries to Ganga brought significant amount of sediments and sewage waste 

which increased burden of pollution in river Ganga. Target to treat 2794 out of 5044 mld of 
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sewage was planned for which 882 mld of sewage under GAP -I and 1912 mld under GAP- 

II. Delhi contributed to nearly 40% of total waste generation but GAP II planned to treat 

only 20 mld in Delhi. Pollution sources were divided into point and nonpoint sources. The 

point sources include drains, sewage systems while nonpoint sources include dumping of 

solid waste, burnt /unburnt dead body and open defecation. 

 
Woman throwing waste- Silent polluter 

 
         Source: Internet 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
          
 
 

          Source: Internet  
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The picture depicts the provisions made under GAP. 
  
Flaw in estimation: 
 
Estimation of quantum of sewage had deep flaws. It was based on population and water 

supply rate with sewage generation taken as 0.8 times water supplied. This led to over 

estimation. A correction step was taken where actual outflow from the drain was used to 

estimate sewage but they had no mechanism to check sewage generated from the states. 

Some of the sewage drains were not taken into account which cites another malfunctioning 

on behalf of government authorities. Furthermore, NRCD had not fixed any time schedule 

for submission of DPRS of the GAP-II until Supreme court intervened. The reason cited by 

NRCD was that due to lack of manpower there was a delay in approving DPRs. But it was 

NRCD who had fixed the time frame. 

  
Public awareness: 
 
There was lack of progress in encouraging public awareness, participation and proper 
utilization of funds. 
  
Water quality monitoring: 
 
It was found from pollution control authorities sampling data that water quality before 

entering Delhi was fit for the propagation of wildlife fisheries. But after crossing Delhi 

water quality deteriorated because 19 drains were discharging their untreated effluents 

into river and it was fit only to be used for industrial cooling and irrigation etc. GAP did not 

laid stress on controlling bacterial load. Research projects were floated using ultra violet 

radiation. Gama radiation, chlorination and biological method were used to control 

bacterial content in water. But these technologies were either costly or economically 

unfeasible. Stabilization ponds were most effective solution to treat waste water for 

bathing. 
  
Industrial pollutants: 
 
A report was prepared identifying major polluting industries and issued notice to install 
ETP (effluent treatment plant) within 3 months.  
The table below shows installation status of ETPs. 
   Installation status of Effluent treatment plant in Ganga belt7 
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      Source: Internet 

 
 

 
2.2  Field Visits  
 
Field visits form an indispensable part of any public policy research project to ascertain 

facts, analyze ground reality, and calculate social and economic feasibility. Based on these 

observations some “doable, workable and achievable solution” is suggested to the 

insurmountable problem. The basis of field visit was to observe the waste management 

system instituted in prominent organizations and co-relate their workability and efficiency 

from secondary research done by the intern in respective areas of waste management. 

  
Field visit to following organization was made during internship tenure: 
a) Sulabh International HO, Dwarka:  
 
Sulabh International is a non-profit social service organization under the chairmanship of 

Dr Bindeshwar Pathak works under Gandhian philosophy to abolish social discrimination 
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done with scavengers and bring them into main stream. It is a pioneer organization in 

sanitation building innovative and cost effective toilets. The visit to Sulabh state of art 

museum shed ample light on different toilet models available in India and around the 

world. But due to wide variability in culture practices, habits different models work in their 

respective domains. Appropriate model should be proposed at appropriate place and 

situation. For example it is very difficult to implement waterless urinals in rural areas of 

India since Indians have a culture to use water whenever they go to pee. Similarly 

incinerator based toilet is not feasible in India because electricity consumption is too high 

and one cannot afford due to prevailing scarce resource. One important inference was 

made which states that technological feasibility of a product does not ensure its 

acceptability. A product has to be culturally acceptable. Sulabh has nearly 10 million 

users every day that generates enough income to make Sulabh sustain and meet its 

economic needs. With reference to talk with Dr RC Jha (Scientist, Sulabh) some issues were 

highlighted related to biogas generation out of fecal waste. Bottling of biogas was an 

important concern raised by him. Presently some pilot work is being done somewhere 

around Pune, to tap biogas into balloons. Biogas plant in Sulabh is not profit driven. 

Amazing models of waste water treatment plant, waterless urinals, double pit toilet system, 

one litre flush toilet including many others were demonstrated. Sulabh also has a resource 

recovery system, where human feces is converted to manure. 

 

Toilet museum with Dr Bindeshwar Pathak and Shri Kumar Rohit at Sulabh 
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 Waste water cleaning using duckweed plants, at Sulabh International 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Duckweed plant cleans waste water (black in color in the picture above). A threefold 

advantage is achieved- zero cost of cleaning the water, duckweeds serve as feeder stock for 

biogas production and can be used to feed pigs, fishes etc. In Horsens Denmark30, 

Duckweed has been used to clean water in the open tanks and is used as biofuel. 

Duckweeds grow very fast-doubling or tripling its number in 2-3 days. Thus such a low cost 

technique effectively suits Indian condition where high cost water treatments cannot be 

afforded for irrigation ponds. In India, many times we see a pond being very dark brown-

black in color with algae spread over it. It is ironical that when algae finds a breeding spot 

in such waste waters why can’t we enable breeding of duckweeds in such ponds which will 

clean the water and will make it useful for survival of fisheries and enable a sustainable 

fishing occupation for poor farmers. This will reinforce life, back into pond ecosystem. 
 
Facing acute shortage of water in developing countries, Sulabh came out with a very 

innovative design of pour flush toilet. The gradient of toilet plan is too high- this makes the 

water to gain a hydraulic energy head which gets converted into high kinetic energy of 

flowing water thus enabling flushing out of human excreta, just in 1 liter of water. The 

curved shaped at bottom serves as water sealant (odor suppressant). 
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The 1 litre pour flush toilet-designed by Sulabh International 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The manure obtained from feces serve as fertilizers for crop production. This is a resource 

creation out of a human waste. In India it was convention where people from low castes 

were forced by upper castes to dispose of their feces by carrying it on their head. Sulabh 

has done a commendable job in helping to abolish such an inhumane activity by doing away 

with an unscrupulous Indian tradition. 
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 Neelipariya: Scavenger turned Sulabh worker-an inspiring story 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Sulabh toilet museum- only museum dedicated to toilet in whole world 
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 Biogas from human feces, used in cooking- at Sulabh international 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
The conversion of human feces from community toilet complex into biogas which is a 

combustible, odorless, colorless gas used as partial replacement of conventional LPG. 

 

 
Lighting from biogas- With Shri Kumar Rohit and Dr Bindeshwar Pathak at Sulabh 
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1000 persons using a community toilet for one day could light about 100 mantle lamps 

with capacity of 40 Watt bulb at 220 volt. A mantle lamp consumes 3-4 ft3 of biogas per 

hour. Average Indian human defecating per day would generate 1ft3 of biogas. 
 

 Sulabh effluent treatment plant 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The effluent treatment is done using activated charcoal, UV treatment and sedimentation 

process. The water obtained is colorless, odorless and is used for irrigation purposes. 

 

b) Hotel Radisson Blu, Mahipalpur, Delhi   
Hotel Radisson Blu is a five star hotel situated in heart of Delhi city. A whooping amount of 

300 kilogram organic wet waste (food waste) is generated per day. According to the 

discussion with Dr Anand Karve (Chairman Samuchit Enviro Pvt Ltd) the waste has a 

potential of generating 100-150 m3 of biogas per day. The hotel has an OCW organic 

digester of 400 kg/day capacity to convert food waste into manure. According to DPCC8 

(Delhi Pollution Control Committee) decision on 6th October 2012, where restaurants, 

eating houses, sweet shops, dhabas , Banquet halls were required to comply with effluent 

standards and provide organic waste converter for composting of organic waste to biofuel 

plant. Radisson Blu has complied with the norms and has installed an organic waste 

converter. The manure produced is being used in landscaping hotel premise. Wastes are 

segregated into wet and dry types inside the hotel. Wet waste is fed into the shredder and 

then to organic waste converter. Dry waste is collected, stored in a separate area and 
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transported through vehicles for disposal. 
 
The observation of waste management in place led to many conclusions and good insights 

into the problems like-shortage of space fear among hoteliers about foul smell emanating 

from biogas plants and unattractive revenue generation. Hotels in Delhi have already 

complied with order of DPCC and therefore promoting biogas cum compost plant in Delhi 

is not a viable option. But in states where the order has not been enforced, the plan could 

be a success. Also some more R&D needs to done to make the product serviceable for its 

entire lifetime. Some innovative methods like exhaust fans need to be installed to prevent 

foul smells originating from such plants. 

 

c) Fortis Hospital, Vasant Kunj, New Delhi  

While managing wastes of the city, biomedical waste (BMW) though fewer in quantity, is 

equally important to be disposed properly since they are contagious and are injurious to 

human/animal health. Fortis is a state of the art hospital. It has standard facilities for waste 

management and has colored bins for collection of biomedical waste in accordance with 

government law namely Environment Protection Act 1986. There are more than 6 colored 

bins for biomedical waste and more than 10 bins for general waste in central garbage area. 

Synergy performs as an outsourcing company to transport and dispose biomedical waste. 
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         Source: Internet 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         Source: Internet 
 
d) Azadpur sabzi mandi, New Delhi:  
 

Azadpur has the biggest vegetable market in whole of the Asia and is one of the major 

vegetable and fruit suppliers in India. It generates a plethora of vegetables and fruits waste 

amounting to 100-125 metric tons per day. This creates a burden on the management to 

dispose such a huge amount of waste. Outsourcing industries in waste management have 

been employed which collects the waste from dumping yards (more than 6 in number) and 

transports these waste into landfill area. What has to be realized that such waste upon 

degradation forms leachate (a liquid that forms from degradation of organic matter) which 

may leak into the soil and contaminate groundwater due to technical negligence. Also there 

is a grave danger of greenhouse effect being created due to methane generation. A 

bacterium aerobically degrades organic matter and generates methane and carbon dioxide 

which are powerful greenhouse contributors. Therefore a three-fold problem arises: 

burden of disposal of such an enormous amount of waste, groundwater contamination and 

greenhouse pollution. 
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The picture below shows a hauler storing waste from Azadpur market into dumping yards. 

 

 Tonnes of waste primarly vegetable and fruits at Azadpur sabzi Mandi 
 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

           Hauler moving the waste to dumping yard at Azadpur Sabzi Mandi 
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e) Kalkaji Mandir, New Delhi 
 

It has been in the culture of Hindus to offer flowers during the “Puja Archanas”. 
 
What is so special here is that these flower which initially spreads aroma around the 

temple, starts to rot in a day or two. Therefore removal of floral waste is important aspect 

in management of temple waste to restore sanctity/holiness of the place. But then how to 

dispose such a pious waste? Throwing it in the foul smelling garbage dump would hurt 

religious sentiments of Hindus. Therefore they chose to dump into river water which is 

considered as a holy and earthly spot to get rid of their sins. The problem is so serious 

because of the fact that number of such temples counts in more than a hundred in a 

particular state of India that would be generating tones of floral waste every day. There is 

an urgent need to form a proper plan for effective temple waste management. 
 
The picture below shows floral waste being collected in poly bags in Kalkaji temple. 
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Inside view of Biogas installation location-at Yogi nursey 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Location for proposed Biogas cum compost plant at Yogi Nursery 
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f)  Municipal Corporation of Delhi, Saket: 
 
The municipal corporation has outsourced the job of waste collection and disposal to a 

private company Ms DWM. They are required to collect wastes from dumping points and 

dispose them in landfills. The wastes are not segregated in wet and dry by the agency. 

According to the information provided till date, no ground works had been done for 

installation of biogas and compost plant. Also it was brought to our notice that no odor 

suppressants were used to control stinking odor since use of bleaching powder has been 

prohibited. This results in general public suffering from obnoxious smell. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.3  Meetings and Interviews  
 

Mentor meetings: 
 
Date: 22 May, 2014 
 
Time: 9:30 AM Duration: 25 
minutes  
Discussion: Mentor asked to go through NGBRA reports, GAP reports, Urban habits and 
NMCG. 
 

Date: 22 May, 2014 
 
Time: 9: 30AM Duration: 15 
minutes  
Discussion: Discussed sanitation condition prevailing, Work of Dr Bindeshwar Pathak and 
MC Mehta. 
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Date: 5 June, 2014 
 
Time: 9:30 am 

Duration: 25 minutes 
Discussion: CLTS, waterless urinals, biogas plant and resource recovery option. 
 

Date: 15 June, 2014 
 
Time: 6:30 pm 

Duration: 30 minutes  
Discussion: Final sketch of project. 
Field visit planned to Hotel Radisson Blu and Fortis hospital 
 
Date  Name Designation Institution Topic of 

Discussion 

07.06.2014 
Dr Bindeshwar 
Pathak Chairman 

Sulabh 
International 

Sanitation and 
biogas proposal 

08.06.2014 Dr RC Jha Scientist 
Sulabh 
International 

Economic 
fasibility of 
biogas from 
feces on tested 
models 

17.06.14 
Mr Vijay 
Kumar Manager Fortis Hospital 

Biomedical 
waste disposal 
system 

20.06.2014 
Mr Yogesh 
Wadhawan Director HR 

Hotel Radisson 
blu 

Waste disposal 
system and 
proposal of 
biogas in hotel 
premise 

03.07.14 Shri RS Rana Assitant 
secretary 

Azadpur 
Agricultural 
produce 
marketing 
committee 

 observe system 
of waste 
disposal and 
find feasibility 
of installation 
of biogas 

04.07.14 Mahant 
Surendranath 

Mahant Kalkaji Mandir Recycling of 
PoP idol and 
biogas 
installation 

08.07.14 Rajesh Sanitary 
inspector 

MCD saket Functionaing of 
Waste mgmt  in 
Delhi & see 
compost/biogas 
plant at Okhla 
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3. Current NGO and Government Efforts 
 

Eco friends9 : Eco friends is a NGO which coordinates with WWF (World Wildlife Fund) 

and has decided to from a Ganga forum to save the river. The organization focuses on 

educating priest, religious leaders and sensitizing general public not to dump corpses and 

puja material in river to maintain aesthetic beauty and purity of Ganga. 

 

Ganga Action Plan: It was launched in 1985 to improve water quality of river Ganga to 

bathing standards with 100% Central government assistance. It planned to intercept, 

divert waste water reaching the Ganga and installation of sewage treatment plant for 

waste water. 

 
10NMCG (National Mission for clean Ganga): 

It is a society registered under Societies registration act 1860. It communicates activities of 

NGRBA to public and coordinates with state government, implementing agencies and 

activists to achieve NGRBA objectives. 

 

Sankat Mochan Foundation24: It is a non-governmental organization devoted to cleaning 

the pollution of Ganges and protecting the Ganges river. The environment mission is 

related to religious mission of Sankat Mochan temple. 

 

Nirmal Gram Puruskar25: The government in 2003 launched NGP which aimed at 

involving the basic community level structure, the Panchayati Raj Institutions in the effort 

to stop open defecation and in IEC by making them shareholders in the process. 

 

Community Led Total Sanitation26: It is mostly used within the framework of 

government of India’s Total Sanitation Campaign launched in 1999 provides for subsidies, 

to below poverty line in rural areas of the country. CLTS is reportedly in use now in 16 of 

29 states in India. Since its introduction around 5 million people have gained access to safe 

sanitation. 

 

Sulabh International Social Service Organization27: Sulabh international is a non-profit 

organization founded in 1970 by Dr Bindeshwar Pathak dedicated to Gandhian ideology of 

freedom of scavengers. Sulabh has been working for the removal of untouchability and 

social discrimination against scavengers, a section of Indian society condemned to clean 

and carry human excreta manually. Sulabh is noted for achieving success in the field of cost 

3effective sanitation, liberation of scavengers, social transformation of society, prevention 

of environmental pollution and development of nonconventional sources of energy. 
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Ganga Action Parivar28 Pujya Swamiji is the founder of GAP, a worldwide family of 

scientists, engineers, specialists, volunteers and devotees who are dedicated to working to 

make Mother Ganga’s waters not only normal but also free flowing. The organization 

strives to unite people from across India and across the world in the service of Mother 

Ganga. 

 

Swaach Bharat Abhiyan : The government under Honorable Prime Minister, Shri 

Narendra Modi has kick started this project on Oct 2, 2014 to make India clean by 2019 

which would mark Gandhiji’s 150th birth anniversary. 

 

4. Results and Discussions  
 

 
4.1 Findings from the literature  
 

Government failed to achieve its intended objective but the onus also comes over common 

citizen. Despite the fact of peoples ‘s knowing and widespread belief that Ganga was getting 

polluted, people continued to dump religious offerings, dead bodies, unburnt bodies, 

discharging detergents by washing their clothes. It became a dumping spot. Commercial 

organization played their part by dumping their waste since treatment of waste water was 

a costly and unprofitable affair. There were hundreds of orders being delivered by 

supreme court11 but the industrial firm did not take it in right earnest. The belief and 

mentality of general household has to be changed that water is only solution to dissolve 

waste and get rid of dirty waste. The more they flush their toilets, the more they use water 

in washing their clothes and houses – cleaner would they be. There is an optimum amount 

needed to dissolve waste, I call it as carrying capacity of water beyond which it cannot 

take hold of more external matter. If we use more water than optimum, then we are 

actually wasting excess water which could have been used for other purposes. The first and 

major pollutant source is industrial waste. The tannery industry in Jajmau, Kanpur is one of 

the largest contributors of deadly chromium waste in the river. Under the ruling of Hon’ble 

Supreme Court of India, primary and secondary treatment plant was proposed to address 

this issue. But for many years tannery industry delayed the order and did not effectively 

implemented the order. In this case efforts of Mr MC Mehta, advocate cum activist 

including NGOs is notable. 

Injudicious use of chemical fertilizers by farmers is damaging both aquatic and terrestrial life. 

The toxic fertilizers kills pest and disturbs the food chain link since any other organism 

consuming such crops/pests would be affected by the toxicity. Also leaching of such chemicals 

takes place due to which many heavy metals seeps into the groundwater thus polluting it. Any 

person using this water as a drinking source from bore well would fall ill. The surface and 

subsurface runoff of chemicals in nearby water bodies cause contamination and decrease in 



 
 

Copyright © 2014 Rakshak Foundation. All Rights Reserved.                                    Page 31 of 56 
 
 

dissolved oxygen available for fishes due to eutrophication process. Eutrophication is a process 

in which inorganic chemical level in water body increases due to which there is a high algal 

growth. The microorganism digests them using dissolved oxygen of water thus depleting 

oxygen level for other aquatic organisms. Presently higher level of detergents wastes are being 

discharged into sewer system from residential areas due to tons of emerging markets of 

stronger chemical solutions for cleaning kitchen waste and washing clothes, floors etc. In the 

above process many a times we discharge excess clean water in sewer system thereby 

increasing waste water volume. This turns out to be costly on treatment plant because 

amount of waste is same but the volume needed to be treated has increased due to surplus 

clean water. 

Open defecation is rampant in rural and semi-urban areas. Though they are of organic 

nature and can be absorbed by soil to transform into fertilizer but there is a significant 

point to be noted and analyzed. Open defecation attracts many pathogenic diseases like 

diarrhea, typhoid due to which many deaths have occurred and there is a huge burden of 

medical expense due to which proper human development cannot be achieved owing to 

their restricted financial capability. There is a possibility that these harmful pathogens 

could enter nearby streams and ultimately river by surface runoff. So actually now they 

became a part of biomedical waste where pathogens play the role in pollution. These 

pathogens have such a high potential to trigger widespread epidemic. There has been 

significant job done by government in stopping this old age practice of open defecation. 

NGOs effort is also very appealing in this regard. Community led total sanitation program 

(CLTS)12, a revolutionary and innovative method to involve public as a stakeholders in 

improving sanitation of their locality. They do not depend on government subsidy. The aim 

of program is to motivate people to build their own sanitation system at their own cost by 

creating awareness on the need and importance of having proper sanitation facility. Issues 

on hygiene are brought to forefront showing people statistics of past casualties caused 

from defecation and deadly pathogens germinated from human faces. According to survey4 

result of one Bhiwani district in Haryana where open defecation has been zeroed, states 

that major reason behind open defecation was lack of knowledge about need for toilets, 

inadequate funds to create toilets, improper education and lack of space to build toilets 

was cited. CLTS found this defect and transformed the whole district into open free 

defecation area. It has to be realized that there is too much power in public domain. If we 

use it in a crafty manner, it can bring wonders. Success story of Bhiwani is an example for 

this hypothesis. Many government schemes ran but they did not produced intended result 

because people psychological issues were not touched.  

CLTS serves two purpose- firstly since people are themselves investing their hard earned 
money so they take adequate care to maintain clean toilets and use them as many times as 
they want, secondly the feeling of shame inhibits other members in the community from 
defecating in open and virtually pressurizing them to build toilets in their home. Thus 
entire area becomes an open defecation free center. 
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Household waste forms another major chunk of pollution. If these wastes are not disposed 

of properly, they become a breeding spot for various microorganism and releases stinky 

odor. But even more harmful effect is caused by generation of methane which is one of the 

major greenhouse-gas. Methane is produced by anaerobic digestion of organic matter by 

bacteria methanogens. When this gas is released into the atmosphere it traps incoming 

solar heat thus causing global warming which lead to melting of ice in Himalayas and 

ultimately flooding of rivers including Ganga. Kitchen waste should be properly collected, 

stored and disposed of. Optimum water should be used for cleaning purposes because 

many times we flush our toilets for example, more than required. It results in excess clean 

water being wasted. This cannot be tolerated at any cost in a country like India and a city 

like Delhi where water scarcity is on rise. Vegetable matter, fruits, garbage by commercial 

shops gets littered along roadside. Inadequate provision of collection of these wastes is 

also one of the reasons for prevailing squalor in Indian cities. 

Biomedical waste: There have been provisions laid in Environment (Protection) Act 1986 

for segregation and disposal of biomedical wastes. Wastes depending on their types are 

segregated and collected in corresponding colored plastic bags and according to color 

coding they are disposed of. 
 

4.2 Gap analysis 
 

Ganga Action Plan phase 15 

Status of Ganga Action Plan 
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          Source: Internet 

 

It could be seen that the total target achieved for STP in phase 2 was insignificant 

compared to proposed target. This shows why only 40% of class 1 cities are sewered. 

Though the fund allocated was fully utilized yet it failed to create optimum infrastructure 

as planned. Thus either there is a planning fallacy is or discrepancy in actual expenditure. 

The reason cited was that inadequate environment planning being done on part of 

government and establishment of nonspecific sewage treatment plants on highly 

productive crop lands led to mismanagement of land use. Another reason being cited was 

that there was shortage of authentic information on quality and quantity of waste being 

generated, mode of disposal, possibility of recycling, development of community treatment 

plants and low cost treatment technologies. Also most of the treatment plants being set up 

in Uttar Pradesh run on electricity. As it is a known fact that the state suffered from huge 

inadequacy in supply of electricity resulting in frequent power cuts led to untreated 

sewage being discharged directly into the river. Also there was insignificant cooperation 

between Centre and State in terms of budget allocation and effective implementation of 

proposed plan. There was lack of technical monitoring on regular basis which led to 

improper utilization of funds for cleaning activities. It is pointed out that there was least 

input from multidisciplinary environmental experts in policy planning. It is depicted in the 

graph that only 0.5% of the total budget was utilized in creating mass awareness programs 

and campaigns which is grossly inadequate. According to a report29 which states that there 

was limited scope in issues which were addressed and the experts argue that discharge 

standards prescribed by CPCB and M>G>K Menon committee for monitoring water in 

Ganga were inconsistent. 
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5. Recommendations, Scope and Strategy for Implementation  
 
 

5.1 Awareness:  
 
Concept of Silent polluters has to be spread among citizens so that they become aware of 

their unmindful/ignorant acts in polluting a basin ecosystem like Ganga. Since people have 

immense faith in Hindu mythology, it is certain that awareness program will have a deep 

impact in their mind set. This means people will have to stop polluting their locality/area 

which in turn would make them responsible citizen and help to achieve the target of “Clean 

India”. The author is conscious of the fact that religious offerings would continue to be 

discharged in river and the case has been taken into account in another section. 

 

5.2 Now or never:  
 
The heading is appropriate since if do not realize importance of Ganga basin which is a 

lifeline and stop polluting it, the carrying capacity would be reached sooner and then the 

whole ecosystem will get disturbed triggering threat to the very existence of flora and 

fauna dependent on water body. We are already seeing environmental degradation impacts 

like Global warming, increased frequency of flooding, reduced fisheries to name a few. In 

few decades most of Indian rural areas would be urbanized. If the present urban waste 

cannot be handled, how are we going to manage wastes few decades down the line. We 

need to accept the fact that we have failed to construct a complete city where there is 

absence of littering, squalor and filth in roads, houses and some commercial buildings by 

people. It is high time to strive and build complete city otherwise we will create an ugly 

India. 

  
5.3 Misconception: 
 
The general misconception in rich and well off people is that they are unaffected by 

pollution. They may own air purifier or say reverse osmosis water purifier but then how 

many times throughout the day he/she can use these facilities. Furthermore, the water that 

is being purified is actually the waste water from the drains, filthy defecated areas that is 

treated and made available to public. Drinking water and the water people use for bathing, 

cleaning dishes and washing clothes does not comes from a pure external source. The same 

water that we use to flush toilets, to garden our areas, wash our cars is being delivered in 

our homes to be used for our sustenance. In nutshell we are consuming shit based water. 
 
We need to stop this reckless misuse of water. This would level the difference between 

people having access to clean water with people starving for clean water. Also if the water 

is used judiciously and in sustainable manner then our future generations would be able to 

enjoy them without many hassles. 
 
Schools and colleges would be visited to organize mass debate on issues of cleanliness and 
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efficient waste management to secure healthy ecosystem. Awareness through RTI14 campaign, 

print media and radio channel would be vital and effective in creating responsible citizen who 

knows methods and importance of waste management. 

 
Importance of Anaerobic biotechnology in waste treatment35 : 

“Aerobic process for treatment of municipal waste is widely used in the world. In the 

conventional biological treatment process, initial treatment does not reduce biochemical 

oxygen demand (BOD). This is because particle sizes resulting from initial treatment are 

too large to be measured during a conventional BOD or chemical oxygen demand (COD) 

analysis. Also in aerobic biological waste treatment system such as an activated sludge 

process, the pollutants (organic) are just transferred from the liquid phase to solid phase. 

The solid phase accounts to 60% of total influent waste strength which requires further 

treatment before disposal. 

This problem can be tackled with help of anaerobic process.  In biogas plant we have a 

component called as biogas digester where the anaerobic digestion of waste takes place. 

This anaerobic digester can reduce the mass and putricibility of solid waste (primary 

solids) and sludge.” 
 

Role of anaerobic biotechnology in overall waste treatment 

 

 
-Anaerobic  biotechnology  for bioenergy production –Samir Kumar Khanal 
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The following factors govern the bio-conversion process are important from resource 

recovery perspective. 

 Volumetric Organic loading rate:  It is one of the most important factors in designing or 

sizing an anaerobic reactor. It is given by the following expression 

 VOLR =∁𝐼𝑄/𝑉 

Where ∁𝑖 is influent wastewater biodegradable COD concentration (mg/l), Q 

is wastewater flow rate (m3/day) and V is anaerobic bioreactor volume (m3). 

 Biomass yield: It is quantitative measure of cell growth in a system for given substrate 

(waste). Carbohydrates and protein have relatively high yield coefficients for methane 

generation by microorganisms.  It is mathematically expressed as yield coefficient (Y) 

Y = ∆𝑋/∆𝑆 Where ∆X is increase in biomass concentration and ∆𝑆 is decrease 

in substrate concentration. 

 Hydraulic retention time (HRT): It indicates the time the waste remains in the reactor in 

contact with biomass. Readily degradable compounds need low HRT while complex 

compounds like chlorinated organic compounds need more HRT for their proper 

metabolism.  The hydraulic retention time for ARTI compact biogas plant is 42 days 

(for 2 kg waste + 20l water per day). 

 

 pH: The optimal range of pH should be 6.8-7.435. The range allows for coexistence of acid 

producing bacteria and methane producing bacteria in the anaerobic process. 

 Temperature: There is a strong dependency on temperature to enable anaerobic process 

to occur. It means microorganisms are very sensitive. A temperature range of 35-40 

degree Celsius is optimum to attain maximum efficiency. 

The bio-methane production can be referred from the book35(Anaerobic Biotechnology 

for Bioenergy Production-Samir Kumar Khanal). The major byproducts from bacterial 

degradation (anaerobic) are methane (55,525KJ/kg), carbon dioxide, hydrogen sulfide 

and water vapor. 

The biogas contains impurities that include particulates of dust, hydrogen sulfide and 

carbon dioxide. The disadvantage of carbon dioxide in biogas is that it lowers the 

calorific value of biogas. The removal of this gas from biogas is advantageous from 

energy point of view but is highly uneconomical. IIT Delhi in collaboration with Green 

Brick Eco Solution2 has a patented technology to purify biogas. But with reference to my 

talk with Dr Priyadarshini Karve (Samuchit Enviro Pvt Ltd), the application of this 

technology is redundant since it is highly expensive and unprofitable to work on low 

scale of biogas purification. Furthermore if the gas is being used for power generation, 

then there is provision of handling of 30-50% (by volume) of carbon dioxide in the 

biogas (methane 50-75%, carbon dioxide 25-50%, nitrogen 0-10%, Hydrogen 
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sulfide 0-3% and traces of other gases). Therefore in power generation plants, removal 

of carbon dioxide is not opted. But when somebody needs to run their vehicles on biogas, 

then the purification of biogas via water scrubbing technology is carried out. It is 

suggested that after purification the calorific value of biogas raises from 35000 KJ/m3 to 

50000 KJ/m3 (equivalent to CNG). 

Removal of hydrogen sulfide from biogas could be done using iron sponge by the 

equation given below: 

𝐹𝑒2𝑂3. 𝐻2𝑂 + 3 𝐻2𝑆 = 𝐹𝑒2𝑆3 + 4𝐻2𝑂 

An exothermic reaction takes place converting 𝐻2𝑆 to ferric sulfide (black) and water. 

Waste reduction anaerobically from ARTI compact biogas plant is as follows36  
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    Biogas powered train in Sweden 

 

          Source: Internet 

 

Some statistics36 showing biogas potential in developing country. 

 25 million households worldwide receive energy from small-scale biogas digester- 20 million in 

China and 3.9 million in India. 

 Biogas Support Program Nepal: Set up of 1,72,000 biogas plants. 

African Biogas Initiative: 2 million biogas plants to be installed. 
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5.4 Resource Recovery: 
 
The following model to be presented works on the principle of revenue generation and 

resource recovery to minimize amount of waste. The wastes are transformed into valuable 

resources. Household wastes that are organic in nature like cooked leftover foods, fruits, 

vegetable peels, meat, fish, oil are used as input (feeder stock) to generate biogas which 

could be used to partially replace LPG, generate electricity or be used as natural gas7 in 

vehicles. Biogas is a gas that burns with blue flame without soot and odor and having a 

calorific value of approximately 4000 kilocalorie. 
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5.5 Floral/household waste 
 

According to Dr Anand Karve13 one to two kilogram of dry weight of waste generates one 

metric cube of biogas which is capable to burn one burner for one hour just as a LPG. Biogas 
generation is highly cost effective since you have multi-fold advantage. Using the technology 
developed by ARTI and Dr Karve, one has a payback in few years plus one has partial 
replacement for LPG gas for cooking plus manure is being produced as a by-product which can 
be sold commercially or be used .locally in landscaping and lastly you get rid of disposal issues. 
Biogas is an impure gas. Carbon dioxide present in the biogas retards calorific value. A 
typical biogas plant has fifty to sixty percent methane and thirty percent carbon dioxide. 
 

  Dr Anand Karve-Chairman Samuchit Enviro Pvt Ltd 

 

 

 

 

 

 

 

 

 

 

Methane has a calorific value of eleven thousand kilo calorie same as that of LPG. Thus 

purification of biogas is desirable to make biogas capable of replacing natural gas. IIT Delhi 

has a patented technology (water scrubbing technology) with a firm named as green brick 

eco solutions9 where purification of biogas has been achieved to give a calorific value of 

forty eight thousand which is about hundred twenty times more efficient. The purification 

attains two objectives namely-increase calorific value of biogas and secondly minimize the 

level of carbon dioxide which is one of the principal contributor to Greenhouse effect. The 

hotels/caterers/industrial units/hostels/canteen are the target source for economic 

business with biogas. They have an enormous amount of waste being collected centrally. 

The wastes would serve as partial replacement of LPG cylinders, generate manure for 

landscaping and getting rid of problem of waste disposal. Individual household could also 

be motivated to use such technology and eventually reduce reliability on LPG which is a 

conventional source whose prices are going to be sky rocket due to limited availability. 
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Generally13 on average each household generates waste of about one to two kilogram of 

wet waste which is enough to produce nearly five hundred gram of methane meaning 

around half an hour of cooking. The payback would be around four to five years. 
 

  Flowchart for waste management 
 

 

Scope: There are 3 big institutions working satisfactorily namely, National Institue of Banking 

Management, Pune, Defence Ministry Institute canteen in Khadakwasala, Caterer in Hinjewadi, 

Pune. If in India these are working and are tested models, then surely they could be replicated 

in other parts of India, especially Delhi. It has is to be kept in mind that temperature plays an 

important role in amount of biogas generation, therefore suitable modifications like 

underground installation could be worked out. The multi-storey apartments could play a major 

role in utilizing household waste of its residents. Since apartments have many families, 

therefore they have huge potential for biogas and compost generation. Referring to organic 

digester being installed in Hotel Radisson Blu premise, such a plant could be constructed on 

similar lines. This would not only lessen the burden on municipalities concerning waste 

management but would also generate significant resource which would be utilized to build 

centralized lighting facility in garage and lawn area in the apartment campus. The compost 

could be utilized in landscaping. To spread the awareness of benefits of managing waste, 

Residential Welfare Association (RWA) needs to play an important role. On a community 

level such activities help in establishing a clean city while making their environment green. In 

the long run, they would serve as a role model for establishing an ideal civilized society. 
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Biogas production feasibility study in MANIT hostel32 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

          Source: Internet 

As per the above findings:  
 
300 Kg of wet waste would account 120-150 kg of dry waste. 150 kg of dry weight of  
 
waste would generate 150 m3/day of biogas . 150 m3 of biogas is equivalent to 67.5 kg of  
 
LPG/day. 

5.6 Fecal waste 

 

Semi urban and slum areas do prevail even in a developed city like Delhi. One of the major 

problems being addressed here is about open defecation. The areas in slum do not have 

proper sanitation facilities and the drainage infrastructure is in a gloomy condition. Thus 

people prefer to defecate in open. Sulabh11 International puts an effort in this regard to 

improve sanitation facility in rural, urban areas which is highly commendable and should 

be applauded. The idea of a centralized toilet on “pay and use basis“ is fantastic. But such 

a model has not been planned for rural areas since it is very hard to imagine that a poor 
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family having a daily wage of say rupees hundred would spend ten rupees for his family of 

five people just on defecation. The solution to this drawback is being suggested in this 

report: 
 
As we know the fact that rural people do not have access to toilets in their homes so they 

could be motivated and attracted to use a “free” centralized toilet which would be built 

near their house. These facilities would have six toilets for say fifty people. The toilet 

building would have a biogas digester attached nearby. The feces would be used to 

generate biogas and manure which are valued products. The feedstock could also be mixed 

with cow dung to increase acceptability by general public (eases taboo feeling). In 

addition to this organic wastes could be dumped into the digester to produce biogas. The 

revenue generated would be utilized to maintain luxurious toilets which would definitely 

attract village people since they have much better environment to defecate, easy 

accessibility to toilets 24x7 with many other personal benefits. 12Around one cubic feet of 

biogas could be produced from fecal waste of one person in one day. If they have cattle, 

then around forty kilogram of cow dung could be used to produce one metric cube of 

biogas. One metric cube of biogas can be used for cooking from single burner for one hour. 

Input waste would be supplemented by organic household wastes to increase quantum of 

wastes so as to produce more biogas and make the process economically feasible. The 

process is inefficient but then one can use some biogas purifier like IIT Delhi patented 

technology to increase the efficiency. The revenue generated from biogas and manure 

would be used to maintain state of the art toilet in rural, slum areas. Thus we get rid of two 

problems namely, open defecation and use of chemical fertilizer Organic fertilizer are 

valuable and safer to use. Government policies should be framed so as to inhibit or 

discourage use of chemical fertilizers. Synthetic fertilizers pollute ground water and 

interfere with natural process of nitrogen fixation. 

Scope: Loowatt16,17 organization has developed a technology to generate biogas from 

fecal matter. They have a fully operational plant in Madagascar generating biogas from 
human excreta to charge batteries and supply hot water. India bears tremendous potential 
because of lack of proper toilets in individual house. This means more availability of fecal 
waste from entire community. It could serve as a self-revenue generating system.  

 
5.7 Temple waste management model: 
 

India being a holy country is a home to so many different religions. Hinduism forms the 

major part of religion being followed by Indian population. Temples thrive every ten 

kilometer on average. Temples generates huge amount of floral wastes like flowers, leaves, 

fruits, cooked leftover food, milk, honey etc. Temple management faces an additional 

workload of disposal of such waste. It is proposed that these wastes be collected and 

segregated into bio degradable and recyclable waste. The recyclable waste would be taken 

by recycling industry. The organic waste is our matter of interest. It is a source of revenue. 
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The organic waste would be used to generate biogas and ultimately electricity. The leftover 

slurry would be used as manure and would be very highly demanded since it has piousness 

associated with it which would attract devotees. The temple can have a collection center 

where waste from houses would be used to feed the biogas system. The disposal of wastes 

becomes very easy on one hand while generation of revenue is made feasible on the other. 

In India Golden temple of Vellore15 has already installed a biogas plant in their premises. 
 
Scope: Golden temple of Vellore has a biogas plant been constructed within premise of 

temple to generate biogas. Too many holy temples give ample opportunity to install such 

plants to generate revenue and at the same time dispose waste. Kalkaji temple in New 

Delhi, generates a huge amount of floral waste, thus bears a good potential for biogas as 

well as compost. The temple could serve as a collection spot for entire floral waste of city to 

dispose religious waste in utmost pious form. The holy manure could be either shared with 

community or be sold to nurseries to fetch income. 

 

   Process in Temple waste Management 

 

5.8 Ghat Model: 
 

The model works on principle where wastes are secluded and then treatment process is 

applied. This ensures only a fraction of waste water to be cleaned rather than cleaning entire 

volume of water. Wastes are secluded from main body of flowing river at the site of generation. 

This model works for pollution caused in river Ganga through religious offerings being 

discharged in the river during festivals. If we suppose that the water in the upstream is not too 

Biogas digester

Biogas Religious manure

Segregation

Organic Non Biodegradable

Collection of waste

Organic Non Biodegradable
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much polluted (at par with normal standard) and it is going to be polluted from potential 

sources where performance of rituals has been scheduled, then devotees could be allowed 

to perform their ritual in the Ghat provided by governmental agencies. A schematic 

diagram has been provided to illustrate this point. Here clean river water enters through 

inlet gate. Rituals are performed and wastes are discharged in usual way. The outlet gate 

has a treatment plant which treats waste water before discharging through outer pipes. 

This way huge amount of water is saved from being polluted which in turn prevents 

generation of huge volume of waste water with same amount of waste matter.  
 
The working is explained below: 
 
Suppose there is clean water in the upstream and there is a danger of getting this water 

polluted from religious offerings being dumped in the downstream. To prevent polluting 

the whole volume of water and subsequently burden the already burdened sewage 

treatment plant, a “Ghat” has been designed which would minimize the contamination and 

provide easy filtration technique without hurting any religious sentiments. Based on 

gravity, two control gates should be created- one at entry and other at exit. Flow would 

occur from control gate 1 to control gate 2 due to hydraulic gradient available to water 

flow. “Nirmal Ganga” water flows through control gate 1 and after getting polluted from 

religious dumping it leaves through control gate 2. At control gate 2, a small sewage 

treatment facility needs to be established (low cost due to less capacity) which would treat 

the waste and discharge clean water back into the mainstream. This actually converts a 

nonpoint source of pollution into a point source of pollution which is easy to identify and 

treat. There are stairs (black in color) built to allow worshippers access to Ganga water. 

The yellow color shows polluted water due to religious dumping like idol immersion, 

earthen pots, ashes and flowers etc. The blue color shows clean water-hence the danger of 

getting polluted in downstream is thwarted. The confinement of all the pollutants within a 

boundary ensures their easy removal.  

The picture below shows the model described. 
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 Design of Ghat model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.9 Composting and Vermicomposting: 
 

 
Composting provides an easy solution to the disposal of leaf waste being generated on a 

daily basis in the parks/gardens. Generally such waste jams gutters or sewage lines when 

they accumulate in their channels. So a very easy, low cost method is to make a compost for 

their disposal. During my visit to DDA park in Vasant Vihar, New Delhi, I noticed that the 

park had a pit in its premise to store rain water. This led me to think that such pits in parks 

could be easily made and maintained by the cleaner for composting of yard waste (leaf 

waste). The composting involves bacterial decomposition of leaves into dark matter humus 

which is highly nutrient rich and is a substitute for conventional fertilizers. 

 

a) Vermicomposting38: 

Vermicompost is an effective way of reducing easily degradable household waste 

including moist newspaper, peat moss, brown leaves and straw. Worms eat scraps and 

make compost. 

Requirements39  

Worms: Red worms (Eisenia foetida) are needed (red wigglers). One should avoid night 

crawlers in composting. Red worms are better suited to hot climate. One pound of worms 

are sufficient for half pound of garbage. To add worms, one can simply scatter it over the 

garbage. 
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Container: In the book, Worms Eat My Garbage, the writer suggests to weigh household 

food waste for one week (in pounds) and then provide one square foot of surface area per 

pound. The depth should be between 8-12 inches. 10-12 numbers of holes (0.25-0.5 inch 

diameter) needs to be drilled at bottom for drainage and aeration. The container should be 

kept moist and an opaque sheet must be put on the container to make its inside dark 

(worms like darkness). 

Bedding: It serves as a residing spot for worms. Shredded corrugated cardboard is an 

excellent bedding material. Moisten the bedding and then place it into the container. 

Waste: The household waste, leaves and straw should be shredded before pouring it in the 

container. A mechanical shredder can serve the purpose. The scrap should be spread in 

very thin layers. One should start pouring scraps at one corner and then move in a manner 

that by the time one gets to first burying spot, the worm has already composted the waste. 

Addition of waste has to be cyclic in nature. 

Harvesting the compost: Generally around 3-4 months are required for the worms to 

digest garbage and convert into rich black fertilizer. The worm castings have 5 times more 

nitrogen, 7 times more phosphorous and 11 times more potassium. To keep the process 

going, one needs to remove the castings from time to time. To do this, bright sunlight is 

allowed in the bin. The worms are very sensitive to light. Therefore they migrate into lower 

layers. Then top layer of casting is removed using a sieve. Refilling of the bin with fresh 

layers of moist bedding and food is done to complete the process. 

This compost can be used directly into the soil. It is very mild and there is no threat of 

excessive burning or over-fertilizing. Spraying insecticides in vermicomposting bin should 

be avoided since it affects the worm’s biological activity.  

 

b) Pit Composting40 

There are two methods adopted in India for making compost pit- Indore method and 

Bangalore method. The Bangalore method is not as precise or as demanding as Indore 

method because the composting materials are added as they become available. It is highly 

suitable where there is shortage of both composting materials and water. 

Pit size: 1 meter deep, 1-2 meter length and 1-2 meter width. Only length could be 

adjusted if requirement is more. At deeper level the material does not get decomposed due 

to scarcity of oxygen. Bottom and sides of the pit is to be plastered with mixture of fresh 

animal dung and water so as to seal the surface and retain moisture. 
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Filling the pit: 

1. For the foundation, dry plant materials like strong straw, stalks of maize and sorghum, 

hedge clippings from park are used. They need to be shredded and the size should not be 

more than 15 cm. Urine and dung could also be mixed for some time. 

2. Spread the materials evenly over the bottom of the pit to make a layer 15–25 cm thick. 

Then sprinkle/scatter water evenly so that the materials are moist, but not wet. This is a 

very important layer in making compost in a pit as it makes sure that air can circulate to 

the bottom. 

3. One can cover the foundation layer with large leaves, e.g. those of pumpkin, banana, fig 

leaves etc., and/or plastic to keep the material moist. 

4. Each week, materials are collected and are put in a container such as an old jerry can or 

one can pile them next to the compost pit. Mix the fresh moist materials with dry ones. 

These materials can come from spoiled animal feed, old animal bedding, from cleaning the 

house and compound, preparing vegetables for food, clearing paths, weeding, stems and 

leaves after harvesting vegetables, damaged fruits and vegetables, etc. 

5. Make a mixture of compost making aids like good soil, manure and/or some ashes as a 

fine powder. Mix these with the dry plant material, or with the mixture of dry and moist 

plant material. 

6. Add the prepared composting materials in layers. Each layer is 15–25 cm thick at the 

edge and a bit thicker in the middle so that the heap becomes dome shaped. 

7. A ventilation needs to given in the middle of the pit. 

Making the covering layer: The pit full of composting materials needs to be protected 

from drying out. The covering layer should be made of mud plaster, with or without cow 

dung, with only the ventilation stick coming out of the top. It is then covered with wide 

leaves of pumpkin, banana, fig trees, etc. or plastic that can also be used to protect the top 

of the pit. This prevents rainwater from entering into the pit and retains heat inside the pit. 

The compost pit can be left untouched until there is mature compost inside it, or it can be 

turned over and checked for the progress in decomposition. The top of the pit will sink 

down as the compost materials get decomposed. However, if the compost is turned over, it 

will lose moisture. So, it is best only to turn compost over if there is enough water and/or 

urine to make it moist again while it is being turned over. 

The compost gets ready by 3-4 months in warm climate. 
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   Bangalore Compost Pit Method 

 

          Source: Internet 

5.10 Detergents: The increase in level of spurious detergents in water bodies due to 

washing of clothes, cars etc is a detrimental for wellbeing of aquatic life. Most of the 

detergents contain huge amount of phosphorous (30-40%) which leads to algal boom 

owing to eutrophication. The algal boom is responsible for decrease in oxygen content in 

water. Along Ganga basin, thousands of washers discharge tones of detergents directly into 

the river every day without actually knowing adverse impacts. In India there is lack of any 

strict regulation which restricts detergent manufacturing industry to reduce quantum of 

phosphates. Since only 43% of class 1 cities are sewered therefore there is abundance of 

detergent leaking into nearby streams and land areas. According to an article34 despite 

laying down Ecomark plan that encourages phosphate free detergents, not a single product 

is complying with the guideline. There is lack of labelling in detergent product. I personally 

found that detergent ingredient was missing in “Surf Excel and Rin”. There is a need to label 

the phosphate contents of detergents and consumer should be made aware of harmful 

effects of synthetic detergents which includes skin irritation, allergies and in rare case 
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causes cancer. The conventional detergents leave residue on clothes which enter our body 

through skin and cause health problems like skin infections. Promotion of eco-friendly 

detergents should be done by spreading awareness about its benefits. A significant R&D 

needs to be done since majority of the eco-friendly products like “Krya” are expensive 

compared to conventional synthetic detergents. Eco-friendly detergents are biodegradable 

but its excessive use causes silting in sewers. 

 

6. Suggestion for future work: 
 

In order to make progress on the ground work been done, a group was formed under esteemed 

mentorship of Shri Kumar Rohit, PF Commissioner. The group is named as “Mission lifeline” 

which is a social initiative taken by summer interns of Rakshak Foundation 2014. This 

group would work in area of spreading awareness on general waste management and 

would educate people from all parts of community irrespective of age on need for 

establishing a clean and model city. They would be given training and knowhow to create 

resource/revenue from refuse. The group was formed with a view that all colleges 

especially IITs have a social organization NSS (National Social Service). These colleges 

would serve as a platform for taking the project’s vision to a higher dimension. Therefore 

most of the interns were incorporated from IITs, IIM and colleges along Ganga belt. The 

group would disseminate the idea in their colleges and NGOs concerned and carry out 

social work like cleanliness drive and workshops on waste management in the city/slum 

area. The workshop would be facilitated with sharing of new researches being done by 

other members of the group simultaneously. The findings of the group would be carefully 

screened and then tabled before honorable mentor. All the suggestions need to Indian 

specific that is, it should be a “doable, workable and achievable” model in Indian context. 

On October2, 2014, a new program has been launched on a very similar lines namely 

“Swaach Bharat Abhiyan” by Honorable Prime Minister of India, Shri Narendra Modi. Its 

objective is to make India clean by the year 2019.  The campaign serves as an awareness 

program among citizens to proactively participate in self-cleaning efforts. Also the concept 

of cleaning being associated with a sense of menial work should be scraped out. Japan 

would serve as a perfect example to spread the notion of cleanliness and developing a 

culture of cleanliness. 

 

 

7. Conclusion  
 

The 3 R’s3 of waste management are namely reduce, reuse and recycle. Often we forget 

their importance and start to take curing steps to manage wastes. It has to be kept in mind 

that curing cannot be the sustainable solution to ever increasing sewage wastes. Waste 

reduction along with reusing the wastes and recycling the wastes has to be carried out for 
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achieving full potential utility from any commodity before disposing off. Most of the 

treatment plants are non-functional and are under capacity. Thus reduction of waste and 

reusing derived products combined with proper disposal of wastes could solve the above 

problem. We have failed to generate civic sense among citizens of this country. Education 

on waste management and adverse effects of improper waste disposal could serve the 

purpose to some extent. Also it is high time to work on low cost technology for entire waste 

management chain right from segregation, storage, transportation to safe disposal. Waste 

conversion to resource would be a landmark step in waste handling. Technology is only a 

tool, it has to be amalgamated with adequate public participation is must in establishing a 

clean and pure city. Through the study I have tried to explain and create awareness how 

human activities consciously/unconsciously is responsible for environment degradation 

and in particular Ganga ecosystem. It is an irony that Ganga being thought as purest from 

past ages turned into one of the most polluted river in India. The river which used to 

absorb impurities of others has now become impure even then, we continue with our 

reckless activities and injudicious use of water. Improper disposal of garbage and littering 

of organic wastes spreads stinky odor in our locality and it becomes a breeding house for 

pathogens. Ultimately we are the ones who sufferer. Let us believe and accept environment 

as “our” resource and protect it from degrading so that we can enjoy bountiful sources of 

pleasure fully. 

 

The report focusses primarily the effort that could be made from public side so as to assist 

government efforts in constructing an ideal clean city and at the same time imbibe virtues 

of true civilization. The gravity of problems needs to be spread to youngsters who will lead 

India in due course of time. The work does not restrict itself to any particular basin and 

serve as a guiding force in any related research. The decentralization of management of 

waste to household level is essential since curbing improper disposal at lower level would 

serve as a leverage to prevent degradation of environment at higher level. Efforts of RWA’s 

are indispensable in achieving Waste Free State. The project serves to make citizens 

confident in questioning any activities that might make the city unclean. Waste 

management should be brought into curriculum of education program and students should 

be properly motivated in spreading the idea of waste management in their family and local 

level. A single one sided effort on part of government to prevent environment degradation 

and making city clean cannot be achieved since every time garbage would be picked up, 

there would be people available to throw new garbage at same location. We need to 

understand that cleaning techniques are in insignificant proportion to the waste 

creation. 
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       Appendix - I 

 
 
    Mission Lifeline signatories 
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Appendix - II 

 

Design of Experiment – Treatment of Flower Waste (-Mr Gyanesh Pandey) 

 Composting 

 Anaerobic digestion 

Composting 

Composting is a natural biological process which occurs in a warm moist environment by the 
action of bacteria, fungi and other organisms6. It requires conditions that are favorable for 
microbial growth. The process can be either anaerobic or aerobic, but it is much faster and 
less odoriferous if done aerobically. Managed anaerobic composting of waste is costly while 
aerobic composting takes longer time. Vermicomposting appears to be the most suitable 
cheap biotechnological process where earthworms and soil microorganism causes 
degradation of waste material in 45-60 days converting it into valuable manure rich in plant. 
It is also possible to use special bacteria to speed up the process of vermicomposting. 
Requirements - Earthworms, 5-10 kg flower sample, special bacteria, cow dung, gunny bag, 

water, plastic sheets, closed room 

Three groups – 100% flower waste, 80% flower waste + 20% cow dung, 100% flower waste 

with bacteria 

Estimated cost – Rs 3000 – Rs 5000 

Anaerobic Digestion 

Anaerobic digestion is a collection of processes by which microorganisms break down 

biodegradable material in the absence of oxygen. 

With 100 kg feedstock, we will need 2 units of 10 cubic meter size. The cost will be around Rs.7 
lac. Area required will be about 3 m x 6 m.  
 
Potential biogas output = 10-20 kg, potentially replacing 3-6 kg LPG.  
 
For the pilot, a 500 litre plant maybe installed that will consume about 2 kg of flower waste. 
The area required will be less than 1 m X 2 m. 
 
Cost of 500 l plant – Rs 12000 + Transport from Pune + labour / commissioning / training 
charge 
 
Estimated cost – Rs 25000                                   -Design courtesy Mr Gyanesh Pandey  
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Appendix – III 
 
 
 

“The highest measure of democracy is neither the  
‘extent of freedom’ nor the ‘extent of equality’ but 
rather the     highest     measure     of     participation.” 

 
                                                                                             - A.D. Benoist 

 
 
 
 

Rakshak Foundation creates awareness domestically and 

internationally about the rights and responsibilities of citizens 

towards the society and state. Rakshak engages in and supports 

social and scientific research on public policy and social issues. 
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Email: secretary@rakshakfoundation.org 
 

Website: www.rakshakfoundation.org 

 
Disclaimer: This report is an outcome of a student project and the content of this report represents the views of 

its author. Neither the report nor any of its parts represent the views of Rakshak Foundation and/or any of its 

affiliates and officials in any capacity whatsoever. The figures and facts used in the report are only suggestive 

and cannot be used to initiate any legal proceedings against any person or organization. However, the author 

shall be extremely grateful to acknowledge any inaccuracies in the report brought to author’s notice. Please 

email your suggestions/concerns to: hr@rakshakfoundation.org]  


